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Human influence on watershed hydrology is extensive
and may be a primary cause of ecological impairment

in river and stream ecosystems. In the US, natural stream-
flow regimes are influenced by dams and diversion struc-
tures (Graf 1999; Poff et al. 2007), land uses that alter runoff
to stream channels, groundwater withdrawals from con-
tributing aquifers, and interbasin water transfers (Jackson et
al. 2001). Because the natural timing, magnitude, and fre-
quency of streamflows dictate the evolutionary adaptations
of many river biota (Bunn and Arthington 2002) and con-
trol many physical and chemical processes (Poff et al.
2010), anthropogenic alterations of streamflows may have
profound effects on ecosystem structure and function.

Major questions about streamflow alteration and its eco-
logical consequences remain unresolved. First, although
streamflow is continuously monitored at thousands of sites
across the conterminous US, a basic accounting of the
prevalence and severity of streamflow alteration is lacking
because there has not been a systematic national assess-
ment of these sites. Second, sound management requires
an understanding of the relationship between ecological
integrity and streamflow alteration, yet few quantitative
relationships have been reported at spatial scales beyond
specific stream segments (Poff et al. 2003; Arthington et al.
2006). A key hindrance to addressing these questions is
the inconsistency with which streamflow alteration and
various biological responses have been quantified (Poff
and Zimmerman 2010).

Using standardized indicators, we assessed streamflow
magnitudes and associated biological communities across
the conterminous US. We focused on streamflow magni-
tudes because this dimension of the flow regime is fre-
quently linked to ecological impairment (reviewed by
Poff and Zimmerman 2010) and has clear implications
for water management (Postel and Richter 2003). Our
first objective was to assess whether observed magnitudes
of annual minimum and maximum flows differed from
reference (ie estimated least disturbed) conditions at
2888 streamflow monitoring sites. Our second objective
was to determine whether the integrity of two aquatic
communities (ie fish and macroinvertebrates) was associ-
ated with the type and severity of streamflow alteration at
a subset (~ 250) of these sites. At each monitoring site,
alterations – in either streamflow or biological communi-
ties – were quantified as the ratio of observed conditions
to expected reference conditions. This approach provides
an intuitive indicator of the degree to which a stream
exhibits the hydrological and biological characteristics
that should naturally occur; data can therefore be aggre-
gated and interpreted across diverse regions because they
are standardized by each site’s natural potential.

n Methods

We quantified streamflow alteration as the ratio of
observed magnitudes to those expected under reference
conditions. We first identified a set of 1059 streamflow
monitoring sites with perennial flows and with reference-
quality (ie least disturbed) basins across the contermi-
nous US (Carlisle et al. 2010; Falcone et al. 2010). We
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developed random forest (Cutler et al. 2007) models that
use 93 geospatial attributes (eg climate, topography, soils,
geology) for a given watershed to predict its observed mean
annual minimum (7-day moving average) flow and, sepa-
rately, mean annual maximum (daily average) flow
(Carlisle et al. 2010; WebPanel 1). These models were used
to predict expected magnitudes at 2888 non-reference
streamflow monitoring sites based on the geospatial attrib-
utes of their respective watersheds. We quantified stream-
flow alteration at each assessed site as the ratio of observed
mean annual (1980–2007) minimum and maximum mag-
nitudes to expected mean annual magnitudes. The ratio
can be either < 1 or > 1, indicating that observed magni-
tudes are either diminished or inflated, respectively, rela-
tive to their respective expected reference conditions. We
summarized streamflow alteration across the US by tabu-
lating the number of sites that were inflated (ie
observed/expected [O/E] values > 90% of those from refer-
ence sites), diminished (ie O/E values < 90% of those from
reference sites), or unaltered (ie O/E values within the
above limits) (WebTable 1). In addition, the severity of
streamflow alteration was summarized by tabulating the
number of sites with O/E values within quartiles > 1 or < 1.

Likewise, biological integrity was quantified as the ratio
of observed community attributes to those expected under
reference conditions (O/E value, sensu Hawkins 2006).
Selected community-level attributes varied slightly
because of inherent differences in aquatic communities.
For macroinvertebrates nationwide and for fish in the
eastern US, the O/E value was the fraction of the set of
taxa (in most cases, genera or species) expected at a site
that was actually observed there. Estimates of expected
community attributes were generated from regional multi-
variate predictive models, which have previously been
described and validated (Wright 2000; WebPanel 1). The
O/E value of fish communities in the western US was
derived from an index of biological integrity (ie based on
observed attributes) normalized to expectations from
regional reference sites (Meador et al. 2008). Our final
definition of biological integrity was binary, in which the
aquatic community at each site was considered “impaired”
if its O/E value was less than that of 90% of reference sites
within the same region, or “unimpaired” if its O/E value
did not meet this condition (WebPanel 1).

Three hypotheses about the relationship between bio-
logical integrity and streamflow alteration were evaluated.
First, we hypothesized that, relative to eight covariates,
streamflow alteration would be a primary predictor of bio-
logical integrity (ie impaired versus unimpaired). These
covariates included water temperature, specific conduc-
tance, pH, total nitrogen, total phosphorus, channel gradi-
ent, agricultural land cover, and urban land cover of the
riparian buffer (WebPanel 1). We performed classification
tree analysis (De’ath and Fabricius 2000) with all covari-
ates and the O/E indices for minimum and maximum flow
as predictors. Trees were grown to maximum size and then
pruned to minimize tree complexity and classification error

based on K-fold cross-validation  (where K=10 subsamples
of the original observations; Venables and Ripley 2002).
Our second hypothesis was that the likelihood of biological
impairment would increase with the severity of streamflow
alteration. For each community, the proportion of
impaired sites was tabulated within categories of stream-
flow alteration severity, which were defined by quartiles of
O/E either > 1 (ie inflated) or < 1 (ie diminished). The
Kruskal-Wallis test was applied to determine whether
covariates varied significantly among these same cate-
gories. Few of the sites with biological data experienced
inflated maximum flows, so this dimension of streamflow
alteration was not considered in our analysis. Our third
hypothesis was that functional traits of macroinvertebrate
and fish taxa would indicate the presence of altered
streamflow magnitudes.  Sites with diminished (minimum
and maximum) and inflated (minimum only) magnitudes
were identified based on the distribution of O/E values at
reference sites as described above (WebTable 1).  We used
predictions of expected community composition to iden-
tify taxa at each site that (1) were expected but not ob-
served (hereafter “decreaser taxa”) and  (2) were observed
but not expected (hereafter “increaser taxa”). In the
absence of pre- and post-disturbance data, these designa-
tions approximate taxa that have been lost or gained as a
result of all anthropogenic influences at each site (Knapp et
al. 2005). We aggregated lists of decreaser and increaser
taxa across sites within each class of streamflow alteration
(n = 119, 84, and 110 for inflated minimum, diminished
minimum, and diminished maximum, respectively) and
evaluated (using Fisher’s exact test) whether the two sets of
taxa differed in the frequencies of functional traits associ-
ated with hydrological attributes, including reproductive
strategy, mode of mobility, and geomorphic habitat and
substrate preferences (WebPanel 1).

n Results

Streamflow magnitudes were altered in most (86%) of the
assessed streams (Figure 1a and b). Minimum flows were the
most frequently altered, being inflated or diminished in 74%
of streams. Maximum flows were altered in 54% of streams
and diminished in most cases. The type and severity of
streamflow alteration were associated with climate (Figure
1b). In arid climates, minimum and maximum flows were
severely diminished, being less than half of expected magni-
tudes in most (~70%) monitored streams. Maximum flow
magnitudes in wet climates were also commonly diminished,
being less than three-fourths of expected magnitudes in most
(> 60%) monitored streams. In contrast, minimum flows in
wet climates were commonly inflated, being > 25% higher
than expected magnitudes in about half of monitored sites.

Streamflow alteration was the primary predictor of bio-
logical integrity for both communities (Figure 2). Impaired
fish communities (70% correct classification) were associ-
ated solely with streamflow alteration and prominent at
sites (1) with diminished maximum or minimum flows or
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(Table 1). Fish reproduction generally shifted from simple
nesting to nest-guarding or broadcast-spawning strategies
in streams with either form of flow alteration. In streams
with diminished minimum or maximum flows, active
swimmers replaced benthic-oriented and streamlined fish
species, whereas macroinvertebrate taxa with the ability to
temporarily leave the aquatic environment or move
quickly within it (eg strong swimmers, fast crawlers)
replaced taxa lacking these traits; moreover, pool (ie rela-
tively slow currents)-loving macroinvertebrate taxa that
prefer fine substrates replaced riffle (ie turbulent flowing)-
loving macroinvertebrate taxa that prefer coarse substrates.
In streams with inflated minimum flows, there was also an
apparent increase in macroinvertebrate taxa that prefer
erosional (ie relatively high current velocity) habitats.

n Discussion

Understanding the relationship between biological
integrity and streamflow alteration is critical if society is
to make decisions about tradeoffs between human and

(2) with inflated minimum flows but unaltered maximum
flows. Impaired macroinvertebrate communities (74% cor-
rect classification) were associated with diminished maxi-
mum flows, but this response was conditional on covariates
such as stream gradient and land cover.

Biological impairment was associated with the severity
of streamflow alteration (Figure 3). Increasing severity of
diminished minimum and maximum flows was associated
with a twofold increase in the likelihood that fish and
macroinvertebrate communities were impaired. Two
covariates (total phosphorus and specific conductance)
were also associated with increased severity of diminished
minimum and maximum flows, and sites in the highest
severity classes were often diminished for both minimum
and maximum flows. Severity of inflated minimum flow
was less strongly associated with biological impairment
than diminished streamflows, and appeared to be con-
founded with several covariates. 

Differences between increaser and decreaser taxa sug-
gested apparent shifts in functional traits of fish and
macroinvertebrate taxa at sites with altered streamflows

Figure 1. Alteration of minimum and maximum annual streamflow magnitudes, (a) at 2888 sites monitored from 1980–2007.
“Inflated” condition indicates that observed average magnitudes exceeded expected reference magnitudes; “diminished” condition
indicates that observed average magnitudes were less than expected reference magnitudes. (b) Severity of streamflow alteration, as a
proportion of expected reference magnitude, within two classes of climatic conditions, defined by the difference between mean annual
precipitation and potential evapotranspiration (> 0 = “Wet”, < 0 = “Arid”).
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ecosystem requirements for water (Postel and Richter
2003). This assessment quantifies, for the first time at a
multiregional scale, the severity of streamflow alteration
in a large portion of the current streamflow monitoring
network, as well as the integrity of associated biological
communities. Our work is also distinct from previous
large-scale studies (eg Konrad et al. 2008) in that we
examined biological and hydrological characteristics in
terms of their deviations from reference conditions, seek-
ing to understand the potential ecological consequences
of anthropogenic changes to the natural flow regime
(sensu Poff et al. 2010). Our primary findings are that (1)
most of the monitored streams experience altered flow
magnitudes and (2) there is a strong association between
diminished streamflow magnitudes and impaired biologi-
cal communities across the conterminous US. 

Given the central influence of the flow regime on
stream ecosystems, our finding that anthropogenic
changes in streamflow magnitudes are pervasive and
severe suggests this factor may be a ubiquitous constraint
on biological integrity. Previous studies have drawn simi-

lar conclusions using indirect measures (Graf 1999;
Nilsson et al. 2005) or at sites with known temporal
changes in streamflow alteration (Poff et al. 2007).
Despite finding a high percentage of altered sites, we
probably underestimated the occurrence and severity of
streamflow alteration for two reasons. First, our measures
of deviation from expected magnitudes are conservative
relative to pristine conditions or conditions prior to
European settlement, because estimates of expected
streamflow magnitudes were derived from many reference
sites (particularly in the midwestern US) influenced by
some anthropogenic disturbance. Second, we limited our
assessment to a single dimension of the natural flow
regime – magnitudes – but the timing, duration, and rate
of change are also ecologically important (Bunn and
Arthington 2002; Mathews and Richter 2007). Had
these dimensions been included, our estimate of the per-
vasiveness and severity of streamflow alteration would
likely have increased.

Pronounced differences in streamflow alteration
between arid and wet climates are partly due to distinc-

www.frontiersinecology.org © The Ecological Society of America

Figure 2. Classification trees predicting impairment of (a) fish and (b) macroinvertebrate communities at 237 and 274 stream sites,
respectively, through measures of streamflow alteration and eight covariates. Each split in the tree is annotated with the values of the
primary predictor that defines each branch; for example, fish communities were impaired at sites where observed magnitudes of
maximum flows were < 0.4 of expected natural magnitudes. Streamflow alteration is expressed as the proportion of expected reference
magnitude. Agriculture is expressed as percent of riparian area within a 100-m buffer. Predicted class (“Impaired/Unimpaired”)
frequencies are given for each terminal node.

(a)    Fish communities

(b)    Macroinvertebrate communities
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tive management of watershed hydrology. The tendency
for diminished flow magnitudes in arid climates is indica-
tive of consumptive water uses causing net streamflow
loss. The primary use of water in arid climates is for irri-
gated agriculture (Pimentel et al. 1997), but interbasin
transfers and groundwater withdrawal for other uses also
reduce streamflows (Jackson et al. 2001). Management of
watershed hydrology in wet climates, in contrast, is often
focused on flood control. This is most often achieved
through small impoundments or large reservoirs that
remove flood peaks and release the water later, during
normally low flow periods; this management technique
can result in inflated minimum flows and diminished
maximum flows (Magilligan and Nislow 2005). 

Streamflow alteration was the primary predictor of bio-
logical integrity, even after considering several covariates.
Our set of anthropogenic covariates was not exhaustive,
but some (eg riparian land cover) are potential surrogates
for unmeasured factors, such as dissolved contaminants.
Nevertheless, several covariates (eg nutrients and ripar-

ian land cover) that are recognized as influential to bio-
logical integrity were less important than streamflow
alteration. Natural covariates were at least partially con-
trolled for through the use of an O/E index for biological
and streamflow measures, which predicts site-specific
expectations based on natural factors such as climate and
stream size (Hawkins 2006). Interactions of covariates
and streamflow alteration in the macroinvertebrate
model suggest that biological responses to diminished
maximum flows depend on the environmental context.
This phenomenon has not been explicitly studied, but
may explain why a recent review (Poff and Zimmerman
2010) found that macroinvertebrate communities show a
less consistent response to streamflow alteration than do
fish communities.

The ecological importance of streamflow alteration is
evident from our finding that the likelihood of biological
impairment increased with the severity of diminished
streamflow magnitudes. Some chemical covariates were
also associated with increased severity of diminished

© The Ecological Society of America www.frontiersinecology.org

Figure 3. Proportion of sites with impaired (a) fish and (b) macroinvertebrate communities within classes of severity of streamflow
alteration (expressed as percent deviation from expected natural magnitudes). “Diminished” indicates observed magnitudes less than
expected natural magnitudes; “inflated” indicates observed magnitudes greater than expected natural magnitudes. Vertical black lines
indicate 95% confidence intervals generated with bootstrapping. Values above each vertical line indicate the number of sites with each
severity class. Inset boxes display covariates that differed significantly (P < 0.05) among severity classes, where SC = specific
conductance, TP = total phosphorus, TN = total nitrogen, temp = water temperature, Ag = riparian agriculture land cover, max =
maximum flow observed/expected (O/E), and min = minimum flow O/E.
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streamflow magnitudes, so we cannot rule out their influ-
ence on biological communities – although elevated con-
centrations of chemicals would also be an expected result of
reduced streamflow magnitudes (Bunn and Arthington
2002). We also cannot distinguish the relative influences of
minimum and maximum flows, because both tended to be
diminished in streams with the most severe streamflow alter-
ation. Nevertheless, our findings demonstrate that, across
divergent natural and anthropogenic settings, the likelihood
of biological impairment grows with increased reductions of
maximum and minimum streamflow magnitudes. 

Finally, biological communities in streams with altered
flow magnitudes appeared to lose and gain taxa with traits
indicative of specific flow regimes. Streams with dimin-
ished flows showed increases in taxa with preferences for
low water velocities and fine sediments (eg absence of
flushing flows), and with the ability to escape periodic
environmental bottlenecks – possibly to avoid desicca-
tion. Streams with inflated minimum flows showed
increases in macroinvertebrate taxa with preferences for
turbulent currents – a likely result of sustained high flows.
Fish species that were favored in all hydrologically altered
streams possess reproductive strategies that require either
a high level of parental care or no care at all, whereas
species that build simple nests appeared to be lost from the
system. Simple nests generally require water circulation to
maintain egg viability and would therefore be sensitive to
desiccation under diminished flows or scouring under
inflated flow regimes. In contrast, nest-guarding species
protect nests from predators and can behaviorally provide
circulation when necessary. Alternatively, species that
broadcast spawn compensate for harsh environmental
conditions with high reproductive output. Although these

traits suggest a mechanistic link
between biological impairment
and altered streamflow magni-
tudes, some traits would be
favored in any disturbed envi-
ronment. Therefore, these traits
are not themselves diagnostic of
streamflow alteration, but are
consistent with the hypothesis
that altered streamflow magni-
tudes played a role in causing
biological impairment.

Because the flow regime con-
trols many physical, chemical,
and biological processes, com-
munity responses to streamflow
alteration are a product of
direct and indirect pathways.
We did not explore the mecha-
nisms underlying the relation-
ships between biological
integrity and streamflow alter-
ation, nor was the study design
appropriate for evaluating

thresholds of streamflow alteration that are protective of
biological communities. Nevertheless, our study provides
a multiregional-scale perspective on the importance of
natural streamflow regimes to the maintenance of aquatic
communities and ecosystems, and provides water-
resource managers with a much-needed perspective on
the pervasiveness and severity of anthropogenic alter-
ation of streamflow magnitudes. The degree to which
streamflows are controlled in many river systems and the
pervasiveness of streamflow alteration across the US sug-
gest that a national priority of restoring natural stream-
flow magnitudes could be broadly implemented and
would produce widespread and measurable ecological div-
idends (Postel and Richter 2003).

n Acknowledgements

We thank J Falcone for help in developing geographic infor-
mation system (GIS) databases used in these assessments.
Comments on early versions of this manuscript by S Postel,
C Konrad, and W Wilber improved its quality and clarity.

n References 
Arthington AH, Bunn SE, Poff NL, and Naiman RJ. 2006. The

challenge of providing environmental flow rules to sustain
river ecosystems. Ecol Appl 16: 1311–18.

Bunn SE and Arthington AH. 2002. Basic principles and ecologi-
cal consequences of altered flow regimes for aquatic biodiver-
sity. Environ Manage 30: 492–507.

Carlisle DM, Falcone J, Wolock DM, et al. 2010. Predicting the
natural flow regime: models for assessing hydrological alter-
ation in streams. River Res Appl 26: 118–36.

Cutler DR, Edwards Jr TC, Beard KH, et al. 2007. Random forests
for classification in ecology. Ecology 88: 2783–92. 

www.frontiersinecology.org © The Ecological Society of America

Table 1. Summary of trends in macroinvertebrate and fish traits at sites – with
various forms of altered streamflow magnitudes – across the conterminous US

Diminished Diminished Inflated
Trait Community minimum maximum minimum

Reproductive Fish Nest guarders Broadcast Broadcast
strategy replace simple spawners replace spawners replace

nesters simple nesters simple nesters

Morphology/ Fish Active swimmers Active swimmers None observed
locomotion replace benthic and replace benthics

streamlined forms

Macro- Active swimmers Active swimmers None observed
invertebrates replace taxa with replace taxa with

slow crawling rates slow crawling rates

Exit ability Macro- Increased taxa with Increased taxa None observed
invertebrates exit ability with exit ability

Geomorphic Fish and Pool taxa preferring Pool taxa preferring Increased taxa
and substrate macro- fine-grained fine-grained preferring riffles
preference invertebrates substrates replace substrates replace (macro-

riffle taxa preferring riffle taxa preferring invertebrates
coarse substrates coarse substrates only)

Notes: See WebPanel 1 for detailed statistical results.

RB-AR24976



DM Carlisle et al. Alteration of streamflow magnitudes

De’ath G and Fabricius KE. 2000. Classification and regression
trees: a powerful yet simple technique for ecological data analy-
sis. Ecology 81: 3178–92.

Falcone JA, Carlisle DM, Wolock DM, and Meador MR. 2010.
GAGES: a stream gage database for evaluating natural and
altered flow conditions in the conterminous United States.
Ecology 91: 621.

Graf WL. 1999. Dam nation: a geographic census of American
dams and their large-scale hydrologic impacts. Water Resour Res
35: 1305–11.

Hawkins CP. 2006. Quantifying biological integrity by taxonomic
completeness: its utility in regional and global assessments. Ecol
Appl 16: 1277–94.

Jackson RB, Carpenter SR, Dahm CN, et al. 2001. Water in a
changing world. Ecol Appl 11: 1027–45.

Knapp RA, Hawkins CP, Ladau J, et al. 2005. Fauna of Yosemite
National Park lakes has low resistance but high resilience to
fish introductions. Ecol Appl 15: 835–47.

Konrad CP, Brasher AMD, and May JT. 2008. Assessing streamflow
characteristics as limiting factors on benthic invertebrate
assemblages in streams across the western United States.
Freshwater Biol 53: 1983–98.

Magilligan FJ and Nislow KH. 2005. Changes in hydrologic regime
by dams. Geomorphology 71: 61–78.

Mathews R and Richter BD. 2007. Application of the indicators of
hydrologic alteration software in environmental flow setting. J
Am Water Resour As 43: 1400–13.

Meador MR, Whittier TR, Goldstein RM, et al. 2008. Evaluation
of an index of biotic integrity approach used to assess biological

condition in western US streams and rivers at varying spatial
scales. T Am Fish Soc 137: 13–22.

Nilsson C, Reidy CA, Dynesius M, et al. 2005. Fragmentation and
flow regulation of the world’s large river systems. Science 308:
405–08.

Pimentel D, Houser J, Preiss E, et al. 1997. Water resources: agricul-
ture, the environment, and society. BioScience 47: 97–106.

Poff NL, Allan JD, Palmer MA, et al. 2003. River flows and water
wars: emerging science for environmental decision making.
Front Ecol Environ 1: 298–306.

Poff NL, Olden JD, Merritt DM, and Pepin DM. 2007.
Homogenization of regional river dynamics by dams and global
biodiversity implications. P Natl Acad Sci USA 104: 5732–37.

Poff NL, Richter BD, Arthington AH, et al. 2010. The ecological
limits of hydrologic alteration (ELOHA): a new framework for
developing regional environmental flow standards. Freshwater
Biol 55: 147–70.

Poff NL and Zimmerman JKH. 2010. Ecological responses to
altered flow regimes: a literature review to inform the science
and management of environmental flows. Freshwater Biol 55:
194–205.

Postel S and Richter BD. 2003. Rivers for life: managing water for
people and nature. Washington, DC: Island Press.

Venables WN and Ripley BD. 2002. Modern applied statistics with
S, 4th edn. New York, NY: Springer.

Wright JF. 2000. An introduction to RIVPACS. In: Wright JF,
Sutcliffe DW, and Furse MT (Eds). Assessing the biological
quality of fresh waters. Ambleside, UK: Freshwater Biological
Association.

© The Ecological Society of America www.frontiersinecology.org

RB-AR24977



© The Ecological Society of America www.frontiersinecology.org

DM Carlisle et al. – Supplemental information

WebPanel 1. Assessing streamflow alteration and biological integrity

Predicting expected streamflow magnitudes
The procedure for predicting expected natural streamflow attrib-
utes is detailed elsewhere (Carlisle et al. 2010; Falcone et al. 2010),
and briefly described here.  Among ~7000 streamflow monitoring
sites across the conterminous US, reference (ie least-disturbed) sites
with perennial flow were selected through quantitative and qualita-
tive criteria of human activity in the watersheds and local expert
judgment. Minimum flow (annual minimum of the 7-day moving aver-
age of daily flow values) and maximum flow (annual maximum daily
flow value) were averaged across all years of flow record available
from 1950–2007 at reference sites (minimum of 20 years), and
across at least 15 years of recent flow record (1980–2007) at
assessed sites. Model performance was evaluated by computing the
mean and standard deviation of the observed (O) to expected (E)
ratio (from cross-validation) at reference sites. Predictive models
exhibited 26–34% error, with relatively little bias (WebTable 1).
Assessed sites were identified from stream gauges operated by the
US Geological Survey (USGS) with at least 15 years of complete
records (1980–2007) and whose watershed characteristics (eg ter-
rain, soils, and climate) were within the multivariate distribution
(sensu Bowman and Somers 2006) of those for reference sites.
Drainage basins for the final set of 2888 assessed and 1059 refer-
ence sites included in this assessment encompass one-half of the
total land area in the conterminous US and are typical of land use
and water management across the country (WebTable 2).

Predicting expected biological communities
The details of model development and evaluation are documented
elsewhere and briefly described here. The USGS National Water-
Quality Assessment Program sampled macroinvertebrate (274
sites) and fish (237 sites) communities from 1993–2005 across the
conterminous US where daily streamflow was also monitored.
Field methods followed standard protocols and consistent quality
assurance practices (Moulton et al. 2002) throughout the study
period. Estimates of E were obtained from regional River
Invertebrate Prediction and Classification System-type models
(sensu Hawkins 2006) that predicted the probabilities of capturing
at a site each taxon from the regional pool of native taxa. O for
each site was calculated as the number of expected taxa that were
actually collected in the sample. Separate predictive models for
macroinvertebrates were developed with 338 reference sites in
the eastern and central US (Carlisle and Meador 2007), 217 refer-
ence sites in the south–central US (Yuan et al. 2008), and 729 ref-
erence sites in the western US (Carlisle and Hawkins 2008).
Predictive models for fish communities were developed with 266
reference sites in the eastern and central US (Meador and Carlisle
2009). Because fish communities in the western US are naturally
species-poor, these sites were assessed with an index of biological
integrity (IBI), which represents measures of community composi-
tion (eg proportion of exotic species) other than species richness.
O for western fish was the observed value of the IBI calculated
from the sample collected at each site (Meador et al. 2008), and E
was estimated as the average IBI from reference sites within each
ecoregion, which is conceptually similar to E derived from statisti-

cal models (Hawkins 2006). Thresholds for classifying communities
as impaired were based on the uncertainty of each predictive
model, as determined by the distribution of O/E values at reference
sites within each modeled region. For this study, a consistent
impairment threshold was applied across all sites for each commu-
nity and was defined as the average of thresholds from each region
(O/E < 0.80 for macroinvertebrates, O/E < 0.75 for fish).

Associations between streamflow alteration and
biological condition
Because the lengths of antecedent (to biological sampling date)
streamflow records varied among sites where biological communi-
ties were sampled, we evaluated whether streamflow indicators
were influenced by the number of years used to compute O. For a
set of 239 sites where 15 years of antecedent daily streamflow
records existed, we found that O/E indicators for minimum and
maximum flow computed with O averaged over 5, 10, or 15 years
were highly correlated (Spearman rank > 0.90).  We therefore used
5 years of antecedent streamflow records in order to maximize the
number of sites where biology and hydrology were both assessed. 

We compiled data for eight covariates in an attempt to evalu-
ate whether these factors were confounded with streamflow
alteration. Covariates were selected among available data to be
broadly representative of natural and anthropogenic chemical and
physical conditions at each site. Land-cover variables (percent of
area within 100-m buffer of the stream network upstream of site)
were included to represent the intensity of land use along the
stream corridor. Details of sampling and calculation of covariates
are given elsewhere (Carlisle et al. 2008). Spearman rank correla-
tions between covariates and measures of streamflow alteration
were generally weak (maximum |Spearman rho| = 0.57).

Trait analysis
Predictive models used to estimate expected community composition
were used to identify taxa that were potentially lost (“increasers”) or
gained (“decreasers”) in streams with altered streamflows. For each
site with altered streamflow, taxa having a predicted probability occur-
rence > 0.50 (Carlisle and Hawkins 2008) but absent from the site
were recorded as decreasers. Taxa having a predicted probability of
occurrence <0.50 but present at the site were recorded as in-
creasers.  In the western US, null models (Van Sickle et al. 2005) based
on 158 reference sites for fish communities (Whittier et al. 2007) were
used to predict the expected taxa at each site.  All non-indigenous fish
taxa were considered increasers in the western US. Lists of increaser
and decreaser taxa were aggregated across all sites with each type of
streamflow alteration, and those present in <10% of sites were
excluded.  We analyzed select macroinvertebrate traits from Poff et al.
(2006), enhanced with the database of Vieira et al. (2006), that we
deemed would be responsive to hydrological characteristics or that
were considered evolutionarily labile (Poff et al. 2006). We analyzed
select fish species traits from Goldstein and Meador (2004). Fisher’s
exact test was used to determine whether the frequencies of
decreaser and increaser taxa were statistically different for each trait
category.  Statistical summaries are presented in WebTables 3 and 4.
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WebPanel 1. Assessing streamflow alteration and biological integrity – continued
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WebTable 1. Performance of models used to predict expected natural
streamflow magnitudes for the conterminous US 

Streamflow attribute Mean O/E SD 10th percentile 90th percentile

Minimum flow 1.00 0.26 0.71 1.26
Maximum flow 0.96 0.34 0.57 1.35

Notes: The 10th and 90th percentiles of observed/expected (predicted) values at reference sites
were used as thresholds to classify streamflow alteration at assessed sites as diminished or inflated,
respectively. SD = standard deviation.

WebTable 2. Characteristics of land- and water-use of river
basins assessed in this study as compared with the entire
conterminous US 

This study
Characteristic Conterminous US (percent of US)

Area (km2) 8.08 × 106 4.07 × 106 (50%)
Total reservoir storage (acre ft) 1.38 × 109 0.82 × 109 (59%)
Agricultural land cover (%) 22 25
Urban land cover (%) 5 5
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WebTable 3. Frequencies of functional trait states in fish
taxa considered decreasers (“dec”) or increasers (“inc”)
in streams with different types of streamflow alteration.
n = number of taxa 

Diminished Inflated Diminished
minimum minimum maximum

Trait dec, inc dec, inc dec, inc
n (22, 39) (18, 47) (17, 32)

Reproduction P = 0.010 P = 0.011 P = 0.045
Bearer 0.00, 0.03 0.00, 0.02 0.00, 0.03
Complex nest 0.23, 0.50 0.39, 0.33 0.35, 0.41
Broadcast 0.36, 0.39 0.22, 0.56 0.23, 0.47
Simple nest 0.41, 0.08 0.39, 0.09 0.41, 0.09

Locomotion P = 0.010 P = 0.278 P = 0.019
Accelerate 0.04, 0.16 0.05, 0.09 0.00, 0.12
Creeper 0.18, 0.32 0.22, 0.33 0.23, 0.31
Cruiser 0.41, 0.24 0.33, 0.41 0.35, 0.37
Hugger 0.32, 0.05 0.28, 0.06 0.29, 0.00
Maneuver 0.04, 0.24 0.11, 0.11 0.12, 0.19

Habitat preference P = 0.034 P = 0.096 P = 0.024
Riffle/run 0.18, 0.03 0.28, 0.06 0.23, 0.00
Pool 0.04, 0.23 0.28, 0.25 0.18, 0.25
Backwater 0.00, 0.03 0.00, 0.02 0.00, 0.03
Variable 0.77, 0.72 0.44, 0.66 0.59, 0.72

Substrate preference P = 0.492 P = 0.059 P = 0.028
Coarse 0.04, 0.03 0.22, 0.04 0.18, 0.03
Gravel 0.09, 0.03 0.00, 0.04 0.00, 0.00
Fines 0.04, 0.13 0.05, 0.23 0.00, 0.22
Vegetation 0.00, 0.00 0.00, 0.00 0.00, 0.00
Variable 0.81, 0.82 0.72, 0.68 0.82, 0.75

Notes: First row for each trait reports the P value from Fisher’s exact test. Bold
entries indicate P values <0.05.  For each trait state, paired cells report the pro-
portion of taxa possessing that trait for increasers and decreasers. 

WebTable 4. Frequencies of functional trait states in
macroinvertebrate taxa considered decreasers (“dec”)
or increasers (“inc”) in streams with different types of
streamflow alteration. n = number of taxa.  

Diminished Inflated Diminished
minimum minimum maximum

Trait dec, inc dec, inc dec, inc
n (22, 31) (23, 33) (27, 29)

Exit ability P = 0.161 P = 0.776 P = 0.008
Absent 0.68, 0.45 0.70, 0.64 0.74, 0.38
Present 0.32, 0.55 0.30, 0.36 0.26, 0.62

Desiccation resistance P = 1.00 P = 1.00 P = 1.00
Absent 0.77, 0.81 0.78, 0.75 0.81, 0.82
Present 0.23, 0.19 0.22, 0.25 0.19, 0.18

Crawling rate P = 0.025 P = 0.512 P = 0.036
Very low 0.45, 0.64 0.48, 0.42 0.44, 0.66
Low 0.45, 0.13 0.43, 0.36 0.41, 0.10
High 0.09, 0.22 0.09, 0.21 0.15, 0.24

Swimming ability P = 0.804 P = 0.912 P = 0.646
None 0.77, 0.74 0.74, 0.67 0.70, 0.72
Weak 0.14, 0.10 0.17, 0.18 0.19, 0.10
Strong 0.09, 0.16 0.09, 0.15 0.11, 0.18

Flow preference P = 0.018 P = 0.040 P = 0.002
Depositional 0.09, 0.29 0.17, 0.15 0.11, 0.28
Erosional 0.50, 0.61 0.48, 0.76 0.48, 0.69
Either 0.41, 0.10 0.35, 0.09 0.41, 0.03

Habit P = 0.162 P = 0.912 P = 0.014
Burrower 0.27, 0.52 0.26, 0.33 0.22, 0.59
Sprawler 0.04, 0.06 0.13, 0.09 0.07, 0.03
Clinger 0.55, 0.26 0.48, 0.42 0.55, 0.21
Swimmer 0.14, 0.16 0.13, 0.15 0.15, 0.17

Notes: First row for each trait reports the P value from Fisher’s exact test. Bold
entries indicate P values <0.05.  For each trait state, paired cells report the pro-
portion of taxa possessing that trait for increasers and decreasers. 
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DISCLAIMER

This document has been reviewed by the National Exposure
Research Laboratory-Cincinnati (NERL-Cincinnati), U. S".
Environmental Protectiol1 Agency (USEPA) : and approved for·"
publication. The mention of trade names or commercial prQducts
does not constitute endorsement or recommendation for'use.' The
results of data analyses by computer programs described in the
section on data analys:i-s were verifiedusing.data commonly
obtained from effluent toxicity tests. However, these com;puter
programs may not be applicable to all data, (lnd the USEPAassumes
no responsibility for their use.
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FOREWORD

Environmental measurements are required t~o determine the
quality ~f ambient waters and the character of: waste effluent.
The National Exposure Research Laboratory-Cincinnati
(NERL-Cincinnati) conducts research to:

• Develop and evaluate analytical methods ,to identify and
measure the concentration of chemical pollutants in'
drinking waters, surface waters, groundwaters,
wastewaters, sediments, sludges, and solid wastes.

• Investigate methods for the identification and
measurement of viruses, bacteria and other
microbiological organisms in aqueous samples and to
determine the responses of aquatic organisms .to water
quality.

• Develop and operate a quality assurance program to
support the achievement of data quality objectives in
measurements of pollutants in drinking water, surface
water, groundwater, wastewater, sedilnent and solid
waste.

• Develqp methods and models to detect and quantify
respons~s in aquatic and terrestrial organisms exposed
to environmental stressors and to correlate the
exposure with effects on chemiqal and biological
indicators.

The Federal Water Pollution Control Act AmendmentS' of 1972
(PL 92-500), the Clean Water Act (CWA) of 1977(PL 95-217) and
the Water Quality Act of 1987 (PL 100-4) explicitly state that it
is the national policy that the discharge of toxic substances in
toxic amounts be prohibited. Thus, the detection of chronically
toxic effluents plays an important role .:in identifying and
controlling toxic discharges to surface waters. This manual is
the first edition of the west coast marine and estuarine chronic
toxicity test manual for effluents. It provides standardized
methods for estimating the chronic toxicity of effluents and
receiving waters to estuarine and marine organisms for use by the
USEPA ,regional programs, the state programs, and t:he National
Pollutant Discharge Elimination System (NPDES) permittees.

iii
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PREFACE

This manual contains whole effluent toxicity (WET) test methods
considered by USEPA's Office of Research and Development (ORD) to.
have the necessary characteristics for use in the NPDES program
and other USEPA monitoring activities, in Pacific coastal waters,
for estimating the chronic toxicity of effluents and receiving
waters. All the species included in this report are curren~ly

specified in NPDES permits in one or more of th~ west coas.t
states. The methods will likely be revised to some extent.,
especially if they are proposed in the Federal Register as 304(h)
methods. Revisions would be made based upon comments re'ceived as
a result of the proposed rule public comment period.

,
With one exception, other than changes necessary to identify the
test species used in these methods and corrections of an
editorial nature, the first ten sections of this document are
identical to the first ten sections of the "Short-term Methods
for Estimating the Chronic Toxicity of Effluents and Rece~ving

Waters to Estuarine and Marine Organisms, (Second Edition):."
The exception occurs in chapter 7 where ~he use of synthetic
(standard) dilution water for NPDES permit-related toxicity
testing is not required. Validation and precision tests with
natural seawater and HSB prepared from natural seawater (plus
reagent water as necessary) have been acceptable, and synthetic
waters have shown mixed results in limited testing.

The marine toxicity test procedures in .this manual have been
developed or refined by EPA and the states of California and
Washington over a period of years. A significant number of
organizations and individuals have contributed to this ,effort. A
list of contributors is ,provided in the acknowledgements l?ection.
Among the major efforts that contributed critical data and
critical analysis of the methods in this manual the following
were vital:

1) The California Marine Bioassay Project (MBP). In 1984, the
California State Water Resources Control Board initiated the MBP
to develop sensitive methods for testing t~e toxicity of ;
discharges to California marine waters. The MBP was funded
wholly or in part by the USEPA using Section 205(j) grant funds.
The MBP developed the tests.with abalone (Haliotis rufescens),

iv
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topsmelt (Atherinops affinis) , giant kelp (Macrocystis pyrifera) ,
and mysid (Holmesimysis costata) .

2} The EPA West Coast Marine Complex Effluent Program. Started
in 1985, this program provided preliminary 'work for the topsmelt
(Atherinops affi'nis) , revision of methods'for echinoid sperm with
the purple sea urchin (Strongyloceritrotus purpuratus) and the
sand dollar' (Dendraster excentricus) , preparation of all methods
into a standardized format, coordination of' efforts among the
various states and EPA regions 9 and la, -and development of yet'
unadopted test methods with the mysid (Mysidopsj.,s intii) ,and the
kelp (Laminaria saccharina) .

3} The Protocol Review:Committee'(PRC} for the'Triennial Review
of the Marine Toxicity Test Protocols for the California Ocean
Plan. In 1994 this committee reviewed a' number ;of proposed test
methods for inclusion,in the California Ocean Plan. The methods
included in this report are those recommended by: the Protocol
Review Committee. The Mysidopsis intii method developed by EPA
was excluded 'from the recommended procedu'resbecause it was
considered redundant' with the Holmesimysis cos'tata procedure. It
was excluded from this report because its inclusion was also
considered unneccesary by EPA region 10. 'The Laminaria
saccharina test was excluded from the California recommendations
because it was considered redundant wlththe Macrocystis pyrifera
test. It was excluded from this report because the results from
the West Coast Marine Species Chronic Protocol Variabil'i ty Study
indicated that more experience with the method was needed to
produce acceptable precision.

4} West Coast Marine Species Chrohic Protocol'Variability Study.
This study was a result of a 1991 settlement agreement among the
Northw'est Pulp and Paper Association, the Washlngtonbept. 'of
Ecology, Puget Sound Water Quality Auth.ority, and Tulal'ip Tribes
of Washington. The year-long study' ini993-94' i:ncluded'monthly
or quarterly interlaboratory toxicity test evaluation of tests
with bivalve molluscs (Crassostrea gigas) and mUissels (Mytilus
sp.), echinoid sperm'tests with purple se:a' urchins'(S'.
purpuratus} and sand dollar (D. exce'tricus) , sexual reproduction'
of kelp (L. saccharina) , and the topsmelt(A. affin'is).'

Following review and recommendations by the PRe 1:0 the State' of"
California for use of the procedures' in this rep<?rt, 'EPA (OR&D'"
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and Region 9) modified the format for all methods to provide
consistency among the methods as well as consistency with
existing EPA Whole Effluent Toxicity Testing Manuals.

Review of the results from tests using the methods in this report
indicated that they are analogous to, and as sensitive ·as, the
methods previously proposed for estimating the chronic toxicity
of effluents and receiving waters to marine and estuarine
organisms (U.S. EPA 1994). The primary exception is the ,suite of
invertebrate embryo-larval tests contained in this manual. These
tests have been in regulatory and monitoring use on the west
coast, some for many years. They tend to be more sensitive test
organisms to many chemicals and the tests are more robust
statistically. They have no analog in the previous EPA methods
manuals, although a similar test has been proposed by the EPA
laboratory in Narragansett for use in monitoring sediment
associated contaminants with the bivalve Mulinia lateralis.

vi
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ABSTRACT

This manual describes six short-term (forty minutes to seven
days) estuarine andmarine.methods for measuring the chronic
toxicity of effluents'and receiving waters to ei9ht species: the
topsmelt, Atherinops,affinis; the mysid, Holmesimysiscostata;
the sea urchin, Strongylocentrotus purpuratus and sand dollar
Dendraster excentricus;the red abalone Haliotis rufescens; the
bivalves Crassostrea'gigas and mussel Myt;;iltisspp. and the giant
kelp, MC!-crocystis pyrifera. The methods include single 'and
multiple concentration static renewal and static nonrenewal
toxicity tests for effluents and receiving waters. Also included
are guidelines on laboratory safety, quality assurance,
facilities, and equipment 'and supplies; ciilution water; effluent
and receiving .water sample collection, preservation, shipping,
and holding; test conditio~s; toxicity test data analysis; report
preparation; and organism culturing, holding, and handling.
Examples of computer input and output for Dunnett's Procedure,
Probit Analysis, Trimmed Speaman-Karber Method, and the Linear
Interpolation Method are provided in the Appendices.
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SECTION 1

INTRODUCTION

1.1 This manual describes chronic toxicity tests for use in the
National Pollutant Discharge Elimination Systenl (NPDES) Permits
Program to identify effluents and receiving waters containing
toxic materials in chronically toxic concentrations. The test
methods are also suitable for determining the toxicity of
specific compounds contained in discharges. The tests may be
conducted in a central laboratory or on-site, by the regulatory
agency or the permittee.

1.2 The data are used for NPDES permits development and to
determine compliance with permit toxicity limits. Data can also
be used to predict potential acute and chronic toxicity in the
receiving water, based on hypothesis testing or point estimate
techniques (see Section 9, Chronic Toxicity Test Endpoints And
Data Analysis) and appropriate dilution, application, and
persistence factors. The tests are performed as a part of
self-monitoring permit requirements, compliance biomonitoring
inspections, toxics sampling inspections, and special
investigations. Data from chronic toxicity tests performed as
part of permit requirements are evaluated during·compliance
evaluation inspections and performance audit inspections.

1.3 Modifications of these tests are also used in toxicity
reduction evaluations and toxicity identification evaluations to
identify the toxic components of an effluent, to aid in the
development and implementation of toxicity reduction plans, and
to compare and control the effectiveness of various treatment
technologies for a given type of industry, irrespective of the
receiving water (USEPA, 1988ci USEPA, 1989bi USEPA, 1989ci USEPA,
1989di USEPA, 198gei USEPA, 1991ai USEPA, 1991bi USEPA, 1992).

1.4 This methods manual serves as a companion to the acute
toxicity test methods for freshwater and marine organisms (USEPA,
1993a), the short-term chronic toxicity test methods for
freshwater organisms (USEPA, 1993b), the short-term chronic
toxici ty test methods for east coast organisms ;(USEPA, 1994), and
the'manual for evaluation of laboratories performing aquatic
toxicity tests (199ic). .

1.5 Guidance for the implementation of toxicity tests in the
NPDES program is provided ,in the Technical Suppl:)rt Document for
Water Quality-Based Toxics Control (USEPA, 199113.).

1
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similar to those developed for the freshwater organisms and east
coast marine organisms to evaluate the toxicity of effluents
discharged to estuarine and coastal marine' waters under the NPDES
permit program. Methods are presented in this manual for ten
species from six phylogenetic groups. The red abalone larval
development test method, the giant kelp germination and ge~m-tube

length test method, the mysid survival and growth test method and
the topsmelt survival and growth test method were developed and
extensively field tested by University of' California', Santa Cruz
through the California State Water Resources Control Board:! s
Marine Bioassay Project. The purp~e urchin and sand dollar
fertilization test method was developed by U.S. 'Environmental
Research Laboratory-Newport,' Oregon. The purple urchin and sand
dollar development test method was developed by the Southern
California Coastal Water Research Project. The Pacific oy~ter

and mussel survival and larval development test method was
modified from ASTM 1989 by the Washington Department of Ecology
and the USEPA. The methods vary in duration from 40 minutes to
seven days.

1.7 The ten species for which toxicity test methods provided
are: the topsmelt, Atherinops affinis, the red' abalone, Haliotis
rufescens; the Pacific oyster, Crassostrea gigas, mussel Mytilus
spp.; the mysid, Holmesimysis costata; the sea urchin, .
Strongylocentrotus purpuratus, the sand dollar, Dendraster
excentricus; and the giant kelp, Macroystis pyrifera.

1.7.1 Many of the tests included in this document are based on
the following:

1. "Marine Bioassay Project Seventh Reports (Reports 1-7)"
by Brian S. Anderson, John W. Hunt, and Hilary R.
McNulty, University of California, Santa Cruz; Mark D.
Stephenson, California Department of Fish and Game; and
Francis H. Palmer, ,Debra L. Denton, and Matthew Reeve,
State Water Resources Control Board.

2. "Procedures Manual for Conducting Toxicity Tests
Developed by the Marine Bioassay Project by Brian S.
Anderson, John W. Hunt, Shiela L. Turpen, A.R. Coulon,
University of California, Santa Cruz; Mike Martin,
California of Depart~ent of Fish and Game; Debra L.
Denton and Frank H. Palmer, State Water Resources Control
Board, 90-10WQ, 112 pp.

3. "Standard Practice for Conducting Static Acute Toxicity
Tests with Larvae of Four Species of Bivalve Mollu6cs.
ASTM 1989.

2
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1.7.2 Three of the methods incorporate the chronic endpoints of
growth or development (or both) in addition to lethality. The
sea urchin sperm cell test uses fertilization as an endpoint and
has the advantage of an extremely short exposure period (40
minutes) .

1.8 The validity of similar marine/estuarine methods in
predicting adverse ecological impacts of toxic discharges was
demonstrated in field studies (USEPA, 1986d).

1.9 The use of any marine o~ estuarine test species or test
conditions other than those described in the methods summary
tables in this manual or in th~ east coast marine ,manual
(USEPA/600/4-91/003) shall be subject to application and approval
of alternate test procedures under 40 CFR 136.4 and 40 CFR 136.5.

1.10 These methods are restricted to use by or under the
supervision of analysts experienced in the use or conduct of
aquatic toxicity testing and the interpretation of data from
aquatic toxicity testing. Each analyst must demon:strate the
ability to generate acceptable test results with these methods
using the procedures described in this methods manual.

1.11 The manual was prepared in the establishedNERL-Cincinnati
format (USEPA, 1983).

3
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SECTION 2

SHORT-TERM METHODS FOR ESTIMATING CHRONIC TOXICITY

2.1 INTRODUCTION

2.1.1 The objective of aquatic toxicity tests with effluents or
pure compounds is to estimate the "safe" or "no-effect"
concentration of these substances, which is defined as the
concentration which will permit normal propagation of fisn and
other aquatic life in the receiving waters. The endpoints that
have been considered in tests to determine the adverse effects of
toxicants include death and survival, decreased reproductIon and
growth, locomotor activity, gill ventilation rate, heart rate,
blood chemistry, histopathology, enzyme activity, olfacto~y

function, and terata. Since it is not feasible to detect and/or
measure all of these (and other possible) effects of toxic
substances on a routine basis, observations in toxicity tests
generally have been limited to only a few effects, such a$
mortality, growth, and reproduction.

2.1.2 Acute lethality is an obvious and easily observed effect
which accounts for its wide use in the early period of evaluation
of the toxicity of pure compounds and complex effluents. The·
results of these tests were usually expressed as the
concentration lethal to 50% of the test organisms (LC50) over
relatively short exposure periods (one-to-four days) .

2.1.3 As exposure periods of acute tests were lengthened~ the
LC50 and lethal threshold concentration were observed to decline
for many compounds. By lengthening the tests to include one or
more complete life cycles and observing the more subtle effects
of the toxicants, such as a reduction in growth and reproduction,
more accurate, direct, estimates of the threshold or safe
concentration of the toxicant could be obtained. However,
laboratory life cycle tests may not accurately estimate the
"safe" concentration of toxicants because they are conducted with
a limited number of species under highly controlled, steady state
conditions, and the results do not include the effects of. the
stresses to which the organisms would ordinarily be expos~d in
the natural environment.

2.1.4 An early published account of a full life cycle, fish
toxicity test was that of Mount and Stephan (1967). In this
study, fathead minnows, Pimephales promelas, were exposed to a
graded series of pesticide concentrations throughout their life
cycle, and the eff~cts of the toxicant on survival, growth, .and

4
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reproduction were measured and evaluated. This work was soon
followed by full lif~ cycle tests using other toxicants and fish
species.

2.1.5 McKim (1977) evaluated the data from 56 :full life' cycle
tests, 32 of which used the fathead minnow, Piml9phales promelas,
and concluded that the embryo-larval and early :luvenile life .
stages were the most sensitive ptages. He prop6sed the use of
partial life cycle toxicity tests with the early life stages
(ELS) of fish to establish water quality£riteria.

2.1.6 Macek and Sleight (1977) found that exposure of critic~l
life ~tages of fish to toxicants provides estimates of
chronically saf~conceptrations,remarkably similar to ~hose

derived from full life cycle toxicity tests. They reported that
"for a great majority of foxicants, the concentration which will
not be acutely toxic to the most sensitive life stages is the
chronically safe concentration for fish, and that the most
sensitive life stages are the embryos and fry." Critical life
stage exposure was considered to be exposure of the embryos
during most, preferably all, of the embryogenic (incubation)'
period, and exposure of the fry for 30 days post-hatch for warm
water fish with embryogenic periods ranging from one-to-fourteen
days, and for 60 days post-hatch for fish with longer embryogenic
periods. They concluded that in the majority of cases, the
maximum acceptable toxicant concentrafion (MATC) could be
estimated from the results of exposure of the embryos during
incubation, and the larvae for 30 days post:-:hatch.'

2.1.7 Because of the high cost of full life-cycle fish toxicity
tests and the emerging consensus that the ELS test data usually
would be adequate for estimating chronically sa,fe .concentrations,
there was a rapid shift by aquatic toxicologists to 30- to. 90-day
ELS toxicity tests for estimating chronically ,safe concentrations
in the late 1970s. In 1980,USEPA adopted the policy that ELS
test data could be used in establishing water quality criteria if
data from full life-cycle tests were not available (USEPA,
1980a) .

2.1.8 Published reports of the results 6f ELS tests indicate
that the relative sensitivity of. growth and survival as endpoints
may be species dependent, toxicant dependent; or both. Ward and
Parrish (1980) examined the literature on ELS tests th~t used
embryos and juveniles of the sheepshead minnow, (~prinodon

variegatus, and found that growth was not a statistically
sensitive indicator of toxicity in 16 of 18 tests. They
,suggested that the ELS tests be shortened to 14 days posthatc~

and that growth be eliminated as an indicator of toxic effects.

5

RB-AR25003



2.1.9 In a review of the literatur~ on 173 fish full life-cycle
and ELS tests performed to determine the chronically safe '
concentrations of a wide variety of toxicants, such as metals,
pesticides, organics, inorganics, detergents, and complex
effluents, WOltering (1984) found that at the lowest effect
concentration, significant reductions were observed in fry ,
survival in 57%, fry growth in 36%, and egg hatchability in 191
of the tests. He also found that fry survival and growth were
very often equally sensitive, and concluded that the growth
response could be' deleted from routine application of the ELS
tests. The net result would be a significant reduction in the
duration and cost of screening tests with no appreciable impact
on estimating MATCs for chemical hazard assessments. Benoit, et
al. (1982), however, found larval growth to be the most
significant measure ~f effect and survival to be equally or 'less
sensitive than growth in early life-stage tests with four organic
chemicals.

2.1.10 Efforts to further reduce the length of partial life
cycle toxicity tests for fish without compromising their
predictive value have resulted in the development of an
eight-day, embryo-larval survival and'teratogenicity test for
fish and other aquatic vertebrates (USEPA, 1981i Birge et al.,
1985), and a seven-day larval survival and growth test (Norberg
and Mount, 1985).

2.1.11 The similarity of estimates of chronically safe
concentrations of toxicants derived from short-term,
embryo-larval survival and teratogenicity tests to those--derived
from full life-cycle tests has been demonstrated by Birge et al.
(1981), Birge and Cassidy (1983), and Birge et al. (1985).

2.1.12 Use of a seven-day, fathead minnow, Pimephales promelas,
larval survival and growth test was first proposed by Norberg and
Mount at the 1983 annual meeting of the Society for Environmental
Toxicology and Chemistry (Norberg and Mount, 1983). This test
was sUbsequently used by Mount and associates in field
demonstrations at Lima, Ohio (USEPA, 1984), and at many other
locations (USEPA, 1985c, USEPA, 1985di USEPA, 198~ei USEPA,
1986ai USEPA, 1986bi USEPA, 1986ci USEPA, 1986d). Growth w~s

frequently found to be more sensitive than survival in
determining the effects of complex effluents.

2.1.13 Norberg and'Mount (1985) performed three single toxicant
fathead minnow larval growth tests with zinc, copper, and
DURSBAN@, using dilution water from Lake Superior. The results

6
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were comparable to, 'and had confidence intervals that overlapped
with, chrOnic values r~ported in the liter~ture for both ELS and
full li~e-cycle tests.

2.1.14 USEPA,(1987b) and USEPA (1987c) adapted the fathead
minnow larval growth and survival test for use with the
sheepsh~ad minnow ~tid·the inland silverside,' respectively. When
daily renewal 7-day sheepshead minnow lar~al growth and s~ivival

tests and 28~day ELS tests were pel;"formed with industrial and
municipal effluents, growth was more sensitive than survival in
seven out of 12 larvai grow,th and survival tests, equally
sensitive i~ four tests, and less sensi~ive in only one test. 'Iri
four cases, the ELS test may have been three to 10 ,times more
sensitive to effluents than the larval growth and ~urvival tes~.
In tests using' copper, the No Observabl'e Effect Concentrations
(NOECs) were the same for both types of test, and growth was the
most sensitive endpoint for both. In a four laboratory .
comparison, six of seven tests produced identic:al NOECs for
survival and gro-w:th (USEPA, 1987a). Data indicate that the
inland silverside is at least equally s.ensitive or more sensitive
to effluents' and single compounds than the shee~p$head minnow, and
can be tested over a wider salinity range, 5-30%0 (USEPA,
1987a) "

2.1.15 Lussier et al. (1985) and USEPA (1987e), determined that
survival and growth are often as sensitive as r~production in
28-day life...:.cycle tests with th~ mysid, Mysidopsis bahia.

2.1.16 Nacci and Jackim (1985~ and USEPA; (1987g)'compared th'e
resuits from the sea 'urchin fertilization test, uslngorganic ",
compounds, with results from acute toxicity tests using the
freshwater organisms, fathead minnows, Pimphales promelas, and
Daphnia magna. The test was also compared to acute toxicity
tests using Atlantic silverside, Menidia menidia, and the mysid,
Mysidopsis bahia, and five metals. For six' of 'the eight organic
compounds, the results of the fertilization tes:~ and the acute .
toxicity test correlated well (r2 = 0.85). However, the results
of the fertilization test with the five metals did not cotrelat~
well with the results from the acute tests.

2.1.17 USEPA {1987f) evaluated two industrial effluents
containing heavy metals, five industrial efflueI~ts containing
organic ,chemicals (including dyes and pesticides), and 15
domestic wastewaters using the two-day red macr(~alga, Champia
parvula, sexual reproduction test. Nine single compounds were
used to compare the effects on sexual reproduction using a

, ,
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two-week exposure and a two-day exposure. For six of the :nine
compounds tested, the chronic values were the same for bo~h

tests.

2.1.18 The use of short-term toxicity tests in ,the NPDES Program
is especially attractive because they provide a more direct ,
estimate of the safe concentrations of effluents in receiving
waters than was provided by acute toxicity tests, at an only
slightly increased level of effort, compared to the fish full
life-cycle chronic and 28-day ELS tests and the 28-day mysid
life-cycle test.

2.2 TYPES OF TESTS

2.2.1 The selection of the test type will depend on the NPDES
permit requirements, the objectives of the test, the available
resources, the requirements of the test organisms, and effluent
characteristics such as fluctuations in effluent toxicity.

2.2.2 Effluent chronic toxicity is generally measured using a
multi-concentration, or definitive test, consisting of a control
and a minimum of five effluent concentrations. The tests'are
designed to provide dose-response information, expressed as the
percent effluent concentration that affects the survival, ,
fertilization, growth, and/or development within the prescribed
period of time (40 minutes to seven days). The r~sults of the
tests are expressed in terms of either the highest concentration
that has no statistically significant 'observed effect on those
responses when compared to the controls or the estimated
concentration that causes a specified percent reduction in
responses versus the controls.

2.2.3 Use of pass/fail tests consisting of a single effluent
concentration (e.g., the receiving water concentration or RWC)
and a control is not recommended. If the NPDES permit has a
whole effluent toxicity limit for acute toxicity at the RWC, it
is prudent to use that permit limit as the midpoint of a series
of five effluent concentrations. This will ensure that there is
sufficient information on the dose-response relationship.: For
example, if the RWC is >25% then, the effluent concentrations
utilized in a test may be: (1) 100% effluent, (2) (RWC + 100) /2,
(3) RWC, (4) RWC/2, and (5) RWC/4. More specifically, if'the RWC
= 50%, the effluent concentrations used in the toxicity test
would be 100%, 75%, 50%, 25%, and 12.5%. If the RWC is <25%
effluent the concentrations may be: (1) 4 times the RWC, (2) 2
times the RWC, (3) RWC, (4) RWC/2, and (5) RWC/4.

8
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two treatments, a control and the undiluted receiving water, but
may also consist of a series of receiving water dilutions.

2.2.5 A negative result from a chronic toxicity' test does not
preclude the presence of toxicity. Also, . because of the
potential temporal variability in the toxicity of effluents, a
negative test result with a particular sample does not preclude
the possibility that samples collected at some other time might.
exhibit chronic toxicity.

2.2.6 The frequency with which chronic toxicity tests are
conducted under a given NPDES permit is determined by the
regulatory agency on the basis of factors such as th~ variability
and degree of toxicity of the waste, production schedules, and
process changes.

2.2.7 Tests recommended for use in this methods manual may be
static non-renewal or static renewal. Individual methods specify
which type of test is to be conducted. .

2.3 STATIC TESTS

2.3.1 static non-renewal tests - The test organisms are exposed
to the same test solution for the duration of the test.

2.3.2 Static-renewal tests - The test organisms are exposed to a
fresh solution of the same concentration of sample every 24 h or
o.ther prescribed interval, . either by transferrin9 the test
organisms from one test chamber to another, or by replacing all
or a portion of solution in the test chambers.

2.4 ADVANTAGES AND DISADVANTAGES OF TOXICITY TEST TYPES

2.4.1 STATIC NON-RENEWAL, SHORT-TERM·TOXICITY TESTS:

Advantages:

1. Simple and inexpensive.
2. More cost effective in determining compliance with ,permit

conditions.
3. Limited resources (space, manpower, equipment) required;

would permit staff to perform more tests in the same
amount of time.

4. Smaller volume of effluent required than for static
renewal or flow-through tests.

9
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Disadvantages:

1. Dissolved oxygen (DO) depletion may result from higq
chemical oxygen demand (COD), biological oxygen demand
(BOD), or metabolic wastes.

2. Possible loss of toxicants through volatil{za~ion and/or
adsorption to the exposure vessels. ,

3. Generally less sensitive than renewal because the toxic
substances may degrade or be adsorbed, thereby reducing
the apparent toxicity. Also, there is l,ess chance of
detecting slugs of toxic wastes, or other temporal
variations in waste properties.

2.4.2 STATIC RENEWAL, SHORT-TERM TOXICITY TESTS:

Advantages:

1. Reduced possibility of DO depleti'on from high COD and/or
BOD, or ill effects from metabolic wastes from orga~isms

in the test solutions.
2. Reduced possibility of loss of toxicants through

volatil~zation and/or adsorption to' the exposure ve~sels.

3. Test organisms that rapidly deplete 'energy reserves, are
fed when the test solutions are renewed, and are
maintained in a healthier state.

Disadvantages:

1. Require greater volume of effluent than non-renewal'
tests.

2. Generally less chance 'of temporal variations In waste
properties.

10
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SECTION 3

HEALTH AND SAFE TY

3.1 GENERAL PRECAUTIONS

3.1.1 Each laboratory should develop and "maintain an effective
health and safety program, requiring an ongoing commitment by the
laboratory management and includes: (1) a safety officer with
the responsibility and authority to develop and maintain a safety
program; (2) the preparation of a formal, written, health and
safety plan, which is provided'to the laboratory staff; (3) an
ongoing training program on laboratory safety; and (4) regularly
scheduled, documented, safety inspections. .

3.1.2 Collection and use of effluents in toxi,ci ty tests may'
involve significant risks to personal safety and health.
Personnel collecting effluent samples and conducting toxicity
tests should take all safety precautions neceE:sary for the
prevention of bodily injury and illpess which might result from
ingestion or invasion of infectious agents, inhalation or
absorption of corrosive or toxic substances through skin contact,
and asphyxiation due to a lack of oxygen or the presence of
noxious gases.

3.1.3 Prior to sample collection and laboratory wor~, personnel
should determine that all necessary safety equipment and
materials have been obtained and are in good condition.

3.1.4 Guidelines for the handling and disposal of hazardous
materials must be strictly followed.

3.2 SAFETY E,QUIPMENT

3.2.1 PERSONAL SAFETY GEAR

3.2.1.1 "Personnel must use safety equipment, as required, such
as rubber aprons, laboratory coats, respirators, gloves, safety
glasses, hard hats, and safety shoes. Plastic netting on glass
beakers, flasks and other glassware minimizes breakage and
subsequent shattering of the glass.

3.2.2 LABORATORY SAFETY EQUIPMENT

3.2.2.1 Each laboratory (including mobile labora.tories) should
be provided with pafety equipment such as first a.id kits, fire
extinguishers, fire blankets, emergency showers, chemical spill
clean-up kits, and eye fountains.

11
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3.2.2.2 Mobile laboratories should be equipped with a telephone
to enable personnel to summon help in case of emergency. .

3.3 GENERAL LABORATORY AND FIELD OPERATIONS

3.3.1 Work with effluents should be performed "in compliarice with
accepted rules pertaining to the handling of hazardous materials
(see safety manuals listed in Section 3, Health and Safety,
Subsection 3.5). It is recommended that personnel collecting
samples and performing toxicity tests should not work alone.

3.3.2 Because the chemical composition of effluents is usually
only poorly known, they should be considered as potential health
hazards, and exposure to them should be minimized. Fume and
canopy hoods over the toxicity test areas must be used whenever
possible.

3.3.3 It is advisable to cleanse exposed parts of the body
immediately after collecting effluent samples.

3.3.4 All containers should be adequately labeled to indicate
their contents.

3.3.5 Staff should be familiar with safety guidelines on,
Material Safety Data Sheets for reagents and other chemicals
purchased from suppliers. Incompatible materials should not be
stored together. Good housekeeping contributes to safety and
reliable results.

3.3.6 Strong acids and volatile organic solvents employed in
glassware cleaning must be used in a fume hood or under an
exhaust canopy over the work area.

3.3.7 Electrical equipment or extension cords not bearing the
approval of Underwriter Laboratories must not be used.
Ground-fault interrupters must be installed in all "wet"
laboratories where electrical equipment is used.

3.3.8 Mobile laboratories should be properly grounded to protect
against electrical shock.

3.4 DISEASE PREVENTION

3.4.1 Personnel handling samples which are known or suspected to
contain human wastes should be immunized against tetanus, typhoid
fever, polio, and hepatitis B.

12

RB-AR25010



3 . 5 SAFE TY MANUALS

3.5.1 For further guidance on safe practices when collecting
effluent samples and conducting toxicity tests, check with the
permittee and consult general safety manuals, including USEPA
(1986e), and Walters and Jameson (1984).

3.6 WASTE DISPOSAL

3.6.1 Wastes generated during toxicity testing must be properly
handled and disposed of in an appropriate manner. Each testing
facility will have its own waste disposal requirements based on
local, state and Federal rules and regulations .. It is extremely
important that these rules and regulations be known, understood,
and complied with by all persons responsible for, or. otherwise
involved in, performing toxicity testing activi ties. Local fire.
officials should be notified of any potentially hazardous
conditions.

13
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SECTION 4

QUALITY ASSURANCE

4.1 INTRODUCTION

4.1.1 Development and maintenance of a toxicity test laboratory
quality assurance (QA) program (USEPA, 1991b) requires an ongoing
commitment by laboratory management. Each toxicity test
laboratory should (1) appoint a quality assurance officer with
the responsibility and authority to develop and maintain a QA
program, (2) prepare a quality assurance plan with stated data
quality objectives (DQOs), (3) prepare written.descriptions of
laboratory standard operating procedures (SOPs) for culturing,
toxicity testing, instrument calibration, sample chain-ot-custody
procedures, laboratory sample tracking system, glassware
cleaning, etc., and (4) provide an adequate, qualified technical
staff for culturing and toxicity testing the organisms, and
suitable space and equipment to assure reliable data.

4.1.2 QA practices for toxicity testing labor~tories must
address all activities that affect the quality of the final
effluent toxicity data, such as: (1) effluent· sampling and
handling; (2) the source and condition of the test organisms; (3)
condition of equipment; (4) test conditions; (5) instrum~nt

calibration; (6) replication; (7) use of reference toxicants; (8)
record keeping; and (9) data evaluation.

4.1.3 Quality control practices, on the other hand, consist of
the more focused, routine, day-to-day activities carried out
within the scope of the overall QA program. For more de~ailed
discussion of quality assurance and general guidance on good
laboratory practices and laboratory evaluation related to
toxicity testing, see FDA (1978); USEPA (1979d); USEPA (1980b);
USEPA (1980c); USEPA (1991c); DeWoskin (1984); and Taylor (1987).

4.1.4 Guidelines for the evaluation of laboratory performing
toxicity tests and laboratory evaluation criteria are found in
USEPA (1991c).

4.2 FACILITIES, EQUIPMENT, AND TEST CHAMBERS

4.2.1 Separate test organism CUlturing and toxicity testing
areas should be provided to avoid possible loss of cultures due
to cross-contamination. Ventilation systems should be designed
and operated to prevent recirculation or leakage of air from
chemical analysis laboratories or sample storage and preparation
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areas into organism culturing or testing areas, and from testing
and sample preparationareas ,into culture room~).

4.2.2 Laboratory and toxicity test temperature control equipment
must be adequate to maintain recommended test Hater temperatures.
Recommended materials must be used in the fabrication of the test
equipment which comes in contact with the effluent (~ee Section
5, Facilities, Equipment* and Supplies;. and specific toxicity
test method) . ..

4.3 TEST ORGANISMS

4.3.1 The t~sto~ganisms used .inthe procedures described in
this manual are the red abalone, Haliotis rufescens; the Pacific
oyster, C'rassostrea gigas, and mussel, Mytill,lsspp.; the
topsmel t,Atherinops affini.s; the mysld, Holme.s:imysis costa·ta;
the sea urchin" Strongylocentrptus purpura.tus., ,and the s.and
dollar Denstraster excentricus;and the giant kelp, Macrocystis
pyrifera. The organisms used should bedisease""free and apPear
heal thy, behave normally, feed. well, and~. have low mortal i ty in
cultures, during holding, and in test control. Test organisms
should be positively identified to· species ("see Section 6, Test
Organisms). .

4.4 LABORATORY WATER USED FOR CULTURING AND TEST DILUTION WATER

.4.4.1 The quality of water used fo'r test· organism cuI turing and
for dilution water used in toxicity tests is· extremely important.
Water .for these two uses should come from the same source. The
dilution water: used' in effluent toxicity t'ests 'will depend on the
objectives of the study and logistical constraints, as discussed
in Sectioh 7, .Dilution Water. The. dilution water' u'sed in the
toxicity tests may be natural seawater, hypersaline-brine
(100%0) prepared from natural seawater; or artificial seawater
prepared from commercial sea· salts, such as FOR'rY FATHOMS® or HW
MARINEMIX®,. if recorcunended in the method. GP2 synthetic .
seawater, made from reagent grade chemical salts in conjunction
with natural seawater, may also be·used'if reconunended. Types of
water are discussed in Section 5, Facilities, Equipment, ahd
Supplies. Water used for culturing and test dilutibn water
should be analyzed for toxic metals and organics at least
annually or whenever di fficul ty is·· encountered' in meeting minimum
acceptability criteria- for control survival and reproduction or
growth. The concentration of the metals; AI, As, Cr, Co, Cu, Fe,
Pb, Ni,. Zn, expressed as total metal, should no+:' exceed 1 pg/L
each, and Cd, Hg, and Ag, expressed as total metal, sbould not
exceed 100 ng/L each. Total organochlorine pesticides plus PCBs
should be less than 50 ng/L (APHA; 1992). Pesticide
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concentrations should not exceed USEPA's National Ambient Water
Quality chronic criteria values where available.

4.5 EFFLUENT AND RECEIVING WATER SAMPLING AND HANDLING

4.5.1 Sample holding times and temperatures of effluent samples
collected for on-site and off-site testing must conform to
conditions described in Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity
Tests.

4.6 TEST CONDITIONS

4.6.1 Water temperature and salinity must be maintained within
the limits specified for each test. The temperature of test
solutions must be measured by placing the thermometer or probe'
directly into the test solutions, or by placing the thermometer
in equivalent volumes of water in surrogate vessels positioned at
appropriate locations among the test vessels. Temperature should
be recorded continuously in at least one vessel during the
duration of each test. Test solution temperatures must be
maintained within the limits specified for each test. DO
concentrations and pH should be checked as specified in each test
method.

4.7 QUALITY OF TEST ORGANISMS

4.7.1 If the laboratory performs short-term chronic toxicity
tests routinely but does not have an ongoing test organism
culturing program and must obtain the test organisms from an
outside source, the sensitivity of a batch of test organisms must
be determined with a reference toxicant in a short-term chronic
toxicity test performed monthly (see Section 4, Quality
Assurance, Subsections 4.14, 4.15, 4.16, and 4.17). Where ~cute

or short-term chronic toxicity tests are performed with effluents
or receiving waters using test organisms obtained from outside
the test laboratory, concurrent toxicity tests of the same type
must be performed with a reference toxicant, unless the test
organism supplier provides control chart data from at least the
last five monthly short-term chronic toxicity tests using the
same reference toxicants and test conditions (see Section 6, Test
Organisms) .

4.7.2 The supplier should certify the species identification of
the test organisms, and provide the taxonomic reference (citation
and page) or name(s) of the taxonomic expert(s) consulted.
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4.7.3 If the laboratory maintains breeding cultures, the
sensi tivi ty of the offspring should be determinE~d in a short-term
chronic toxicity test performed with a referencE~ toxicant at
least once each month (see Section 4, Quality Assurance,
Subsectio~.4.14, 4.15, 4.16, and 4.17). I£ preferred, this
reference toxicant test may be performed concurrently, with _an
effluent toxicity test. However, if a given speci~s of tes~

organism produced by inhouse cultures is used only monthly, or
less frequently in toxicity tests, a. reference toxicant test must
be performed concurrently with each short-term chronic effluent
and/or receiving water toxicity test.

4.7.4 If a routine reference toxicant test fails to meet
acceptability criteria, the test must beimmediCltely repeated.~

If the failed reference toxicant test was being performed
concurrently with an effluent or receiving water toxicity test,
both tests must be repeated (For exception, see Section 4,
Quality Assurance, Subsection 4.16.5).

4.8 FOOD QUALITY

.4.8.1 The" nutritional quality of the food used in culturing and
testing fish and invertebrates is an important factor in the
quality of the toxicity test data. This is especially true for
the unsaturated fatty acid content of brine shrimp nauplii,
Artemia. Problems with the nutritional suitability of the food
will be reflected in the survival, growth, and reproduction of
the test organisms in cultures and toxicity tests. Artemia cysts
and other foods must be obtained as described in Section 5,
Facilities, Equipment, and Supplies.

4.8.2 Problems with the nutritional suitabili~y of food will be
reflected in the survival, growth, development and reproduction
of the test organisms in cultures and toxicity tests. If a batch
of food is suspected to be defective, the performance of
organisms fed with the new food can be compared ",vi ththe
performance of organisms fed with a food of known quality in
side-by-'side tests. I f the food is used for culturing, its
suitability should be determined using a short-b9rm chronic test
which will determine the affect of food quality on g~owth or
reproduction of each of the relevant test species in culture,
using four replicates with each food source. Where applicable,
foods used only in chronic toxicity tests can be compared with a
food of known quality in side-by-side, multi-concentration
chronic tests, using the reference toxicant regularly employed in
the laboratory QA program. For list of commercial sources of
Artemia cysts, see Table 2 of Section 5, Facilities, Equipment,
and Supplies.

17

RB-AR25015



4 • 1 7 REFERENCE TOXICANTS

4.17.1 Reference toxicants such as zinc sulfate (ZnS04), cadmium
chloride (CdC12 ), copper sulfate (CUS04), and copper chloripe
(CuC12), are suitable for use in the NPDES Program and other

Agency programs requiring aquatic toxicity tests. NERL- ,
Cincinnati plans to releaseUSEPA-certified solutions of cadmium
and copper for use as reference toxicants, through cooperative
research and development agreements with commercial suppli~rs,

and will continue to develop additional reference toxicantp for
future release. Interested parties can determine the
availability of "EPA Certified" reference toxicants by checking
the NERL-Cincinnati electronic bulletin board, using a modem to
access the following telephone number: 513-569-7610. Standard
reference materials also can be obtained from commercial supply
houses, or can be prepared inhouse using reagent grade chemicals.
The regulatory agency should be consulted before reference'
toxicant(s) are selected and used.

4.18 RECORD KEEPING

4.18.1 Proper record keeping is important. A complete file must
be maintained for each individual toxicity test or group of tests
on closely related samples. This file must contain a record of
the sample chain-of-custody; a copy of the sample log she~t; 'the
original bench sheets for the test organism responses during the
toxicity test(s); chemical analysis data on the sample(s);
detailed records of. the test organisms used iri the test(s);, such
as species, source, age, date of receipt, and other pertinent
information relating to their history and health; information on
the calibration of equipment and instruments; test conditions
employed; and results of reference toxicant tests. Laboratory
data should be recorded on a real-time basis to prevent the loss
of information or inadvertent introduction of errors into the
record. Original data sheets should be signed and dated by the
laboratory personnel performing the tests.

4.18.2 The regulatory authority should retain records pertaining
to discharge permits. Permittees are required to retain records
pertaining to permit applications and compliance for a mi~imum of
3 years [40 CFR 122.41 (j) (2) ] .
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SECTION 5

FACILITIES, EQUIPMENT, AND SUPPLIES

5 .1 GENERAL REQUIREMENTS

5.1.1 Effluent toxicity tests may be performed.in a fixed or
mobile laboratory. Faccili ties must include equipment for rearing
and/or holding organisms .. Culturing facilities for test
organisms may be desirable in fixed laboratories which perform
large numbers of tests. Temperature .control can be achieved
using circulating water baths, heat exchangers, or environmental
chambers. Water used for rearing, holding, acclimating, and
testing organisms may be natural seawater or water made up from
hypersaline brine derived from natural seawater, or water made up
from reagent grade chemicals (GP2) or commercial (FORTY FATHOMS®
or HW MARINEMIX®) artificial sea salts when specifically
recommended in the method. Air used for aeration must be free of
oil and toxic vapors. Oil-free air pumps should be used where
possible. Particulates can be removed from the air using
BALSTON® Grade BX or equivalent filters (Balston, Inc.,
Lexington, Massachusetts), and oil and other organic vapors can
be removed using activated carbon filters (BALSTON®, C-1 filter,
or equivalent).

5.1.2 The facilities must be well ventilated_,and free of fumes.
Laboratory ventilation systems should be checked t6 ensure that
return air from chemistry laboratories and/or sample handling
areas is not circulated to test organism culture; rooms or
toxicity test rooms, or that air from toxicity test rooms does
not contaminate culture areas. Sample preparation, culturing,
and toxicity testing areas should be separated to avoid cross
contamination of cultures or. toxicity test solutions with toxic.
fumes. Air pressure differentials between such rooms should. not
result in a net flow of potentially contaminated air to sensitive
areas through open or loosely-fitting doors. Organisms should be
shielded from external disturbances.

5.1.3 Materials used for exposure chambers, tubing, etc., which
come in contact with the effluent and dilution water, should be
carefully chosen. Tempered glass and perfluorocarbon plastics
(TEFLON®) should be used whenever possible to minimize sorption
and leaching of toxic substances. These materials may be reused
following decontamination. Containers made of plastics, such as
polyethylene, polypropylene, polyvinyl chloride, TYGON@, etc.,
may be used as test chambers or to ship, store, and transfer
effluents and receiving waters, but they should not be reused
unless absolutely necessary, because they might carryover
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1. Sensitive species may not be present in the receiving
water because of previous exposure to the effluent or
other pollutants.

2. It is often difficult to collect organisms of the
required age and quality from the receiving water.

3. Most states require collection permits, which may be
difficult to obtain. Therefore, it is usually mor~ cost
effective to culture the organisms in the laboratory or
obtain them from private, state, or Federal sources.

4. The required QA/QC records, such as the single-laboratory
precision data, would not be available for non
standardized test species.

5. Since it is mandatory that the ident~ty of test organisms
is known to the species level, it would be necessary to
examine each organism caught in the wild to confirm its
identity, which would usually be impractical or, at the
least, very stressful to the organisms.

6. Test organisms obtained from the wild must be observed in
the laboratory for a minimum of one week prior to use, to
ensure that they are free of signs of parasitic or
bacterial infections and other adverse effects. Fish
captured by electroshocking must not be used in toxicity
testing.

6.2.5.2 Guidelines for collection of naturally occurring
organisms-are provided in USEPA, (1973); USEPA, (1990a) and
USEPA, (1993a).

6.2.5.3 Regardless of their source, test organisms and
broodstock should be carefully observed to ensure that they are
free of signs of stress and disease, and in good physical :
condition. Some species of test organisms, such as trout, can be
obtained from stocks certified as "disease-free."

6.3 LIFE STAGE

6.3.1 Young organisms are often more sensitive to toxicants than
are adults. For this reason, the use of early life s.tages, such
as juvenile mysids and larval fish, is required for all tests."
There may be special cases, however, where the limited '
availability of organisms will require some deviation from the
recommended life stage. In a given test, all organisms should be
approximately the same age and should be taken from the same
source. Since age may affect the results of the tests, it would
enhance the value and comparability of the data if the same
species in the same life stages were used throughout a monitoring
program at a given facility.
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6.4 LABORATORY CULTURING

6.4.1 Instructions for cUlturini, holding and/6r handling the
reconunended test organisms and broodstock are included in
sp~cified test methods.

6.5 HOLDING AND' HANDLING TEST ORGANISMS

6.5.1 Test organisms should not be subjected to changes of more
than 3°C in water temperature or 3~ in salinity in any 12 h
period.

6.5.2 Organisms should be handled as little as possible. When
handling is necessary, it should be done as gently, carefully,
and quickly as possible to minimize stress. Organisms that are
dropped or touch dry surfaces or are injured during handling must
be discarded. Dipnets are best for handling larger organisms.
These nets are conunercially available or can be made from small
mesh nylon netting, silk bolting cloth, plankton netting, or
similar material. Wide-bore, smooth glass tubes i (4 to 8 nun ID)
with rubber bulbs or pipettors (such ~s a PROPIPETTE@ or other
pipet tor) should be used for transferring smaller organisms such
as mysids, and larval fish.

6.5.3 Holding tanks for broodstock are usually supplied with a
good quality water (see Section 5, Facilities, Equipment, and
Supplies) with a flow-through rate of at least two tank-volumes
per day. Otherwise, use a recirculation system where the water
flows through an activated carbon or undergravel filter to remove
dissolved .metaboli tes ~ Culture water can also bl:; piped through
high intensity ultraviolet light sources for disinfection, and to
photo-degrade dissolved organics. '

6.5.4 Crowding should be avoided because it will stress the
organisms and lower the DO concentrations to unacceptable levels.
The DO must be maintained at a minimum of 4.0 mg/L. 'The
solubility of oxygen depends on temperature, saLLnity, and
altitude. Aerate gently if necessary.

6.5.5 The_organisms should be observed carefully each day for
signs of disease, stress, physical damage, or mortality. Dead
and abnormal organisms should be removed as soon as observed. It
is not unconunon for some larval fish and mysid mortality (5-10%)
to occur during th~ first 48 h in a holding tank because of
individuals that failed to feed and die of starvation.

6.5.6 Organisms in the holding ~anks should generally be fed as
in the cultures (see culturing methods in the respective
methods) .
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6.5.7 Broodstock and test organisms should be observed carefully
each day for signs of disease, stress, physical damage, and
mortality. Dead and abnormal specimens should be removed as soon
as observed.

6.5.8 A daily record of feeding, behavioral observations, and
mortality should be maintained.

6.6 TRANSPORTATION TO THE TEST SITE

6.6.1 Test organisms and broodstock are transported from the
base or supply laboratory to a remote test site (see the
appropriate test method). Adequate DO is maintained by r~placing

the air above the water in the bags with oxygen from a compressed
gas cylinder, and sealing the bags. Another method commonly used
to maintain sufficient DO during shipment is to aerate with an
airstone which is supplied from a portable pump. The DO
concentration must not fal,l below 4.0 mg/L.

6.6.2 Upon arrival at the test site, organisms are trans,ferred
to receiving water if receiving water is to be used as the test
dilution water. All but a small volume of the holding wa:ter
(approximately 5%) is removed by siphoning, and replaced slowly
over a 10 to 15 minute period with dilution water. If receiving
water is used as dilution water, caution must be exercised in
exposing the test organisms to it, because of the possibility
that it might be toxic. For this reason, it is recommended that
only approximately 10% of the test organisms be expos8d initially
to the dilution water. If this group does not show excessive
mortality or obvious signs of stress in a few hours, the
remainder of the test organisms are transfer~ed to the dilution
water.

?6.3 A group of organisms must not be used for a test if they
appear to be unhealthy, discolored, or otherwise stressed, or if
mortality appears to exceed 10% preceding the test. If the
organisms fail to meet these criteria, the entire group must be
discarded and a new group obtained. The mortality may b~ due to
the presence of toxicity, if receiving water is used as dilution
water, rather than a diseased condition of the test organisms.
If the acclimation process is repeated with a new group of test
organisms and excessive mortality occurs, it is recommended that
an alternative source of dilution water be used.

6.6.4 The marine organisms may be used at all concentrations of
effluent by adjusting the salinity of the effluent to salinities
specified for the appropriate species test condition or, to the
salinity approximating that of the receiving water, by adding
sufficient dry ocean salts, such as FORTY FATHOMS®, or
equivalent, GP2, .or hypersaline brine.
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6.6.5 Saline dilution water can be prepared with deionized water
or a freshwater such as well water or a suitable surface water.
If dry ocean salts are used, care must be taken to ensure that
the added salts are completely dissolved and the solution is
aerated 24 h before the test organisms are placed in the
solutions. The test organisms should be accliniated in synthetic
saline water prepared with the dry salts. Caution: addition of
dry ocean salts to dilution water may result iq an increase in
pH. (The pH of estuarine and coastal saline waters is normally
7.5-8.3) .

6.6.6 All effluent concentrations and the control(s) used in a
test should have the same salinity. The change: in salinity upon
acclimation at the desired test dilution should not exceed 6~.

The required salinities for culturing and toxi~ity tests with
estuarine and marine species are listed in the test method
sections.

6.7. TEST ORGANISM DISPOSAL

6.7.1 When the toxicity testes) is concluded, ~ll test organisms
(including controls) should be humanely destroyed and disposed of
in an appropriate manner.
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SECTION 7

DILUTION WATER

7.1 TYPES OF DILUTION WATER

7.1.1 The type of dilution water used in effluent toxicity tests
will depend lar~ely on the objectives of the study.

7.1.1.1 If the objective of the test is to estimate the 'chronic
toxicity of the effluent, which is a primary objective of NPDES
permit-related toxicity testing, a standard dilution water
defined in each test method is used. If the test organisms have
been cultured in water which is different from the test dilution
water, a second set of controls, using culture water, should be
included in the test.

7.1.1.2 If the objective of the test is to estimate the chronic
toxicity of the effluent in uncontaminated natural seawater
(receiving water), or with other uncontaminated natural seawater.
Seasonal variations in the quality of receiving waters may affect
effluent toxicity. Therefore, the salinity of saline receiving
water samples should be determined before each use. If the test
organisms have been cultured in water which is different from the
test dilution water, a second set of controls, using culture
water, should be included in the test.

7.1.1.3 If the objective of the test is to determine the
additive or mitigating effects of the discharge on already
contaminated receiving water, the test is performed using
dilution water consisting of recetving water collected outside
the influence of the outfall. A second set of controls, using
culture water, should be included in the test. .

7.2 STANDARD, SYNTHETIC DILUTION WATER

7.2.1 Standard, synthetic, dilution water is prepared with
reagent water and reagent grade chemicals (GP2) or commercial sea
salts (FORTY FATHOMS®, HW MARINEMIX®) (Table \3). The source
water for the deionizer can be ground water or tap water. This
synthetic water should be used only if specified in the test
method. These salts may be directly added to' effluents to
achieve appropriate salinities for testing high effluent
concentration (e.g., greater than 60% effluent) where the use of
hypersaline brine is insufficient to obtain test salinities.

7.2.2 REAGENT WATER USED TO PREPARE STANDARD, SYNTHETIC,
DILUTION WATER
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7.2.2.1 Reagent water is defined as distilled 6r deionized water
that does not contain substances which are toxic to the test
organisms. Deionized water is obtained from a ~1ILLIPORE

MILLI-Q@, MILLIPORE® QPAI{lM2 'or equivalent system. It is
advisable to provide a preconditioned (deionized) feed water by
using a Culligan®, Continental®, or equivalent system in front of
the MILLI-Q® System to extend the life of the MILLI-Q® cartridges
(see Section 5, Facilities, Equipment, and Supplies) .

7.2.2.2 The recommended order of the cartridges in a
four-cartridge deionizer (i.e., MILLI-Q® System 'or equivalent)
is: (1) ion exchange, (2) ion exchange, (3) carbon, and (4)
organic cleanup (such as ORGANEX-Q®, or equivalent), followed by
a final bacteria filter. The QPAI{lM2 water system is a sealed.
system which does not allow for the rearranging of the
cartridges. However, the final cartridge is an .ORGANE'X-Q®
filter, followed'by a final bacteria filter. Commercial
laboratories using this system have not experienced any
difficulty in using the water for culturing or testing.
Reference to the MILLI-Q® systems throughout the remainder of the
manual includes all MILLIPORE® or equivalent systems.

7.2.3 STANDARD, SYNTHETIC SEAWATER

7.2.3.1 To prepare 20 L of a standard, synthetic, reconstituted
seawater (modified GP2), using reagent grade chemicals (Table 2),
with a salinity of 31%0, follow the instructions below. Other
salinities can be prepar~d by making the appropriate dilutions.
Larger or smaller volumes of modified GP2 can be prepared by .
using proportionately larger or smaller amounts of salts and
dilution water.'

1. Place 20 L of MILLI-Q® or equivalent. deionized water in a
properly cleaned plastic carboy.

2. Weigh reagent grade. sal ts listed in Table: 2 and add, one
at a time, to the deionized water. Stir well. after
adding each salt.

3. Aerate the final solution at a rate of 1L/h for 24 h.
4. Check the pH and salinity.

7.2.3.2 Synthetic seawater can also be prepared by adding
commercial sea salts, such as FORTY FATHOMS@, HW MARINEMIX®, or
equivalent, to deionized water. For example,. thirty-one parts
per thousand (31%0) FORTY FATHOMS® can be prepared. by dissolving
31 g of sea salts per liter of deionized water~ <The salinity of
the resulting solutions should be checked with a ,refractometer.

37

RB-AR25023



•

TABLE 2. PREPARATION OF GP2 ARTIFICIAL SEAWATER USING
REAGENT GRADE CHEMICALS 1,2,3

Amount (g)

Compound Concentration Required for
(giL) 20 L

NaCl 21. 03 420.6

Na2S04 3.52 70.4

KCl 0.61 12.2

KBr 0.088 1. 76

Na2B407 . 10 H2O 0.034 0.68

MgC12 • 6 H2O 9.50 190.0

CaC1 2 • 2 H2O 1. 32 26.4

SrCl:! . 6 H2O 0.02 0.400

NaHC03 0.17 3.40

1

3

- ~-

Modified GP2 from Spotte et al. (1984).
The constituent salts and concentrations were taken from
USEPA (1993a). The salinity is 30.89 giL.
GP2 can be diluted with deionized (DI) water to the desired
test salinity.

-
7.2.4 Artificial seawater is to be used only if specified in the
method. The suitability of GP2 as a medium for cUlturing
organisms has not been determined.

7.3 USE OF RECEIVING WATER AS DILUTION WATER

7.3.1 If the objectives of the test require the use of
uncontaminated receiving water as dilution water, and the
receiving water is uncontaminated, it may be possible to collect
a sample of the receiving water close to the outfall, but away
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from or beyond the influence of the effluent. However, if the
receiving water is contaminated, it may be necessary to collect
the sample in an area "remote" from the dischargE~ site, matching
as closely as possible the physical and chemical ,characteristics
of the receiving water near the' outfall.

7.3.2 The sample should be collected immediately prior to the
test, but never more than 96 h before the test begins. Except
where it is used within 24 h, or .in the case where large volumes.
are required for flow through tests, the sample should be chilled
to 4°C during or immediately following collection, and maintained
at that temperature prior to use in the test.

7.3.3 The investigator should collect uncontaminated water
having a salinity as near as possible to the salinity of the
receiving water at the discharge site. Water should be collected
at slack high tide, or within one hour after high tide. If there
is reason to suspect contamination of the water ih the estuary,
it is advisable to collect uncontaminated water from an adjacent
estuary. At times it may be necessary to collect water at a
location closer to the open sea, where the salinity is relatively
high. In such cases, deionized water or uncontaminated
freshwater is added to the saline water to dilute, it to the
,required test salinity. Where necessary, the salinity of a
surface water can be increased by the addition of artificial sea
salts, such as FORTY FATHOMS@, HW MARINEMIX@, or equivalent, GP2,
a natural seawater of higher salinity, or hypersaline brine.
Instructions for the preparation of hypersaline brine by
concentrating natural seawater are provided below.

7.3.4 Receiving water containing debris or indigenous organisms,
that may be confused with or attack the test organisms, should be
filtered through a sieve having 60 pm mesh openinqs prior to
use.

7.3.5 HYPERSALINE BRINE

7.3.5.1 Most industrial and sewage treatment effluents entering
marine and estuarine systems have little measurable salinity.
Exposur~ of larvae to these effluents Will usually require
increasing the salinity of the test solutions. It is important
to maintain an essentially con_~tant salini ty across all
treatments. In some applications it may be desirable to match
the test salinity with that of the receiving water (See Section
7.1). Two salt sources are available to adjust salinities -
artificial sea salts and hypersaline brine (HSB) derived from
natural seawater. Use of artificial sea salts is necessary only
when high effluent concentrations preclude salinity adjustment by
HSB alone.
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7.3.5.2 Hypersaline brine (HSB) can be made by concentrating
natural seawater by freezing or evaporation. HSB should be made
from high quality, filtered seawater, and can be added to the
effluent or to reagent water to increase salinrty. HSB has
several desirable characteristics for use in effluent toxicity
testing. Brine derived from natural seawater contains the
necessary trace metals, biogenic colloids, and some of the
microbial components necessary for adequate growth, survival,
and/or reproduction of marine and estuarine organisms, and it can
be stored for prolonged periods without any apparent degradation.
However, even if the maximum salinity HSB (100~) is used as a
diluent, the maximum concentration of effluent (O~) that can be
tested is 66% effluent at 34~ salinity. .'

7.3.5.3 High quality (and preferably high salinity) seawater
should be filtered to at least 10 pm before placing into the
freezer or the brine generator. Water should be collected on an
incoming tide to minimize the possibility of contamination.

7.3.5.4 Freeze Preparation of Brine

7.3.5.4.1 A convenient container for making HSB by freezing is
one that has a bottom drain. One liter of brine can be made from
four liters of seawater. Brine may be collected by partially
freezing seawater at -10 to -20 a C until the remaining liquid has
reached the target salinity. Freeze for approximately six hours,
then separate.the ice (composed mainly of fresh water) from the
remaining liq~id (which has now become hypersaline) .

7.3.5.4.2 It is preferable to monitor the water until the target
salinity is achieved rather than allowing total freezing followed
by partial thawing. Brine salinity should never exceed 100~.

It is advisable not to exceed about 70~ brine salinity unless
it is necessary to test effluent concentrations greater than 50%.

7.3.5.4.3 After the required salinity is attained, the HSB
should be filtered through a 1 pm filter and poured directly
into portable containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the date the brine
was generated. Containers of HSB should be stored in the dark at
4°C (even room temperature has been acceptable). HSB is usually
of acceptable quality even after several months in storage.

7.3.5.5 Heat Preparation of Brine

7.3.5.5.1 The ideal container for making brine using 'heat
assisted evaporation of natural seawater is one that (1) ,has a
high surface to volume ratio, (2) is made of anon-corrosive
material, and (3) is easily cleaned (fiberglass containers are
ideal). Special care should be used to prevent any toxic
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materials from coming in contact with the seawater being used to
generate the brine. If a heater is immersed directly into the
seawater, ensure that the heater materials do not corrode or
leach any substances that would contaminate the brine. One
successful method is to use a thermostatically controlled heat
exchanger made from fiberglass. If aeration is needed, use only
oil-free air compressors to prevent contaminatic~n.

7.3.5.5.2 Before adding seawater to the brine denerator,
thoroughly clean the generator, aeration supply:tube, heater, and
any other materials that will be in direct cont~ct with the
brine. A good quality biodegradable detergent should be used,
followed by several (at least three) thorough reagent water
rinses.

7.3.5.5.3 Seawater should be filtered to at least 10 pm before
being put into the brine generator. The temperature of the
seawater i~ increased slowly to 40°C. The water should be
aerated to prevent temperature stratification and to increase
water evaporation. The brine should be checked daily (depending
on the volume being generated) to ensure that the salinity does
not exceed 100%0 and that the temperature does no": exceed 40°C.
Additional seawater may be added to the brine to:obtain the
volume of brine required.

7.3.5.5.4 After the required salinity is attained, the HSB
should be filtered through a 1 pm filter and poured directly
into portable containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the .date the brine
was generated. Containers of HSB should be storE;d in the dark at
4°C (even room temperature has been acceptable). i HSB is usually
of acceptable quality even after several months in storage.

7.3.5.6 Divide the salinity of the HSB by the expected test
salinity to determine the proportion of reagent water to brine.
For example, if the salinity of the brine is 100'~ and the test
is to be conducted at 34%0, 100%0 divided by 34~ = 1.94. Thus,
the proportion is one part brine plus 1.94 reagent water.

7.3.5.8 To make 1 L of seawater at 34%0 salinity from a
hypersaline brine of 100%0, 340 mL of brine and 66':) mL of
reagent water are required.

7.4 USE OF TAP WATER AS DILUTION WATER

7.4.1 The use of tap water in the reconstituting~of synthetic
(artificial) seawater as dilution water is discouraged unless it
is dechlorinated and fully treated. Tap water can be
dechlorinated by deionization, carbon filtration, or the use of
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sodium thiosulfate. Use of 3.6 mg/L (anhydrous) sodium
thiosulfate will reduce 1.0 mg chlorine/L (APHA,1992).
Following dechlorination, total residual chlorine should not
exceed 0.01 mg/L. Because of the possible toxicity of
thiosulfate to test organisms, a control lacking thiosulfate
should be included in toxicity tests utilizing thiosulfate
dechlorinated water.

7.4.2 To be adequate for general laboratory use fpllowing
dechlorination, the tap water is passed through a deionizer and
carbon filter to remove toxic metals and organics, and to control
hardness and alkalinity.

7.5 DILUTION WATER HOLDING

7.5.1 A given batch of dilution water should not be used for
more than 14 days following preparation because of the possible
build up of bacterial, fungal, pr algal slime growth and the
problems associated with it. The container should be kept
covered and the contents should be protected from light.
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SECTION 8

EFFLUENT AND RECEIVING WATER SAMPLING, SAMPLE HANDLING,
AND SAMPLE PREPARATION FOR TOXICITY ,]~ESTS

8 . 1 EFFLUENT SAMPLING.

8.1.1 The effluent sampling point should be the same as that
specified in the NPDES discharge permit (USEPA, 1988b).
Conditions for exception would be: (1) better access to a
sampling point between the final treatment and the discharge
outfall; (2) if the processed waste is chlorinated prior to
discharge, it may also be desirable to take samples prior to
contact with the chlorine to determine toxicity of the
.unchlorinated effluent; or (3) in the event there is a desire to
evaluate the toxicity of the influent to municipal waste
treatment plants or separate wastewater streams in industrial
facilities prior to their being combined with other wastewater
streams or non-contact cooling water, additional sampling points
may be chosen. '

8.1.2 The decision on whether to collect grab or composite
samples is based on the objectives of the test and an
understanding of the short and long-term operations and schedules
of the discharger. If the effluent quality varies considerably
with time, which can occur" where holding times are short, grab
samples may seem preferable because of the ease of collection and
the potential of observing peaks (spikes) in toxicity. However,
the sampling duration of a grab sample is so short that full
characterization of an effluent over a 24-h period would require
a prohibitively large number of separate samples and tests.
Collection of a 24-h composite sample, however, may dilute
toxicity spikes, and average the quality of the E!ffluent over the
sampling period. Sampling recommendations are provided below
(also see USEPA, 1993a). :

I

8.1.'3 Aeration during collection and transfer of effluents
should be minimized to reduce the loss of volatile chemicals.

8.1.4 Details of date, time, location, duration, and procedures
used for effluent sample and dilution water colle~tion should be
recorded.

8.2 EFFLUENT SAMPLE TYPES

8.2.1 The advantages' and disadvantages of effluent grab and
composite samples are listed below:
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8.2.1.1 GRAB SAMPLES

Advantages:

1. Easy to collect; require a minimum of equipment and
on-site time.

2. Provide a measure of instantaneous toxicity. Toxicity
spikes are not masked by dilution.

Disadvantages:

1. Samples are collected over a very short period of time
and on a relatively infrequent basis. The chances of
detecting a spike in toxicity would depend on the
frequency of sampling, and the probability of missing
spikes is high.

8.2.1.2 COMPOSITE SAMPLES:

Advantages:

1. A single effluent sample is collected over a 24-h period.
2. The sample is collected over a much longer period of time

than grab samples and contains all toxicity spikes~

Disadvantages:
I~

1. Sampling equipment is more sophisticated and expensive,
and must be placed on-site for at least 24 h.

2. Toxicity spikes may not be detected because they are
masked by dilution with less toxic wastes.

8.3 EFFLUENT SAMPLING RECOMMENDATIONS

8.3.1 When tests are conducted on-site, test solutions can be
renewed daily with freshly collected pamples.

8.3.2 When 7-day tests are conducted off-site, a minimum of
three samples are collected. If these samples are collected on
Test Days 1, 3, and 5, the first sample would be used for'test
initiation, and for test solution renewal on Day 2. The second
sample would be used for test solution renewal on Days 3 and 4.
The third sample would be used for test solution renewal on Days
5, 6, and 7.

8.3.3 Sufficient sample must be collected to perform the
required toxicity and chemical tests. A 4-L (l-gal) CUBITAINER®
will provide sufficient sample volume for most tests.
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8.3.4 THE FOLLOWING EFFLUENT SAMPLING METHODS ~~E RECOMMENDED:

8.3.4.1 Continuous Discharges

1. If the facility discharge is continuous, but the
calculated retention time of the continuously discharged
effluent is less than 14 days and the variability of the
effluent toxicity is unknown, at a minimum, four grab
samples or four composite samples are collected over a
24-h period. For example, a grab sample is taken every 6
h (total of four samples) and each sample is used for a
separate toxicity test, or four successive 6-h
composite samples are taken and each is used in a
separate test.

2. If the calculated retention time of a cbntinuously
discharged effluent is greater than 14 days, or if it can
be demonstrated that the wastewater does not vary more
than 10% in toxicity over a 24-h period, regardless of
retention time, a single grab sample is collected for a
single toxicity test.

3. The retention time of the effluent in the wastewater
treatment facility may be estimated from ,calculations
based on the volume of the retention basin and rate of
wastewater inflow. However, the calculated retention
time may be much greater than the actual time ~ecause of
short-circuiting in the holding basin. Where
short-circuiting is suspected, or sedimentation may have
reduced holding basin capacity, a more accurate estimate
of the retention time can be obtained by carrying out a
dye study.

8.3.4.2 Intermittent Discharges

8.3.4.2.1 If the facility dischaige is intermittent, a grab
sample is collected midway during each discharge period.
Examples of intermittent discharges are:

1. When the effluent is continuously discharged during a
single 8-h work shift (one sample is collected), or two
successive8-h work shifts (two samples are collected) .

2. When the facility retains the wastewater during an 8-h
work shift, and then treats and releases the wastewater
as a batch discharge (One sample is collected).

3. When the facility discharges wastewater to an estuary
only during an outgoing tide, usually during the 4 h
following slack high tide (one sample is collected) .

4. At the end of a shift, clean up activities may result in
the discharge of a slug of toxic waste (orie sample is
collected) .
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8.4 RECEIVING WATER SAMPLING

8.4.1 Logistical problems and difficulty in securing sampling
equipment generally preclude the collection of composite
receiving water samples for toxicity tests. Therefore, based on
the requirements of the test, a single grab sample .or series of
daily grab samples of receiving water is collected for use in the
test.

8.4.2 The sampling point is determined by the objectives of the
test. At estuarine and marine sites, samples should be collected
at mid-depth.

8.4.3 To determine the extent of the zone of toxicity in the
receiving water at estuarine and marine effluent sites, receiving
water samples are collected at several distances away from the
discharge. The time required for ~he effluent-receiving-water
mixture to travel to sampling points away from the point of
discharge, and the rate and degree of mixing, may be difficult to
ascertain. Therefore, it may not be possible to correlate
receiving water toxicity with effluent toxicity at the discharge
point unless a dye study is performed. The toxicity of receiving
water samples from five stations in the discharge plume can be
evaluated using the same number of test vessels and test
organisms as used in one effluent toxicity test with five
effluent dilutions.

8.5 EFFLUENT AND RECEIVING WATER SAMPLE HANDLING, PRESERVATION,
AND SHIPPING

8.5.1 Unless the samples are used in an on-site toxicity ~est

the day of collection, it is recommended that they be held -at
approximately 4°C until used to inhibit microbial degradation,
chemical transformations, and loss of highly volatile toxic
substances.

8.5.2 Composite samples should be chilled as they are collected.
Grab samples should be chilled immediately following collection.

8.5.3 If the effluent has been chlorinated, total residu~l
chlorine must be measured immediately following sample
collection.

8.5.4 Sample holding time begins when the last grab sample in a
series is taken (i.e., when a series of four grab samples are
taken over a 24-h period), or when a 24-h composite sampling
period is completed. If the data from the samples are to ,be
acceptable for use in the NPDES Program, the elapsed time
(holding time) from sample collection to first use of the sample
in test initiation must not exceed 36 h. EPA believes that 36 h
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is adequate time to deTiver the sample to the laboratories
performing the test in most cases. In the isolated cases, where
the permittee can document that this delivery time cannot be met,
the permitting authority can allow an option foi on-site testipg
or a variance for an extension of shipped sample holding time.
The request for a variance in sample holding time, directed to
the USEPA Regional Administrator under 40 CFR 136.3(e), must
include supportive data which show that the toxicity of the
effluent sample is not reduced (e.g., because of volatilization
and/or sorption of toxics on the sample container surfaces) by
extending the holding time beyond 36 h. However, .in no case
should more than 72 h elapse between collection and first use of
the sample. In static-renewal tests, the original sample may
also be used to prepare test solutions for renewal at 24 hand 48
h after test initiation, if stored at 4°C, with minimum head
space, as described in Paragraph 8.5. Guidance for determining
the persistence of the sample is provided in Subsection 8.7.

8.5.5 To minimize the loss of toxicity due to volatilization of
toxic constituents, all sample containers should be "completely"
filled, leaving no air space between the content~ and the lid.

8.5.6 SAMPLES USED IN ON-SITE TESTS

8.5.6.1 Samples collected for on-site tests should be used
within 24 h.

8.5.7 SAMPLES SHIPPED TO OFF SITE FACILITIES

8.5.7.1 Samples collected for off site toxici tY,testing are to
be chilled to 4°C during or immediately after collection, and
shipped iced to the performing laboratory. Sufficient ice
should be placed with the sample in the shipping container to
ensure that ice will still be present when thesa:mple arrives at
the laboratory and is unpacked. Insulating materlal must not be
placed between the ice and the sample in the shipping container.

8.5.7.2 Samples may be shipped in one or more 4-1, (I-gal)
CUBITAINERS® or new plastic "milk" jugs. All sample containers
should be rinsed with dilution water before being filled with
sample. After use with receiving water or effluents,
CUBITAINERS® and plastic jugs are punctured to prevent reuse.

8.5.7.3 Several sample shipping options are available, including
Express Mail, air express, bus,and courier service. Express
Mail is delivered seven days a week. Saturday and Sunday
shipping and receiving schedules of private carriE;rs vary with
the carrier.

47

RB-AR25033



8.6 SAMPLE RECEIVING

8.6.1 Upon arrival at the laboratory, samples are logged in and
the temperature is measured and recorded. If the samples are not
immediately prepared for testing, they are stored at
approximately 4°C until used.

8.6.2 Every effort must be made to initiate the test with an
effluent sample on the day of arrival in the laboratory, and the
sample holding time should not exceed 36 h unless a variance has
been granted by the NPDES permitting authority.

8.7 PERSISTENCE OF EFFLUENT TOXICITY DURING SAMPLE SHIPMENT AND
HOLDING

8.7.1 The persistence of the toxicity of an effluent prior to
its use in a toxicity test is of interest in assessing the
validity of toxicity test data, and in determining the possible
effects of allowing an extension of the holding time. Where a
variance in holding time (>36 h, but ~72 h) is requested by a
permittee (See subsection 8.5.4), information on the effects of
the extension in holding time on the toxicity of the samples must
be obtained by comparing the results of multi-concentration
chronic toxicity tests performed on effluent samples held 36 h
with toxicity test results using the same samples after they were
held for the requested, longer period. The portion of the sample
set aside for the second test must be held under the same
conditions as during shipment and holding.

8.8 PREPARATION OF EFFLUENT AND RECE IVING WATER SAMPLES FOR
TOXICITY TESTS

8.8.1 Adjust the sample salinity to the level appropriate' for
objectives of the study using hypersaline brine or artificial sea
salts.

8.8.2 When aliquots are removed from the sample container, the
head space above the remaining sample should be held to a
minimum. Air which enters a container upon removal of sample
should be expelled by compressing the container before re~losing,

if possible (i.e., where a CUBITAINER® used), or by using an
appropriate discharge valve (spigot).

8.8.3 It may be necessary to first coarse-filter samples through a
NYLON® sieve having 2 to 4 rom mesh openings to remove debris and/or
break up large floating or.suspended solids. If samples contain
indigenous organisms that may attack or be confused with the test
organisms, the samples must be filtered through a sieve with 60 pm
mesh openings. Since filtering may increase the dissolved oxygen
(DO) in an effluent, the DO should be determined prior to
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filtering. Low dissolved oxygen concentrations wi.ll indicate a
potential problem in performing the test. Caution: filtration may
remove some toxicity.

I

8.8.4 If the samples must be warmed to bring them to the
prescribed test temperature, supersaturation of the dissolved
oxygen and nitrogen may become a problem. To avoid this problem,
the effluent and dilution water are checked with ~ DO probe after
reaching test temperature and, if the DO is greater than 100%
saturation or lower than 4.0 mg/L, based on temperature and
salinity, the solutions are aerated moderately (approximately 500
mL/min) for a few minutes, using an airstone, unti,l the DO is
lowered to 100% saturation (Table 3) or until the DO is within the
prescribed range (~4.0 mg/L). Caution: avoid excessive aeration.

I

8.8.4.1 Aeration during the test may alter the results and should
be used only as a last resort' to maintain the required DO.
Aeration can reduce the apparent toxicity of the test solutions by
stripping them of highly volatile toxic substances, or change the
toxicity by altering the pH. However, the DO in the test solution
must not be permitted to fall below 4 .. 0 mg/L.

8.8.4.2 In static tests (non-renewal or renewal) low DOs may
commonly occur in the higher concentrations of wastewater.
Aeration is accomplished by bubbling air through a pipet at the
rate of lqO bubbles/min. If aeration is necessary~ all test
solutions must be aerated. It is advisable to monitor the DO
closely during the first few hours of the test. Samples with a
potential DO problem generally show a downward trend in DO within 4
to 8 h after the test is started. Unless aeration I is initiated
during the first 8 h of the test, the DO may be exhausted during an
unattended period, thereby invalidating the test.

8.8.5 At a minimum, pH, or salinity, and total residual chlorine
are measured in the undiluted effluent or receiving water, and pH
and salinity are measured in the dilution water. '

8.8.6 Total ammonia is measured in effluent and rE~ceiving water
samples where toxicity may be contributed by unionized ammonia
(i.e., where total ammonia ~5 mg/L). The concentration (mg/L) of

unionized (free) ammonia in a sample is a function of temperature
and pH, and is calculated using the percentage valqe obtained from
Table 4,
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TABLE 3. OXYGEN SOLUBILITY (MG/L) IN WATER AT EQUILIBRIUM
WITH AIR AT 760 MM HG· (AFTER RICHARDS AND CORWIN,
1956)

TEMP SALINITY (to)

o 5 10 15 20 25 30 35 40 43

0 14.2 13.8 13.4 12.9 12.5 12.1 11. 7 11.4 10.8 10.6

1 13.8 13.4 13.0 12.6 12.2 11. 8 11. 4 11. 0 10.6 10.3

2 13.4 13.0 12.6 12.2 11. 9 11.5 11.1 10.7 10.3 10.0

3 13.1 12.7 12.3 11. 9 11. 6 11.2 10.8 10.4 10.0 9.8

4 12.7 12.3 12.0 11. 6 11.3 10.9 10.5 10.1 9.8 9.5

5 12.4 12.0 11. 7 11. 3 11. 0 10.6 10.2 9.8 9.5 9.3

6 12.1 11. 7 11. 4 11. 0 10.7 10.3 10.0 9.6 9.3 9.1

8 11.5 11.2 10.8 10.5 10.2 9.8 9.5 9.2 8.9 8.7

10 10.9 10.7 10.3 10.0 9.7 9.4 9.1 8.8 8.5 8.3

12 10.5 10.2 9.9 9.6 9.3 9.0 8.7 8.4 8.1 7.9

14 10.0 9.7 9.5 9.2 8.9 8.6 8.3 8.1 7.? 7.6

16 9.6 9.3 9.1 8.8 8.5 8.3 8.0 7.7 7.5 7.3

18 9.2 9.0 8.7 8.5 8.2 8.0 7.7 7.5 7.2 7.1

20 8.9 8.6 8.4 8.1 7.9 7.7 7.4 7.2 6.9 6.8

22 8.6 8.4 8.1 7.9 7.6 7.4 7.2 6.9 6.7 6.6

24 8.3 8.1 7.8 7.6 7.4 7.2 6.9 6.7 6.5 6.4

26 8.1 7.8 7.6 7.4 7.2 7.0 6.7 6.5 6.3 6.1

28 7.8 7.6 7.4 7.2 7.0 6.8 6.5 6.3 6.1 6.0

30 7.6 7.4 7.1 6.9 6.7 6.5 6.3 6.1 5.9 5.8

32 7.3 7.1 6.9 6.7 6.5 6.3 6.1 5.9 5.7 5.6

'M
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TABLE 4.

pH

PERCENT UNIONIZED NH3 IN AQUEOUS AMMONIA SOLUTIONS:
TEMPERATURE 15-26°C AND pH 6.0-8.91

TEMPERATURE (OC)

15 16 17 18 19 . 20 21 22 23 25 26

6.0 0.0274 0.0295 0.0318 0.0343 0.0369 0.0397 0.0427 0.0459 0.0493 0.0530 0.0568 0:0610
6.1 0.0345 0.0372 0.0400 0.0431 0.0464 0.0500 0.0537 0.0578 0.0621 0.0667 0.0716 0.0768
6.2 0.0434 0.0468" 0.0504 0.0543 0.0584 0.0629 0.0676 0.0727 0.0781 0.0901 0.0901 0.0966
6.3 0.0546 0.0589 0.0634 0.0683 0.0736 0.0792 0.0851 0.0915 0.0983 0.1134 0.1134 0.1216
6.4 0.0687 0.0741 0.0799 0.0860 0.0926 0.0996 0.107 0.115 0.124 0.133 0.143 0.153
6.5 0.0865 0.0933 0.1005 0.1083 0.1166 0.1254 0.135 0.145 0.156 0.167 0.180 0.193
6.6 0.109 0.117 0.127 0.136 0; 147 0.158 0.170 0.182 0.196 0.210 0.226 0.242
6.7 0.137 0.148 0.159 0.171 0.185 0.199 0.214 0.230 0.247 0.265 0.284 0.305
6.8 0.172 0.186 0.200 0.216 0.232 0.250 0.269 0.289 0.310 0.333 0.358 0.384
6.9 0.217 0.234 0.252 0.271 0.292 0.314 0.338 0.363 0.390 0.419 0.450 0.482
7.0 0.273 0.294 0.317 0.342 0.368 0.396 0.425 0.457 0.491 0.527 0.566 0.607
7.1 0.343 0.370 0.399 0.430 0.462 0.497 0.535 0.575 0.617 0.663 0.711 0.762
7.2 0.432 0.466 0.502 0.540 0.581 0.625 0.672 0.722 0.776 0.833 0.893 0.958
7.3 0.543 0.586 0.631 0.679 0.731 0.786 0.845 0.908 0.975 1. 05 1.12 1.20
7.4 0.683 0.736 0.793 0.854 0.918 0.988 1.061 1.140 1.224 1. 31 1. 41 1. 51
7.5 0.858 0.925 0.996 1.07 1.15 1.24 1. 33 1. 43 1. 54 1. 65 1. 77 1. 89
7.6 1. 08 1.16 1.25 1. 35 1. 45 1. 56 1. 67 1. 80 1. 93 2.0,7 2.21 2.37
7.7 1. 35 1. 46 1. 57 1.69 1. 82 1. 95 2.10 2.25 2.41 2.59 2.77 2.97
7.8 1. 70 1. 83 1. 97 2.12 2.28 2.44 2.62 2.82 3.02 3.24 3.46 3.71
7.9 2.13 2.29 2.46 2.65 2.85 3.06 3.28 3.52 3.77 4.04 4.32 4.62
8.0 2.66 2.87 3.08 3.:n 3.56 3.82 4.10 4.39 4.70 5.03 5.38 5.75
8.1 3.33 3.58 3.85 4.14 4.44 4.71; 5.10 5.46 5.85 6.25 6.68 7.14
8.2 4.16 4.47 4.80 5.15 5.52 5.92 6.34 6.78 7.25 7.75 8.27 8.82
8.3 5.18 5.56 5.97 6.40 6.86 7.34 7.85 8.39 8.% 9.56 10.::: 10.9
8.4 6.43 6.90 7.40 7.93 8.48 9.07 9.69 10.3 11. 0 11. 7 12.5 13.3
8.5 7.97 8.54 9.14 9.78 10.45 11.16 11. 90 12.7 13.5 14.4, 15.2 16.2
8.6 9.83 10.5 11.2 12.0 12.8 13.6 14.5 15.5 16.4 17.4 18.5 19.5
8.7 12.07 12.9 13.8 14.7 15.6 16.6 17.6 18.7 19.8 21.0 22.2 23.4
8.8 14.7 15.7 16.7 17 .8 18.9 20;0 21.2 22.5 23.7 25.1 26.4 27.8
8.9 17.9 19.0 20.2 21.4 22.7 24.0 25.3 26.7 28.2 " 29.6, 31.1 32.6

'Table provided by Teresa Norberg-King, Environmental Research Laboratory,
Duluth, Minnesota. Also see Emerson et al. (1975) , Thurston et al.
(1974) , and USEPA (1985a) .

------_..._----------------------
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under the appropriate pH and temperature, and multiplying it by the
concentration (mg/L) of total ammonia in the sample.

8.8.7 Effluents and receiving waters can be dechlorinated using
6.7 mg/L anhydrous sodium thiosulfate to reduce 1 mg/L chlorine
(APRA, 1992). Note that the amount of thiosulfate required to
dechlorinate effluents is greater than the amount needed to
dechlorinate tap water, (see Section 7, Dilution Water). Since
thiosulfate may contribute to sample toxicity, a thiosulfate,
control should be used in the test in addition to the normal
dilution water control.

8.8.8 The DO concentration in the samples should be near
saturation prior to use. Aeration will bring the DO and other
gases into equilibrium with air, minimize oxygen demand, and
stabilize the pH. However, aeration during collection, transfer,
and preparation of samples should be 'minimized to reduce the loss
of volatile chemicals.

8.8.9 Mortality or impairment of growth or reproduction due to pH
alone may occur if the pH of the receiving water sample falls
outside the range of 7.5 - 8.5 for marine. Thus, the presence of
other forms of toxicity (metals and organics) in the sample may be
masked by the toxic effects of low or high pH. The question about
the presence of other toxicants can be answered only by performing
two parallel tests, one with an adjusted pH, and one without an
adjusted pH. Freshwater samples are adjusted to pH 7.0, and marine
samples are adjusted to pH 8.0, by adding 1N NaOH or 1N Hel
dropwise, as required, being careful to avoid overadjustment.

8.9 PRELIMINARY TOXICITY RANGE-FINDING TESTS

8.9.1 USEPA Regional and State personnel generally have observed
that it is not necessary to conduct a toxicity range-finding test
prior to initiating a static, chronic, definitive toxicity test.
However, when preparing to perform a static test with a sample of
completely unknown quality, ,or before initiating a flow-through
test, it is advisable to conduct a preliminary toxicity range-
finding test. '

8.9.2 A toxicity range-finding test ordinarily consists of a down
scaled, abbreviated static acute test in which groups of five
organisms are exposed to several widely-spaced sample dilutions in
a logarithmic series, such as 100%, 10.0%, 1.00%, and 0.100%, and a
control, for 8-24 h. Caution: if the sample must also be used for
the full-scale definitive test, the 36-h limit on holding time (see
Subsection 8.5.4) must not be exceeded before the definitive test
is initiated.
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8.9.3 It should be noted that the toxicity of a sample observed in
a range-finding test may be significantly different from the
toxicity observed in the follow-up, chronic, definitive test
because: (1) the definitive test may be longer; 'and (2) the test
may be performed with a sample collected at a different time, and
possibly differing significantly in the level of toxicity.

8.10 MOLTICONCENTRA'1'ION (DEFINITIVE) EFFLUENT 'J?OXICITY TESTS

8.10.1 The tests recommended for use in determining discharge
permit compliance in the NPDES program are multiconcentration or
definitive tests. These tests provide a statistical measure of
effluent toxicity, defined as mortality, fertilization, growth,
and/or development. The tests may be static-renewal or static non
renewal.

8.10.2 The tests consist of a control and a minimum of five
effluent concentrations commonly selected to approximate a
geometric series, s.uch as 60%, 30%, 15%, 7.5%, and 3.75%, using a
~O. 5 dilution series. '.

8.10.3 These tests are also to be used in determining compliance
with permit limits on the mortality of the receiving water
concentration (RWC) of effluents by bracketing the RWC with
effluent concentrations in the following manner. For example, if
the RWC is >25% then, the effluent concentrations utilized in a
test may be: (1) 100% effluent, (2) (RWC + 100)/2, (3) RWC, (4)
RWC/2, and (5) RWC/4. More specifically, if the RWC = 50%, the
effluent concentrations used in the toxicity test would be 100%,
75%, 50%, 25%, and 12.5%. If the RWC is <25% ef:fluentthe
concentrations may be: (1) 4 times the RWC, (2) 2 times the RWC,
(3) RWC/2, and (4) RWC/4.

8.10.4 If acute/chronic ratios are to be determined by
simultaneous acute and short-term chronic tests with a single
species, using the same sample, . both types of tests must use the
same test conditions, i.e., pH, temperature, salinity, etc.

8.11 RECEIVING WATER TESTS

8.11.1 Receiving water toxicity.tests generally consist of 100%
receiving water and a control. The salinity of the control should
be comparable to the receiving water.

8.11.2 The data from the two treatments are analyzed by hypothesis
testing to determine if test organism survival, fertilization,
growth or development in the receiving water differs significantly
from the control. Four replicates and 10'organisms per replicate
are required for each treatment (see Summary of Test Conditions and
Test Acceptability Criteria in the specific test method) .
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8.11.3 In cases where the objective of the test is to estimate the
degree of toxicity of the receiving water, a definitive,
multiconcentration test is performed by preparing dilutions of the'
receiving water, using a ~ 0.5 dilution series, with a suitable
control water.
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-SECTION 9

CHRONIC TOXICITY TEST ENDPOINTS ANDDA~~ ANALYSIS

9.1 ENDPOINTS

9.1.1 The objective of'chronic aquatic toxicity tests with
effluents and pure compounds is to estimate the highest" "safe" or
"no-effect concentration" of these substances. 'E'or practical
reasons, the responses observed in these tests are usually iimited
to survival, fertilization, germination, growth and larval
development and the results of the tests are usually expressed in
terms of the highest toxicant concentration that"has-no . .
statistically significant observed effect on these responses, when
compared to the controls. The terms ~urrently used to define the
endpoints employed in the rapid, chronic andsub--chronic toxicity
tests have been derived from the terms previously used for full
life-cycle tests. As shorter chronic tests were developed, it
became common practice to apply the same terminology to 'the "
endpoints. The terms used in this manual are as follows:

9.1.1.1 Safe Concentration - The highest concentration·,of toxicant
that will ermit normal propagation of fish and other aquatic life
in receiving waters. The concept of a "safe concentration" is a
biological concept, whereas the "no-observed-effEict concentration"
(below) is a statistically defined concentration.

1._ .07

9.1.1.2 No-Observed-Effect-Concentration (NOEC) - The highest
concentration of toxicant to which organisms.are exposed~ina full
life-cycle or partial life-cycle (short-term) test, that dau~e~ no
observable adverse effects on the test organisms (i.e., the high.est
concentration of toxicant in which the values for,the observed
responses are not statistically significantly dif'feren't from the'
controls). This value is used, along with -other factors, to
determine toxicity ~imits in permits.

9.1.1.3 Lowest-Observed-Effect-Concentration (LOEC) _. The lowest
concentration of toxicant to which organisms are·exposed in a life-
cycle or .
partial life-cycle (short-term) test, which causes adverse effects
on the test organisms' (i. e., where the values for the observed
responses are statistically significantly different from the
controls).

9.1.1.4 Effective Concentratlon (EC) - A point estimate of the
toxicant concentration that would cause an observable adverse
affect on a quantal, "'111 or nothing," response (such as death,
fertilization, germination or, development) in a given percent of
the test organisms, calculated by point estimation techniques. If
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analysis alone, unless (1) the assumptions of a strict threshold
model are accepted, and (2) it is assumed that the amount of
adverse effect present at the threshold is statistically detectable
by hypothesis testing. In this case, estimates obtained from a
statistical analysis are indeed estimates of a "no-effect"
concentration. If the assumptions are not deemed tenable, then
estimates from a statistical analysis can only be used in
conjunction with an assessment from a biological standpoint of, what
magnitude of adverse effect constitutes a "safe" concentration. In
this instance, a "safe" concentration is not necessarily a truly'
"no-effect" concentration, but rather a concentration at which the
effects are judged to be of no biological significance.

9.2.5 A better understanding of the relationship between endpoints
derived by hypothesis testing (NOECs) and point estimation
techniques (LCs, ICs, and ECs) would be very helpful in choosing
methods of data analysis. Norberg-King (1991) reported that the
IC25s were comparable to the NOECs for 23 effluent and reference
toxicant data sets analyzed. The d~ta sets' included short-term
chronic toxicity tests for the sea urchin; Arbacia punctulata, the
sheepshead minnow, Cyprinodon variegatus, and the red macroalga,
Champia parvula. Birge et al. (1985) reported that LCls derived
from Probi t Analyses of data from short-term embryo-larval t'ests
with reference toxicants were comparable to NOECs for several
organisms. Similarly, USEPA (1988d) reported that the IC25s were
comparable to the NOECs for a set of daphnia,' Ceriodaphnia dilbia
chronic tests with a single reference toxicant. However, the scope
of these comparisons was very limited, and sufficient information
is not yet available to establish an overall relationship between
these two types of endpoints, especially when derived from effluent
toxicity test data.

9.3 PRECISION

9.3.1 HYPOTHESIS TESTS

9.3.1.1 When hypothesis tests are used to analyze toxicity test
data, it is not possible to express precision in terms of a
commonly used statistic. The results of the test are given in
terms of two endpoints, the No-Observed-Effect Concentration (NOEC)
and the Lowest-Observed-Effect Concentration (LOEC). The NOEC and
LOEC are limited to the concentrations selected for the test. The
width of the NOEC-LOEC interval 'is a function of the dilution
series, and differs greatly depending on whether a dilution factor
of 0.3 or 0.5 is used in the test design. Therefore, USEPA
recommends the use of the ~0.5 dilution factor (see Section '4,
Quality Assurance). It is not possible to place confidence limits
on the NOEC and LOEC derived from a given test, and it is difficult
to quantify the precision of the ~OEC-LOEC endpoints between tests.
If the data from a series of tests performed with the-same

58

RB-AR25042



toxicant, toxicant concentrations, and test species, were analyzed
with hypothesis tests, precision could only be assessed by a
qualitative comparison"of the NOEC-LOEC intervals, with the
understanding that maximum precision would be attained if all tests
yielded the same NOEC-LOEC interval. In practice, the precision of
results of repetitive chronic tests is considered acceptable if the
NOECs vary by no more than one concentration interval above or
below a central tendency. Using-these guidelines, the "normal"
range of NOECs from toxicity tests using a 0.5 dilution factor
(two-fold difference between adjacent concentrations), would be·
four-fold.

9.3.2 POINT ESTIMATION TECHNIQUES

9.3.2.1 Point estimation techniques have the advantage of
providing a point estimate of the toxicant concentration causing a
given amount of adverse (inhibiting) effect, the precision of which
can be quantitatively assessed (1) within tests by calculation of
95% confidence limits, and (2) across tests by calculating a
standard deviation and coefficient of variation.

9.4 DATA ANALYSIS

9.4.1 ROLE OF THE STATISTICIAN

9.4.1.1 The use of the statistical methods described in this
manual for routine data analysis does not requirE~ the assistance of
a statistician. However, the int~rpretation of the results of the
analysis of the data from any of the toxicity tests described in
this manual can become problematic because of the inherent
variability and sometimes unavoidable anomalies in biological data.
If the data appear unusual in any way, or fail to meet the
necessary assumptions, a statistician should be consulted.
Analysts who are not proficient in statistics are strongly advised
to seek the assistance of a statistician before selecting the
method of analysis and using any of the results.

9.4.1.2 The statistical methods recommended in this manual are not
the only possible methods of statistical analysis. Many other
methods have been proposed and considered. Certainly there are
other reasonable and defensible methods of statistical analysis for
this kind of toxicity data. Among alternative hypothesis tests
some, like Williams' Test, require additional assumptions, while
others, like the bootstrap methods, require computer~intensive

computations. Alternative point estimation approaches most
probably would require the services of a statistician to determine
the appropriateness of the model (goodness of fit), higher order
linear or nonlinear models, confidence intervals for estimates
generated by inverse regression, etc. In addition, point
estimation or regression approaches would requirE! the specification
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by biologists or toxicologists of some low level of adverse effect
that would be deemed acceptable or safe. The statistical methods
contained in this manual have been chosen because they are (1)
applicable to most of the different toxicity test data sets for
which they are recommended, (2) powerful statistical tests, (3)
hopefully "easily" understood by nonstatisticians, and (4) amenable
to use without a computer, if necessary.

9.4.2 PLOTTING THE DATA

9.4.2.1 The data should be plotted, both as a preliminary step to
help detect problems and unsuspected trends or patterns in the
responses, and as an aid in interpretation of the results. Further
discussion and plotted sets of data are included in the methods and
the Appendices.

9.4.3 DATA TRANSFORMATIONS

9.4.3.1 Transformations of the data, (e.g., arc sine square root
and logs), are used where necessary to meet assumptions of the
proposed analyses, such as the requirement for normally distributed
data.

9.4.4 INDEPENDENCE, RANDOMIZATION, AND OUTLIERS

9.4.4.1 Statistical independence among observations is a critical
assumption in all statistical analysis of toxicity data. One of
the best ways to ensure independence is to properly follow rigorous
randomization procedures. Randomization techniques should be
employed at the start of the test, including the randomization of
the placement of test organisms in the test chambers and
randomization of the test chamber location within the array of
chambers. Discussions of statistical independence, outliers and
randomization, and a sample randomization scheme, are included in
Appendix A.

9.4.5 REPLICATION AND SENSITIVITY

9.4.5.1 The number of replicates employed for each toxicant
concentration is an important factor in determining the sensitivity
of chronic toxicity tests. Test sensitivity generally increases as
the number of replicates is increased, but the point of diminishing
returns in sensitivity maybe reached rather quickly. The level of
sensitivity required by a hypothesis test or the confidence
interval for a point estimate will determine the number of
replicates, and should be based on the objectives for obtaining the
toxicity data.

9.4.5.2 In a statistical analysi~ of toxicity data, the choice of
a particular analysis and the ability to detect departures from the
assumptions of the analysis, such as the normal distribution of the
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data and homogeneity of variance, is also dependent on the number
of replicates. More than the minimum number of replicates may be
required in situations where it is imperative to obtain optimal
statistical results, such as with tests used in E~nforcement cases
or when it is not possible to repeat the tests. For example, when
the 'data are analyzed by hypothesis testing, thenonparametric
alternatives cannot be used unless there are at least four
replicates at ~achtoxicant concentration.

9.4.6 RECOMMENDED ALPHA LEVELS

9.4.6.1 The data analysis examples included in the manual specify
an alpha level of 0.01 for testing the assumptions of hypothesis
tests and an alpha level of 0.05 for the hypothesis tests
themselves. These levels are common and well accepted levels for
this type of analysis and are presented as a recommended minimum
,significance level for toxicity data analysis. .'

9.5 CHOICE OF ANALYSIS

9.5.1 The recommended statistical analysis of most data from
chronic toxicity tests with aquatic organisms follows a decision
process illustrated in the flowchart in Figure 2. An initial
decision is made to use point estimation techniques (Probit
Analysis, the Spearman-Karber Method, the Trimmed' Spearman-Karber,
the Graphical Method or Linear Interpolation Method) and/or to use
hypothesis testing (Dunnett's Test, the t test with the Bonferroni
adjustment, Steel's Many-one Rank Test, or Wilcoxbn Rank Sum Test).
If hypothesis testing is chosen, subsequent decisions are made on
the appropriate procedure for a given set of data, depending on the
results of tests of assumptions, as illustrated in the flowchart.
A specific flow chart is included in the analysis section for each
test",

9.5.2 Since a single chronic toxicity test might; yield information
on more than one parameter (such as survival, growth, and
development), the lowest estimate of a "no-observ~::ld-effect

concentration" from any of the responses would be used as the
"no-observed-effect concentration" for each test., It follows
logically that in the statistical analysis of the data,
concentrations that had a significant toxic effect on one of the
observed responses would not be subsequently tested for an effect
on some other response. This is one reason for excluding
concentrations that have shown a statistically siqnificant
reduction in survival from a subsequent hypothesis test for effects
on another parameter such as growth. A second reason is that the
exclusion of such concentrations usually resul ts :~n a more powerful
and appropriate statistical analysis. In performJcngthe point
estimation techniques recommended in this manual, ,i an all-data
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Figure 2. Flowchart for statistlcal analysis of test data.

62

RB-AR25046



approach is used. For example, data from concentrations above the
NOEC for survival are included in determining ICp estimates
usingthe Linear Interpolation Method.

9.5.3 ANALYSIS OF GROWTH DATA

9.5.3.1 Growth data from the topsmelt, Atherin~ps affinis, mysid,
Holmesimysis costata, survival and growth tests, and the giant
kelp, Macrocystis pyriferia, germination and germ-tube length test,
are analyzed using hypothesis testing according to the flowchart in
Figure 2. The above mentioned growth data may also be analyzed by
generating a point estimate with the Linear Interpolation Method.
Data from effluent concentrations that have tested significantly
different from the control for survival are excluded from further
hypothesis tests concerning growth effects. Grm"th is defined as
the change in dry weight of the orginal number of test organisms
when group weights are obtained. When analyzing the data using
point estimating techniques, data from all concentrations are
included in the analysis.

9.5.4 AN~YSIS OF FERTILIZATION, GERMINATION ANp DEVELOPMENT DATA

9.5.4.1 Data from the purple urchin, Strongylooentrotus purpuratus
'and the sand dollar, Denstraster excentricus, fe:ttilization test
and development test; the red abalone Haliotis rufescens, the
Pacific oyster, Crassostrea gigas, and mussel, ~vtilus spp., larval
development tests; and the giant kelp, Macrocyst.is pyrifera,
germination test may be analyzed by hypothesis b~sting after an arc
sine transformation according to the flowchart in Figure 2. The
fertilization, larval development or germination data may also be
analyzed by generating a point estimate with the Linear
Interpolation Method.

9.5.5 ANALYSIS OF MORTALITY DATA

9.5.5.1 Mortality data are analyzed by Probit ~lalysisi 'if
appropriate, or other point estimation techniques, (i.e!, the
Spearman-Karber Method, the Trimmed Spearman-Karber Method, or the

. . I ' • ~ - "

Graphical Method) (see Appendices G-I) (see discussion below). The
mortality data can also be analyzed by hypothesis testing, after an
arc sine square root transformation (see Appendices B-F), according
to the flowchart in Figure 2.

9.6 HYPOTHESIS TESTS

9.6.1 DUNNETT'S PROCEDURE

9.6.1.1 Dunnett's Procedure is used to determinE~ the NOEC. The
procedure consists of an analysis of variahce (~rO~A) to determine
the error term, which is then used in a multiple comparison
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procedure for comparing each of the treatment means with the
control mean, in a series of paired tests (see Appendix C). Use of
Dunnett's Procedure requires at least three ,replicates per
treatment to check the assumptions of the test. In cases where the
numbers of data points (replicates) for each concentration are not
equal, a t test may be performed with Bonferroni's adjustment for
multiple comparisons (see Appendix D), instead of using Dunnett's
Procedure.

9.6.1.2 The assumptions upon which the use of Dunnett's Procedure
is contingent are that the observations within treatments are
normally distributed, with homogeneity of variance. Before
analyzing the data, these assumptions must be tested using the
procedures provided in Appendix B.

9.6.1.3 If, after suitable transformations have been carried out,
the normality assumptions have not been met, Steel's Many-one Rank
Test should be used if there are four or more data points
(replicates) per toxicant concentration. If the numbers of,data
points for each toxicant concentration are not equal, the Wilcoxon
Rank Sum Test with Bonferroni's adjustment should be used (see
Appendix F). .

9.6.1.4 Some indication of the sensitivity of the analysis should
be provided by calculating (1) the minimum difference between means
that can be detected as statistically significant, and (2) the
percent change from the control mean that this minimum difference
represents for a given test.

9.6.1.5 A step-by-step example of the 'use of Dunnett's Procedure
is provided in Appendix C.

9.6.2 T TEST WITH THE BONFERRONI ADJUSTMENT

9.6.2.1 The t test with the Bonferroni adjustment is used as an
alternative to Dunnett's Procedure when the number of replicates is
not the same for all concentrations. This test sets an upper bound
of alpha on the overall error rate, in contr~~t to Dunnett's
Procedure, for which the overall error rate i,s fixed at alpha.
Thus, Dunnett's Procedure is a more powerful test.

9.6.2.2 The assumptions upon which the use of the t test with the
Bonferroni adjustment is contingent are that the observations
within treatments are normally distributed, with homogen~~ty of
variance. These assumptions must be tested using the procedures
provided in Appendix B.

9.6.2.3 The estimate of the safe concentration derived from this
test is reported in terms of the NOEC. A step-by-step example of
the use of a t-test with the Bonferroni adjustment is provided in
Appendix D.
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9.6.3 STEEL'S MANY-ONE RANK TEST

9.6.3.1 'Steel's Many-one Rank Test is a multiple comparison
procedure for comparing several treatments with a control. This
method is similar to Dunnett's procedure, except that it is not
necessary to meet the assumption of normality. The data are
ranked, and the 'analysis is performed 'on the ranks rather than on
the data themselves. If the data are normally or nearly normally
distributed, Dunnett's Procedure would be more sensitive (would
detect smaller differences between the treatments and control) .
For data that are not normally distributed, Steel's Many-one Rank
Test can be much more efficient ,(Hodges and Lehmann, 1956).

9.6.3.2 It is necessary to have at least four replicates per
toxicant concentration to use Steel's test. Unlike Dunnett's
procedure, the sensitivity of this test cannot be stated in terms
of the minimum difference between treatment means and the control
mean that can be detected as statistically significant.

9.6.3.3 The estimate of the safe concentration i~ reported as the
NOEC. A step-by-step example of the use of Steel's Many":'One Rank
Test is provided in Appendix E.

9.6.4 WILCOXON RANK SUM TEST

9.6.4.1 The Wilcoxon Rank Sum 'rest is a noriparametric test for
comparing a treatment with a control. The data are ranked and the
analysis proceeds exactly as in Steel's Test except that
Bonferroni's adjustment for multiple comparisons is used instead of
Steel's tables. ,When Steel's test can be used (i.e., when there
are equal numbers of data points per toxicant concentration), it
will' be more powerful (able to detect smaller dif:ferences as
statistically significant) than the Wilcoxon Rank Sum Test with
Bonferroni's adjustment.

9.6.4.,2 The estimate of the safe concentration i:3 reported as the
NOEC. A step-by-step example of the use of the Wilcoxon Rank Sum
Test is provided in Appendix F.

9.6.5 A CAUTION IN THE USE OF HYPOTHESIS TESTING

9~6.5.1 If in the calculation of an NOEC by hypothesis testing,
two tested concentrations cause statistically significant adverse
effects, but an intermediate concentration did not cause
statistically significant effects, the results should be used with
extreme caution.
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9.7 POINT ESTIMATION TECHNIQUES

9.7.1 PROBIT ANALYSIS

9.7.1.1 Probit Analysis is used to estimate an LC or EC value and
the associated 95% confidence interval. The ~nalysis consi~ts of
adjusting the data for mortality in the control, and then using a
maximum likelihood technique to estimate the parameters of the
underlying log tolerance distribution, which is assumed to have a
particular shape.

9.7.1.2 The assumption upon which the use of Probit Analysis is
contingent is a normal distribution of log tolerances. If the
normality assumption is not met, and at least two partial
mortalities are not obtained, Probit Analysis should not be used.
It is important to check the results of Probit Analysis to
determine if use of the analysis is appropriate. The chi-square
test for heterogeneity provides a good test of appropriateness of
the analysis. The computer program (see discussion, Appendix H)
checks the chi-square statistic calculated for the data set against
the tabular value, and provides an error message if the calculated
value exceeds the tabular value.

9.7.1.3 A discussion of Probit Analysis, and examples of computer
program input and output, are found in Appendix H.

9.7.1.4 In cases where Probit Analysis is not appropriate, the
LeSO and confidence interval may be estimated by the
Spearman-Karber Method (Appendix I) or the trimmed Spearman-Karber
Method (Appendix J). If a test results in 100% survival and 100%
mortality in adjacent treatments (all or nothing effect), the LC50
may be estimated using the Graphical Method (Appendix K) .

9.7.2 LINEAR INTERPOLATION METHOD

9.7.2.1 The Linear Interpolation Method (see Appendix L) is a
procedure to calculate a point estimate of the effluent or other
toxicant concentration [Inhibition Concentration, (IC)] that causes
a given percent reduction (e.g., 25%, 50%, e~c.) in the
reproduction or growth of the test organisms. The procedure was
designed for general applicability in the analysis of data from
short-term chronic toxicity tests.

9.7.2.2 Use of the Linear Interpolation Method is based on the ..
assumptions that the responses (1) are monotonically non-increasing
(the mean response for each higher concentration is less than or
equal to the mean response for the previous concentration), (2)
follow a piece-wise linear response function, and (3) are from a
random, independent, and representative sample of test data. The
assumption for piece-wise linear response cannot be tested
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statistically, and no defined statistical procedure is provided to
test the assumption for monotonicity. Where the observed means are
not strictly monotonic by examination, they are adjusted by
smoothing. In cases where the responses at the low toxicant
concentrations are much higher than in the controls, the smoothing
process may result in a large upward adjustment in the control
mean.

9~7.2.3 The inability to test the monotonicity an'd piece wise
linear response assumptions for this method makes .it difficult to
assess when the method is, or is not, producing_reliable results.
Therefore, the method should be used with caution when the results
of a toxicity test approach an "all or nothing" response from one
concentration to the next in the conce.ntration series, and when it
appears that there is a large deviation from monotonicity. See
Appendix L for a more detailed discussion of the use of this method
and a computer program available for performing calculations.
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SECTION 10

REPORT PREPARATION

The toxicity data are reported, together with other appropriate
data. The following general format and content are recommended for
the report:

10.1 INTRODUCTION

1. Permit number
2. Toxicity testing requirements of permit
3. Plant location
4. Name of receiving water body
5. Contract Laboratory (if the test was performed

under contract)
a. Name of firm
b. Phone number
c. Address

10.2 PLANT OPERATIONS

1. Product (s)
2. Raw materials
3. Operating schedule
4. Description of waste'treatment
5. Schematic of waste treatment
6. Retention time (if applicable)
7. Volume of waste flow (MGD, CFS, GPM)
8. Design flow of treatment facility at time of sampling

10.3 SOURCE OF EFFLUENT, RECEIVING WATER, AND DILUTION WATER

l.
a.
b.
c.
d.
e.
f.
g.

Effluent Samples
Sampling point
Collection dates and times
Sample collection method
Physical and chemical data
Mean daily discharge on sample collection date
Elapsed time from sample collection to delivery
Sample temperature when received at the laboratory
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Dilution Water Samples
Source
Collection date and time
Pretreatment
Physical and chemical characteristics,

2.
a.
b.
c.
d.
e.
f.
g.

3.
a.
b.
c.
d.

Receiving Water Samples
Sampling point
Collection dates and times
Sample collection method
Physical and chemical data
Tide stages
Sample, temperature when received at
Elapsed time from sample collection

'I

the ,laboratory
to delivery

10.4 TEST METHODS

1. Toxicity test method used (title, number, source)
2. Endpoint(s) of test
3. Deviation (s) from reference method, if any" and the

reason(s)
4. Date and time test started
5. Date and time test terminated
6. Type of volume and test chambers
7. Volume of solution used per chamber
8. Number of organisms used per test chamber
9. Number of replicate test chambers per treatment

10. Acclimation of, test organisms (temperature ,land salinity
mean and range)

11. Test temperature (mean and rahge)
12. Specify if aeration was needed
13. Feeding frequency, and amount and type of food
14. Test salinity (mean and range)

10.5 TEST ORGANISMS

1. Scientific name and how determined
2. Age
3. Life stage
4. Mean length and weight (where applicable)
5. Source
6. Diseases and treatment (where applicable)
7. Taxonomic key used for species identificatHm
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10.6 QUALITY ASSURANCE

1. Reference toxicant used routinely; source
2. Date and time of most recent reference toxicant test; test

results and current control (cusum) chart
3. Dilution water used in reference toxicant test
4. Results (NOEC or, where applicable, LOEC, LC50, IC or EC

value)
5. Physical and chemical methods used

10 • 7 RESULTS

1. Provide raw toxicity data in tabular form, including daily
records of affected organisms in each concentration
(including controls), and plots of toxicity data

2. Provide table of the statistical endpoints; LC50s,NOECs,
Ee or IC value, etc.

3. Indicate statistical methods used to calculate endpoints
4. Provide summary table of physical and chemical data
5. Tabulate QA data

10.8 CONCLUSIONS AND RECOMMENDATIONS

1. Relationship between test endpoints and permit limits.
2. Action to be taken.
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SECTION 11

TOPSMELT, Atherinops affinis
7-DAY LARVAL GROWTH AND SURVIVAL TEST :METHOD

Adapted from a method developed by
Brian S. Anderson, John W. Hunt, Sheila Turpen,

Hilary R. McNulty, and Matt A. Engl-Lmd
Institute of Marine Sciences, University of California

Santa Cruz, California

(in association with)
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SECTION 11

TOPSMELT, ATHERINOPS AFFINIS
LARVAL SURVIVAL AND GROWTH TEST

11.1 SCOPE AND APPLICATION

11.1.1 This method estimates the chronic toxicity of effluents
and receiving waters to the topsmelt, Atherinops affinis, using
nine-to-fifteen day old larvae in a seven-day, static-renewal
exposure test. The effects include the synergistic,
antagonistic, and additive effects of all chemical, physical, and
biological components which adversely affect the physiological an
biochemical functions of the test organisms.

11.1.2 Daily observations of mortality "make it possible to also
calculate acute toxicity for desired exposure periods (i.e., 24
h, 48-h, 96-h LC50s) .

11.1.3 Detection limits of the toxicity of an effluent or
chemical substance are organism dependent.

11.1.4 Brief excursions in toxicity may "not be detected using
24-h composite samples. Also, because of the long sample
collection period involved in composite sampling and because the
test chambers are not sealed, highly volatile and highly
degradable toxicants in the source may not be detected in the
test.

11.1.5 This method is commonly used in one of two forms: (1) a
definitive test, consisting of a minimum of five effluent
concentrations and a control, and (2) a receiving water test(s),
consisting of one or more receiving water concentrations and a
control.

11.1.6 This method should be restricted to use by, or under the
supervision of, professionals experienced in aquatic toxicity
testing. Specific experience with any toxicity test is usually
needed before acceptable results become routine.

11.2 SUMMARY OF METHOD
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11.2.1 This method provides step-by-step instructions for
performing a 7-day static-renewal toxicity test using survival
and growth of topsmelt larval fish to determine the toxicity of
substances in marine and estuarine waters. The test endpoints
are survival and growth.

1.3 INTERFERENCES

11.3.1 Toxic substances may be introduced by contaminants in
dilution water, glassware, sample hardware, and testing equipment
(see Section 5/ Facilities, Equipment, and Supplies) .

,

11.3.2 Improper effluent sampling and handling may adversely
affect test results (see Section 8/ Effluent and Receiving Water
Sampling and Sample Handling, and Sample Preparation for Toxic~ty

Tests) .

11.3.3 Pathogenic 'and/or predatory organisms in the dilution
water and effluent may affect test organism survival, and
confound test results.

11.3.4 Food added during the test may sequester metals and other
toxic substances and confound test results.

11.4 SAFETY

11.4.1 See Section 3/ Health and Safety.

11.5 APPARATUS AND EQUIPMENT

11.5.1 Tanks, trays, or aquaria -- for holding and acclimating
topsmelt, e.g., standard salt water aquarium or Instant Ocean
Aquarium (capable of maintaining seawater at 10-:WOC) / with
appropriate filtration and aeration system. (See Anderson et
al., 1994/ Middaugh and Anderson, 1993).

11.5.2 Air pump, air lines, and air stones -- for aerating water
containing broodstock or for supplying air to test solutions with
low dissolved oxygen.
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11.5.3 Constant temperature chambers or water baths -- for
maintaining test solution temperature and keeping dilution ~ater

supply, and larvae at test temperature (20°C) prior to the test.

11.5.4 Water purification system -- Millipore Super-Q, Deionized
water (DI) or equivalent.

11.5.5 Refractometer

11.5.6 Hydrometer(s)

for determining salinity.

for calibrating refractometer.

11.5.7 Thermometers, glass or electronic, laboratory grade
for measuring water temperatures.

11.5.8 Thermometer, National Bureau of Standards eertified (see
USEPA METHOD 170.1, USEPA, 1979) -- to calibrate laboratory
thermometers.

11.5.9 pH and DO meters -- for routine physical and chemical
measurements.

11.5.10 Standard or micro-Winkler apparatus -- for determining
DO (optional) and calibrating the DO meter.

11.5.11 Win~ler bottles -- for .dissolved oxygen determinations.

11.5.12 Balance -- Analytical, capable of accurately weighing to
0.00001 g.

11.5.13 Fume hood -- to protect the analyst from effluent or
formaldehyde fumes.

11.5.14 Glass stirring rods for mixing test solutions.

11.5.15 Graduated cylinders Class A, borosilicate slass or
non-toxic plastic labware, 50-1000 mL for making test solutions.
(Note: not to be used interchangeably for gametes or embryos and
test solutions).

11.5.16 Volumetric flasks -- Class A, borosilicate glass or non
toxic plastic labware, 10-1000 mL for making test solutions.
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11.5.17 Pipets, automatic -- adjustable, to COVE!r a range of
delivery volumes from 0.010 to 1.000 mL.

11.5.18 Pipet bulbs and fillers -- PROPIPET@ or :equivalent.

11.5.19 Wash bottles - - for reagent water, for t,opping off
graduated cylinders, for rinsing small glassware and instrument
electrodes and probes.

11.5.20 Wash bottles -- for dilution water.

11.5.21 20-liter cubitainers or polycarbonate wa.ter cooler jugs
-- for making hypersaline brine.

11.5.22 Cubitainers, beakers, or similar chambe~s of non-toxic
I

composition for holding, mixing, and dispensing dilution water
and other general non-effluent, non-toxicant contact uses.' These
should be clearly labeled and not used for other purposes.

11.5.23 Beakers - - six Class A, borosilicate gla1ss or non-toxic
plasticware, 1000 mL for making test solutions.

11.5.24 Brine shrimp, Artemia, culture'unit
11.6.25 and Section 4, Quality Assurance.

see Subsection

11. 5.25 Separatory funnels, 2 -L - - two-four for ~ulturing

Artemia.

11.5.26 Siphon tubes (fire polished glass) -- fo~ solution
renewals and handling larval fish.

11.5.27 Droppers, and glass tubing with fire polished edges, 4
mm ID -- for transferring larvae.

11.5.28 Siphon with bulb and clamp -- for cleaning test
chambers.

11.5.29 Light box -- for counting and observing larvae.

11.5.30 White plastic tray -- for collecting larvae during
cleaning of the test chambers.
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11.5.31 Forceps -- for transferring dried larvae to weighing
pans.

11.5.32 Desiccator ~- for holding dried larvae~

11.5.33 Drying oven -- 50-105°C range, for drying larvae.

11.5.34 NITEX@ mesh screen tubes - (~150 ~m, 500 ~m, 3 to '5 mm)
-- for collecting Artemia nauplii and fish larvae. (NITEX® is
available from Sterling Marine Products, 18 Label Street,
Montclair, NJ 07042; 201-783-9800).

11.5.35 60 ~m Nitex® filter -- for filtering receiving water.

11.6 REAGENTS AND SUPPLIES

11.6.1 Sample containers -- for sample shipment and storage (see
Section 8, Effluent and Receiving Water Sampling, and Sample
Handling, and Sample Preparation for Toxicity Tests) .

11.6.2 Data sheets (one set per test) -- for data recording
(Figures 1 and 2) .

11.6.3 Tape, colored -- for labelling test chambers and
containers.

11.6.4 Markers, water-proof -- for mark~ng containers, etc.

11.6.5 Parafilm -- to cover graduated cylinders and vessels.

11.6.6 Gloves, disposable -- for personal protection from
contamination.

11.6.7 Pipets, serological -- 1-10 mL, graduated.

11.6.8 Pipet tips

11.6.9 Coverslips

for automatic pipets.

for microscope slides.

11.6.10 Lens paper -- for cleaning microscope optics.

11.6.11 Laboratory tissue wipes for cleaning and drying
electrodes, microscope slides, etc.
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,
11.6.12 Disposable countertop covering for <protection of work

• • I

surfaces and minimizing spills and contamlnatlon.:

11.6.13 pH buffers 4, 7, and 10 (or as per instr~ctions of
instrument manufacturer) -- for standards and cal:Lbration check

I '

(see USEPA Method 150.1, USEPA, 1979).

11.6.14 Membranes and filling solutions -- for dissolved oxygen
probe (see USEPA Method 360.1, USEPA, 1979), or rE~agents for
modified Winkler analysis.

11.6.15 Laboratory quality assurance samples and standards
for the above methods.

11.6.16 Test chambers -- 600 mL, five chambers per
concentration. The chambers should be borosilicate glass (for
effluents) or nontoxic disposable plastic labware! (for 'reference
toxicants). To avoid contamination from the air ctnd excessive
evaporation of test solutions during the test, the chambers
should be covered during the test with safety glaf~s _plates or a
plastic sheet (6 mm thick) .

11. 6 .17 Ethanol (70%) or formalin (4%) -- for prErserving the
larvae.

11.6.18 Artemia nauplii -- for feeding test organisms.

11.6.19 Weigh boats or weighing paper -- for wei~rhing reference
toxicants.

11.6.20 Reference toxicant solutions (see Subsec~ion 11.10.2.4
and see Section 4, Quality Assurance).

11.6.~1 Reagent water -- defined as distilled or deionized water
that does not contain substances which are toxic to -the' test
organisms (see Section 5, Facilities, Equipment, a:nd Supplies and
Section 7, Dilution Water).

11.6.22 Effluent and receiving water -- see Section 8, Effluent
and Surface Water Sampling, and Sample Handling, and Sample
Preparation for Toxicity Tests.
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11.6.23 Dilution water and hypersaline brine,-- see Section 7,
Dilution Water and Section 11.6;24, Hypersaline Brines. The
dilution water should be uncontaminated l-~m-filtered natural
seawater. Hypersaline brine should be prepared from di'lution
water.

11.6.24 HYPERSALINE BR~NES

11.6.24.1 Most industrial and sewage treatment effluents
entering marine and estuarine systems have little measurable
salinity. Exposure of larvae to these effluents will usually
require increasing the salinity of the test solutions. It ,is
important to maintain an essentially constant salinity across all
treatments. In some applications it may be desirable to match
the test salinity with that of the recei~ing water (See Section
7.1). Two salt sources are available to adjust salinities -
artificial sea salts and hypersaline brine (HSB) derived from
natural seawater. Use of artificial sea salts is necessary only
when high effluent concentrations preclude salinity adjustment by
HSB alone.

11.6.24.2 Hypersaline brine (HSB) can, be made by concentrating
natural seawater by freezing or evaporation. HSB, should be made
from high quality, filtered seawater, and can be added to the
effluent or to reagent water to increase salinity. HSB has
several desirable characteristics for use in effluent toxicity
testing. Brine derived from natural seawater contains the
necessary trace metals, biogenic colloids, and some of the
microbial components necessary for adequate growth, survival,
and/or reproduction of marine and estuarine organisms~ and it can
be stored for prolonged periods without any apparent degradation.
However, even if the maximum salinity HSB (100~) is used as a
diluent, the maximum concentration of effluent (O~) that can be
tested is 66% effluent at 34~ salinity (see Table 1) .

11.6.24.3 High quality (and preferably high salinity) seawater
should be filtered to at least 10 ~m befqre placing into t~e

freezer or the brine generator. Water should be collected on an
incoming tide to minimize the possibility of 'contamination.

11.6.24.4 Freeze Preparation of Brine
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11.6.24.4.1 A convenient container for making USB by freezing is
one that has a bottom drain. One liter qf brine can be made from
four liters of seawater. Brine .may be collected by partially
freezing seawater at -10 to -20°C until the rema.ining liquid has
reached the target salinity. Freeze for approximately six hours,
then separate the ice (composed mainly of fresh water) from the
remaining liquid (which has now become hypersaline) .

11. 6.24.4.2 It is preferable to monitor the wat:er until the
target salinity is achieved rather than allowinsr total freezing
followed by partial thawing. Brine salinity should never exceed
100%'0. It is advisable not to exceed about 70%0 brine salinity
unless it is necessary to test effluent concentl~ations greater
than 50%.

11.6.24.4.3 After th,e required salinity is attcllined, the HSB
should be filtered through a 1 Jim filter 'and poure,d directly into
portable containers (20-L cubitainers or polycarbon~te water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the: date the brine
was generated. Containers of HSB should be stored in the dark at
4°C (even room temperature has been acceptable).: HSB is usually
of acceptable quality even after several months 'in storage.

11.6.24.5 Heat Preparation of Brine

11.6.24.5.1 The ideal container for making brine using heat
assisted evaporation of natural seawater is one ,that (1) has a
high surface to volume ratio, (2) is made of a non-corrosive
material, and (3) is easily cleaned (fiberglass ~ontainers are
ideal). Special care should be used to ~revent any toxic
materials from coming in contact with the seawater being used to
generate the brine. If a heater is immersed direc1:ly into the
seawater, ensure that the heater materials do not corrode or
leach any substances that would contaminate the biine. One
successful method is to use a thermostatically cpntrolled hea~

exchanger made from fiberglass. If aeration is heeded, use only
oil-free air compressors to prevent contamination.

11.6.24.5.2 Before adding seawater to the brine generator,
thoroughly clean the generator, aeration supply tube, ~eater, and
any other materials that will be in direct contact with the
brine. A good quality biodegradable detergent should be used,
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followed by several (at least three) thorough reagent water
rinses.

11.6.24.5.3 Seawater should be filtered to at least 10 ~m before
being put into the brine generator. The ·temperature of the
seawater is increased slowly to 40°C. The water should be
aerated to prevent temperature stratification and,to increase
water evaporation. The brine. should be checked daily (dep~:nding

on the volume being generated) to ensure that the salinity does
not exceed 100%0 and that the temperature does not exceed 40,oC"
Additional seawater may be added to the brine to obtain the
volume of brine required.

TABLE 1. MAXIMUM EFFLUENT CONCENTRATION (~) THAT CAN BE TESTED
AT 34%0 WITHOUT THE ADDITION OF DRY SALTS GIVEN THE
INDICATED EFFLUENT AND BRINE SALINITIES.

,

Effluent Brine Brine Brine Brine Brine

i Salinity 60 70 80 90 100
%0 %0 ~o ~o %"0 %"0

i 0 43.33 51.43 57.50 62.22 66.00

1 44.07 52.17 58.23 62.92 66.67

2 44.83 52.94 58.97 63.64 67.35

I 3 45.61 53.73 59.74 64.37 68.04
I

4 46.43 54.55 60.53 65.12 68.75

5 47.27 55.38 61. 33 65.88 69.47

10 52.00 60.00 65.71 70.00 73.33
i

, 15 57.78 65.45 70.77 74.67 77.65
I
I

I 20 65.00 72.00 76.67 80.00 82.50
I

I 25 74.29 80.00 83.64 86.15 88.00,

11.6.24.5.4 After the required salinity is attained, the HSB
should be filtered through a 1 ~m filter and poured directly into
portable containers (20-L cubitainers or polycarbonate water

80

RB-AR25064



cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and'the date the brine
was generated. Containers of HSB should be stored in the dark at
4°C (even room temperature has been acceptable). HSB is usually
of acceptable quality even after'several months in storage.

11.6.24.6 Artificial Sea Salts

11.6.24.6 ..1 No data fromtopsmelt larval tests using sea salts
or artificial seawater (e.g., GP2) are available for evaluation
at this time, and thei.r use must be considered provisional.

11.6.24.7 Dilution Water Preparation from Brine

11.6.24.7.1 Although salinity adjustment with brine is the..
preferred method, the use of high salinity brines and/or reagent
water has sometimes been associated with discernible adverse
effects on test organisms. For·this reason, it is recommended
that only the. mini~um necessary volume of brine and reagent water
be used to offset the low salinity of' the effluent, and that
brine control~ be included in the test. The remaining ~ilution
water should be natural seawater. Salinity may be adjusted in
one of two ways. First, the salinity of the highest effluent
test concentration may be adjusted to an acceptable salinity, and
then serially diluted. Alternatively, each effluent
concentration can be prepared individually withiappropriate
volumes of effluent and brine.

11.6.24.7.2 When HSB and reagent water'are used, thoroughly mix
together the reagent water and HSB before mixinEj in the effluent.
Divide the salinity of the HSB by the expected -test salinity to
determine the proportion of reagent water to brine. For example,
if the salinity of the brine is' 100%'0 and ,the test is to be
conducted at 34%'0, 100%'0 divided' by 34%'0 = 2.94. The proportion
of brine is 1 part plus 1.94 reagent water. To, make 1 L of
dilution water at 34~ ~alinity from a HSB of 100~, 340 ~L of
brine and 660 mL of reagent water are required. Verify the
salinity of ' the resulting mixture using ~ refracto~eter.

11.6.,24.8 Test Solution Salinity Adjustn:tent

,

11.6.24.8.1 Table 2 illustrates the preparation of test
solutions (up to 50% effluent) at 34%'0 by combining effl-uent,
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HSB, and dilution water. Note: if the highest effluent
concentration does not exceed 50% effluent, it is conveniertt to
prepare brine so that the sum of the effluent salinity and brine
salinity equals 68~; the required brine volume is then always
equal to the effluent volume needed for ~ach effluent
concentration as in the example in Table 2.

11.6.24.8.2 Check the pH of all brine mixtures and adj·ust to
within 0.2 units of dilution water pH by adding, dropwise, dilute
hydrochloric acid or sodium hydroxide (see subsection 8.8.'9,
Effluent and Receiving Water Sampling, Sampling Handling, and
Sample Preparation for Toxicity Tests) .

11.6.24.8.3 To calculate the amount of brine to add to each
effluent dilution, determine the following quantities: .sal'inity
of the brine (SB, in~), the salinity of the effluent (SE, in
~), and volume of the effluent to be added (VE, in mL). Then
use the following formula to calculate the volume of brine (VB,
in mL) to be added:

VB = VE x (34 - SE)/(S~ - 34)

11.6.24.8.4 This calculation assumes that dilution water
salinity 'is 34 ± 2~.

11.6.24.9 Preparing Test Solutions

11.6.24.9.1 Two hundred mL of test solution are needed for each
test chamber. To prepa~e test solutions at low effluent
concentrations «6%), effluents may be added directly to dilution
water. For example, to prepare 1% effluent, add 10 mL of
effluent to a I-liter volumetric flask using a volumetric pipet
or calibrated automatic pipet. Fill the volumetric flask to the
l-liter mark with dilution water, stopper it, and shake.to mix.
Distribute equal volumes into the replicate test chambers.

11.6.24.9.2 To prepare a test solution at higher effluent
concentrations, hypersaline brine must usually be used. For
example, to prepare 40% effluent, add 400 mL of effluent to a

82

RB-AR25066



TABLE 2. EXAMPLES OF EFFLUENT DILUTION SHOWING VOLUMES OF
EFFLUENT (x~), BRINE, AND DILUTION WA~rER NEEpEDFOR
ONE LITER OF EACH; TEST SOLUTION.

FIRST STEP;
to achieve a
for dilution

Combine brine with reagent water OJI:' natural
brine of 68-x%"0 and, unless natural seawater
water, also a brine-based dilution water of

seawater
is used
34%"0.

SERIAL DILUTION;
I

Step 1. Prepare the highest effluent concentration to be tested
by adding equal volumes of effluent and brine to the appropriate
volume of dilution water. An example using 40% is shown.

Effluent Cone. Effluent Brine : Dilution,
(%) x§o (68-x)§o Water* 34§o

40 800 mL 800 mL 400 mL

Step 2. Use elther serlally prepared dllutlons'of the hlghest
test concentration or individual dilutions of 100% effluent.

Effluent Cone. (%) Effluent Source Dilution Water*
(34§o)

20 J.OOO mL of 40% J.OO'O mL

J.O J.OOO mL of 20% J.00l0 mL

5 J.OOO mL of J.O% J.OOO mL

"2.5 J.OOO mL of 5% J.OOO mL

Control none J.OOO mL.'
INDIVIDUAL PREPARATION

Effluent Cone. Effluent x§o Brine (68-x)§o Dilution Water*
(%) 34§o

L

40 400 mL 400 mL : 200 mL
"

20 200 mL 200 mL' 600 mL

J.O J.OO mL J.OO mL ! 800 mL

5 SO mL SO mL 900 mL

2.5 25 mL 25 mL 950 mL

I

Control none none J.OOO mL

*May be natural seawater or brlne-reagent water:equlvalent.
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l-liter volumetric flask. Then, assuming an effluent salinity of
2~ and a brine salinity of 66~, add 400 mL of brine (see
equation above and Table 2) and top off the flask with dilution
water. Stopper the flask and shake well. Pour into a ('100-250
mL) beaker and stir. Distribute equal volumes into the replicate
test chambers. The remaining test solution can be used for
chemistry.

11.6.24.10 Brine Controls

11.6.24.10.1 Use brine controls in all tests where brine is
used. Brine controls contain the same volume of brine as does
the highest effluent concentration using brine, plus the volume
of reagent water needed to reproduce the hyposalinity of the
effluent in the highest concentration, plus dilution water.
Calculate the amount of reagent water to "add to brine controls by
rearranging the above equation, (See SubSection, 11.6.24.8.3)
setting SE = 0, and solving for VE.

VE = VB x (SB - 34)/(34 - SE)

11.6.25 BRINE SHRIMP, ARTEMIA SP.,NAUPLII
cultures and test organisms.

for feeding

11.6.25.1 Newly hatched Artemia sp. nauplii are used for food
for the test organisms. Although there are many commercial
sources of brine shrimp cysts, the Brazilian or Colombian strains
are preferred because the supplies examined have had low
concentrations of chemical residues and produce nauplii of
suitably small size. (One source that hqs been found to be
acceptable is Aquarium Products, 180L Penrod Ct., Glen Burnie,
Maryland 21061). For commercial sources of brine shrimp,
Artemia, cysts, see Table 2 of Section 5, Facilities, Equipment,
and Supplies); and Section 4, Quality Assurance.

11.6.25.2 Each new batch of Artemia cysts must be evaluated for
size (Vanhaecke and Sorgeloos, 1980, and Vanhaecke et al., 1980)
and nutritional suitability (Leger, et ai., 1985, Leger, et al.,
1986) against known suitable reference cysts by performing a
side-by-side larval growth test using the "new"· and "reference"
cysts. The "reference" cysts used in the suitability te~t may be
a previously tested and acceptable batch of cysts, or may be
obtained from the Quality Assurance Research Division, EMSL,
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Cincinnati, OR 45268, 513-569-7325. A sample of newly-hatched
Artemia nauplii from each new batch of cysts should be chemically
analyzed. The Artemia cysts should not be. use,d if, the
concentration of total organochlorine pesticid~s 0.15 ug/g w~t

weight or that the total concentration of organochlorine
pesticides plus PCBs exceeds 0.30 ~g/g wet weight (For analytical
methods see USEPA, 1982).

11.6.2S.4
organisms.

11.6.25.3

1.

2.

3.

4.

Artemia nauplii are obtained as follows:

'I. •
Add 1 L of seawater, or an aqueous u:hlonlzed salt ;
(NaCl) solution prepared with 35, g salt or artificial
sea salts per liter, to ,a 2~L separa~ory funnel, or
equivalent. "
Add 10 mL Artemia cysts to the separ,atory funnel and
aerate for 24 h at 27°C. ,Ratchingtime varies with
incubation temperature and the 'geographic strain Of
Artemia used (see USEPA, 1985ai USEPA, 1993ai A$TM,
1993) .
After 24 h, cut off the air supply i:o. the separatory
funnel. Artemia nauplii are phototactic, and will
concentrate at the bottom of the funnel if it is
covered for S-10 minutes with 9- dark: cloth or paper·
towel. To prevent mortality, do not: leave the
concentrated nauplii at the bottom of ~he funnel more
than 10 min without aeration. -.
Drain the nauplii into a funnel fitt,=d with a s:lS0 ~m

NITEX® or stainless steel screen, and rin~e with
seawater or equivalent before use.

I '<,

Testing Artemia nauplii as food for,toxicity test

,
11.6.25.4.1 The primary criteria for acceptabtlityof ~ach neW
supply of brine shrimp cysts is adequate survi'~al, and growth of
the larvae. The larvae used to evaluate the abceptability of the
brine shrimp nauplii must be the same geogr~phical origin ang. ...
stage of development (9 to 1S days old) ~s, those, used routiIlely
in the toxicity tests. Two 7-day chronic testl3 are performed
side-by-side, each consisting of five replicate tes~ vessel~ .~

containing, five larvae (25 organisms per test,total :of·'SO
organisms). The juveniles in OIJ.e set of test (~hambers is~ed,
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reference (acceptable) nauplii and the other set is fed nauplii
from the "new" source of Artemia cysts ..

11.6.25.4.2 The feeding rate and frequency, test vessels, volume
of control water, duration of the tests, and age of the Artemia
nauplii at the start of the test, should be the same as used for
the routine toxicity tests.

11.6.25.4.3 Results of the brine shrimp, Artemia, nauplii
nutrition assay, where there are only two treatments, can be
evaluated statistically by use of a t test. The "new" food is
acceptable if there are no statistically significant differences
in the survival or growth of the mysids fed the two sources of
nauplii.

11.6.26 TEST ORGANISMS

11.6.26.1 The test organisms for test method are larvaepf the
topsmelt, Atherinops affinis. Topsmelt, occur from the Gulf of
California to Vancouver Island, British Columbia (Miller and Lea,
1972). It is often among the most abundant fish specfes in
central and southern 'California e,stuaries (Allen and Horn, 1975;
Horn, 1979; Allen, 1982). Topsmelt reproduce from May through
August, depositing eggs on benthic algae in the upper ends of
estuaries and bays (Croaker, 1934; Fronk,. 1969).' Off-season
spawning of Atherinops affinis has been successful in a
laboratory-held population (Anderson et al., 1994). Their
embryonic development is similar to that of other atherinids used
widely in toxicity testing (eg, Menidia species, Borthwipk et,
al.,1985; Middaugh et al., 1987; Middaugh and Shenker, 1988), and
methods to assess sublethal effects with these species have
proven to be adaptable for topsmelt (Ande:rson et al.,· 1991,
Middaugh and Anderson, 1993, McNulty et al., 1994).

11.6.26.2 Species Identification

11.6.26.2.1 Topsmelt often co-occur with jacksmelt, Atherinopsis
californiensis. The two species can be distinguished based on
several key characteristics. Jacksmelt have 10-12 scales between
their two dorsal fins; topsmelt have 5-8 'scales between the two
fins. Jacksmelt teeth are arranged in several bands on each jaw
and the teeth are not forked; topsmelt teeth are arranged in one
band and the teeth are forked. . In j acksmelt, the insertion of

86

RB-AR25070



the first dorsal fin occurs well in advance of the origin of the
anal fin. In topsmelt, the origin of the anal fin is under the

. insertion of the first dorsal fin. Constilt Miller and Lea (1972)
for a guide to the taxonomy of these two fishes.

11.6.26.3 Obtaining Broodstock

11.6.26.3.1 In California, adult topsmelt can be seined from
sandy beaches in sloughs and estuaries from April through August.
The size of the seine used depends on the number of people
deploying it and the habitat being sampled. Larger seines can be
used in open sandy areas, smaller seines are used in smaller
areas with rocky outcroppings. Five or six people are an
adequate number to set and haul a 100-ft beach seine. The seine
is set on an ebbing tide using a small motor skiff with one
person driving and a second deploying the net from the bow. The
net is set parallel to shore then hauled in evenly from the
wings. The net mesh diameter should be small enough to prevent
the fish from damaging themselves; a one-centimeter diameter mesh
in the middle panel and one-and-a-half-centimeter diameter mesh
in the wing panel is adequate. As the net is pulled onto_the
shore, the adult topsmelt are sorted into five-liter plastic
buckets, then immediately transferred to 100-liter transport
tanks.

11.6.26.3.2 State collection permits are usually required for'
collection of topsmelt. Collection is prohibited or restricted
in some areas. Collection of topsmelt is regulated by California
law. Collectors must obtain a scientific collector's ~ermit from
the 'California Department of Fish and Game and observe any
regulations regarding collection, transfer, and maintenance of
fish broodstock.

11.6.26.3.3 Various containers can be used to ~ransport fish;
100-liter covered plastic trash cans have been ·~sed.successfully

to transport topsmelt. New plastic containers should be leached
in seawater for 96 hours prior to transporting fish. Each
container can maintain approximately 20 adult fish for six to
eight hours if adequate aeration is provided. 'Use compressed
oxygen or air to supply aeration to the tanks during transport.

11.6.26.4 Broodstock Culture and Handling
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11.6.26.4.1 Once in the laboratory the fish should be treated
for 2 days with a general antibiotic in a separate tank (eg.,
Prefuran@ as per label instructions), then divided among 1000
liter holding tanks. No more than 30 adult fish should be placed
in each tank. Tank temperature should be maintained at l8 0 e
using a 1500-watt immersion heater. To conserve heated seawater,
the seawater in the tanks can be recirculated using the system
similar to that described by Middaugh and Hemmer (1984). A one
thirtieth (1/30)-hp electric pump is used to circulate water (10
liters/minute) from the tanks through vertical, biologically
activated nylon filter elements located in a separate reservoir,
then back into the tanks. Fresh seawater should be constantly
provided to the system at 0.5 liters/minute to supplement the
recirculated seawater. The tanks are insulated with one inch
thick closed cell foam to conserve heat. Dissolved oxygen levels
should be maintained at greater than 6.0 mg/liter using aeration.
Salinity should be checked periodically using a refractometer
accurate to the nearest 0.5~i tank salinity should be 34 ± 2~.

11.6.26.4.2 Adult topsmelt in each tank are fed twice daily (at
0900 and 1500 hrs) approximately 0.3g of ·Tetramin™ flake food.
Supplemental feedings of krill or chopped squid are recommended.
Tanks are siphoned clean once weekly.

11.6.26.4.3 Dyeless yarn spawning substrates are attached to the
surface of plastic grids cut from light diffuser panel (7 cm x
10 cm x 1 cm) and weighted'to the bottom of each tank.
Substrates are checked daily for the pres.ence of eggs.

11.6.26.4.4 Spawning is induced by a combination of three
environmental cues: lighting, 'tidal' cycle, and temperature.
The photoperiod is 14 hours of light followed by 10 hours ·of
darkness (14L: 10D) with lights on at 0600 and off at 2000 :hours.
Use two cool white 40-watt fluorescent lamps suspended 1.25
meters above the surface of each tank to provide illumination.
Light levels at the surface of the tanks 'should be 12 to 21
p.E/m2 /s.

11.6.26.4.5 A 'tidal signal' of reduced current velocity is
produced once daily in each tank, from 2400 to 0200 hrs, by
turning off the circulating pump (Middaugh and Hemmer, 1984).
A 1500-watt immersion heater is used to maintain constant
temperature at 18°e and to provide temperature spikes. For
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spiking, the temperature is raised from i8°e to 21°C over a 12 h
period, then allowed to return to 18°C overnight. : The temperature
should be checked to the nearest O.l°e at 1to 4 hour intervals
on days when the temperature spikes are introduced. It is common
for the fish to appear stressed during the temperature increase
and one or two fish may die. If significant mort~lity begins to

. occur, the temperature should be lowered immediately.
Significant egg production usually begins within five days of the
temperature spike (Middaugh, et al., 1992).

11.6.26.5 Culture Materials

11.6.26.5.1 See Section 5, Facilities and Equipment, for a
discussion of suitable materials to be used in laboratory culture
of topsmelt. Be sure all new materials are properly leached in
seawater before use. After use, all culture materials should be
washed in soap and water, then rinsed with seawater before re
use.

11.6.26.6 Test Organisms

11.6.26.6.1. Newly fertilized embryos s~ould be placed in screen
tubes set in aquaria and equipped with gently flowing seawater at
20 ± 1.oC. The embryos' can be left attached to the spawning
substrates but care should be taken to ensure the substrates are
relatively clean and free of food; strands of embryos should not
overlap each other on the substrates, and gentle aeration must be
provided. Beginning about day 9, check the screen tubes daily
for the presence of larvae. Isolate newly-hatched larvae into a
separate screen-tube at 21°C by slow siphoning. Provide larvae
with newly-hatched Artemia nauplii (in excess) at 24-h post
hatch; supply gently flowing seawater, and aeration. .Larvae
aged 9 to 15 days are used in toxicity tests '(Mc~~lty et al.,
1994). For information regarding topsmelt larva isuppliers call
the Marine Polluti?n Studies Laboratory (408) 624-0947.

11.6.26.6.2 Larvae can be transported in l-liter ziplock plastic
bags (double-bagged). No more than approximately 100 larvae
should be transported in anyone bag; do not include food. The
seawater in the bags should be aerated with pure oxygen for 30
seconds prior to introduction of the larvae. The bag should be
packed in an ice chest with one or two blue ice blocks (insulated
by newspaper) for transport. The temperature during transport
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should be held between 15 and 18 De. Larvae should be shipped via
air-express overnight couriers.

11.6.26.6.3 Topsmelt larvae can tolerate a relatively wide range
of salinities (5 to ~35~) if adequate acclimation is provided
(Anderson, et al., In Press). In situations where the test
salinity is significantly lower than the salinity at which the
larvae were cultured, it may be necessary to acclimate the larvae
to the test salinity.

11.7 EFFLUENTS AND RECEIVING WATER COLLECTION, PRESERVATION, AND
STORAGE

11.7.1 See Section 8, Effluent and Receiving Water Sampling,
Sample Handling, and Sample 'Preparation for Toxicity Tests.

11.8 CALIBRATION AND STANDARDIZATION

11.8.1 See Section 4, Quality Assurance

11.9 QUALITY CONTROL

11.9.1 See Section 4, Quality Assurance

11.10 TEST PROCEDURES

11.10.1 TEST DESIGN

11.10.1.1 The test consists of at least five effluent
concentrations plus a dilution water control. Tests that use
brine to adjust salinity must also contain five replicates of a
brine control.

11.10.1.2 Effluent concentrations are expressed as percent
effluent.

11.10.2 TEST SOLUTIONS

11.10.2.1 Receiving waters

11.10.2.1.1 The sampling point is determined by the objectives
of the test. At estuarine and marine sites, samples are usually
collected at mid-depth. Receiving water toxicity is determined
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with samples used directly as collected or with samples passed
through a 60 J.Lm NITEX® filter and compared without dilution,
against a control. Using five replicate chambers per test, each
containing 200 mL would require approximately 1 J.J of sample per
test per day.

11.10.2.2 Effluents

11.10.2.2.1 'The selection of the efflue~t test concentrations
should be based on the objectives of the study; A dilution
factor of at least 0.5 is commonly used. A. dilution factor of
0.5 provides hypothesis test discrimination of ± 100%, 'and
testing of a 16 fold range of concentrations. Hypothesis test
discrimination shows little improvement as dilution factors are
increased beyond 0.5 and declines rapidly if smaller dilution
factors are used. USEPA recommends that one of the five effluent
treatments must be a concentration of effluent mixed with
dilution water which corresponds to the permitte~'s instream
waste concentration (IWC). At least two of the ,effluent
treatments must be of lesser effluent concentration than the lWC,
with one being at least one-half the concentration of the IWC.
If 100%'0 HSB is used as a diluent, the maximum concentration of
effluent that can be tested will be 66% at 34~ salinity.

11.10.2.2.2 If the effluent is known or suspect,ed to be highly
toxic, a lower range of effluent concentrations should be used
(such as 25%, 12.5%, 6.25%, 3.12% and 1.56%).

11.10.2.2.3 The volume in each test chamber is 200 mL.

11.10.2.2.4 Effluent dilutions should be prepared for all
replicates in each treatment in one container to minimize
variability among the replicates. Dispense into the appropriate
effluent test chambers.

11.10.2.3 Dilution Water

11.10.2.3.1 Dilution water shou~~ be un~ontaminated I-J.Lm
filtered natural seawater or hypersaline brine prepared from
uncontaminated natural seawater plus reagent watler (see Section
7, Dilution Water). Natural seawater may be uncbntaminated
receiving water. This water is used in all dilu'tion steps and as
the control water.
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11.10.2.4 Reference Toxicant Test

11.10.2.4.1 Reference toxicant tests should be conducted as
described in Quality Assurance (see Section4.7).

11.10.2.4.2 The preferred reference toxicant for topsmelt is
copper chloride (CuC1202H20). Reference toxicant tests provide
an indication of the sensitivity of the test organisms and the
suitability of the testing laboratory (see Section 4 Quality
Assurance). Another toxicant may be specified ~y the appropriate
regulatory agency. Prepare a 10,000 ~g/L copper stock solution
by adding 0.0268 g of copper chloride (CuC1202H20) to one liter
of reagent water in a polyethylene volumetric flask.
Alternatively, certified standard solutions can be ordered from
commercial companies.

11.10.2.4.3 Reference toxicant solutions should be five
replicates each of ° (control) i 56, 100, '180, and 320 ~g/~ total
copper. Prepare one liter of each concentration by adding 0,
5.6, 10.0, 18.0, and 32.0 mL of stock solution., respectively, to
one-liter volumetric flasks and fill with dilution water. Start
with control solutions and progress to the highest concentration
to minimize contamination.

11.10.2.4.4 If the effluent and reference toxicant tests are to
be run concurrently, then the tests must use embryos from the
same spawn. The tests must be handled in the same way and test
solutions delivered to the test chambers at the same time.
Reference toxicant tests must be conducted at 34 ± 2~.

11.10.3 START OF THE TEST

11.10.3.1 Prior to Beginning the Test

11.10.3.1.1 The test should begin as soon as possible,'
preferably within 24 h of sample collection. The maximum holding
time following retrieval of the sample from the sampling device
should not exceed 36 h for off-site toxicity tests unless
permission is granted by the permitting authority. In no case
should the sample be used in a test more 'than 72 h after sample
collection (see Section, 8 Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity T~st) .
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11.10.3.1.2 Just prior to test initiation (approximately 1 h),
the temperature of a sufficient quantity of the'sample to make
the test solutions should be adjusted to the te/3ttemperature (20
± 1°C) and maintained at that temperature durinsr the addition of
dilution water.

11.10.3.1.3 Increase the temperature of the water bath, room, or
incubator to the required test temperature (20 :1: 1°C) .

11.10.3.1.4 Randomize the'placement of test chambers in the
temperature-controlled water bath, room, or incubator at the
beginning of the test, using a position chart. Assign numbers
for the position of each test chamber using a rcindom numbers or
similar process (see Appendix A, for an example'of
randomization). Maintain the chambers in this configuration
throughout the test, using a position chart. Record these
numbers on a separate data sheet together wi'th t:he concentration
and replicate numbers to which they correspond. Identify this
sheet with the date, test organism, test ,number, laboratory, and
investigator's name, and safely store it away uqtil after the
larvae have been examined at the end 6f the test.

11.10.3.1.5 Note: Loss of the randomization sl:1eet would
invalidate the test by making it impossible to analyze the data
afterwards. Make a copy of the randomization shee't and store
separately. Take care to follow the num:qering Eiystem exactly
while filling chambers with the test solutions.

11.10.3.1.6 ~rrangethe test chambers randomly'in the wafer bath
or controlled temperatl.1re room. Once chambers have been labeled
randomly, they can be arranged in numerical order for
convenience, since this will also ensure random placement of
treatments.

11.10.3.2 Randomized Placement of, Larvae into Test Chambers

11.10.3.2.1 Larvae must be randomized before placing them into
the test chambers. Pool all of the test larvae into a l-liter
beaker by si'cw siphoning from the screen-tube. The larvae in the
screen-tube can be concentrated into the bottom by lifting the
tube during siphoning. Using a fire-polished glass tube, place
one larva into as many plastic cups as there ar~test chambers
(including reference toxicant chambers). These cups should
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contain enough reference seawater to maintain water quality and
temperature during the transfer,process (approx. 50 mL). When
each of the cups contains one larva, repeat the process, adding
one larva at a time until each cup contains 5 animals.

11.10.3.2.2 Carefully pour or pipet off excess water in the
cups, leaving less than 5 mL with the test larvae. If more than
5 mLs of water are added to the test solution with the juveniles,
report the amount on the data sheet. Carefully transfer the
larvae into the test chambers immediately after reducing the
water volume. Again, make note of any excess dilution of the
test solution. Because of the small volumes involved in the
transfer process, this is best accomplished in a constant
temperature room. Be sure that all water used in culture,
transfer, and test solutions is within 1°C of the test
temperature.

11.10.3.2.3 Verify that all five animals are transferred by
counting the number in each chamber after transfer. This initial
count is important because larvae unaccounted for at the end of
the test are assumed to be dead.

11.10.4 LIGHT, PHOTOPERIOD, SALINITY AND TEMPERATURE

11.10.4.1 The light quality and intensity should be at ambient
laboratory conditions are generally adequate. Light intensity
should be 10-20 ~E/m2/s, or 50 to 100 foot candles (ft-c), with a
16 h light and 8 h dark cycle.

11.10.4.2 The water temperature in the test chambers ~hould be
maintained at 20 ± 1°C. If a water bath 'is used to maintain the
test temperature, the water depth surrounding the test cups
should be as deep as possible without floating the chambers.

15.10.4.3 The test salinity should be in the range of 5 to 34~,

and the salinity should not vary by more than ± 2~ among the
chambers on a given day. The salinity should vary by no more
than ±2~ among the chambers on a given day. If 'effluent and
receiving water tests are conducted concurrently, ,the salinities
of these tests should be similar.

15.10.4.4 Rooms or incubators with highyolume ventilation
should be used with caution because the volatilization of the
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test solutions and evaporation of dilution water may cause wide
fluctuations in salinity. Covering the test chanillers with clean
polyethylene plastic may help prevent· volatilizat:ion and
evaporation of the test solutions.

11.10.5 DISSOLVED OXYGEN (DO) CONCENTRATION

11.10.5.1 Aeration may affect the toxicity of effluent and
should be used only as a last resort to. maintain a satisfactory
DO. The DO concentration should be measured on new solutions at
the start of the test (Day 0). The DO should not. fall below 4.0
mg/L (see Section 8, Effluent and Receiving Water' Sampling,

. Sample Handling~ and Sample Preparation for Toxicity Tests). If
it is necessary to aerate, .all treatments and the. control should
be aerated. The aeration rate should not exceed that necessary
to maintain a minimum acceptable DO and under no circumstances
should it exceed 100 bubbles/minute, using a pipet with a 1-2 mm
orifice, ~uch as a 1 mL KIMAX® serological pipet No. 37033, or
equivalent. Care should be taken to ensure that ~urbulence

resulting from aeration does not cause undue stress to the fish.

11.10.6 FEEDING

11.10.6.1 Artemia nauplii are prepared as de'scribed below.

11.10.6.2 The test larvae are fed newly-hqtched .(less than 24-h~

old) Artemia nauplii once a day from Day 0 through Day 6; larvae
are not fed on Day 7. Equal amounts of Artemia nauplii ~ust be
fed to each replicate test chamber to miriimize the variability of
larval weight. Add 40 newly hatched Artemia naupiii per;larva.
twice daily: once in the morning and once in the afternoon. The
density of Artemia may be determined by pipetting a known volume
of nauplii onto a piece of filter paper and counting the number
using a dissecting microscope. Feeding excessive amounts of
Artemia nauplii will result in a depletion in DO to below an
acceptable level. Siphon as much of the 'uneaten J~rtemia nauplii
as possible from each chamber daily to ensure that the larvae
principally eat newly hatched nauplii.

11.10.7 DAILY CLEANING OF TEST CHAMBERS

11.10.7.1 Before the daiiy renewal of test solutions, uneaten
and dead brine shrimp', dead larvae, and other debris are removed
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from the bottom of the test chambers with a siphon hose. Because
of their small size during the first few days of the test, larvae
are easily drawn into a siphon tube when cleaning the test
chambers. By placing the test chambers on a light box,
inadvertent removal of larvae can be greatly reduced because they
can be more easily seen. If the water siphoned from the test
chambers is collected in a white plastic tray, the live larv~e

caught up in the siphon can be retrieved, and returned by ,pipette
to the appropriate test chamber and noted on the data sheet.

11.10.8 OBSERVATIONS DURING THE TEST

11.10.8.1 Routine Chemical and Physical Observations

11.10.8.1.1 DO is measured at the beginning of the exposure
period in one test chamber at each test concentration and in the
control.

11.10.8.1.2 Temperature, pH, and salinity are measured at the
beginning of the exposure period in one test chamber at each
concentration and in the control. Temperature should also be
monitored continuously or observed and r~corded daily for at
least two locations in the environmental control system or the
samples. Temperature should be measured in a sufficient number
of test chambers at the end of the test to determine temperature
variation in the environmental chamber.

11.10.8.1.3 Record all the measurements on the data sheet.

11.10.8.2 Routine Biological Observatiorts

11.10.8.2.1 The number of live larvae in each test chamber are
recorded daily and the dead larvae are discarded. These data
provide daily mortality rates which may be used to calculate 24,
48, and 96-h LCSOs.

11.10.8.2.2 Protect the larvae from unnecessary disturbances
during th~ test by carrying out the daily test observations,
solution renewals, and removal of dead larvae, carefully., Make
sure the larvae remain immersed at all times during the
performance of the above operations.
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11.10.9 TEST SOLUTION RENEWAL

11.10.9.1 The test solutions are renewed daily 'using freshly
prepared solutions, immediately after cleaning t.he test chambers.
The qld solution is carefuily sip~oned out, leaving enough water
so that all of the larvae can still swim freely (approximately 50
mL). Siphon from the bottom of' the test chambers: so that dead
Artemia nauplii are removed with the old test solution. It is
convenient to siphon old solutions into a small (-500 mL)
container in order to ensure that no larvae have been
inadvertently removed during solution renewals. If a larva is
siphoned, 'return it to the test chamber and note it on the data
sheet.

11.10.9.2 New solution is siphoned into the test chambers using
a U-shaped glass tube attached to plastic tubing to minimize
disturbance to the larvae.

11.10.9.3 The effluent or receiving water used in the 'test is
stored Jnan ':L~gubator or refrigerator at 4'OC. Plastic
containers such as 8-20 L cubitainers have proven suitable for
effluent collection and storage. For on-site to}cJicity studies no
more than 24 h should elaps~ between col~ection of the effluent
and use in a toxicity test (see Section 8, Effluent and Receiving
Water Sampling, Sample Handling, and Sample Prep,aration for
Toxicity Testsf.

11.10.9.4 Approximately 1 h before test initiation, a sufficient
quantity of effluent or receiving water sample is wa.rmed to 20 ±
1°C to. prepare the test solutions. A sufficient quantity of
effluent should be warmed to make daily test solutions.

11.10.10 TERMINATION OF THE TEST

11.10.10.1 Ending the Test

11.10.10.1.1 Record the time the test is terminated.

11.10.10.1.2 Temperature, pH, dissolved oxygen, and salinity are
measured at the end of the exposure period in one test chamber at
each concentration and in the control.

11.10.10.2 Sample Preservation
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11.10.10.2.1 The surviving larvae in each test chamber
(replicate) are counted, and immediately.prepared as a group for
dry weight determination, or are preserved in 4% formalin then
70% ethanol. Preserved organisms are dried and weighed within 7
d. For safety, formalin should be used under a hood. -Ndte:
Death is defined as lack of response to stimulus such as prodding
with a glass rod;' dead larvae are generally opaque and curled.

11.10.10.3 Weighing

11.10.10.3.1 For immediate drying and weighing, siphon or pour
live larvae onto a 500 ~m mesh screen in a large beake~ to retain
the larvae and allow Artemia to be rinsed away. Rinse the larvae
with reagent water to remove salts that might contribute to the
dry weight. Sacrifice the larvae in an ice bath of reagent
water.

11.10.10.3.2 Small aluminum weighing pans can be used to dry and
weigh larvae. An appropriate number of aluminum weigh pans (one
per replicate) are marked for identification and weighed to 0.01
mg, and the weights are recorded on the data sheets.

11.10.10.3.3 Immediately prior to drying, the preserved larvae
are in reagent water. The rinsed larvae.from each test chamber
are transferred, using for~eps, toa tared weighing pans and
dried at 60°C for 24 h, or at 105°C for a minimum of 6 h.
Immediately upon removal from the drying .oven, the weighing pans
are placed in a desiccator to cool and to prevent' the adsorption
of moisture from the air until weighed. Weigh all weighing pans
containing the dried larvae to 0.01 mg, subtract the tare weight
to determine dry weight of larvae in each replicate. Record the
weights.

11.10.10.4 Endpoints

11.10.10.4.1 Divide the dry weight by the number of origin~l

larvae (5) per replicate to determine the average dry weight, and
record on the data sheets. For the controls, also calculate the
mean weight per surviving fish in the test chamber to evaluate. if,
weights met test acceptability criteria (see Subsection 11.11) .
Complete the summary data sheet after calculating the average
measurements and statistically analyzing the dry weights and
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percent survival for the entire test. Average wE~ights should be
expressed to the nearest 0.01 mg.

11.11 SUMMARY OF TEST CONDITIONS AND TEST ACCEP~~ABILITY CRITERIA

11.11.1 A summary of test conditions and test acceptability
criteria is listed in Table 3.

TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY
CRITERIA FOR THE TOPSMELT, ATHERINOPS l.lFFINIS, LARVAL
SURVIVAL AND GROWTH TEST WITH EFFLUENTS AND RECEIVING
WATERS

r "

1- Test type: Static-renewal

2. Salinity: 5 to 34%"0 (± 2%0 of: the
selected test salinity)

3. Temperature: 20 ± l°C

4. Light quality: Ambient laboratory illumination

5. Light intensity: 10-20 fJ-E/m2
/ s (Ambient

laboratory levels)

6 . Photoperiod: 16 h light, 8 h darkness

7. Test chamber size: 600 mL

solution volume: 200 mL/replicate
I

8 . Test

9 . Renewal.of test Daily
solutions:

10. Age of test organisms: 9-15 days post-hatch

11. No. larvae per test 5
chamber:

12. No. replicate chambers 5
per concentration:

13. Source of food: Newly hatched Artemia nauplii

14. :Feeding regime: Feed 40 nauplii per larvae
twice daily (morning arid night)
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1.5. Cleaning: Siphon daily, immediately
before test solution renewal
and feeding

I

1.6. Aeration: None, unless DO concentration
I falls below 4.0 mg/L, then

aerate all chambers. Rate
should be less than 100

I bubbles/min.

I 1.7. Dilution water: Uncontaminated 1-Jlm-filtered
natural seawater or hyper~aline

brine prepared from natural
seawater

1.8. Test concentrations: Effluent: Minimum of 5' arid a
I control

Receiving waters: 100%
I receiving water and a control
,

19. Dilution factor: Effluents: ~0.5

Receiving waters: None, or ~0.5

i
I

duration: days20. Test 7
[

: 21.. Endpoints: Survival and growth (weight)
,

22. Test acceptability ~80% survival in controls, 0.85
criteria: mg average weight of cont,~ol

larvae (9 day old) , Le50 with
I copper must be ~205 Jlg/L, <25%

I
MSD for survival and <50% MSD

! for growth
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23. Sampling requirement:

24. Sample volume
required:

For on-site tests, samples
collected daily, and used
within 24 h of the time they
are removed from the sampling
device. For off-site tests, a
minimum of threl= samples are'
collected on days one, ,three,
and five with a maximum ,holding
time of 36 h before first use
(see Section 8, Effluent and
Receiving Water· Sampling,
Sample Handling" and Sample
Preparation for Toxicity Tests)

2 L per day

11.12 ACCEPTABILITY OF TEST RESULTS

11.12.1 Tests results are accep~able only if all the following,
requirements are met:

(1) The mean survival of larvae must be at least 80%" in the
,controls.

(2) If the test starts with 9 day old larvae, the mean
weight per larva must exceed 0.85 mg in the reference
and brine controlsi the mean weight of preserved larvae
must exceed 0.72 mg.

(3) The LC50 for survival must be within two standard
deviations of the control chart mean for the
laboratory. The LC50 for survival. with copper must be
<205 f.Lg/L.

(4) The minimum significant difference (%"MBD) of <25%"
relative to the control for survival for the reference
toxicant test. The (%"MSD) of <50%" rel,tive to the
control for growth for the reference toxicant test.

11.13 DATAANALYSIS
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11.13.1 GENERAL

11.13.1.1 Tabulate and summarize the data. A·sample set of
survival and growth response data is listed in Table 4.

11.13.1.2 The endpoints of toxicity tests using the topsmelt
larvae are based on the adverse effects on survival and growth.
The LC50 and the IC25 are calculated using point estim~tion

techniques (see Section 9, Chronic Toxicity Test Endpoints and
Data Analysis). LOEC and NOEC values, for survival and growth,
are obtained using a hypothesis testing approach such as
Dunnett's Procedure (Dunnett, 1955) or Steel's ,Many-one Rank Test
(Steel, 1959; Miller, 1981) (see Section 9). Separate analyses
are performed for the estimation of the LOEC and NOEC endpoints
and for the estimation of the LCSO and IC2S. Concentrations at
which there is no survival in any of the test chambers are
excluded from the statistical analysis of the NOEC and LOEC for
survival and growth, but included in'the estimation of the LCSO
and IC25. See the Appendices for examples of the manual
computations and examples of data input ~nd program output.

11.13.1.3 The statistical tests described here must be used with
a knowledge of the assumptions upon which the tests are
contingent. Tests for normality and homogeneity of variance are
included in Appendix B. The assistance of a statistician is
recommended for analysts who are not proficient in statistics.

11.13.2 EXAMPLE OF ANALYSIS OF TOPSMELT, ATHERINOPS AFFINIS
SURVIVAL DATA

11.13.2.1 Formal statistical analysis of the survival data is
outlined in Figures 1 and 2. The response used in the analysis is
the proportion of animals surviving in each test or control
chamber. Separate analyses are performed for the estimation of
the NOEC and LOEC endpoints and for the estimation of the LCSO
endpoint. Concentrations at which there is no survival in any of
the test chambers are excluded from statistical analysis of the
NOEC and LOEC, but included in the estimation of the Ie, EC, and
LC endpoints.

11.13.2.2 For the case of equal numbers of replicates across all
concentrations and the control, the eval~ation of the NOEC and
LOEC endpoints is made via a parametric test, Dunnett's
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Procedure/ or a nonparametric test, Steel's Man)'-one Rank Test,
on the arc sine square root transformed data. lTnderlying
assumptions of Dunnett's Procedure/ normality and homogeneity of
variance/ are formally tested. The test fo'r normality is the
Shapiro-Wilk's Test, and Bartlett's Test is used to test for
homogeneity of variance. If either of these tests fails/ the
nonparametric test, Steel's Many-one Rank Test, is used to
determine the NOEC and LOEC endpoints. If the assumptions of
Dunnett's Procedure are met/ the endpoints are e:stimated by the
parametric procedure.

11.13.2.3 If unequal numbers of replicate,s occur among the
concentration levels tested/ there are parametric and
nonparametric alternative analyses. The parametric analysis is a
t test with the Bonferroni adjustment (see Appendix D). The
Wilcoxon Rank Sum Test with the Bonferroni adjustment is the
nonparametric alternative.

11.13.2.4 Probit Analysis (Finney, 1971; see Appendix H) is used
to estimate the concentratibn that causes a specified percent
decrease in survival from the control. In this analysis/ the
total mortality data from all test replicates at' a given
concentration are combined. If the data do not tit the Probit
Analysis, the Spearman-Karber Method, the Trimme~ Spearman-Karber
Method, or the Graphical Method may be used to estimate the LC50
(see Appendices H-K) .

11.13.2.5 Example of Analysis of Surviv~l Data

11.13.2.5.1 This example uses the survival data from the
Topsmelt Larval Survival and Growth Test. The proportion
surviving in each replicate must first be transf6rmed by the arc
sine square root transformation procedure described in Appendix .
The raw and transformed data, means and variances of the
transformed observations at each copper concentrc~tion and control
are listed in Table 5. A plot of the survival p:roportions is
provided in Figure 5. Since there was 100% mortality in all five
replicates for the 100 ~g/L and 180 ~g/L concentration~, they are
not included in the statistical analysis and are considered
qualitative mortality effects.

103

RB-AR25087



TABLE 4. SUMMARY OF SURVIVAL AND GROWTH DATA FOR TOPSMELT,
ATHERINOPS AFFINIS, LARVAE EXPOSED TO COPPER FOR
SEVEN DAYSl

Copper Mean
Cone. Replicate Survival Proportions Proportion

(/Lg/L) A B C D E Survival

0.0 LO 0.8 LO LO LO 0.,96
32.0 LO LO LO LO LO LOO
56.0 0.0 0.6 0.2 LO 0.6 0.48

1.00.0 0.0 0.0 0.0 0.0 0.0 0.00
1.80.0 0.0 0.0 0.0 0.0 0.0 0.00

Cone. Replicate Average Dry Weights (mg) ,Mean Dry
(/Lg/L) A B C D E Wgt (mg)

0.0 0.001.34 0.00153 0.00134 0.00146 0.00144 0.00142
32.0 0.00146 0.00142 0.00150 0.00138 0.00128 0.00141
56.0 0.00147 0.00170 0.00124 0.00130 0.00114

1.00.0
180.0

lFive replicates of 5 larvae each.
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Figure 1. Flowchart ;or stat'istical analysis of the topsmelt,
Atherinis affinis, la~val survival data by hypothesis testing.
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MORTALITY DATA
.,DEAD

TWO OR MORE
PARTIAL MORTALITIES?

YES

IS PROBIT MODEL
APPROPRrATE?

. (SIGNIFICANT X2 TEST)

YES

PROBITMETHOD

Figure 2. Flowchart for statistical analysis.of the topsmelt,
Atherinis affinis, larval survival data by point estimation.
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TABLE 5. TOPSMELT, ATHERINOPS AFFINIS, SURVIVAL DATA
I

Copper Concentration
(/lg/L)

Replicate Control 32.0 56.0

A 1;0 1.0 0.0
RAW B 0.8 1.0 0.6

C 1.0 1.0 0.2
D 1.0 1.0 1.0
E 1.0 1.0 0.6

A 1.345 1.345 0.225
ARC SINE B 1.107 1. 345 0.886
SQUARE C 1 ..345 01.345 0.464
ROOT D 1.345 1.345 1. 345
TRANSFORM E 1. 345 1. 345 0.886
ED

11.13.2.6 Test fo~ Normality

1.297
0.0113
1

1. 345
00.000
2

0.761
0.187
3

11.13.2.6.1 The first step of the test for normality is to
center the observations by subtracting the mean of all
observations within a concentration from each observation in that
concentration. The centered observations are summarized in Table
6.
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TABLE 6. CENTERED OBSERVATIONS FOR SHAPIRO-,wILK'S EXAMPLE

Copper ConcE~ntration

(flg/]~)

Replicate Control 32.0 56.0

A 0.048 0.000 -0.536
B ...,0.190 0.000 0.125
C 0.048 0.000 -0.297
D 0.048 0.000 0.584
E 0.048 0.000 0.125

11.13.2.6.2 Calculate the denominator, D, of the statistic:

n
- 2

D = E (X.-X)
i.l ~

Where:

11.13.2.6.3

11.13.2.6.4
largest

Xi = the ith centered observation

X = the overall mean of t4e centE~red observations

n the total number of centered observations

For this set of data,

n = 15

x =~ (0.003) = 0.000
15

D 0.793

Order the centered observations from smallest to
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where Xli) denotes the ith ordered observation. The ordered
observations for this example are listed in Table 7.

TABLE 7. ORDERED CENTERED OBSERVATI,ONS. FOR THE SHAPIRO-WILKIS
EXAMPLE

i Xli) i Xli)

1 -0.536 9 0.048
2 -0.297 10 0.048
3 -0.190 11 0.048
4 0.000 12 0.048
5 0.000 13 0.125
6 0.000 14 0.125
7 0.000 15 0.584
8 0.000

11.13 .2.6 .5 From Table 4, Appendix B, ·for the number of
observations, n, obtain the coefficients a1, a 2 , ••• a k where k is
n/2 if n is even and (n-1)/2 if n is odd. For the data in this
example, n = 15 and k = 7. The ai values' are listed in Table 8.

11.13.2.6.6 Compute the test statistic, W, as follows:

k 2

W = ~ [Ea (X (n-i.1) -X (i») ]

D i.1 i

The'differences xln-i+1)
in this example,

Xli) are listed in Table 7. For the data

1 2
W = -- (0.817) = 0.842

0.793
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11.13.2.6.7 'The decision rule for this test is: to compare W as
calculated in Subsection 11.13.2.6.6 to a critical value found in
Table 6, Appendix B. If the computed W is less than the critical
value, conclude that the data are not normally distributed. For
the data in this example, the critical value at a significance·'
level of 0.01 and n = 15 observations is 0.835. Since W ='0.842
is greater than the critical value, conclude ,that the dat,a are
normally distributed.

11.13.2.6.8 Since the variance of the lowest, copper
concentration group is zero, Bartlett's test statistic can not be
calculated. Therefore, the survival data variances are
considered to be heterogeneous.

11.13.2.6.9 Since the data do not meet the assumption of
homogeneity of variance,' Steel's Many-one Rank Test will be used

TABLE 8. COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S
EXAMPLE

i X (n-i+ll - X (il

1 0.5150 1.12.0 X(lSJ X(l)'

2 0.'3306 0.422 X(l4) - X(2)

3 0.2495 0.315 X(l3) - X(3l

4 0.1878 0.048 X(12) X(4)

5 0.1353 0.048 X(l1.J - Xes)

6 0.0880 0.048 X(lO) - X(6)

7 0.0433 0.048 X(9) - XC?)

to analyze the survival data.

11.13.2.7 Steel's Many-one Rank Test
11.13.2.7.1 For each control and concentration combination,
combine the data and arrange the observations il~ order of size
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from smallest to largest. Assign the ranks (1, 2, ... , 10) to
the ordered observations with a rank of 1 assigned to the
smallest observation, rank of 2 assigned to the next larger
opservation, etc. If ties occur when ranking, assign the average
rank to each tied observation.

11.13.2.7.2 An example of assigning ranks to the combined data
for the control and 32.0 ~g/L copper concentration is,given in
Table 9. This ranking procedure is repeated for each
control/concentration combination. The complete set of rankings
is summarized in Table 10. The ranks are next summed ~or ~ach

copper concentration, as shown in Table 11.

11.13.2.7.3 For this example, 'determine if the survival in any
of the copper concentrations is significantly lower than the
survival in the control. If this occurs, the rank sUm at that
concentration would be significantly lower than the ,rank sum of
the control. Thus, compare the rank sums for the survival at
each of the various copper concentrations with some "minimum" or
critical rank sum, at or below which the survival would be
considered significantly lower than the control. At a
significance level of 0.05, the minimum rank sum in a test with
two concentrations (excluding 'the control) and five replicates is
18 (see Table 5; Appendix E) .

11.13.2.7.4 Since the rank sum for the 56.0 ~g/L copper
concentration is equal to the critical value, the proportion
surviving in the 56.0 ~g/L concentration is considered
significantly less than that in the cont~ol. Since the other
rank sum is not less than or equal to the critical value, it is
not considered to have a significantly lower proportion surviving
than the control. Hence, the NOEC and the LOEC are the 32.0 ~g/L

and 56.0 f1.g/L concentrations, respec.tively.

11.13.2.8 Calculation of the LC50

11.13.2.8.1 The data used for the calculation of the LC50 is
summarized in Table 12. For estimating the LC50, the data for
the 100 f1.g/L and 180 f1.g/L copper concentrations with 100%
mortality are included.
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TABLE 9. ASSIGNING RANKS TO THE CONTROL AND 32.0 ~g/L,

COPPER CONCENTRATION FOR STEEL'S MANY-ONE RANK
TEST

Rank

1
6
6
6
6

6
6

Transformed
Proportion
Surviving

1.107
1.345
1.345
1.345
1.345

, 1.345
1.345

Copper
Conc1entration

(~g/L)

Control
32.0
32.0
32.0
3:2.0
32.0

Control

;
I '

TABLE 10. TABLE OF RANKS

Copper Concentration <,ug/L)
Replicate Control 32.0 " 56.0

A 1.345 (6, 8) 1.345 (6) , 0.225 (1)
B 1.107 (1, 5) '1.345 (6) 1 0 . 886 "(3.5)

I

C 1.345 (6, 8) 1.345 (6) 0.464 (2)
D 1.345 (6, 8) 1.'345 (6) . 1.345 (8)
E 1.345 (6, 8) 1.345 (6) :0.886 ' (3 .5)
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TABLE 11. RANK SUMS

Copper Concentration Rank Sum
(p.g/L)

32.0 30
56.0 18

11.13.2.8.2 Because there are is only one partial mortality in
the set of copper concentration responses, Probit Analysis is not
appropriate to calculate the LC50 and 95% confidence interval for
this set of test data. Inspection of the data reveals that, once
the data is smoothed and adjust~d, the proportion mortality in
the lowest effluent concentration will be zero and the proportion
mortality in the highest effluent concentration will be one,
Therefore, the Spearman-Karber Method is appropriate for this
data.

11.13.2.8.3 Before the LC50 can be calculated the data must be
smoothed and adjusted. For the data in this example, because the
observed proportion mortality for the 32.0 ~g/L copper
concentration is less than the observed response proportion for
the control, the observed responses for the control and this
group must be averaged:

s s
Po = P1 =

0.040+0.000

2
0.020

Where: pj = the smo~thed observed mortality proportion" for
effluent concentration i.

11.13.2.8.3.1 Because the rest of the responses are monotonic,
additional smoothing is not necessary. ~he smoothed observed
proportion mortalities are shown in Table 12.

11.13.2.8.4 Because the smoothed observed proportion mortality
for the control is now greater than zero, the data in each
effluent concentration must be adjusted using Abbott's formula
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(Finney, 1971). The adjustment takes the form::

pr = (Pf - pg) / (1 - pg)

Where: pg = the smoothed observed proportion mortality for the
control

Pf = the smoothed observed proportion mortality for
effluent concentration i

11.13.2.8.4.1 For the data in this example, the data for each
effluent concentration must be adjusted for control mortality
using Abbott's formula, as follows:

0.'020-0.020

1"-0.020

0.000

0.980
:: 0.0

0.520-:0.020

1-0.02,0

1. 000-0.020

1-0.020

0.500
a 0 ..510

0.980

0.980
a 1. ooq

0.980

The smoothed, adjusted response proportions for the,eff.luent
concentrations are, shown in Table 12.

11.13.2.8.5 Calculate the loglo of the estimated LC50, m, as
follows:

i-l 2

Where: pf the smoothed adjusted proportion mortality at
concentration i

Xi the lOglO of concentration i
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k = the number of effluent concentrations tested, not
including the control

TABLE 12. DATA FOR EXAMPLE OF SPEARMAN~KARBER ANALYSIS

Copper Number of Smoothed Adjusted
Concentration Number Organisms Mortality Mortality Mortality

% of Deaths Exposed Proportion proportion proportion

Control 1 25 0.040 0.020 0.000
32.0 0 25 0.000 0.020 0.000
56.0 13 25 0.520 0.520 0.510

100.0 25 25 .1. 000 1.000 1.000
180.0 25 25 1.000 :i..ooo 1. 000

11.13.2.8.5.1 For this example, the 10910 of the estimated LC50,
m, is calculated as follows:

m =: [(0.510 - 0.000)
[(1.000 - 0.510)
[ (1.000 - 1. 000)

,
= 1.7479

(1.5051 + 1.7482)]/2 +
(1.7482 + 2.0qOO)]/2 +
(2.0000 + 2.2553)]/2 +

11.13.2.8.6 Calculate the estimated variance of m as follows:

k-1 P .. (l-p ") (X +X ) 2
V(m) =:E i i i.1 ~-1

i-2 4 (n
i
-1)

Where: Xi = the 10glo of concentration i

ni "" the number of organisms tested at effluent
concentration i

p~ = the smoothed adjusted observed proportion mortality
at effluent concentration i

k = the number of effluent concentrations tested, not
including the control

11.13.2.8.6.1 For this example, the est~mated variance of m,
V(m), is calculated as follows:
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I, '

I

V(m) = (0.5,10) (0.490) (2.0000 - 1.5051)2/4(24) +
(1. 000) (0. 000) (2.2553 - 1. 74.82) 2/4 (24)

0.0006376

11.13.2.8.7 Calculate the 95% confidence interval for m:m ±
2.0 J V(m)

11.13.2.8.7.1 For this example, the 95% confidence interval for
m is calculated as follows:

1.7479 ± 2 JO.0006376 = (1.6974, 1.7984)

11.13.2.8.8 The estimated LC50 and a 95% confidence interval' for
the estimated LC50 can be found by taking base10 antilogs of the
above values.

11.13.2.8.8.1 For this example, the estimated 1:"C50 is calcul,ated
as follows:

LC50 = antilog(m) antilog'1.7479) = 56.0 ~g/L ..

11.13.2.8.8.2 The limits of the 95% confidence interval for the
estimated LC50 are calculated by taking the antilogs of the upper
and lower limits of the 95% confidence interval.for m as follows.:

lower limit:

upper limit:

antilog(1~6974)49~8~g/L

antilog(1.7984) = 62~9 ~g/L

11.13.3 EXAMPLE OF ANALYSIS OF TOPSMELT, ATHERTNOPS AFFINIS,
GROWTH DATA

11.13.3.1 Formal statistical analysis of the gJ:~owth data is
outlined in Figure 4.

The response used in the' statis.tical analysis lEI mean weight per
surviving organism for each replicate. The IC2:; can be
calculated for the growth data via a point estinlation technique
(see Section 9, Chronic Toxicity Test Endpoints and Data
Analysis). Hypothesis testing can be used to obtain an'NOEC and
LOEC for growth. Concentrations above,the NOEC for su~vival are
excluded from the hypothesis test for growth effects.
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11.13.3.2 The statistical analysis using hypothesis testing
consists of a parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test. The underlying
assumptions of the Dunnett's Procedure, normali~y and homogeneity
of variance, are formally tested. The test for normality is the
Shapiro-Wilk's Test and Bartlett's Test is used to test for
homogeneity,of variance. If either of these tests fails, ~he

nonparametric test, Steels' Many-one Rank Test, is used to
determine the NOEC and LOEC endpoints. If the assumptions of
Dunnett's Procedure are met, the endpoints are determined by the
parametric test.

11.13.3.3 Additionally, if unequal numbers of replicates occur
among the concentration levels tested there are parametric, and
nonparametric alternative analyses. The .parametric analysis is a
t test with the Bonferroni adjustment. The Wilcoxon Rank Sum
Test with the Bonferroni adjustment is the nonparametric
alternative. For detailed information on the Bonferroni
adjustment, see ~ppendix D.

11.13.3.4 The data, mean and variance of the observations at
each concentration. including the control are listed in Table 13.
A plot of the mean weights for each treatment is provided in
Figure 5. Since there is no survival in the 100 ~g/L and 180
~g/L copper concentrations, they are not considered in ,the'
growth analysis. Additionally, since there is significant
mortality in the 56.0 ~g/L concentration, its effect on growth is
not considered.

11.13.3.5 Test for Normality

11.13.3.5.1 The first step of the test for normality is,to
center the observations by subtracting the mean of all 'the
observations within a concentration from each observation in that
concentration. The centered observations are summarized in Table
14.
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Figure 4. Flowchart for statistical analysis of the topsmelt,
Atherinops affinis, larval growth data.
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TABLE 13. TOPSMELT, ATHERINOPS AFFINIS, GROWTH DATA

Copper Concentration (j.Lg/L)

Replicate Control 32.0 56.0 100.0 180.0

A 0.00134 0.00146
B 0.00153 0.00142
C 0.00134 0.00150
D 0.00146 0.00128
E 0.00144 0.00141

Mean (y!) 0.00142 0.00141

Sf 0.000000006 0.000000007
i 1 2 3 4 5

TABLE 14. CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S
EXAMPLE

Replicate

A
B
C
D
E

Control

-0.00008
0.00011

-0.00008
0.00004
0.00002

32.0 ~g/L Copper

0.00005
0.00001
0.000.09

-0.00003
-0.00013

11.13.3.5.2 Calculate the denominator, D, of the test statistic:

nr -2
D=L..t(X -X)

i
i-l

Where: Xi = the ith centered observation

X = the overall mean of the centered observations

n = the total number of centered observations.
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For this set of data, n = 10

x = __1_(0.00) = 0.00
10

D = 0.000000055

11.13.3.5.3 Order the centered observations from smallest to
largest:

X11) ~ X12) ~ ••• ~ X ln)

Where Xli) is the ith ordered observation. These ordered
observations are listed in Table 15.

11.13.3.5.4 From Table 4, Appendix B, for the number of
observations, n, obtain the coefficients au a 2 , ••• , a k where k
is n/2 if n is even and (n-l)/2 if n is odd. For the data in
this example, n = 10 and k = 5. The ai values are listed in
Table 16.

TABLE 15. ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S
EXAMPLE

i Xli) i X(il

1 -0.00013 6 0.00002

2 -0.00008 7 0.00004

3 -0.00008 8 0.00005

4 -0.00003 9 0.00009

5 0.00001 10 0.00011
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TABLE 16. COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILlC'S EXAMPLE

i ai X ln- i +1) - Xli)

1 0.5739 '0.00024 X I1O) - X(11

2 0.3291 0.00017 X(9) - X(2)

3 0.2141 0.00013 XU) - X(3!

4 0.1224 0.00007 Xl7l - X(4)

5 0.0399 0.00001 XJ6) - X(S~

11.13.3.5.5 Compute the test statistic,W, as follows:

The differences X Cn- i +1 ) - Xli) are listed in Table 16. For this set
of data:

w = 1 (0.0002305)2 = 0.966
0.000006055

11.13.3.5.6 The decision rule for this test ,is to compare W with
the critical value found in Table 6, Appendix B. If the computed
W is less than the critical value, conclude that t~e.data are not
normally distributed. For this example, the critical value at a
significance level of 0.01 and 10 observations (n) is 0.781. '
Since W = 0.966 is greater than the crit~cal value, the conclude
that the data are normally distributed.

11.13.3.6 Test for Homogeneity of Variance

11.13.3.6.1 The test used to examine whether the variation in
mean dry weight is the same across all effluent c~ncentrations

including the control, is Bartlett's Test (Snedecor and Cochran,
1980). The test statistic is as follows:

B ='

p p

ULVi ) In.? - LVi In s:]
i-I ,t-l

c
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Where: Vi = degrees of freedom for each effluent
concentration and control, Vi = (ni - 1)

ni = the number of replicates for concentration i

p = number of levels of' effluent concentration
including the control

In = loge

i = I, 2, ... , p where p is the number of
concentrations including the control

p

(LV
1
S:)

? = _1-_1__

p p

C = 1+ [3 (p-l) r 1 [Ll/V _ (LV) -1]
1 . 1

1·1 1-1

11.13.3.6.2 For the data in this example (see Table 14), all
effluent concentrations including the control have the same
number of replicates (ni = 5 for alIi). Thus, Vi = 4 for all i.

11.13.3.6.3 Bartlett's statistic is therefore:
p

B= [(8)ln(6.5x10- 9
) - 4Lln(s:)] /1.125

1-1

= [8(-18.851). - 4(-37.709)]/1.125

= 0.028/1.125

= .0.0249
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11.13.3.6.4 B is approximately distributed as Chi-square with p
- 1, degrees of freedom, when 'the variances are in fact the same.
Therefore, the appropriate critical value for this test, a:t a
significance level 'of 0.01 with one degree of freedom, is 6.635.
Since B = 0.0249 is less than the critical value of 6.635,
conclude that the variances are not different.

11.13.3.7 Dunnett's Procedure

11.13.3.7.1 To obtain an estimate of the pooled'variance for the'
Dunnett's Procedure, construct an ANOVA table as described in
Table 17.

TABLE 17. ANOVA TABLE

Source

Between

Within

df

p - 1

N - P

Sum of Squares
(SS)

SSB

SSW

Mean Square(JI1S)
. (SS/df')

2

SB SSB/ (p-:1)

2

Sw = SSW/ (N-p)

---------------------~----:----'-----

Total N - 1 SST

Where: p = number of concentrat,ion levels' i~~cluding, the'
control

N = total number of observations, n 1 +. n 2 ••• + TIp

, ,

n i = number of observations in concentration i

p

SSB = 'ET:ln
i

-G 2 IN Between Sum of Squa:~es
1-1' -~

p' n i
SST = 'E'EY1~-G2 IN Total Sum of Squares

1-1:/-1
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ssw = SST-SSB

G =

Within Sum of Squ~res

the grand total of all sample observations,

Ti = the total of the replicate measurements for
concentration i

Yij = the jth observation for concentration i
(represents the mean dry weight of the mysids for
concentration i in test chamber j)

11.13.3.7.2 For the data in this example:

N "" 10

G = T 1 + T2 = 0.01415

p

SSB. ET:lnJ.-G2/N
J..1

= --L (1 . 001137 x 10 -4 ) - ( 0 . 01415) 2

5 10

p nj

SST. EEYJ.2j-G2IN
,1.1j.1

4.90 X 10-10

=: 0.0000201 - (0.01415) 2 = 7.775 X 10-8

10
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ssw " SST-SSE :::: 7.775 X 1,0-8 - (4.9 x 10-1 °) ,- 7.726 X 10-8
2

SB :::: SSB/ (p-1) :::: (4.9 x 10-1 °) / (2-1) :::: 4.9 X 10-1°2

Sw - SSW/ (N-p) :::: 7.726 x 3,.0-8 / (10-2) :::: 9.658 X 10-9

11.13~3.7.3 Summarize these calculations in theANOVA table
(Table 18).

TABLE 18. ANOVA TABLE FOR DUNNETT'S PROCEDURE EXP.MPLE

Source df Sum of Squares Mean Square n~S)

(SS) (SS/df)

Between 1 4.90, x, 10-10 4.9 X 10-10 ,

Within 8 7.726 X 10-8 9.658 X 10-9

Total 9 7.775 X 10-8

11.13.3.7.4 To perform the individual comparisons, calculate the
t statistic for each concentration, and control combination as
follows:

t "1

Where: Y i :::: mean dry weight for effluent concentration i

Y1 :::: mean dry weight for the control

Sw :::: squar~ root of the within m~an squal;~

n 1 :::: number of replicates for the control

n i :::: number of replicates for concentrati,on i.

I

11.13.3.7.5 Table 19 includes the calculated t values for each
concentration and control combination. In this e:jcample there is
only one comparison, of the 32.0 ~g/L copper conc~ntratioh with
the control. 'The calculation is as follows:
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t =
2

(0.00142 - 0.00141)

[9.828x10-S V(l/s) + (liS) ]
= 0.161

TABLE 19. CALCULATED t VALUES

Copper Concentration (~g/L)

32.0

i

2 0.161

11.13.3.7.6 Since the purpose of this test is to detect a
significant reduction in mean weight, a one-sided test is
appropriate. The critical value for this one-sided test is found
in Table 5, Appendix C. For an overall alpha level of 0.05, 8
degrees of freedom for error and one concentration (excluding the
control) the critical value is 1.86. The ·mean weight for
concentration i is considered significantly less than the mean
weight for the control if t i is greater than the critical value.
Since t 2 is less than 1..86, the 32. a f-Lg/L' concentration does not
have significantly lower growth than 'the control. Hence the NOEC
and the LOEC for growth cannot be calculated.

11.13.3.7.7 To quantify the sensitivity.of the test, the minimum
significant difference (MSD) that can be statistically detected
may be calculated:

MSD = d S ./ (lin) + (lin)
"V 1

Where: d = the critical value for Dunnett's Procedure

Sw = the square root of the within mean square

n = the common number of replicates at each
concentration
(this assumes equal replication at each
concentration)

n 1 = the number of replicates in the control.
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11.13.3.7.8 In this example:

MSD = 1.86 (9.828x10-5
) V(l/4) + (1/4)

:= 1. 86 (9 . 828 x 10-s) (0. 632)

:= 0.000116

11.13.3.7.9 Therefore, for this set of data, the minimum
difference that can be detected as statistically significant is
0.000116 mg.

11.13.3.7.10 This represents a 8.2% reduction in mean ~eight

from the control.

11.13.3.8 Calculation of the ICp

11.13.3.8.1 The growth data from Table 4 are utilized in this
example. As seen from Table 4 and Figure 6, the observed means
are monotonically non-increasing with respect to concentration
(mean response for each higher concentration is less than or
equal to the mean response ·for the previous concentration and 'the
responses between concentrations follow a linear trend) .
Therefore, the means ,do not require smoothing prior to
calculating the IC. In the following di~cussionj' the observed
means are represented by Yi and the smoothed mearis by Mi.

11~13.3.8.2 Since Ys = 0 < Y4 = 0 < Y3 := 0~00114 < Y2 = 0.00141
< Y 1 = 0.00142, set M1 := 0.00142, M2 = 0.00141, M3 = 0.00114, M4 =

o and Ms = o.

11.13.3.8.3 Table 20 contains the response means and smoothed
means and Figure 8 gives a plot of the smoothed response curve.

11.13.3.8.4 An IC25 can be estimated uSlng the Linear,
Interpolation Method. A 25% reduction in weight, compared to the
controls, would result in a mean dry weight of 0.001065 mg, where
M1 (1-p/100) = 0.00142(1-25/100). Examining the s~oothed means
and their associated concentrations (Table 20), the response,
0.001065 mg, is bracketed by C3 = 56.0 p.g/L copper and C4 = 100.0
p.g/L copper.
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11.13.3.8.5 Using the equation from Section ,4.2 of Appehdix M,
the estimate of the IC25 is calculated as follows:

I C2 5 "" 5 6 . 0 + [0. 0 014 2 (1 - 25/10 0 ) - O. 0 0114 ] (10 0 . 0 - 5 6 • 0 )
(0.0 - 0.00114)

= 58.9 j1.g/L.

11.13.3.8.6 When 'the ICPIN program was .used to analyze this set
of data, requesting 80 resamples, the' estimate of the IC25, was, .
58.9089 p.g/L. The empirical 95% confidence interval for t,he true
mean was 44.2778 p.g/L to 67.0000 p.g/L. The computer program,
o~tput for the IC25 for this data set is shown in Figure 7.,

TABLE 20. TOPSMELT, ATHERINOPS AFFINIS, MEAN GROWTH
RESPONSE AFTER SMOOTHING

Copper Response Smoothed'
Cone. (j1.g/L) i Means Means

(mg) Yi (mg) Mi

Control 1 0.00142 0.00142
32.0 2 0.00141 0.00141
56.0 3 0.00114 0.00114

100.0 4 0.0 0.0
180.0 5 0.0 0.0

11.14.1 PRECISION

11.14.1.1 Single-Laboratory Precision

11.14.1.1.1 Data on the single-laboratory precision of t,he
topsmelt larval survival and growth test using copper chloride as
the reference toxicant are provided in Tables 21 an~ 22. In the
five copper tests presented here, the NOECs for survival were 100
p.g/L for all tests but one; this test had a NOEC of 180 f.l.g/L.
The coefficient of variation for copper pased on the LC25 is
17.3% for survival; the coefficient. of variation for copper based
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on the LCSO is '9.7% for survival. The weight endpoint was' less
sensitive than survival in all but one test. An IC2S could be
calculated for three of five tests and the coeff:~'cient of
variation for these three tests was 60.69%, the (~oefficient of
variation based on the IC50 for these three ,testB was 4.75%.

11.14.1.2 Multilaboratory Precision

14.11.1.2.1 Qata on the interlaboratory, precision of the
topsmelt larval survival and growth test are provided in Table
23. Three separate interlaboratory tests were conducted. In the
first comparison both laboratories derived identical NOECs for'
copper (100~g/L). The coefficient of variation, based on LC50s
for survival was 36%. In the second comparison the NOEC for
effluent was 20% at both laboratories. The coeff'icient of
variation, based on the LC50sfor survival was 19%. In the third
comparison the NOEC for copper was 32 ~g/L at both laboratories.
The coefficient of variation, based on the LCSOs for survival was
3%.

11.11.2 ACCURACY

11.11.2.1 The accuracy of tox~city tests cannot be determined.
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data from Tables 4 a~d 21.

RB-AR25116



Conc. ID

Conc. Tested

Response 'J.
Response 2
Response 3
~esponse 4
Response 5

J.

o

.00134

.00153

.00134

.00J.46

.00J.44

2

32

.00J.46

.00J.42

.00J.50

.00J.38

.00J.28

3

56

o
.00J.47
.00J.70
.00J.24
.00130

4

100

o
o
o
o
o

5

180

o
o
o
o
o

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Copper
Test Start Date: Test Ending Date:
Test Species: Atherinops affinis
Test Duration: 7 days
DATA FILE: wc_aa.icp
OUTPUT FILE: wc_aa.i25

Conc.
ID

Number
Replicates

Concentration
ug/L

Response
Means

Std.
Dev. '

Pooled
Response Means

-------------------~---------------------------~--------_._-------------

J. ,5 0.000 O.OOJ. 0.000 O,OOJ.
2 5 32.000 0.001 O.OOl) 0.001
3 5 56.000 0.001 O.OO:L 0.001
4 5 J.OO.OOO 0.000 0.000 0.000
5 5 180.000 0.000 0.000 0.'000

The Linear 'Interpolation Estimate: . 58.9089 Entered P Value: 25

58.J.571
Lower:
Lower:

0.11

.,-
Number of Resamplings: 80
The Bootstrap Estimates Mean:
Original-Confidence Limits:
Expanded Confidence Limits:
Resampling time in Seconds:

Standard Deviation: 7,.9299
44.2778 Upper: 67.0000
36.9622 Upper: 71.0455

Random_Seed: -498847050

Figure 7. ICPIN program output for the IC25
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TABLE 21. SINGLE LABORATORY PRECISION OF THE TOPSMELT, ATHERINOPS AFFINIS
SURVIVAL ENDPOINT WITH COPPER (CU~G/L) CHLORIDE AS A REFERENCE
TOXICANT

Test Number NOEC LC25 LC50

1 100 142.1 187.4

I

I
2 100 NC3 162.4

3 100 151.7 165.6
I

4 180 181.0 190.6

--
5 100 119.2 204.0

,

# of Tests Statistic LC25 LC50

5 Mean 148.5 182.0
SD 25.6 17.6

I
CV (%) 17.3 9.7%

TABLE 22. SINGLE LABORATORY PRECISION OF THE TOPSMELT, ATHERINOPS AFFINIS
GROWTH ENDPOINT WITH COPPER (CU ~G/L) CHLORIDE AS A REFERENCE
TOXICANT

Test Number NOEC LC25 LC50

1 180 222.1 264.2

i
2 180 NC4 NC4

I 3 >180 NC4 NC4 ,

!

4 56 47.6 NC4

5 >180 NC4 NC4

,
# of Tests Statistic LC25 LC50

,
5 Mean 156.8

SD 95.2
CV (%) 60.7%

1Data from Anderson et al. 1994; po~nt est~mates calculated us~ng prob~t

analysis, except where noted.
2Five replicate exposure chambers with five larvae per chamber were used for
each treatment.
3LCSO calculated using Spearman-Karber method, this method does not calculate
an LC25.
4point estimate not calculated because the response was less than either 25 or
50%.
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TABLE 23. MULTI-LABORATORY PRECISION OF THE TOJ?SMELT, .
ATHERINOPS AFFINIS, GROWTH AND SURVIVAL TEST
CONDUCTED WITH COPPER (CU /l-G/L) CHLORIDE AS A
REFERENCE TOXICANT

-
Test Toxicant Laboratory Survival Growth
Number :

- NOEC Le50

1 Copper lb 100 162.0 NSc
Coppera 2d 100 274.0 NS

CV 36%

2 Effluent lb 20 31.4 NS
Effluent 2e 20 23.9 10

CV 19%

3 Coppera lb 32 55.7 NS
Coppera Ie 32 5.8.4 NS

CV 3:~

Two separate interlaborat()ry comparisons were cOl;1ducted, in
August 1990 and August 1991.

aThe August 1990 copper test was conducted at 34~ salinitYi the
August 1991 copper test was conducted at:: 20%0 salinity.

bMarine Pollution Studies Laboratory, Monterey County,
California.

CNot Significant.
dVantuna Research Group, Occidental College t Cali.fornia.
eChevron Research and Technology Co., Environmental Research

Group.
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APPENDIX I. TOPSMELT TEST: STEP-BY-STEP SUMMARY

PREPARATION OF TEST SOLUTIONS

A. Determine test concentrations and appropriate dilution water
based on NPDES permit conditions and guidance from the
appropriate regulatory agency.

B. Prepare effluent test solutions by diluting well mixed
unfiltered effluent using volumetric flasks and pipettes.
Use hypersaline brine where necessary to maintain all' test
solutions at 34 ± 2~. Include brine controls in tests that
use brine.

c. Prepare a copper reference toxicant stock solution (10,000
~g/L) by adding 0.0268 g of copper chloride (CuCI202H20) to 1
liter of reagent water.

D. Prepare zinc reference toxicant solution of 0 (control) 56,
100, 180, and 180 ~g/L by adding 0, 5.6, 10.0, 18.0, and
32.0 mL of stock solution, respectively, to a 1-L volumetric
flask and filling to 1-L with dilution water.

E. Sample effluent and reference toxicant solutions fqr
physical/chemical analysis. Measure salinity, pH and
dissolved oxygen from each test concentration.

F. Randomize numbers for test chambers and record the chamber
numbers with their respective test concentrations on a
randomization data sheet. Store the data sheet safely until
after the test samples have been analyzed.

G. Place test chambers in a water bath or environmental chamber
set to 20°C and allow temperature to equilibrate.

H. Measure the temperature daily in one. random replicate (or
separate chamber) of each test concentration. Monitor the
temperature of the water bath or environmental chamber
continuously.

I. At the end of the test, measure salinity, pH, and dissolved
oxygen concentration from each test concentration.
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. PREPARATION AND ANALYSIS OF TEST ORGANISMS

Remove all dead
Artemia nauplii

A.

B.

C.

D.

E.

F.

G.

H.

I.

Obtain 9-15 day old larvae from a commeric!al supplier or in
house cultures.

Larvae must' be randomized before placing them into the test
chambers. Be sure that all water used in culture, transfer,
and test solutions is' within 1°C of the test temperature.

larvae daily, and add 40 newly hatched
per larva twice daily; once in the morning

, , "

and once in the afternoon. Adjust feeding to account for
larva mortality.

Renew test solutions daily using freshly ptepared solutions,
immediately after cleaning the test chambers.

After 7 days, count and record the number of live and dead
larvae in each chamber. After counting, ,use the
randomization sheet to assign the correct ~est concentration
to each chamber. Remove'all dead larvae.

The surviving larvae in each test chamber a.re immediately
prepared as a group for dry weight determination, or
preserved in 4% formalin then 70% ethanol .. Preserved
organisms are dried and weighed with 7 days.

Carefully transfer the larvae to a prenumbered, preweighed
micro-weigh boat using fine-tipped forceps. Dry for 24

hours at 60~C or at 105°C for a minimum of ~ hours. Weigh
each weigh boat on a microbalance (accurate I to 1 I1-g).
Record the chamber number, larvae weight, wlaigh bo~t weight
(recorded previously), and number of larvae per weigh boat
(replicate) on the data sheet.

Analyze the data.

Include standard reference toxicant point estimate values in
the'standard quality control charts.
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Test start Date:
Fish Species:

Data Sheet for Larval Fish Toxicity Test

Start Time:

Test End Date:
Collection/Arrival Date:

Reference Toxicant:
Broodstock Source:

Fish Age at Start:

End Time:

Test Concentration Numer Total Total Notes
Cont. Alive Number Number
II Alive at

Day Day Day Day 4 Day Day Day start
1 2 3 5 6 7.

l,;omputcr Data storage
Disk
File

Note: See larval we~ght data on separate sheet.

l38

RB-AR25122



Data Sheet for Weighing Larval Fish·

I Test Start Date:

Test End Date:

Toxicant:

Start Time:

End
Time:

Fish Species :

Collection!Arrival
Date:.

Fish Age at Start:

Sample Source:

Sample Type: Sediment Elutriate Porewater
Water

Test :site l:oae WeIght of Number welgnt per
Container or Foil Foil Weight Total Weight Larval of Fish Larval Fish
Number Concentration Number (mg) (mg) Fish I Larvae (mg)

(mg)

)

I

:l
6

1

1
I-

.3

t9
U
1
;2
3

. ,

~4

::15
l:omputer Data Storage Notes
Disk:
File:

Note: See larval mortality data on seDarate sheet.
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SECTION 12

MYSID, Holmesimysis costata
SURVIVAL AND GROWTH TES~ METHOD

Adapted from a method developed by
John W. Hunt, Brian S. Anderson and Sheila L. Turpen

Institute of Marine Sciences, University of California
Santa Cruz, California

(in association with)
California Department of Fish and Game

Marine Pollution Studies Laboratory
34500 Coast Route 1, Monterey, CA 93940
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SECT:ION 12

MYS:ID, HOLMBSIMYSIS COSTATA
SURV:IVAL AND GROWTH TEST'

12.1 SCOPE AND APPL:ICAT:ION

12.1.1 This method estimates the chronic toxicity of effluents
and receiving waters to the mysid, Holmesimysis costata~ ,using
three-to-fourday old juveniles in a seven-day, ,static-renewal
exposure. The effects include the synergistic, antagonistic,
and additive effects of a~l chemical, physical, and additive
components which adversely affect the physiological and
biochemical functions of the test,organisms.

12.1.2 Daily observations of mortality make it possible to also
calculate acute toxicity for desired exposure pE!riods (i.e., 24
h, 48-h, 96-h LC50s) .

12.1.3 Detection limits of the toxicity of an e:ffluent or a pure
substance are organism dependent.

12.1.4" Brief excursions in toxicity may not be detected using
24-h composite samples. Also, because of the long sample
collection period involved in composite sampling and because test
chambers are not sealed, highly volatile 'and highly degradable
toxicants present in the source may not be detected 'in the test.

12.1.5 This method is commonly used in one of two forms:
(1) a definitive test, consisting"of a minimum of, five effluent
concentrations and a control, and (2) a receiving water test(s),

/ '

consisting of one or more receiving water concentrations and a
control., .

12.1.6 This method should be restricted to use by, or under the
supervision of, professionals experienced in aqtiatic toxicity
testing. Specific experience with any toxicity t:est, is usually
needed before acceptable results become routine.

12.2 SUMMARY OF METHOD

12.2.1 This method provides step-by-step instructions for
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performing a 7-day static-renewal toxicity test using growth and
survival juvenile mysids to determine the toxicity of substances
in marine waters. The test endpoints are survival and growth.

12.3 INTERFERENCES

12.3.1 Toxic substances may be introduced by contaminants in
dilution water, glassware, sample hardware, and testing equipment
(see Section 5, Facilities, Equipment, and Supplies)., ,

12.3.2 Improper effluent sampling and handling may adversely
affect test results (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity
Tests) .

12.3.3 The test results can be confounded by (1) the presence of
pathogenic and/or predatory organisms in the dilution water,
effluent, and receiving water, (2) the condition of the brood
stock from which the test animals were taken, (3) the amount and
type of natural food in th~ ef'fluent, receiving water, or
dilution water, (4) nutritional value of ,the brine shrimp,
Artemia nauplii, fed during the test, and (5) the quality of the
brine shrimp, Artemia nauplii, or other food added during the
test, which may sequester metals and other toxic substances, and
lower the DO.

12.4 SAFETY

12.4.1 See Section 3, Health and Safety.

12.5 APPARATUS AND EQUIPMENT

12.5.1 Tanks, trays, or aquaria -- for holding and acclimating
adult mysids, e.g., standard salt water aquarium or Instant Ocean
Aquarium (capable of maintaining seawater at 10-20°C), with
appropriate filtration and aeration system.

12.5.2 Air pump, air lines, and air stones -- for aer~ting water
containing mysids for supplying air to test solutions with low
dissolved oxygen.

12.5.3 Constant temperature chambers or water baths -- for
maintaing test solution temperature and keeping dilution water
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supply, juvenile mysids, and stock suspens{onsat test
temperature {1:3 or 15°C} prior to the test'.

12.5.4 Water purification system -- Millipore Super-Q, Deionized
water (DI) or equivalent.

12.5.5 Refractometer

12.5.6 Hydrometer{s}

for determining salinity.

for calibrating refraqtometer.

12.5.7 Thermometers, glass or electronic, laboratory grade
for measuring water temperatures. .

12.5.8 Thermometer, National Bureau of Standards Certified (see.
USEPA METHOD 170.1,. USEPA, 1979) -- to calibratl9 laboratory
thermometers.

12.5.9 pH and DO met,ers - - for routine physical and chemical
measurements.

1

12.5.10 Standard or micro.-Winkler apparatus --, for determining
DO (optional.) and calibrating the DO meter.

12.5.11 Winkler bottles -- for dissolved oxygen determinations.

12.5.12 Balance -- Analytical, capable of accu~ately weighing to
0.0001 g (for weighing reference toxicants) .

12.5.13 Microbalance -- Analytical, cap~ble of accurately
weighing to 0.000001 g (for weighing mysids) .

12.5.14 Fume hood -- to protect the analyst frdm effluent or
formaldehyde fumes.

12.5.15 Glass stirring rods for mixing test solutions.

12.5.16 Graduated cylinders - - Class A, 'borosilicate glass :or
non-toxic plastic labware, 50-1000 mL for making test solutions.

12.5.17 Volumetric flasks -- Class A, borosilicate glass or non
toxic plastic labware, 10-1000 mL for making test solutions.

I

12.5.18 Pipets, automatic '-- adjustable, to cover a range of
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delivery volumes from 0.010 to 100 mL.

12.5.19 Pipet bulbs and fillers -- PROPIPET@ or equivalen~.

12.5.20 Wash bottles -- for reagent water, for topping off
graduated cylinders, for rinsing small glassware and instrument
electrodes and probes.

12.5.21 Wash bottles -- for dilution water.

12.5.22 20-liter cubitainers or polycarbonate water cooler jugs
-- for making hypersaline brine.

12.5.23 Cubitainers, beakers, or similar chambers of non~toxic

composition for holding, mixing, and dispensing dilution water
and other general non-effluent, non~toxicant contact uses. These
should be clearly labeled and not used for other purposes.

12.5.24 Pipets, volumetric: 1, 10, 25, 50, and 100 mL -- for
dilutions.

12.5.25 Plastic randomization cups (approximately 100 mL, one
for each test chamber) .

12.5.26 Brine shrimp, Artemia, culture unit -- see Subsection
12.6.24 and Section 4, Quality Assurance.

12.5.27 Separatory funnels, 2-L -- two to four for culturing
Artemia.

12.5.28 Mysid culture apparatus (see Section 12.6.25.5). This
test requires 400 three-to four-day-old juvenile mysids.

12.5.29 Gear for collecting adult mysids, including a small
boat, 0.5 mm-mesh hand nets, plastic buckets, and portable air
supply (mysids may also be obtained from commercial suppliers;).

12.5.30 Pipet bulbs and glass tubes (4 mm diameter, with fire
polished edges) for handling ad~lt mysids.

12.5.31
tubing)

Siphon tubes (fire polished glass with attached silicone
for test solution renewals.
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12.5.32 Fire-polished wide-bore 10 mL pipet
juveniles.

for handling

12.5.33 Forceps with fine points -- for transferri~g juveniles
to weighing pans.

12.5.34 Light box for examining organisms. '

12.5.35 Drying'oven, 50-105°C range -- for drying organisms.

12.5.36 Desiccator -- for' holding dried organisms.

12.5.37 Clean NITEX® mesh sieves (~ 150 ~m, 500-1000~m) -- for
concentrating organisms. (NITEX® is available from Sterling
Marine Products, 18 Labe~ Street, Montclair, NJ 07042; 201~783

9800) .

12.5.38 60 ~m NITEX® filter - for filtering re9~iving water..

12.6 REAGENTS AND SUPPLIES

12.6.1 Sample containers -- for sample shipment and storage (see
Section 8, Effluent and Receiving Water Sampling,and,Samp1e
H~ndling, and Sample Preparation for Toxicity Tests) .

12.6.2 Data sheets (one set per test) -- for data recording
(Figures 1 and 2) .

12.6.3 Tape, colored -- for labelling test chanmers and
containers.

12.6.4 Markers, water-proof -- for marking containers, etc.

12.6.5 Parafilm - - to cover gradu~ted cylinders: and vessels.

12 . 6 . 6 Gloves, disposable - - for personal proteiction from
contamination.

12.6.7 Pipets, serological 1-10 mL, graduated .

12.6.8 Pipet tips

12.6.9 Coverslips

for automatic pipets.'

for microscope slides.
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12.6.10 Lens paper -- for cleaning microscope optics.

12.6.11 Laboratory tissue wipes for cleaning and drying
electrodes, microscope slides, etc.

12.6.12 Disposable countertop covering -- for protection of work
surfaces and minimizing spi~ls and contamination.

12.6.13 pH buffers 4, 7, and 10 (or as per instructions of
instrument manufacturer) -- for standards and calibration check
(see USEPA Method 150.1, USEPA, 1979).

12.6.14 Membranes and filling solutions -- for dissolved oxygen
probe (see USEPA Method 360.1, USEPA, 1979), or reagents for
modified Winkler analysis.

12.6.15 Laboratory quality assurance samples and standards -
for the above methods.

12.6.16 Test chambers -- 1000 mL, five chambers per
concentration. The chambers should be borosilicate glass (for
effluents) or nontoxic disposable plastic labware (for reference
toxicants). To avoid contamination from the air and excessive
evaporation of test solutions during the .test, the chambers
should be covered during the test with safety glass plates or a
plastic sheet (6 rom thick) .

12.6.17 Micro-weighing pans, aluminum -- to determine the dry
weight of organisms. Weighting pan should be about 5 mg or less
to minimize noise in ,measurement of the small mysids.

12.6.18 Fronds 'of kelp (Macrocystis) for habitat ,in culture.

12.6.19 Reference toxicant solutions (see Subsection 1,2.10.2.4
and see Section 4, Quality Assurance) .

12.6.20 Reagent water -- defined as distilled or deionized water
that does not contain substances which are toxic to the test
organisms (see Section 5, Facilities, Equipment, and Supplies and
Section 7, Dilution Water).
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12.6.21 Effluent and receiving water -- see Section 8, Effluent
and Surface Water Sampling, and Sample Handling, and Sample
Preparation for Toxicity Tests.

12.6.22 Dilution water and hypersaline brine .~- see Section 7,
Dilution Water and Section 12.6".24, Hyp.,.ersaline Brines." The
dilution water should be uncontaminated l-~m-filtered natural
seawater. Hypersaline brine should be prepared from dilution
water.

12.6.23 HYPERSALINE BRINES

12.6.23.1 Most industrial and sewage treatment effluents
entering marine and estuarine systems have little measurable
salinity. Exposure of larvae to these effluents will usually
require increasing the salinity of the test solutions. It is
important -t::0 maintain an essentially constant salinity across all
treatments. In some applications it may "be desirable to match
the test salinity with that of the receiving wc~ter (See Section
7.1). Two salt sources are available ~o adjust salini~ies -
artificial sea salts and .hypersaline brine (HSB) derived from
natural seawater. Use of artificial sea salts.is necessary only
when high effluent concentrations preclude sali.nity adjustment by
HSB alone.

12.6.23.2 Hypersaline brine (HSB) can be made 'by concentrating
natural seawater by freezing.or evaporation. HSB should be made
from high quality, filtered seawater, and can tie added "to the
effluent or to reagent water to increase salin~ty. HSB has
several desirable characteristics for use in effluent toxicity
testing. Brine derived from natural seawater C'on'l;:ains the
necessary trace metals, biogenic colloid~, and some of the
microbial components necessary for adequate gro;wth, survival,
and/or reproduction of marine and estuarine org-anisms, and it can
be stored for prolonged periods without any apparent degradation.
However, even if the maximum salinity HSB (100~) is used as a
diluent, the maximum concentration of effluent .(0%0) that can be
tested is 66% effluent at 34%0 salinity (see Table 1) .

12.6.23.3 High quality (and preferably high salinity) seawater
should be filtered to at least 10 ~m before placing into the
freezer or the brine generator. Water should be colleqted on an
incoming tide to minimize the possibility of contamination.
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12.6.23.4 Freeze Preparation of Brine

12.6.23.4.1 A convenient container. for making HSB by freez~ng is
one that has a bottom drain. One liter of brine can be made from
four liters of seawater. Brine may be collected by partially
freezing seawater at -10 to -20°C until the remaining liquid has
reached the target salinity. Freeze for approximately six hours,
then separate the ice (composed mainly of fresh water) from the
remaining liquid (which has now become hypersaline) .

12.6.23.4.2 It is preferable to monitor the water until the
target salinity is achieved rather than allowing total freezing
followed by partial thawing. Brine salinity should never exceed
100~. It is advisable not to exceed about 70~ brine salinity ,
unless it is necessary to test effluent concentrations greater
than 50%.

12.6.23.4.3 After the required salinity is attained, the HSB
should be filtered through a 1 ~m filter and poured directly into
portable containers (20-L cubitainersor polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the date the brine
was generated. Containers of HSB should be stored in the dark at
4°C (even room temperature has been acceptable). HSB is usually
of acceptable quality even after several months in storage.

12.6.23.5 Heat Preparation of Brine

12.6.23.5.1' The ideal container for making brine using heat
assisted evaporation of natural seawater is one that (1) has a
high surface to volume ratio, (2) is made of a non-corrosive.
material, and (3) is easily cleaned (fiberglass containers are
ideal). Special care should be used to prevent any toxic
materials from coming in contact with the seawater being· used to
generate the brine. If a heater is immersed directly into the
seawater, ensure that the heater materials do not corrode or
leach any substances that would contaminate the brine. One
successful method is to use a thermostatically controlled heat
exchanger made from fiberglass. If aeration is needed, use only
oil-free air compressors to prevent contamination.

12.6.23.5.2 Before adding seawater to the brine generator,
thoroughly clean the generator, aeration supply tube, heater, and
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any. other materials that will be in direct contact with the
brine. A good quality biodegradable detergent should be used,
followed by several (at least three) thorough reagent water
rinses.

TABLE 1. MAXIMUM EFFLUENT CONCENTRATION' (%) TIt~T CAN BE TESTED
AT 34%'0 WITHOUT THE ADDITION OF DRY SA:C,TS GIVEN THE
INDICATED EFFLUENT AND BRINE SALINITIES.

Effluent Brine Brine Brine Brine Brine

Salinity 60 70 80 90 100
%"0 %"0 %'0 %'0 %'0 ~o

0 43.33 51.43 57.50 62.22 66.00

1 44.07 52.17 58.23 62:92 66.67

2 44.83, 52.94 58.97 63.64 67.35

3 45.61 53.73 59.. 74 64.37 68.04

4 46.43 54.55 . 60.53 65.12 68.75

5 47.27 55.38 61. 33 65.88 69.47

10 52.00 60.00 65.71 70.00 73.33
.

15 57.78 65.45 70.77 74.67 77.65

20 65.00 72.00 76.67 80.00 82.50

25 74.29 80.00 83.64 86.15 88.00

12.6.23.5.3 .Seawater should be filtered to at least 10 J,Lm before
being put into the brine generator. The temperature of the
seawater is increased slowly to 40°C. The water should be.
aerate~ to prevent temperature stratification and to increase
water evaporation. The brine should be checked daily {depending
on the volume being generated) to ensure that the salin:ity·. <:ioes .
not exceed 100%0 and that the temperature cioes +lO't exceed 40°C.'
Additional seawater may be added to the brine to obtain the .
volume of brine required.

·12.6.23.5.4 After the required salinity is attained, the HSB
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should be filtered through a 1 ~m filter and poured di~ectly ihto
portable containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled ~ith the salinity and the date the brine
was generated. Containers of HSB should be stored in the dark at
4°C (even room temperature has been acceptable). HSB is usually
of acceptable quality even after several months in storage.

12.6.23.6 Artificial Sea Salts

12.6.23.6.1 No data from mysids using sea salts or artificial
seawater (e.g., GP2) are available for evaluation at this time,
and their use must be considered provisional.

12.6.23.7 Dilution Water Preparation from Brine

12.6.23.7.1 Although salinity adjustment with brine is the
preferred method, the use of high salinity brines and/or reagent
water has sometimes been associated with discernible adverse
effects on test organisms. For this reason, it is recommended
that only the minimum necessary volume of brine and reagent water
be used to offset the low salinity of the effluent, and that
brine controls be included in the test. The remaining ,dilution
water should be natural seawater. Salinity may be adjusted in
one of two ways. First, the salinity of the highest effluent
test concentration may be adjusted to an acceptable salinity, and
then serially diluted. Alternatively, each effluent
concentration can be prepared individually with appropriate
volumes of effluent and brine.

12.6.23.7.2 When HSB and reagent water are used, thoroughly
mix together the reagent water and HSB before mixing in the
effluent. Divide the salinity of the HSB by the expected test
salinity to determine the proportion of reagent water to brine.
For example, if the salinity of the brin~ is 100~ and the test
is to be conducted at 34~, 100~ divided by 34~ = 2.94. ~he

proportion of brine is 1 part, plus 1.94 parts reagent water. To
make 1 L of dilution water at 34~ salinity from a HSB of 100~,

340 mL of brine and 660 mL of reagent water are required. Verify
the salinity of the resulting mixture using a refractometer.

12.6.23.8 Test Solution Salinity Adjustment
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12.6.23.8.1 Table 2 illustrates the preparation of test
solutions (up to 50% effluent) at 34%-0 by combining effl.uent,
HSB, and dilution water. Note: if the highest effluent
concentration does not exceed 50% effluent, it .is convenient to
prepare brine so that the sum of the effluent salinity and brine
salinity equals 68~i the required brine volume is then always
equal to the effluent volume needed foi each effluent
concentration as in the example in Table 2.

12.6.23.8.2 Check the pH of all brine mixtures and adj~st to
within 0.2 units of dilu:tio.n water pH by adding', dropwise, dilute
hydrochloric acid or sodium hydroxide(see Section 8.8.9, Effluent
and Receiving Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests) .

12.6.23.8.3 To calculate the amount of brine tio add to' each
effluent dilution, determine the following quantities: -salinity
of the brine (SB, in ~), the salinity of the effluent (SE, in
~), and volume of the effluent to be added (VE, in mL). Then use
the following formula to calculate the volume o;f brine (VB, in
mL) to be added:

VB = VE x (34 - SE)/(SB - 34)

12.6.23.8.4 This calculation assumes that dilution water
salinity is 34 ± 2~.

12.6.23.9 Preparing Test Solutions

12.6.23.9.1 Two hundred mL of test solution ar'8 needed for each
test chamber. To prepare test solutions at low efflue~t

concentrations «6%), effluents may be added directly to dilution
water. For example, to prepare 1% effluent, add 10 mL of
effluent to a 1-liter volumetric flask using a volumetric pipet
or calibrated automatic pipet. Fill the volumetric flask to the
1-liter mark with dilution water, stopper iti and shake to mix.
Distribute equal volumes into the replicate test chambers.

12.6~23.9.2 To prepare a test solution at higher effltient
concentrations, hypersaline brine must usually be used. For
example, to prepare 40% effluent, add 400 mL of effluent to a 1
liter volumetric flask. Then, assuming an effluent salinity of
2~ and a brine salinity of 66~, add 400 mL of b~ine (see
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equation above and Table 2) and top off the flask with dilution
water. Stopper the flask and shake well. Distribute equal
volumes into the replicate test chambers.

12.6.23.10 Brine Controls

12.6.23.10.1 Use brine controls in all tests where brine is
used. Brine controls contain the same volume of brine as does
the highest effluent concentration using brine, plus the volume
of reagent water needed to reproduce the hyposalinity of the
effluent in the highest concentration, plus dilution water.
Calculate the amount of reagent water to add to brine controls by
rearranging the above equation, (See, 12.6.23.8.3) setting SE =
0, and solving for VE.

VE = VB x (SB - 34)/(34 - SE)

If effluent salinity is essentially O~, the reagent water volume
needed in the brine control will equal the effluent volume at the
highest test concentration. However, as effluent salinity and
effluent concentration increase, less reagent water volume is
needed.

12.6.24 BRINE SHRIMP, ARTEMIA SF., NAUPLII -- for feeding
cultures and test organisms.

12.6.24.1 Newly hatched Artemia sp. nauplii are used for food
for the stock cultures and test organisms. Although there are
many commercial sources of brine shrimp cysts, the Brazilian or
Colombian strains are preferred because the supplies examined
have had low concentrations of chemical residues and produce
nauplii of suitably small size. (One source that has peen found
to be acceptable is Aquarium Products, 180L Penrod Ct., Glen
Burnie, Maryland 21061). For commercial sources of brine shrimp,
Artemia, cysts, see Table 2 of Section 5, Facilities, Equipment,
and Supplies); and Section 4, Quality Assurance.

12.6.24.2 Each. new batch of Artemia cysts should be evaluated
for size <Vanhaecke and Sorgeloos, 1980, and Vanhaecke et al.,
1980) and nutritional suitability (Leger, et al., 1985,' Leger, et
al., 1986) against known suitable reference cysts by performing a
side-by-side larval growth test using the "new" and "reference"
cysts. The "reference" cysts used in the suitability test may be
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a previously tested and acceptable batch'of cysts, or may be
obtained from the Quality Assurance Research Division, EMSL,
Cincinnati, OH 45268, 513-569-7325. A sample of ' newly-hatched
Artemia nauplii from each new batch of cysts should be chemically
analyzed. The Artemia cysts should not be used if the
concentration of total org~nochlorine pesticides 0.15 ug/g wet
weight or that the total concentration of organochlorine
pesticides plus PCBs exceeds 0.30 J-Lg/g wet weight: (For analytical
methods see USEPA, 1982).

12.6.24.3 Artemia nauplii are obtained as follO\lTs:

1. Add 1 L of seawater, or an aqueous unionized salt
(NaCI) solution prepared with 35 g salt or artificial
sea salts per liter, to a 2-L separatory funnel, or
equivalent.

2. Add 10 mL Artemia cysts to the separatory funnel and
aerate for 24 h at 27°C. Hatching time varies with
incubation temperature and the geographic strain of
Artemia used (see USEPA, 1985ai USEPA, 1993ai ASTM,
1993) .

3. After 24 h, cut off the air supply in t.he separatory
funnel. Artemia nauplii are phototactic, and will
concentrate at the bottom of the funnel if it is
covered for 5-10 minutes with a dark cloth or paper
towel. To prevent mortality, do not leave the
concentrated nauplii at the bottom of the funnel more
than 10 min without aeration.

4. Drain the nauplii into a funnel fitted with a ~150 J-Lm
NITEX® or stainless steel screen, and rinse with
seawater or equivalent before use.

12.6.24.4 Testing Artemia nauplii as food for toxicity test
organisms.

12.6.24.4.1 The primary criteria for acceptability of each new
supply of brine shrimp cysts is adequate .survival , and growth of'
the mysids. The mysids used to evaluate the acceptability of the
brine shrimp nauplii must be the same geographical origin and
stage of' development (3 to 4 days old) as those uised routinely in
the toxicity tests. Two 7-day chronic tests are performed side
by-side, each consisting of five replicate test vessels
containing 'five juveniles (25 organisms per test, total of 50
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TABLE 2. EXAMPLES OF EFFLUENT DILUTION SHOWING VOLUMES OF
EFFLUENT (x~), BRINE, AND DILUTION WATER NEEDED FOR
ONE LITER OF EACH TEST SOLUTION.

FIRST STEP: Combine brine with deionized water or natural seawater to achieve
a brine of 68-x~ and, unless natural seawater is used for dilution water,
also a brine-based dilution water of 34~.

SERIAL DILUTION:

Step 1. Prepare the highest effluent concentration to be tested by adding
equal volumes of effluent and brine to the appropriate volume of dilution
water. An example using 40% is shown.

Effluent Cone. Effluent Brine Dilution Water*
(t) 'x~ (68-x)~ 34~,

I
40 800 mL 800 mL 400 mL

Step 2. Use e~ther ser~ally prepared d~lut~ons of the h~ghest test
concentration or individual dilutions of 100% effluent.

Effluent Cone. (%) Effluent Source Dilution Water* (34~)

20 1000 mL of 40% 1000 mL
i

10 1000 mL of 20% 1000 mL
I

5 1000 mL of 10% 1000 mL
I
I 2.5 1000 mL of 5% 1000 mL

,.

I

Control none 1000 mL

INDIVIDUAL PREPARATION

Effluent Cone. Effluent x~ Brine (68-x) ~ Dilution Water*
(%) 34~

40 400 mL 400 mL 200 mL

, 20 200 mL 200 mL 600 mL

10 100 mL 100 mL 800 mL
I

5 50 mL 50 mL 900 mL I

2.5 25 mL 25 mL 950 mL

: Control none none 1000 mL

*May be natural seawater or brine-reagent water equivalenb.
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organisms). The juveniles in one set of test chambers is fed
reference (acceptable) nauplii and the other se't is fed nauplii
from the "new" source of Artemia cysts.

12.6.24.4.2 The feeding rate and frequency, test vessels, volume
of control water, duration of the tests, and age of the Artemia
nauplii at the start of the test, should be the same as used for
the routine toxicity tests.

12.6.,24.4.3 Results of the brine shrimp, Artem.ia, nauplii
nutrition assay, where there are only two treatrnents, can be
evaluated statistically by use of. a t test. ThE~ "new" food is
acceptable if there are no statistically significant differences
in the survival or growth of the mysids fed the'two sources of .
naupli,i.

12.6.25 TEST ORGANISMS

12.6.25.1 The test organisms for this method al:1e juveniles of
the mysid crustacean, Holmesimysis costata (Holmes 1900,;
previously referred to' as Acanthomysis sculpta) .' H. costata
occurs in the surface canopy of the giant kelp ~~crocystis

pyrifera where it feeds on zooplankters, kelp, epiphytes, and
detritus. There are few references to the ecology of this mysid
species (Holmquist, 1979; Clutter, 1967, '1969; Green, 1970;
Turpen et al., 1994). H. costata is numerically abundant in'kelp
fqrest habitats and is considered to be an important fqod source
for kelp forest fish (Clark 1971, Mauchline 1980). Mysids are
called opossum shrimp because females brood their young in an
abdominal pouch, the marsupium. H. costata eggs develop for
about ,20 days in the marsupium before the young are released as
juveniles; broods are released at night during molting. Females
~elease their first brood at 55 to 70 days post-release (at
12°C), and may have multiple broods throughout their
approximately 120-day life.

12.6.25.2 H. costata has been used in previous toxicity studies
with a variety of toxicants (Tatem and Portzer, :l985j Davidson et
al., 1986; Machuzac and, Mikel, 1987; ReiE!h and L~~may, 1988;'
Asato, 1988; Martin et al., 1989; Singer et al., ,1990j 1991; Hunt
et al., In Press). Mysids are useful as toxicity test organisms

'because of their widespread availability, ecologj.cal importance,
sensitivity to toxicants, and amenability to labc>ratory cultu,re
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(Nimmo et al., 1977; Mauchline, 1980; Gentile et al., 1982;
Lussier et al., 1985).

12.6.25.3 Species Identification

12.6.25.3.1 Laboratories unfamiliar with the test organism
should collect preliminary samples to verify species
identification. Refer to Holmquist (1979) or send samples of
mysids and any similar co-occurring organisms to a qualified
taxonomist. Request certification of species identification from
any organism suppliers~ Records of yerification should, be
maintained along with a few preserved specimens.

12.6.25.3.2 There have been recent revisions to the taxonomy of
H. costata. Previous authors have referred to this species as
Acanthomysis sculpta. However, Holmquist's (1979) review
considers previous references to Acanthomysis sculpta in
California to be synonymous with Holmesimysis costata; we
consider Holmquist's designation to be definitive.

12.6.25.4 Obtaining Broodstock

12.6.25.4.1 H. costata can be collected by sweeping a small-mesh
(0.5 - 1 mm) hand net through the water just under the surface
canopy blades of giant kelp Macrocystis pyrifera. Although this
method collects mysids of all sizes, attention should be paid to
the number of gravid females collected because these are used to
produce the juvenile mysids used in toxicity testing. Mysids
should be collected from waters remote from sources of pollution
to minimize the possibility of physiological or genetic
adaptation to toxicants.

12.6.25.4.2 Mysids can be transported for a short time « 3
hours) in tightly covered 20 liter plastic buckets. The buckets
should be filled to the top with seawater from· the·col~ection
site, and should be gently aerated or oxygenated to maintain
dissolved oxygen above 60% sa~uration. Transport temperatures
should remain within 3°e of the temperature at the collection
site.

12.6.25.4.3 For longer transport times of up to 36 hours, mysids
can be shipped in sealed plastic bags filled with seawater. The
following transport procedure has been used successfully: 1)
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· ,

fill the plastic bag with one liter of dilution 'water seawater,
2) saturate the seawater with oxygen by bubblinsr pure oxygen for. ,.
at least 10 minutes, 3) place 25-30 adult mysids, or up ,to 100
juvenile mysids in each bag, 4) for adults add about 20 Artemia
pauplii per mysid, for 100 juveniles add a pinch (10 to 20 mg) of
ground Tetramin® flake food and 200 newly-hatched Artemia '
nauplii, 5) seal the bag sec,urely, eliminating a:ny airspace, then
6) place it within a second sealed bag in an ice' chest. Do not
overfeed mysids in transport, as this may deplete dissolved
oxygen, causing stress or mortality in transported mysids. ,A
well insulated ice chest' should be cooled to approximately 15°C .'
by adding one l-liter blue ice block for every five l-liter bags
of mysids (a temperature range of 12 to 16°C is toleraple) . , Wrap
the ice in newspaper and a plastic bag to insulate it from the
mysid bags. Pack the bags tightly to avoid shif'!:ing within the
cooler.

12.6.25.5 Broodstock Culture and Handling

12.6.25.5.1 After collection, the mysids should be transported
directly to the laboratory and placed in seawater tanks or
aquaria equipped with flowing seawater or adequate aeration and'
filtration. Initi.al flow rates should be adjustE~d so that any
temperature change occurs gradually (O.5°C per hqur). The water
temperature should be 'held at 15 ± 1°C. Note: lII,tysids collected
north of Pt. Conception, California, should be held and tested at
13 ± 1°C.

12.6.25.5.2 Mysids,can be cultured in tanks'ransring from 4 to
1000 liters .. Tanks should be equipped with gentl€l aeration and
blades of Macrocystis to provide habitat. Static culture tanks
can 1?e used if there is constant aeration,temperature control,
and frequent water changes (one half the .water volume changed at·
least twice a week). Maintain culture density below 20 animals
per liter by culling out adult males or juveniles.

12.6.25.5.3 Adult mysids should be fed 100 Artem:ia nauplii per -'
my-sid per day. Juveniles should be fed 5 to 10 newly released
Artemia nauplii per juvenile per day and a pinch (10 to 20 mg) of
ground Tetramin® flake food per 100 juveniles per'day. Static
chambers should be carefully mpnitored arid rations adjusted to

'c,
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prevent overfeeding and fouling of culture water. Refer to
section ~2.6.~9 for details ,of Artemia culture and quality,
control. '

~2.6.25.6 Culture Materials

~2.6.25.6.1 Refer to Section 5, Facilities and Equipment t for a
discussion of suitable materials to be used in laboratory culture
of mysids. Be sure all new materials are properly leached in
seawater before use. After use, all culture materials should be
washed in soap and water, then rinsed with seawater beforere
use.

12.6.25.7 Test Organisms

~2.6.25.7.1 Approximately 150 gravid femalemysidss~ouldbe
isolated to,provide approximately 400 juveniles for each set of
toxicity tests (5 juveniles/chamber x 30 reference toxicant
chambers and approximately 35 effluent chambers, plus additional
mysids so that only healthy active juveniles are used in the
test). Gravid females can be identified by their large, extended
marsupia filled with (visible) eyed juveniles. Marsupi,a appear.
distended and gray when females are ready to release young, due
to presence of the juveniles.

~2.6.25.7.2 Gravid females are easily isolated from other mysids
using the following technique: (1) use a small dip net to
capture about ~OO mysids from the culture tank, (2)transfer the
mysids to a screen-bottomed plastic tube. (150 ~m-mesh, 25-cm
diam.) partly immersed in a water bath or bucket, (3) lfft the
screen-tube out of the water to immobilize mysids on the damp
screen, (4)gently draw the gravid females off the screen with a
suction bulb and fire-polished glass tube (5-mm bore), (5)
collect the gravid females in a separate .screen tube. Re-immerse
the screen continuously during the isolation process; mysids
should not be exposed to air for more than a few seconds at a
time.

12.6.25.7.3 Four or five days before a toxicity test begins,
transfer gravid females into a removable, 2-mm-mesh screened
cradle suspended within an aerated 80-liter aquarium. Before
transfer, make sure there are no juveniles in with the adult
females. Extraneous juveniles are excluded to avoid
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inadvertently mixing them with the soon-to-be released juvenilE:s
used in testing. Provide the gravid females with newly hatched
Artemia nauplii (approximately 200 per mysid) to help stimuiate
juvenile release. Artemia can be provided continuously
throughout the night from an aerated reservoir holding
approximately 75,000 Artemia. Direct the flow from the feeder
into the screened compartment with the females, and add a few
blades of Macrocystis for habitat. The females are plac.ed within
the screened compartment so that as the j uvenilel3 are released,
they 'can swim through the mesh into the bottom o:E the aquarium.
Outflows on flow-through aquaria should be screened (150.,-j1.m-mesh)
to retain juveniles and allow some Artemia to escape.

12.6.25.7.4 Juveniles are generally released at night, so it is
important to turn off all lights at night to promote release. In
the morning, the sGreened compartment containing the females
should be removed and placed in a ,separate aquarium. Juveniles
should be slowly siphoned through a wide-diameter hose into a
150.,...~m-mesh screen-bottom tube (25 cm diam.) immersed in a bucket
filled with clean seawater. Once the reJ,ease aquarium is
emptied, it should be wasped with hot fresh water to eliminate
stray juveniles that might mix with the next coh6rt.

l2.6.25.7.5 After collection, the number of juveniles should be
estimated visually or by counting subsamples with a small beaker.
If there are not enough juveniles to cond~ctthe necessary tests,
they can be mixed with juveniles from one previol.:ls or subsequent
release so that the test is initiated wit~ threeiand/prfour-day
old j.uveniles. . Initial experiments indicate that. my-sids 2-days
old and younger survive poorly in toxicity tests and th~t mysids
older than four days may vary in their toxicant sensitivity or
survival rate (Hunt et al., 1989; Martin et al. " 1989) .

12.6.25.7.6 Test juveniles should be transferred to additional
screen-tubes (or to 4-liter static beakers if flowing seawater is
unavailable). The screen-tubes are suspended in 'a 15-1ite~

bucket so that dilution water seawater' (0.5 liter/min) can flow
into the tube, through the screen, and overflow from the bucket.
Check water 'flow rates « one liter/min) to make sure that
juveniles or Artemia nauplii are not forced down onto. the screen.
The height of the bucket determines the level of water in the
screen tube. About 200 to 300 juveniles .can be h,eld in each
screen-tube (200 juveniles per static 4-liter beaker). Juven~les
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should be fed 40 newly hatched Artemia nauplii per mysid per day
and a pinch (10 to 20 mg) of ground Tetramin® flake food per 100
juveniles per day. A blade of Macrocystis (well rinsed in
seawater) should be added to each chamber. Chambers should be
gently aerated and temperature controlled at 15 ± 1°C (or 13 ±
1°C if collected north of Pt. Conception). Half of the seawater
in static chambers should be changed at least once between
isolation and test initiation.

12.6.25.7.7 The day juveniles are isolated is designated d~y a
(the morning after their nighttime release). The toxicity test
should begin on day three or four. For example, if juveniles are
isolated on Friday, the toxicity test should begin on the
following Monday or Tuesday.

12.7 EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND
STORAGE

12.7.1 See Section 8, Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Tests.

12.8 CALIBRATION AND STANDARIZATION

12.8.1 See Section 4, Quality Assurance.

12.9 QUALITY CONTROL

12.9.1 See Section 4, Quality Assurance~

12.10 TEST PROCEDURES

12.10.1 TEST DESIGN

12.10.1.1 The test consists of at least five efflue~t

concentrations plus a dilution water con~rol. Tests that use
brine to adjust salinity must also contain five replicates of a
brine control.

12.10.1.2 Effluent concentrations are expressed as percent
effluent.

12.10.2 TEST SOLUTIONS
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12.10.2.1 Receiving waters

12.10.2.1.1 The sampling point is determined by the objectives
of. the test. At estuarine and ma~ine sites, saulples are usually
collected at mid-depth. Receiving water toxicity is det~rmined

with samples used directly as collected or with samples passed
through a 60 J.l.m NITEX® filter and compared without dilution,
against a control. Using five replicates chambers per test, each
containing 200 mL would require approximately 1 L or more of
sample per test per renewal.

12.10.2.2 Effluents

12.10.2.2.1 The selection of the effluent test concentrations
should be based on the objectives of the ·study. A dilution
factor of at least 0.5 is commonly used. A dilution factor of
o. 5 provides hypothesis test discrimination of :I: 100%, and
testing of a 16 fold range of concentrations. Hypothes'is test
discrimination shows little improvement as dilut.ion factors are
increased beyond 0.5 and declines rapidly if smaller dilution
factors are used. USEPA recommends that one of the five effluent
treatments must be a concentration of effluent rnixed with
dilution water which corresponds to the perm;l.tte,e's instream
waste concentration (IWC). At least two of the effluent
treatments must be of lesser effluent concentration than the IWC,
with one being at least one~half the concentration of the IWC.
If 100~ HSB is used as a diluent, the maximum concentration of
effluent that can be tested will be 66% at 34~ salinity.

, \

• I .

12.10.2.2.2 If the effluent is known or suspect,ed to be highly
toxic, 'a lower range of effluent concentrations should be used
(such as 25%, 12.5%, 6.25%, 3.12% and 1.56%).

12.10.2.2.3 The volume of effluent required for, a 75% renewal of
five replicates per concentration for five concentrations of
effluent and two controls, each containing 200 m'L of test
solution, is approximately 370 mL.

12.10.2.2.4 Effluent dilutions'should be prepared for ~ll

replicates in each treatment in one container to minimize
variability among the replicates. Dispense into the appropriate
effluent test chambers. '
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12.10.2.3 Dilution Water

12.10.2.3.1 Dilution water should be uncontaminated l-~m

filtered natural seawater or hypersaline brine prepared from
uncontaminated natural seawater plus reagent water (see Section
7, Dilution Water). Natural seawater may be uncontaminated
receiving water. This water is used in all dilution steps and as
the control water.

12.10.2.4 Reference Toxicant Test

12.10.2.4.1 Reference toxicant tests should be conducted as
described in Quality Assurance (see Section 4.7) .

12.10.2.4.2 The preferred reference toxicant for mysids is zinc
sulfate (ZnS04 0 7H20). Reference toxicant tests provide an
indication of the sensitivity of the test organisms and the
suitability of the testing laboratory (see Section 4 Quality
Assurance). Another toxicant may be specified by the appropriate
regulatory agency. Prepare a 10,000 ~g/L zinc stock solution by
adding 0.0440 g of zinc sulfate (ZnS04 0 7HzO) to one liter of
reagent water in a polyethylene volumetric ·flask. Alternatively,
certified standard solutions can be ordered from commercial
companies.

12.10.2.4.3 Reference toxicant solutions should be five
replicates each of 0 (control), 10, 18, 32, and 56, and 100 ~g/L

total zinc. Prepare one liter of each concentration by adding 0,
1.0, 1.8, 3.2, 5.6, and 10.0 mL of stock solution, respectively,
to one-liter volumetric flasks and fill with ,dilution water.
Start with control solutions and progress to the highest
concentration to minimize contamination.

12.10.2.4.4 If the effluent and reference toxicant tests are to
be run concurrently, then the tests must use juvenile originating
from or released from the same pool of gravid females. The tests
must be handled in the same way and test .solutions delivered to
the test chambers at the same time. Reference toxicant tests
must be conducted at 34 ± 2~.

12.10.3 START OF THE TEST

12.10.3.1 Prior to Beginning the Test
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12.10.3.1.1 The test should begin as soon as possible,
preferably within 24 h of sample collection. Th,e maximum holding
time following retrieva~ of the sample from the sampling device
should not exceed 36 hfor off-site-toxicity tests unless
permission is granted by the permitting authority. In no case;
should the sample be used in a test more than 72 h a~ter sample
collection (see Section ,a. Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Test).,'

12.10.3.1.2 Just prior to test -initiation (apprQximCl;tely 1 h),
the temperature of a sufficient quantity of the Bample to make
the test solutions should be adjusted to the te~t temperature (13
or 15 ± 1°C) and maintained at that temperature during the.
addition of dilution water. .

12.10.3.1.3 Increase the temperature of .the watE~.r bath, . room, or
incubator to the required test temperature. (13 or 15 ± 1°C) .

12.10.3.1.4 Randomize the placement of test chaniliers in the
temperature-controlled water bath, room, or incut)ato~ at the
beginning of the test, using a position chart. }.ssign numbers
for the position of each test chamber u~inga. rar.ldom numbers Qr
similar process (see Append.ix A, for, an example of
randomization). Maintain the chambers in this cQnfiguration
throughout the test, using a position chart. Record these
numbers on a separat~ data sheet together with, th,e concentration,
and replicate numbers to which they correspond. Identify this
sheet with the date, test organism, test number,laboratory, and
investigator's name, -and safely store it away until after the
mysids have been examined at the end of the test.

12.10.3.1.5' Note: Loss of the randomization sheet would
invalidate the test by making it impossible to an~lyze ,the data
afterwards. Make a copy of the randomization sheet and store
separately. Take care to follow the numbering system exactly
while filling chambers with the test solutions.

12.10.3.1.6 Arrange the test chambers randomly in the water bath
or controlled temperature room. Once chambers have been labeled
randomly and filled with test'solutions, they canlbe arranged in
numerical order for "convenience, since this 'will also ensure
random placement of treatments.
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12.10.3.2 Randomized Assignment of Mysids to Test Chambers

12.10.3.2.1 The juvenile mysids must ·be .randomized before
placing them into the test chambers. Pool all of the test
juveniles into a 1-liter beaker. Using a 10-mL wide-bore pipet
or fire-polished glass tube (approximately 2-3 mm inside
diameter), place one or two juveniles into as many plastic cups
as there are test chambers (including reference toxicant
chambers) . These cups should contain enough clean dilution
seawater to maintain water quality and temperature during the
transfer process (approximately 50 mL per cup). When.each of the
cups contains one or two juveniles, repeat the process, adding
mysids until each cup contains 5 animals.

12.10.3.2.2 Carefully pour or pipet off excess water in the
cups, leaving less than 5 mL with the test mysids. This 5·mL
volume can be estimated visually after initial measurements.
Carefully pour or pipet the juveniles into the test chambers
immediately after reducing the water volume. Gently rocking the
water back and forth before pouring may help prevent j~veniles

from clinging to the walls of the randomization cups. Juveniles
can become trapped in drops; have a squirt bottle ready to
gently rinse down any trapped mysids. If more than 5 mLs of
water are added to the test solution with the juveniles, report
the amount on the data sheet. Be sure that all water used in
culture, transfer, and test solutions is within 1°C· of the test
temperature. Because of the small volumes involved in the
transfer process, temperature control is best accomplis'hed in a
constant-temperature room.

12.10.3.2.3 Verify that all five animals are in the test
chambers by counting the number in each chamber after transfer.
This initial count is important because mysids unaccounted for at
the end of the test are assumed to be dead.

12.10.4 LIGHT, PHOTOPERIOD, SALINITY AND TEMPERATURE

12.10.4.1 The light quality and intensity should be at ambient
laboratory conditions are generally adequate. Light intensity
should be 10-20 ~E/m2/s, or 50 to 100 foot candles (ft-c), with a
16 h light and 8 h dark cycle. A 30 minute phase-in/out period
is recommended.
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12.10.4.2 Tpe water temperature in the test chcimbers should be'
maintained at 13 or 15 ± 1°C. It is critical tnat the test water

.'temperature be maintained at 13 ± 1°C {for mysids collected north
6£ Pt. conception; California} or 15 ± 1°C (for, mysids collected'~

south of Pt • Conception, California). If a watE~r bath is used' to
maintain the test temperature, the water depth slUrrounding the
test cups should be as deep as possible without ,floating the
chambers.

,.

12.10.4.3· The test salinity should be in the range of 34 ± 2%0.,
The salinity should vary by no more than ±2%o among the chambers
on a given day. If effluent and receiving water tests are
conducted concurrently, the salinities of these tests should be
similar.

12.10.4.4 Rooms or incubators with high volume ventilation
I

should be used with caution because the volatilization of the~

test solutions and evaporation of diluti~n water may cause wide
fluctuations in salinity. Covering the test chambers with clean
polyethylene plastic may help prevent \rblatiliza'tion and
evaporation of the test solutions.

12.10.5 DISSOLVED OXYGEN (DO) CONCENTRATION

12.10.5.1 Aeration may affect the toxicity of effluent and
should be used only as a last resort to maintain a 'satisfactory
DO. The DO concentration should, be measured on new solutions at
the start of the test (Day 0). The DO should not fall below 4.0
mg/L (see Section 8, Effluent and.Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Tests). ',If
it is necessary to aerate, all treatments and thE~ control should
be aerated. The aeration rate should not exceed:that necessary'
to maintain a minimum acceptable DO and under no circumstances
should it exceed 100 bubbles/minute, using a pipe:t with a 1-2 mm
orifice, such as a 1 mL KIMAX@ serological pipet No. 37033, or
equivalent.

12.10.6 FEEDING

12.10.6.1 Artemia nauplii are prepared ~s described above.

12.10.6.2 The feeding rates in the test beakers should be
closely controlled to avoid overfeeding and fouling of 'test
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solutions. Add 40 newly hatched Artemia nauplii per mysidper
day. Artemia nauplii should be well rinsed with clean seawater
and concentrated so that no more than one mL of seawater is added
during feeding. (Use a 100-~m-mesh screen tube for rinsing and
concentrating the nauplii; see Section 12.6.24.3). Test
performance may be enhanced by feeding half the ration twice
daily. If mysids die during the course of the experim~nt, the
ration should be reduced proportionally. The my~ids should not
be fed on day 7.

12.10.7 DAILY CLEANING OF TEST CHAMBERS

12.10.7.1 Before the renewal of test solutions, uneaten and dead
Artemia, dead mysids and other debris are removed .from the bottom
of the test chambers with a pipette. As much of the uneaten
Artemia as possible should be removed from each chamber to ensure
that the mysids eat primarily newly hatchednauplii. By placing
the test chambers on a light box, inadvertent removal of live
mysids can be greatly reduced because th~y can be more easily
seen. If a mysid is lost during siphoning, note the test chamber
from it came, and reduce the initial count from five to four for
that chamber when calculating survival at the end of the test.

12.10.8 OBSERVATIONS DURING THE TEST

12.10.8.1 Routine Chemical and Physical Observations

12.10.8.1.1 DO is measured at the beginning of the exposure
period in one test chamber at each test concentration and in the
control.

12.10.8.1.2 Temperature, pH, and salinity are measured at the
beginning of the exposure period in one test chamber at each
concentration and in the control. Temperature should also be
monitored continuously or observed and recorded daily for at
least two locations in the environmental.control system or the
samples. Temperature should be measured in a sufficient number
of test chambers at the end of the test to determine temperature
variation in the environmental chamber.

12.10.8.1.3 Record all the measurements .on the data sheet.

12.10.8.2 Routine Biological Observations
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12.10.8.2.1 The number of live mysids are countt=d and recorded
each day. Dead animals and excess food should bt~ removed with a
pipette before test solutions are renewed. This is necessary to
avoid cannibalism and to prevent fouling of test solutions. :

12.10.8.2.2 Protect the mysids from unnecessary disturbance
during the test by carrying out the daily test observations,
solution renewals, and r~moval of the dead mysidH, carefully.
Make sure the mysids remain immersed during the performance of'
the above operations.

12.10.9 TEST SOLUTION RENEWAL

12.10.9.1 The test duration is 7 days~ Bec~use effluent
toxici ty, may ch'ange, over short time periods in te;st chambers,' the
test solutions must be renewed after 48 hand 96 h. Prepare
renewal test, solutions in the same·way as initial test solutions.
Remove three quarters of the original test solution from each
chamber, taking care to avoid losing or da~aging ~ysids. This
can be done by siphoning with a small-bore (2 t03 mm) fire
polished glass tube or pipet. Attach the glass tube to clear
plastic tubing fitted with a pinch clamp so that the s~phon flow
can be stopped quickly if necessary to release entrained mysids.
It is convenient to siphon old solutions into a small (500 mL)
chamber in order to check to make sure that no mysids have been
inadvertently removed during solution renewals. ~f a mysid is
siphoned, return it to the test chamber and note it on the data
sheet. Follow the chamber randomization sheet to' siphon first
from the controls, then work sequentially to the ~ighest test
concentration to avoid cross-contamination.

12.10.9.2 To minimize disturbance to the juvenile mysids,
refill the chambers to the 200-mL mark by carefully,siphoningnew
test solution into the test chambers using small diameter plastic
tubing attached to a bent clean glass rod that directs incoming
solution upward or to the side to slow the current and minimi~e

turbulence.

12.10.9.3 The effluent or receiving water used iri the test is
stored in an incubator or refrigerator at 4°C. Plastic chambers
such as 8-20 L cubitainers have proven suitable .fcir effluent
collection and storage. For on-site toxicity studies no more

I

than 24h should elapse between collection of the effluent and.
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use in a toxicity test (see Section 8, Effluent and Receiving
Water Sampling, Sample Handl~ng, and Sample Preparation for
Toxicity Tests) .

12.10.9.4 Approximately 1 h before test initiation, a sufficient
quantity of effluent or receiving water sample is warmed to 13 ±
1°C or 15 ± 1°C to prepare the test solutions. A sufficient
quantity of effluent should be warmed to make the test solutions.

12.10.10 TERMINATION OF THE TEST

12.10.10.1 Ending the Test

12.10.10.1.1 Record the time the test is terminated.

12.10.10.1.2 Temperature, pH, dissolved oxygen, and salinity are
measured at the end of the exposure period in one test chamber at
each concentration and in the control.'

12.10.10.1.3 On the last day of the test, examine each test
chamber, and remove and record any dead mysids. Sum the
cumulative total of all mortalities observed in each test chamber
over the 7 days of the test, subtract this from the initial
number of mysids (5), and verify the number of survivors.
Immobile mysids that do not respond to a stimulus are considered
dead. The stimulus should be two or three gentle prods with a
disposable pipet. Mysids that exhibit any response clearly
visible to the naked eye are considered living. The most
commonly observed movement in moribund mysids is a quick
contraction of the abdomen. This or any other obvious movement
qualifies a mysid as alive.

12.10.10.2 Weighing

12.10.10.2.1 To prepare mysids for weighing at the en~of the
exposure period, remove any remaining dead mysids, then carefully
pour the contents of the test chamber through a small mesh screen
«300~m). Count the mysids before screening, and tak~ care to
keep track of them on the screen. Make sure mortality counts
have already been recorded. Briefly dip the screen containing
the mysids in deionized water to rinse away the salt. Using fine
point forceps, carefully transfer the mysids from the screen to a
preweighed and labelled micro-weigh boat. Carefully fold the
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foil weigh boats over the mysids to avoid loss while drying test
organisms.

12.10.10.2.,2 To prepare weigh boats prior to t:esting, write the
test chamber number on each with a fine felt-t~pped marker, dry
the ink and 'weigh boat in a drying oven, allow;the dry weigh-, .
boats to cool in a desiccator, weigh the weigh 'boats to the
nearest 1 microgram (ltg) on a'microbalance, and record the weight
and chamber number on the data sheet. ,Place the weighed weigh
boats in a clean ziplock bag until ready to USEl for weighing
mysids. The juvenile mysids-are very small, and light (60 ~g)

relative to the weigh boats (4 mg). Take all precautions to' make
sure weigh boats remain clean and dry during weighing and
subsequent storage, so that mysid weights may be accurately
determined by subtraction.

12.10.10.2.3 When all mysids are loaded onto weigh boats,
arrange them all in a dish; small tray o~ other small open
chamber, and place the~ in a clean drying oven. Dry for at least
24 hours at 60 D C or for at least 6 hours at 105"C. Remove the
weigh boats with mysids from the drying oven and place them in a
desiccator to cool for one hour. When cool, carefully weigh each
weigh boat on a microbalance (accurate to 1 ~g). Record the
chamber number, mysid weight, weigh boat weight (recorded
previously), and number of mysids per weigh boa1: (replicate) on
the data sheet.

12.10.10.3 Endpoint

12.10.10.3.1 Growth is measured as dry weight of survlvlng
mysids. All surviving mysids from a single replicate test
chamber are pooled together and weighed, then this total weight
is divided by the number of original mysids to obtain the mean
dry weight per'individual for each replicate, which is used for
statistical analysis.

12.10.10.3.2 The percentage of surviving mysids in each chamber,
~t the end of the test will 'be used for subsequent statistical
analysis.
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12.11 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

12.11.1 A summary of te'st conditions and test acceptability
criteria is listed in Table 3.

12.12 ACCEPTABILITY OF TEST RESULTS

12.12.1 Test results are acceptable only if all the following
requirements are met:

(1) Control survival must be at least 75%.

(2) The average weight of control mysids must be at least
40 ~g per mysid.

(3) Between replicate variability in the mortality data
must be low enough that the minimum significant
difference (%MSD) is less than 40% in the reference
toxicant test.

(4) Between replicate variability in the weight data must
be low enough that the'%MSD is less than 50 ~g in the
reference toxicant test.

(5) Both the mortality NOEC and LC50 must be less than 100
~g/L zinc in the reference toxicant test.

12.13 DATA ANALYSIS

12.13.1 GENERAL

12.13.1.1 Tabulate and summarize the data. Table 4 presents a
sample set of survival and growth data.

12.13.1.2 The endpoints of the mysid 7-day chronic test are
based on the adverse effects on survival and growth. The LC50
and the IC25 are calculated using point estimation techniques
(see Section 9, Chronic Toxicity Test Endpoints and Data
Analysis). LOEC and NOEC values for survival and growth are
obtained using a hypothesis testing approach such as Dunnett's
Procedure (Dunnett, 1955) or Steel's Many-one Rank Test (Steel,
1959; Miller, 1981) (see Section 9). Separate analyses are
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performed for the ~stimation of the LOEC and NOEC endpoints and
• ': • - > "

for the estimation of the LC50 and IC25. Concentrations at which
there is no survival in .any of the test chambers' are excluded
from the statistical analysis of the NOEC.and.LOEC for survival.
and growth, but included in the estimation of th~'LC50 and IC25.
See the Appe~dices for examples of the manual computations, and
examples of data input and program output.. .

12.13.1.3 The statistical tests described here must be used with,·
a knowledge of the assumptions upon which the tests are
contingent. The assistance of a statistician is recommended for
analysts who are not proficient in statistics.

12.13.2 EXAMPLE OF ANALYSIS OF MYSID, HOLME$IMYSIS COST~TA,

SURVIVAL DATA

12.13.2 .1 Formal statistical analysis of the sm~vival .data is
outlined in Figures 1 and 2. ~he response used in the analysis is
the proportion of animals surviving in each test-or control
chamber. Separate analyses are performed for thE~. estimation of
the I\fOEC and LOEC endpoints and for the estimation of the LC50

. endpoint. Concentrations at which there.is no survival in any of
the test chambers are excluded from statistical Glnaly~is of the
NOEC and LOEC, but included in the estimation of the LC;jEC, and
IC endpoints~

'12.13.2.2 For .the case of equal numbers of replicates across all
concentrations and the control, the evaluation of the NOEC and
LOEC endpoints, is made via a parametric .t::est, Dunnett's
Procedure, or· a nonparametric test, Steel's Many-one Rank Test,
on the arc sine square root transformed data. Underlying
assumptions of Dunnett's.Procedure, normality and' homogeneity of
variance, are formally tested. The test for normality is the
Shapiro-Wilk's Test, and Bartlett's Test is used to test. for
homogeneity of variance. If either of these tests fails, the
nonparametric test, St~el's Many-one Rank: Test, is used to
determine the NOEC .and LOEC endpoints. If the as,sumptions of
Dunnett's Procedure are met, the endpoints are es-~imated by the·
parametric .procedure.

12.13.2.3 If equal numbers of replicates occur among the
concentration levels tested, there are parametric and
nonparametric alternative analyses. The parametr:~c analysis i's a
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TABLE 3. SUMMAR~ OF TEST CONDITIONS ~ TEST ACCEPTABILITY
CRITERIA FOR THE MYSID, HOLMESIMYSIS COSTATA, GROWTH
AND SURVIVAL TEST WITH EFFLUENTS AND RECEIVING,WATERS

J.. Test type: Static-renewal
,

2. Salinity: 34 ± 2%0

3. Temperature: 13 ± 1°C (mysids collected north
I of Pt. Conceptibn)

15 ±, 1°C (mysids collected south
, of Pt. Conception)

, 4. Light quality: Ambient laboratory illumination

5. Light intensity: 10-20 flE/m2
/ s (Ambient

,
laboratory illumination)

6. Photoperiod: 16 h light, 8 h darknes's

7. Test chamber: 1000 mL

, 8. Test solution volume: 200 mL

I 9. Renewal of test 75% renewal at 48 and 96 hours
solutibns:

J.O. Age of test organisms: 3 to 4 days post-hatch
, juvenile$

J.J.. No. organisms per test 5
chamber:

J.2. No. replicate chambers 5
per concentration:

J.3. No. mysids per 25
concentration:

: J.4. Source of food: Newly hatched Artemia nauplii
I

(less than 24 h old)

I J.5. Feeding regime: Feed 40 nauplii per larvae
daily (dividing into morning
'and evening feedings)
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16. Cleaning: Siphon during test solution
renewal

17. Aeration: None unless DO falls below 4.0
mg/L, then gently aerate in all
cups

18. Dilution water: Uncontami,nated l:"'P.hl-filtered
natural seawater or hypersaline
brine prepared f:rom natural
seawater ' .

19. Test concentrations: Effluents: Minimum of 5 and a
control
Receiving w'aters: 100%
receiving water and a control

20. Dilution factor: Effluents: ~0.5 series
Receiving waters: None,' or ~0.5

2l. Test duration: 7 days

22. Endpoints: Survival and grm'J'th

23. Test acceptability ~75% survival, a'ITerage dry
criteria: weight ~ 0.40 JLg in the

controls; survival MSD .<40% ;
growth MSD <50 W;J; and both
survival and gro\~th NOECs must
be less than 100 p.g/L with zinc

24. Sampling requirements: For on-site tests, samples must
be used within 2,~ h of the time
they are removed from the
sampling device (see Section 8,
Effluent and Reqdving Water
Sampling, Sample Handling, and
Sample Preparation for Toxicity
Tests)

25. Sample volume required: , 2 L per renewal
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TABLE 4. DATA FOR HOLMESIMYSIS COSTATA 7-DAY SURVIVAL AND GROWTH' TEST1

Treatment Replicate Total No. Prop. Mean
Chamber Mysids Alive Alive Weight

Control. Brine 1 5 5 1.00 0.051
2 5 5 1.00 0.050
3 5 5 1.00 0.040
4 5 5 1. 00 0.064
5 5 5 1. 00 0.039

Control. Dilution 1 5 5 1.00 0.048
2 5 5 1. 00 0.058
3 5 5 1. 00 0.047
4 5 5 1. 00 0.058
5 5 5 Lao 0.051

1.80% 1 5 5 1. 00
0.055

2 5 5 1. 00 0.048
3 5 5 1.00 0.042
4 5 4 0.80 0.041
5 5 5 1. 00 0.052

3.20% 1 5 5 1. 00
0.057

2 5 '4 0.80 0.050
3 5 5 1. 00 0.046
4 5 5 1. 00 0.043
5 5 4 0.80 0.045

t test with the Bonferroni.adjustment (see Appendix D). The
Wilcoxon Rank Sum Test with the Bonferroni adjustment is the
nonparametric alternative.

12.13.2.4 Probit Analysis (Finney, 1971 r see Appendix G) is used
to estimate the concentration that causes a specified percent
decrease in survival from the control. In this analysis, the
total mortality data from all test replicates at a give'n
concentration are combined. If the data do not fit the Probit
model, the Spearman-Karber method, the Trimmed Spearman-Karber
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method, or trie Graphical method may be used to estimate the LC5"d'"
(see Appendiges H-K) .

12.13.2.5 The proportion of survival in each replicate must
first'betransformed by the arc s~ne square root transformation
procedure de~cribed in AppendixB. The raw and transfor~ed data,
means and variances of the transformed observations at each
concentration including the control are listed in Table 5. A
plot of the survival data is provided in Figure 3.

12.13.2.6 Test for Normality

12.13.2.6.1' The first step of the test for normality is .to
center the observations by subtracting the mean of all
observations within a concentration from each ol,servation in that
concentration. The centered observations are li.sted in Table 6.

12.13.2.6~2 Calculate the denominator, D, of the test statistic:

n
. - 2

D = E (X.-X)
i.1 ~

Where: Xi == the ith ce.ntered observation

x ;;:; the overall mean of the centered observations
,

n ;;:; the total number of centered observations. I

12.13.2.6.3 For this set of data, n ~ 25

.,X == -L(0.OQ1) == 0.00
25

D ;;:; 0.227

12.13.2.6.4 Order the centered observations from smallest to
largest:

~'. x(n)

Where X(i)' is the ith ordered observation. These ordered
observations are listed,in Table 7.
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TABLE 5. MYSID. HOLMESIMYSIS COSTATA. SURVIVAL DATA

Concentration (%)
Replicate Control 1.80 3.20 5.60 10.00

1 1. 00 1. 00 1. 00 0.80 0.20
2 1. 00 1. 00 0.80 1. 00 0.00

RAW 3 1. 00 1. 00 1. 00 1.00 0.00
4 1. 00 0.80 1. 00 0.80 0.00
5 1. 00 1. 00 0.80 0.80 0.00

ARC SINE 1 1.345 1.345 1.345 1.107 0.464
SQUARE 2 1.345 1.345 1.107 1.345 0.225
ROOT 3 1.345 1.345 1.345 1.345 0.225
TRANS- 4 1.345 1.107 1.345 1.107 0.225
FORMED 5 1.345 1.345 1.107 1.107 0.225

Mean('T1) 1.345 1.297 1.250 1.202 ·0 .273
Sf 0.000 0.011 0.017 0.017 0.011
; 1 2 3 4 5

-
12.13.2.6.5 From Table 4, Appendix B, for the number of
observations, n, obtain the coefficients a 1 , a 2 , •••• , ak where k
is n/2 if n is even and (n-1)/2 if n is odd. For the data in
this example, n = 25 and k = 12. The a i values are listed in
Table 8.

12.13.2.6.6 Compute the test statistic, W, as follows:

1 k . 2

W : - [Ea (X (n-io1) -X (i)) ]

D i.1 i

The differences x(n-i+1) - Xli) are listed in Table 8.
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, Figure 1. F~owchart for statistical analysis of mysid,
Holmesimysis costata, survival data by hypothesis testing.
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,MORTALllYDATA 
iDEAD

TwOORMORE _
PARTIAL MORTALITIES?:

IS PROSIT MODEL
. -

APPROPRIAi"E1
: (SIGNIFICANT x2 TEST)

Figure 2.Flowchart for statistical analysis of mysid,
Holrnesimysis costata, survival data by point estimation.
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TABLE 6. CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

Replicate Control
(Dilution)

Concentration
3.20 5.60 10.00

1 0.000 0.048 0.095 -0.095' 0.191
2 0.000 0.048 -0 ..143 . 0.143 -0.048
3 0.000 0.048 0.095 0.143 -0.048
4 0.000 -0.190 0.095 -0.095 -0.048
5 0.000 0.048 -0.143 -0.095 -0.048

TABLE 7. ORDERED CENTERED OBSERVATIONS FORSHAPIRO-WILK'S EXAMPLE

i X<il i

1 -0.190 14 0.000
2 -0.143 15 0.000
3 -0.143 16 0.048
4 -0.095 17 0.048-
5 -0.095 18 0.048
6 -0.095 19 0.048
7 -0.048 20 0.095
8 -0.048 21 0.095
9 -0.048 22 0.095
10 -0.048 23 0.143 ..
11 0.000 24 0.143
12 0.000 25 0.191
13 0.000
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__________________________1 ."

TABLE 8. COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S'EXAMPLE

a; xCn-;+l) - XCi)

1 0.4450 0.381 XC2S) ,_ X(l)

2 0.3069 0.286 X(24) - X(2)

3 0.2543 0.286 X(23) - X(3)

4 0.2148 0.190 X(22) - X(4)

5 0.1822 0.190 : X(21) - XCS)

6 0.1539 '0.190 X(20) - X(6)

7 0.1283 0.096 XCl9) - X(7)

8 0.1046 0.096 . XCl8) - X(8)

9 0.0823 0.096 ,'. X(l7)
X(9)

10 0.0610 0.096 XCl6) - XClO)

11 0.0403 0.000 XClS) - XC1l)

12 0.0200 0.000 XCl4) X(12)

" "f,· -,,: ': ~~ i,·','
'.'

For this data in this example:

w 1 (0.4708)2
0.227

0.976

12.13.2.6.7 The decision rule for this test is to compare W as
calculated in Subsection 6.6 with the critical value found in
Table 6, Appendix B. If the computed W is less 1:han the critical
value, conclude that the data are not normally distributed. For
this set of data, the critical value ata significance level of
0.01 and n = 25 observations is 0.888. Since W = p.976 is
greater than the critical value, conclude that the qata are
~ormally distributed.

12. 13 .2 . 6 . 8 Since the variance of the control group is' zero ,
Bartlett's test statistic can not be calculated. Therefore, the
survival data variances are considered to be heterogeneous.

12.13.2.6.9 Since the data do not meet t:he assumption of
homogeneity of variance, Steel's Many-one Rank TE~St will be used
to analyze the survival data. ' " ,.i,'
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12.13.2.7 Steel's Many-one Rank Test

12.13.2.7.1 For each contro'l and concentration combination,
combine the data and arrange the observations in order of size
from smallest to largest. Assign the ranks (1, 2, ... ,'10) to
the ordered observations with a rank ofi assigned to the
smallest observation, rank of 2 assigned to the next larger
observation, etc. If ties occur when ranking, assign the average
rank to each tied observation.

12.13.2.7.2 An example o£ assigning ranks to the combined data
for the control and 1.80% concentration is given in Table 9.
This ranking procedure is' repeated for each control/concentration
combination. The complete set of rankings is summarized in
Table 10. The ranks are then summed for each concentration
level, as shown in Table 11.

12.13.2.7.3 For this example, determine if the survival in any
of the concentrations is significantly lower than the survival in
the control. If this occurs, the rank ,sum at that concentration
would be significantly lower than the rank sum of thecontrpl.
Thus compare the rank sums for the survival at each of the
various concentration levels with some "minimum" or critical rank
sum, at or below which the survival would be ,considered
significantly lower than th~ control. At a significa~ce le~~i of
0.05, the minimum rank sum in a test with four concentrations
(excluding the control) is 17(See Table 5, Appendix E) .

12.13.2.8.1 The data used to calculate the LC50 is summarized in
Table 12. For this example, although there are two
concentrations with partial mortalities, the chi-square test for
heterogeneity was significant, indicating that Probit Analysis is
inappropriate for this set of data. Inspection of the data
reveals that the smoothed, adjusted proportion mortality for the
lowest concentration will not be zero, indicating that the
Trimmed Spearman-Karber Method is recommended to calculated the
LCSO for this dataset.

12.13.2.8.2 For the Trimmed Spearman-Karber
USEPA Trimmed Spearman-Karber program, TSK.
program output is provided in Figure 4.
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TABLE 9. ASSIGNING RANKS TO THE CONTROL AND 1. 80% CONCENTRATION LEVEL
FOR STEEL'S MANY-ONE RANK TEST

Rank

1
6
6
6
6
6
6
6
6
6

Transformed Proporti'on
of Total Mortality

1.107
.1. 345
1.345
1.345
1.345
1.345
1.345
1.345
1.345
1.345

TABLE 10. TABLE OF RANKS1

'Concentration

1.80%
Control
Control
Control
Control
Control

1.80%
1.80%
1.80%
1.80%

Concentration (%)

Repli- Control 1.80 3.20 5,.60 10.0
cate

1 1.345(6.6.5.7.8) 1. 345(6) 1. 345(6.5) 1.107(2) 0.464(5)
2 1.345(6.6.5.7.8) 1. 345(6) 1.107(1.5) 1. 345(7) 0.225(2.5)
3 1.345(6.6.5.7.8) 1. 345(6) 1. 345(6. 5) 1. 345(7) 0.225(2.5)
4 1.345(6.6.5.7.8) 1.107(1) 1. 345(6.5) 1.1'07 (2) 0.225(2.5)
5 1.345(6.6.5.7.8) 1. 345(6) 1.107(1.5) 1.107(2) '0 .225 (2 .5)

lControl ranks are given in the order of theconcentrat'ion with which
they were ranked. I

----------------------------
1.83
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TABLE 11.

concentration

1. 80
3.20
5.60

10.00

RANK SUMS

Rank Sum

25.0
22 . .5

20.0
15.0

TABLE 12. DATA FOR TRIMMED SPEARMAN-KARBER ANALYSIS

Concentration (%)

No Dead
No Exposed

Control

o
25

1.80

1
25

3.20

2
25

5.60

3
25

10.0

24
25

18.0

25
25

12.13.3 EXAMPLE OF ANALYSIS OF MYSID, HOLMESIMYSIS COSTATA
GROWTH DATA

12.13.3.1 Formal statistical analysis of the gro~th data is
outlined in Figure 5. The response used in the statistical
analysis is mean weight per surviving organism per replicate.
The IC25 can be calculated for the growth data via a point
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TRIMMED SPEARMAN-KARBER METHOD. VERSION 1.5

DATE: TEST NUMBER: 1 DURATION: 7 days

TOXICANT Eftl uent
SPECIES: Holmesimysis costata

RAW DATA: . Concentrati on Number Mortalities .
--- ---- (%) Exposed

.00 25 0
1.80 25 1
3.20 25 2
5.60 25 3

10.00 25 24
18.00 25 25

SPEARMAN-KARBER TRIM: 4.00%

SPEARMAN-KARBER ESTIMATES: LC50: 6.95
95% LOWER CONFIDENCE: 6.22
95% UPPER CONFIDENCE: 7.76

Figure 4. Output for USEPA trimmed Spearman-Karber Program. version 1.5.

estimation technique (see Section 9, Chronic Toxicity Test
Endpoints and Data Analysis). Hypothesis testin9 can be used to
obtain an NOEC and LOEC for growth. Concentrations above the
NOEC for survival are excluded from the hypothesis test for
growth effects.

12.13.3.2 The statistical analysis using hypothesi.s tests
consists of a·parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test. : The underlying
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ENDPOINT ESTiMATE
IC25

HOMOOENEOUSVARIANCE
, .' :

'NO

tTESTWITH
BONFERRONI
ADJUSTMENT

Figure 5. Flowchart for statistical analysis of mysid,
Holmesimysis costata, growth data.
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assumptions of the J;)unnett's Procedure, normali.ty and homogeneity
of variance, are formally tested. The test for, normality is the
Shapiro-Wilk's Test and Bartlett's Test is used to test for
homogeneity of variance. If either of these tests fails, the
nonparametric test, Steel's Many-one Rank Test, is used to
determine the NOEC and LOEC endpoints. If the assumptions of
Dunnett's Procedure are met, the endpoints are determined by the
parametric test.

12.13.3.3 Additionally, if unequal numbers of replicates occur
among the concentration levels tested, there are parametric and
nonparametric alternative analyses. The.parametric analysis is a
t test with the Bonferroni adjustment. The Wilcoxon Rank Sum
Test with the Bonferroni adjustment is the nonparametric
alternative. For detailed information on the Bonferroni
adjustment, see Appendix D.

12.13.3.4 The data, mean 'and variance of the ohservations at
each concentration including the control for this example are,
listed in'Table 13. A plot of the data is'provided in Figure 6.
Since there is significant mortality in the 10.0% concentration,
its effect on growth is not considered.

12.13.3.5 Test for Normality

12.13.3.5.1 The first step of the test for normality is to
center the observations by subtracting the mean of all
observations within.a concentration from each observation in that
concentration. The centered observations are listed in Table 14.

12.13.3.5.2 Calculate the denominator, D, of the statistic:

n
r - 2

D=L.t(X -X)
1.

1.-1
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TABLE 13. MYSID. HOLMESIMYSIS COSTATA. GROWTH DATA

Concentration (%)
Replicate Control 1.80 3.20 5.60 10.0

1 0.048 0.055 0.057 0.041 0.033
2 0.058 0.048 0.050 0.040 0.000
3 0.047 0.042 0.046 0.041 0.000
4 0.058 0.041 0.043 0.043 0.000
5 0.051 0.052 0.045 0.040 0.000

0.052
0.0000283
1

0.048
0.0000373
2

0.048 0.041
0.0000307 0.0000015
3 4

0.007
0.000218
5

TABLE 14. CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

Concentration (%)

Replicate Control 1.80 3.20 5.60

1 -0.004 0.007 0.009 0.000
2 0.006 0.000 0.002 -0.001
3 -0.005 -0.006 -0.002 0.00.0
4 0.006 -0.007 -0.005 0.002
5 -0.001 0.004 -0.003 . -0.001
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Where: Xi = the ith centered observation

X = the overall mean of the centered observations

n = the total number of centered observations'

12.13.3.5.3 For this set of data, n.= 20

x =~ (0.001) = 0.000
20

D = 0.000393

12.13.3.5.4 Order the centered observations from smallest to
largest

X(1) :!:: X (2 ) :!:: ••• :!:: X Cn)

where Xli) denotes the ith ordered observation. The ordered
observations for this example are listed in Table 15.

TABLE 15. ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S 'EXAMPLE

i i

1 -0.007 11 0.000
2 -0.006 12 0.000
3 -0.005 13 0.000
4 -0.005 14 0.002
5 -0.004 15 0.002
6 -0.003 16 0.004
7 -0.002 17 0.006
8 -0.001 18 . 0.006
9 -0.001 19 0.007

10 -0.001 20 0.009
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12.13.3.5.5 From Table 4, Appendix B, for the.number of
observations, n, obtain the coefficients a l , a 2,' '.' a k where k is
n/2 if n is even· and (n-1)/2 if n is odd. For the data in this
example, n = 20 and k = 10.' The ai values are l,isted in
Table 16.

12.13.3.5.6 Compute the test. statistic, W, as follows:

The differences xCn-i+1J - X(i) are listed in Table ;16. For this set
of data:

W = 1 (0.0194)2 = 0.958
0.000393

TABLE 16. COEFFICIENTS AND DIFfERENCES FOR SHAPIRO-WILK'S EXAMPLE

1
2
3
4'
5
6

.7
8
9

10

a-' ·1

0.4734
0.3211
0.2565
0.2085
0.1686
0.1334
0.1013
0.0711
0.0422
0.0140

X·<n-i+l)~.· X·m·,

0.016
0.013
0.011
0.011
0.008
0.005
0.004
0.001
0.001
0.001

'X(20) _. X(l)

.... X(19) X(2)

'; X<l8) _ X(3)
; XCl7l _ X(4)

: X(6) - XCS)

;XUS) X(6)

: X(4) - XC7J
X(13) _ X<S)

. X(l2) X(9)

. XCll> XClO)

12.13.3.5.7 The decision rule for this test is to compare W as
calculated in Subsection '12.13.3.5.6 to a critical value found in
Table~, Appendix B. If 'the computed W is less than the critical
value, conclude that the data are not normally di:stributed. For
this set of data, the critical value at ~ significance level of
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0.01 and n = 20 observations is 0.868. Since W = 0.958 is
greater than the critical value, conclude that the data are
normally. distributed.

12.13.3.6 Test for Homogeneity of Variance

12.13.3.6.1 The test used to examine whether the variation in
mean weight of the mysids is the same across all concentration
levels including the control, is Bartlett's Test (Snedecor and
Cochran, 1980). The test statistic is as follows:

p p

[(LV) In "52
- LV

1
In 5

1

2
]

B = __1._1 1._1 _

c

Where: Vi = degrees of freedom for each concentration and the
control, Vi = (ni - 1)

p = number of concentration levels including the
control

ln = loge

i = 1, 2, ... , p where p is the number of
concentrations including the control

ni = the number of replicates for concentration i.

p p

C 3 1+ [~(p-1) r 1 [L1/V
1

- (LV
1

) -1]
1-1 1-1

12.13.3.6.2 For the data in this example (See Table 13,), all
concentrations including the control have the same number of
replicates (ni = 5 for all i). Thus, Vi = 4 for all i.
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12.13.3.6.3 Bartlett1s statistic is therefore:

p

B = [(16)ln(0.0000245)-4,Eln(S:)]/1.104
1=1

=

=

=

[16(-10.617) - 4(-44.470)])1.104

[-169.872 - (-177.880)]/1.104

7.254

12.13.3.6.4 B is approximately distributed as chi-square with p
- 1 degrees of freedom, when the variances are in fact the same.
Therefore, the appropriate critical value for this test, at a
significance lev~l of O.pl with three de~rees of freedom, is
9.210. Since B = 7.254 is le~s than the critical value of 9.210,
conclude that the variances are not different.

12.13.3.7 Dunnett's Procedure

12.13.3.7.1 To obtain an estimate of the pooled variance for the
Dunnett's Procedure, construct an ANOVA table aB described in
Table 17.

TABLE 17. ANOVA TABLE

Source df Sum of Squares Mean Square(MS)
(SS) (SS/qf)

2

Between p - 1 SSB SB = SSB/(p-l)
2

Within N - P SSW Sw = SSW/ (N-p)

,
Where: p = number of concentration levels including the

control

N = total number of observations n l + n 2 ••• + np
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ni = number of observations in concentration i

p

SSE" ET1

2/n
1
-G2/N

1-1

p n1

SST s EEY12j-G2/N
1-lj-1

. SSW" SST-SSE

Between Sum of Squares

Total Sum of Squares

Within Sum of Squares'

G :: the grand total'of all sample observations,

p

G" ET
1

1-1

,
Ti :: the total of the replicate measurements for

concentration i

Yij = the j th observation for concentration i
(represents the mean weight of the mysids for
concentration i in test chamber j)

12.13.3.7.2 For the data in this exampl~:'

N = 20

p

SSE" ET12/ni.-G2/N
i.·1

= _1_ ( 0 . 225 ) - ( 0 . 94 6 ) 2 = o. 0 0 02 54

5 20

p ni.

SST" EEY;j-G
2
/N

i..1j-1

= 0.0455 - (0.946)2

20
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ssw = SST-SSB

= 0.000754 - 0.000254 = O~.000500

S~ = SSB/(p-1) = 0.000254/(4-1} = 0.0000847

SI = SSW/(N-p) = 0.b00500/(20-4) = 0.0000313

12.13.3.7.3 Summarize these calculations in the ANOVA.table
(Table 18) .

TABLE 18. ANOVA TABLE FOR DUNNEIT'S PROCEDURE EXAMPLE

Source

Between

Within

Total

df

'3

16

19

Sum of Squares
(55)

'0.000254 .

0.000500

0.000754

Mean Square (MS)
(SS/df)

0.0000847

0.0000313

12.13.3.7.4. To perform the individual c~mparisons, calculate the
t statistic for each concentration, and control combination as
follows: .

Where: Yi = mean weight for concentrati'on i

Yl = mean weight for the control

. Sw = square root of the within mean square

n l = number of replicates for the control
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ni = number of replicates for concentration i

~2.~3.3.7.5 Table 19 includes the calculated t values for each
concentration and control combination. In this example,
comparing the 1.80% concentration with the control the
calculation is as follows:

t =2

(0.052-0.04B)

[0.00559V(1/S)+(1/5))

= 1.131

TABLE 19. CALCULATED t VALUES

Concentration (ppb)

1.80
3.20
5.60

2
3
4

1.131
1.131
3.111

~2.~3.3.7.6 Since the purpose of this test is to detect a
significant reduction in mean weight, a one-sided test is
appropriate. The critical value for this one-sided test is found
in Table 5, Appendix C. For an overall alpha level of 0.05, 16
degrees of freedom for error and three concentrations (excluding
the control) the approximate critical vaiue is 2.23. The mean
weight for concentration "i" is considered significantly less
than the mean weight for the control if t i is greater tha~ the
critical value. Therefore, the 5.60% concentration has
significantly lower mean weight than the control. Hence the NOEC
and the LOEe for growth are 3.20% and 5.60%, respectively.

~2.~3.3.7.7 To quantify the sensitivity'of the test, the minimum
significant difference (MSD) that can be detected statistically
may be calculated.

MSD = d S"V (1/n
1

) ... (lin)
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critical value for Dunnett's Procedure'

square root· of the within mean:square

,common' number of replicates at J each
::entration
.ssumes equal repl~cation at .each concentration)

rlumber of replicates in the con~trol.

.his example:

.... .. .. ,' '.

,

- 2.23 (0.00559) (0.632)

- 0.00788

, .
'efore, for this set of data, the minimum
!an be detected as statistically significant is

.S represents a 15.2% reduction in mean weight

; '~., ~ .' I • ~." 1

.ation of the rep
". t

growth data .from Table ~3. are utilized in, this
l in the table, the observed mea:!=ls are
l-increasingwith respect· to concentration~

loothed means will be simply the'r corresponding
j -

'he observed'means are represented by Y i and the
r Mi. Table 20 contains the smoc~thed means a,nd
plot of the smoothed response curve.'
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12.13.3.8.5 Using the equation in Section 4.2 from Appendix L, '
the estimate of the IC25 is calculated as follows:

(C -C)
ICp : C + [M (l-p/lOO) -M ] (j.1) j

j 1 j (M -M)
(j.1) j

I C25 = 5. 60 + [0. 052 (1 - 25/100) - O. 041] (10 . 0 - 5. 60)
(0.0066 - 0.041)

= 5.86%.

12.13.3.8.7 When the ICPIN program was used to analyze this set
of data, requesting 80 resamples, the estimate of the IC25 was
5.86%. The empirical 95.0% confidence interval for the true mean
was 4.9440% to 6.2553%. The computer program output for the IC25
for this data set is shown in Figure 8.

-
TABLE 20. MYSID, HOLMESIMYSIS COSTATA, MEAN

GROWTH RESPONSE AFTER SMOOTHING

Toxicant Response Smoothed
Cone. Means Means

(%) i Yi (mg) Mi (mg)

Control 1 0.052 0.052
1.80 2 0.048 0.048
3.20 3 0.048 0.048
5.60 4 0.041 0.041

10.00 5 0.0066 0.0066
18.00 6 0.000 0.000

-
12.14 PRECISION AND ACCURACY

12.12.1 PRECISION

12.12.1.1 Single-Laboratory Precision

g

"

,

. .

12.12.1.1.1 Data on the single laboratory precision 'of the
Holmesimysis costata growth and survival test with zinc sulfate
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are shown in Table 21. NOECs for mysid survival were either 32
or 56 Ilg!L Zn. There was also .·good agreement among LC50s, with a
coefficient of variation of 14%. Mysids did not exhibit a growth
response at zinc concentrations below those causing significant
mortality; NOEC.values for growth were always greater than or
equal to the highest zinc concentration. lC50 values for growth
could not be calculated.

12.12.1.2 Multi-laboratory Precision

12.12.1.2.1 The multi-laboratory data indicate a similar level
of test precision (Table 22). The four multi-laboratory tests
were conducted over a two year period, and each lJ.sed split
effluent samples tested at two laboratories. Survival NOEC
values were the same for both laboratories in three of the four
tests, with the NOECs varying by one concentra·tion in the fourth
test. The mean coefficient of variation between LC50 values from
different laboratories was '21%. The two' available comparison's' of
growth NOEC values indicate similar responses at both
laboratories. Growth was the more sensitive indLcator of
toxicity in three of the four effluent tests.

12.14.2 ACCURACY

12.14.2.1 The accuracy of toxicity tests cannot be determined.
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Cone. 10 1 2 3 4 5 6
--------------.----------------------------------------------------------
Cone. Tested 0 1.80 3.20 5.60 10.0 18.0
------------------------------------~----------------- ,------------------

Response 1 .048 .055 .057 .041 .. 033 0
Response 2 .058 .048 .050 .040 0 0
Response 3 .047 .042 .046 .041 0 0
Response 4 .058 .041 .043 .043 0 0
Response 5 .051 .052 .045 .040 0 0

*** Inhibition Concentration Percentage Estimate ***.
Toxicant/Effluent: Effluent
Test Start Date: Test Ending Date:
Test Species: mysid. Holmesimysis costata
Test Duration: 7 days
DATA FILE: mysid.icp
OUTPUT· FILE: mysid.i25
------------------------------------------------------ ------------~----

Cone. Number Concentration
10 Rep1i cates %

Response
Means

Std. Pooled
Dev. Response 'Means

1
2
3
4
5
6

5
5
5
5
5
5

0.000
1.800
3.200
5.600

10.000
18.000

0.052
0.048
0.048
0.041
0.00"7
0.000

0.005
0.006
0.006
0.001
0.015
0.000

0.052
0.048
0.048
0.041
0.007
0.000

The Linear Interpolation Estimate: 5.8174 Entered P Value: 25 ;'

Number of Resamplings: 80
The Bootstrap Estimates Mean:
Original Confidence Limits:
Expanded Confidence Limits:
Resampling time in Seconds:

5.8205 Standard Deviation: 0.2673
Lower: 4.9440 Upper: 6.2553
lower: 4.5073 Upper: 6.4743 '

0.22 Random Seed: 526805435

Figure 8. Output for USEPA Linear Interpolation Program'for the rc:25.
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TABLE 21. SINGLE LABORATORY PRECISION DATA FOR THE MYSID,
HOLMESIMYSIS COSTATA GROWTH AND SURVIVAL TEST WITH
ZINC (ZN ~G/L) SULFATE AS THE REFERENCE TOXICANT.

I Test Survival Growth
NOEC LC50 NOEC

1 32 47 >32

I 2 32 59 >32

I 3 56 62 >56
I

4 56 65 >56
I
I N 4 4 4

Mean 44 58 >44
SD 7.9
CV (%) 14

No growth effect was observed in 'zinc concentrations below those
causing significant mortality (10, 18,32, 56 and 100 ~.g/L) .

All tests were conducted at MPSL.
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· TABLE 22. MULTI-LABORATORY PRECISION DATA FOR ~mE MYSID,
HOLMESIMYSIS CO$TATA GROWTH AND SURVIVAL TEST WITH
SPLIT EFFLUENT (%) ON THE SAME DATE.

Test Effluent Lab Survival Growth
Type NOEC LCSO· NOEC

1 BKME OSU 1.0 1.8 0.5L

1 BKME MPSL 1.0 1.3 O. SL
--

CV=26% -

2 POTW ATL 3.2 4.1 >3.2L

2 POTW MPSL 3.2 5.1 >3.2L

CV=14%

3 POTW SRH 10.0 12.8 na
3 POTW MPSL 10.0 11. 7, 3.2w

CV=6%

4 POTW SRH 10.0 15.8. 5.6w .

4 POTW MPSL 5.6 9.1 3.2w

CV=38%

Mean Interlaboratory CV= 21%

L Length was measured as the growth endpoint in tests 1 and 2,
w Weight was measured in test 3 and 4.
na Data was not available.

OSU is the Oregon State University Laboratory at the Hatfield
Marine Science Center in Newport Oregon.

ATL is Aquatic Testing Laboratory in Ventura, California.

SRH is S. R. Hansen and Associates in Concord, California.

MPSL is the Marine Pollution Studies Laboratory near Monterey,
California.
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APPENDIX I. MYSID TEST: STEP-BY-STEP SUMMARY

PREPARATION OF TEST SOLUTIONS

A. Determine test concentrations and appropriate dilution water
based on NPDES permit conditions and guidance from the
appropriate regulatory agency.

B. Prepare effluent test solutions by diluting well mixed
unfiltered effluent using volumetric flasks and pipettes.
Use hypersaline brine where necessary to maintain all test
solutions at 34 ± 2~. Include brine controls in tests that
use brine.

C. Prepare a zinc reference toxicant stock solution (10,000
~g/L) by adding 0.0440 g of zinc sulfate (ZnS04 0 7H20) to 1
liter of reagent water.

D. Prepare zinc reference toxicant solution of a (control) la,
18, 32, 56 and 100 ~g/L by adding a, 1.0 1.8, 3:2, 5.6 and
10.0 mL of stock solution, respectively, to a 1-L volumetric
flask and filling to 1-L with dilution water.

E. Sample effluent and reference toxicant solutions f?r
physical/chemical analysis. Measure salinity, pH and
dissolved oxygen from each test concentration.

F. Randomize numbers for test chambers and record the chamber
numbers with their respective test concentrations on a
randomization data sheet. Store the data sheet safely until
after the test samples have been analyzed."

G. Place test chambers in a water bath or environmental chamber
set to 13 or 15°C and allow temperature to equilibrate.

H. Measure the temperature daily in one. random replicate (or
separate chamber) of each test concentration. Monitor the
temperature of the water bath or environmental chamber
continU01.l.sly.

I. At the end of the test, measure salinity, pH, and dissolved
oxygen concentration from each test concentration.
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PREPARATION AND ANALYSIS OF TEST ORGANISMS

A. Four to five days prior to the beginning of the toxicity.
test, isolate approximately 150 gravid female mysids in a
screened (2-mm-mesh) compartment within an aerated BO-liter
aqua~ium (15°C). Add a surplus of Arternia :nauplii' (200 per
mysid, static; 500 per mysid, flow-through) to stimu:j.ate
overnight release of juveniles. Add' bladesl of kelp as
habitat.

B. Isolate the newly released juveniles by slowly siphoning
into a screen-tube (150-~m~mesh, 25cm diarrl.) immersed in a
bucket of clean seawater. Transfer juveniles into
additional screen-tubes or static 4-1iter beakers at a
density of approximately 50 juveniles per liter.
Juveniles should be fed five 'to ten newly released Arternia
nauplii per juvenile per day and a pinch (1:0 to 20 mg) of
ground Tetramin® flake food per 100 juveniles per day.

I

Maintain the juveniles for three days at 13; to 15°C,
changing the water at least once in static chambers.

I .

C. After three days, begin randomized i~troduction of juveniles
into the test chambers. Place one or two mysids at a time
into as many plastic cups as there are test. chambers.
Repeat the process until each cup has exactly five' juvenile
mysids.

D. Eliminate excess water from the cups (no more than 5 mL
should remain) and pipet the mysids into the test chambers
using a wide bore glass tube or pipet (approximately 3 mm
ID). Make sure no mysids are left in the randomization

• I

cups. Count the number of juveniles in each test chamber to
verify that each has five.

E. Remove all dead mysids daily, and add 40 newly hatched
Arternia nauplii/mysid/day, adjusting feedinsr to account for
mysid mortality.

F. At 48 and 96· hours, renew 75%- of the test solution in each
chamber.

G. After 7 days, count .and record the number of live and dead
mysids in each chamber. After counting, use the
randomization sheet to assign the correct test concentration
to each chamber. Remove all·dead mysids.
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H. Carefully pour the contents of ·each ~est chamber through a
small mesh screen «300~m). Count the mysids and record
before screening. Briefly dip the screen containing the
mysids in fresh water to rinse away the salt. Carefully
transfer the mysids from the screen to a prenumbered,
preweighed micro-weigh boat using fine-tipped forceps. Dry
for 24 hours at 60°C. Weigh each weigh boat on a .
microbalance (accurate to 1 ~g). Record the chamber number,
mysid weight, weigh boat weight (recorded previously), and
number of mysids per weigh boat (replicate) on the data
sheet.

I. Analyze the data.

J. Include standard reference toxicant point estimate values in
the standard quality control charts.'
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Data Sheet for Juvenile Holmesimysis 'Toxicity test

Test Start Date:
Test End Date:
Reference Toxicant:
Sample Source:

Start Time:
End Tinie:

Mysid Source '
Collection!Arrival Date:
Mysid Age at Start:

'lest Number Alive 'I,Otal TOtal

Cont. Toxic
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 N\imber Number Notes and

# Cone. ).Jive at Start Initials

..

IS
9 ,

10
11
1:<
l~

1~

l'
21)

2 ' .
22 -
23
2<
2: .........
21
2' -
2:

34
35

computer Vata storage
Disk: i

1

File: ,

:
-

Note: See juvenile growth data on separate sheet. ,
, . -
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Data Sheet for Weighing Juvenile M;ysids

Test Start Date:
Start Time:

Mysid Source :
Test End Date:

End Time:
Collection!Arrival Date:

Reference Toxicant:

Mysid Age at Start:
Sample Source:
Sample Type:

Test :site \,;ooe Foil Foil Total Mysid Wt Number of WeIght per
Conllliner or Number Weight Weight (Total - Foil) Mysids Mysid
Number Concentration (I'g) (I'g) (mg) (I'g)

1
1
1
1
1
1,

11
I'
I,

14
15

Computer Data Storage
Disk:
File:
Note: See mysid mortality data on separate sheet.
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Appendix I

13.1
13.2
13.3
13.4
13.5
13.6
13.7

13.8'
13.9
13.10
13.11

13.12
13.13
13.14

SECTION 13·

PACIFIC OYSTER, Crassostrea gigas
AND MUSSEL, Myti2us sp.

EMBRYO-LARVAL DEVELOPMENT TEST ME~HOD

Adapted from a method developed by
Gary A. Chapman, u.s. EPA, ORO' Newport, OR

and Debra L. Denton, U.S. EPA, Regi6n IX
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Data Analysis
Precision and Accuracy

Step-by Step Summary
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SECTION 13

PACIFIC OYSTER, CRASSOSTREA GIG4S, AND ,MUSSEL, MYTILUS SPP.
EMBRYO-LARVAL DEVELOPMENT TEST

13.1 SCOPE AND APPLICATION

13.1.1 This method estimates the chronic toxicity of effluents
and receiving waters to the embryos and larvae of several bivalve
molluscs, the Pacific oyster (Crassostrea gigas) and the mussels
(Mytilus edulis, M. californianus, M. galloprovincialis, or M.
trossulus) in a 48-h static non-renewal 'exposure. The effects
include the synergistic, antagonistic, and additive effects of
all the chemical, physical, and biological components which
adversely affect the physiological and biochemical functions of
the test organisms.

13.1.2 Detection limits of the ,toxicity-of an effluent or
chemical substance are organism dependent.

13.1.3 Brief excursions in toxicity may not be detected using
24-h composite samples. Also, because of the long sample
collection period involved in composite sampling, and because the
test chambers are not sealed, highly volatile and highly
degradable toxicants in the source may nqt be detected in the
test.

13.1.4 This test is commonly used in one of two forms: (1) a
definitive test, consisting of a minimum of five effluent
concentrations and a control, and (2) a receiving water test(s),
consisting of one or more receiving water concentrations and a
control.

13.1.5 This method should be restricted to use by, or under the
supervision of, professionals experienced in aquatic toxicity
testing. Specific experience with any toxicity test is usually
needed before acceptable results become routine.

13.2 SUMMARY OF METHOD

13.2.1 The method provides step-py-step instructions for
performing a 48-h static non-renewal toxicity test using embryos
and larvae of the test species to determine the toxicity of
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substances in marine and estuarine waters. The test endpoint is
normal shell development and should include mor1:ality as a
measure of adverse effect.

13.3 INTERFERENCES

13.3.1 Toxic substances may be introduced by contaminants in
dilution water, glassware, sample hardware, and testing equipment
(see Section 5, Facilities and Equipment, and S'llpplies) ..

13.3.2 Improper effluent sampling and handling may adversely
affect test results (see Section 8, Effluent and Receiving Water
Sampling, and Sample Handling, and Sample Preparation for
Toxicity Tests) .

13.4 SAFETY

13.4.1 See Section 3, Health and Safety

13.5 APPARATUS AND EQUIPMENT

13.5.1 Tanks, trays, or aquaria -- for holding and acolimating
adult pacific oysters and mussels, e.g., standard salt water
aquCl:rium or Instant Ocean Aquarium (capable of maintaining
seawater at 10-20°C), with appropriate filtration and aeration
system.

13.5.2 Air pump, air lines, and air stones -- for aerating water
containing broodstock or for supplying air to test'sol~tions with
low dissolved oxygen.

13.5.3 Constant temperature chambers or water baths -- for
maintaining test solution temperature and keeping dilution water
supply, gametes, and embryo stock suspensions at test temperature
prior to the test.

13.5.4 Water purification system -- Millipore Super-Q, Deionized
water (DI) or equivalent.

13.5.5 Refractometer

13.5.6 Hydrometer(s)

for determining salinitv.

for calibrating refractometer.
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13.5.7 Thermometers, glass or electronic, laboratory grade
for measuring water temperatures.

13.5.8 Thermometer, National Bureau of Standards Certified (see
USEPA METHOD 170.1, USEPA, .1979) -- to calibrate laboratory
thermometers.

13.5.9 pH and DO meters -- for routine physical and chemical.
measurements.

13.5.10 Standard or micro-Winkler apparatus -- for determining
DO (optional) and calibrating the DO meter.

13.5.11 Winkler bottles -- for dissolved oxygen determinations.

13.5.12 Balance -- Analytical, capable of accurately weighing to
0.0001 g.

13.5.13 Fume hood -- to protect the analyst from effluent or
formaldehyde fumes.

13.5.14 Glass stirring rods for mixing test solutions.

13.5.15 Graduated cylinders Class A, borosilicate glass or
non-toxic plastic labware, 50-1000 mL for making test solutions.
(Note: not to be used interchangeably for gametes or embryos and
test solutions).

13.5.16 Volumetric flasks -- Class A, borosilicate glass or non
toxic plastic labware, 100-1000 mL for making test solutions.

13.5.17 Pipets, automatic -- adjustable, to cover a range of
delivery volumes from 0.010 to 1.000 mL.

13.5.18 Pipet bulbs and fillers -- PROPIPET@ or equivalent.

13.5.19 Wash bottles -- for reagent water, for topping off
graduated cylinders, for rinsing small glassware and instrument
electrodes and probes.

13.5.20 Wash bottles -- for dilution water.
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13.5.21 20-liter cubitainers or polycarbonate water cooler jugs
-- for making hypersaline brine.

13~5.22 Cubitainers, beakE:rs, or similar chambers of non-toxic
composition for holding, ~ixing, and dispensing dilution water
and other general non-effluent, non-toxicant contact uses .. These
should be clearly labeled and not used for other purposes.

13.5.23 Beakers, 50 mL -- for pooling sur~ogate water samples
for chemist~y measurements at the end of the test.

13.5.24 Beakers, 250 mL borosilicate glass -- for preparation of
test solutions.

13.5.25 Beakers, 1,000 mL borosilicate glass -- for mixing
gametes for fertilization of eggs.

13.5.26 Inverted or compound microscope -- for inspecting
gametes and making counts of embryos and larvae. The use of an
inverted scope is not required, but recommended., Its use reduces
the exposure of workers to hazardous fumes (forrr~lin or
glutaraldehyde) duringtl1e counting of larvae and reduces sample
examination time. Alternatiyely, a Sedgewick-Ra:fter cell may be
used on a regular compound scope.

13.5.27 Counter, two unit, 0-999-- for recording counts of
embryos and larvae.

13.5.28 A perforated plunger -- for maintaining a homogeneous
suspension of embryos.

13.5.29 Nytex screens, ca. 75 ~m and ca. 37 ~m, for rinsing
gametes to separate individual gametes from larger material; for
retaining eggs, embryos, or larvae.

13.5.30 60 ~m NITEX® filter -- for filtering receiving water.

13.6 REAGENT~ AND SUPPLIES

13.6.1 Sample containers -- for sa~ple shipment and storage (see
Section 8, Effluent and Receiving Water Sampling, and Sample
Handling, and Sample Preparation for Toxicity Tests) .
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13.6.2 Data sheets (one set per test)
Figure 1) .

for data recording (see

13.6.3 Tape, colored -- for labelling test chambers and
containers.

13.6.4 Markers, water-proof -- for marking containers, etc.

13.6.5 Parafilm to cover graduated cylinders and vessels
containing gametes, embryos.

13.6.6 Gloves, disposable -- for personal protection from
contamination.

13.6.7 Pipets, serological -- 1-10 mL, graduated.

13.6.8 Pipet tips

13.6.9 Covers1 ips

for automatic pipets.

for microscope slides.

13.6.10 Lens paper -- for cleaning microscope optics.

13.6.11 Laboratory tissue wipes for cleaning and drying
electrodes, microscope slides, etc.

13.6.12 Disposable countertop covering -- for protection of work
surfaces and minimizing spills and contamination.

13.6.13 pH buffers 4, 7, and 10 (or as per instructions of
instrument manufacturer) -- for standards and calibration check
(see USEPA Method 150.1, USEPA, 1979).

13.6.14 Membranes and filling solutions -- for dissolved oxygen
probe (see USEPA Method 360.1, USEPA, .1979) f or reagents for
modified Winkler analysis.

13.6.15 Laboratory quality assurance samples and standards -
for the above methods.

13.6.16 Test chambers -- 30 mL, four chambers per concentration.
The chambers should be borosilicate glass or nontoxic disposable
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plastic labware. The test may be performed in other sized
chambers as long as the density of embryos is the same.

13.6.17 Formaldehyde, 37% (Concentrated Formalin) -- for
preserving larvae. 'Note: formaldehyde has been identified as a
carcinogen and is irritating to skin and mucous membranes. It
should not be used at a concentration higher than necessary to
achieve morphological preservation of la:r::vae for counting and
only under conditions of maximal ventilation and minimal
opportunity for volatilization into room air.

13.6.19 Reference toxicant solutions (see Section 13.10.2.4 and
Section 4, Quality Assurance) .

13.6.20 Reagent water -- defined as distilled or deionized water
that does not contain' substances which are toxic to the test
organisms (see Section 5, Facilities i Equipment., and Supplies and
Section 7, Dilution Water) .

13.6.21 Effluent and receiving water -- see Section 8, Effluent
'and Surface Water Sampling, 'and Sample Handling, and Sample
Preparation for Toxicity Tests.

13.6.22 Dilution water. and. hypersaline brine. -- see' Section 7,
Dilution Water and Section 13.6.24, Hypersaline Brines., The
dilution water should be uncontaminated l-~m-filtered natural
seawater. Hypersaline brine should be prepared from dilution
water.

13.6.23 HYPERSALINE BRINES

13.6.23.1 Most industrial and. sewage treatmen~ effluents
entering marine and estuarine systems have little measurable
salinity. Exposure of larvae to these effluent$ will usually
require increasing the salinity of the test ,solutions. It is
important to maintain an essentially constant salinity across all
treatments. In some applications it may ,be desirable to match
the test salinity with that of the receiving water (See Section
7.1). Two salt sources are available to adjust, salinities -
artificial sea salts and hypersaline brine (HSB) derived from
natural seawater. Use of artificial sea salts is necessary only
when high effluent concentrations preclude salirity adjustment by

, HSB alone.
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13.6.23.2 Hypersaline brine (HSB) can be made by concentrating
natural seawater by freezing or· evaporation. HSB should be made
from high quality, filtered seawater, and can be added to the
effluent or to reagent water to increase salinity. HSB has
several desirable characteristics for use in effluent toxicity
testing. Brine derived from natural seawater contains the
necessary trace metals, biogenic colloids, and some of the
microbial components necessary for adequate growth, survival,
and/or reproduction of marine and estuarine organisms, and it can
be stored for prolonged periods without any apparent degradation.
However, even if the maximum salinity HSB (100~) is used as a
diluent, the maximum concentration of effluent (0%0) ·that can be
tested is 66% effluent at 34%0 salinity (see Table 1) .

13.6.23.3 High quality (and preferably high salinity) seawater
should be filtered to at least 10 ~m befqre placing into the
freezer or the brine generator. Water should be collected on an
incoming tide to minimize the possibility of contamination.

13.6.23.4 Freeze Preparation of Brine

13.6.23.4.1 A convenient container for making HSB by freezing is
one that has a bottom drain. One liter of brine can be made from
four liters of seawater. Brine may be collected by partially
freezing seawater at -10 to -20°C until the remaining liquid has
reached the target salinity. Freeze for approximately .six hours,
then separate the ice (composed mainly of fresh water) from the
remaining liquid (which has now become hypersaline) .

13.6.23.4.2 It is preferable to monitor the water until the
target salinity is achieved rather than allowing total freezing
followed by partial thawing. Brine salinity should never exceed
100%0. It is advisable not to exceed about 70%0 brine s~linity

unless it is necessary to test effluent concentrations greater
than 50%.

13.6.23.4.3 After the required salinity is attained, the HSB
should be filtered through a 1 ~m filter-and poured directly into
portable containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the date the brine
was generated. Containers of HSB should be stored in the dark at
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TABLE 1. MAXIMUM EFFLUENT CONCENTRATION (%) THAT CAN BE TESTED BY ADDING DILUTION WATER
ONLY OR BRINE ONLY (WITHOUT ADDITION OF DRY SEA SALTS), GIVEN VARIOUS EFFLUENT
SALINITIES, DILUTION WATER SALINITIES~ AND BRINE SALINITIES, AND MAINTAINING
30~ TEST SALINITY.

Effl. Dilution Water Salinity %0 Brine Salinity %0

~ 31 32 33 34 35 60 70 80 90 100
00

0 3.23 6.25 9.09 11.76 14.29 50.00 57.14 62.50 66.67 70.00

1 3.33 6.45 9.38 12.12 14.71 50.85 57.97 63.29 67.42 70.71

2 3.45 6.67 9.68 12.50 15.15 51.72 58.82 64.10 68.18 71.43

3 3.57 6.90 10.00 12.90 15.63 52.63 59.70 64.94 68.97 72.16

4 3.70 7.14 10.34 13.33 16.13 53.57 60.61 65.79 69.77 72.92

5 3.85 7.41 10.71 13.79 16.67 54.55 61.54 66.67 70.59 73.68

10 4.76 9.09 13.04 16.67 20.00 60.00 66.67 71.43 75.00 77.78

15 6.25 11.76 16.67 21. 05- 25.00 66.67 72.73 76.92 80.00 82.35

20 - 9.09 16.67 23.08 28.57 33.33 75.00 80.00 83.33 85.71 - 87.50

25 16.67 28.57 37.50 44.44 50.00 85.71 88.89 90.91 92.31 93.33
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4°C (even room temperature has been acceptable). HSB is usually
of acceptable quality even after several months in storage.

13.6.23.5 Heat Preparation of Brine

13.6.23.5.1 The ideal container f~r making brine using heat
assisted evaporation of natural seawater is one that (1) has a
high surface to volume ratio, (2) is made of a non-corrosive
material, and (3) is easily cleaned (fiberglass containers are
ideal). Special care should be used to prevent any toxic
materials from coming in contact with the seawater being used to
generate the brine. If a heater is immersed directly intb the
seawater, ensure that the heater materials do not corrode or
leach any substances that would contaminate the brine. One
successful method is to use a thermostatically controlled heat
exchanger made from fiberglass. If aeration is needed, use only
oil-free air compressors to prevent contamination.

13.6.23.5.2 Before adding seawater to the brine generator,
thoroughly clean the generator, aeration supply tube, heater, and
any other materials that will be in direct contact with the
brine. A good quality biodegradable detergent should be used,
followed by several (at least three) thorough reagent water
rinses.

13.6.23.5.3 Seawater should be filtered to at least 10 ~m before
being put into the brine generator. The temperature of the
seawater is increased slowly to 40°C. The water should· be
aerated to prevent temperature stratification and to increase
water evaporation. The brine should be checked daily (depending
on the volume being generated) to ensure that the salinity does
not exceed 100~ an that the temperature does not exceed 40°C.
Additional seawater may be added to -the brine to obtain the
volume of brine required.

13.6.23.5.4 After the required salinity is attained, the HSB
should be filtered through a 1 ~m filter and poured directly into
portable containers (20-L cubitainers or polycarbonate water
cooler jugs are suitqble). The brine storage containers should
be capped and labelled with the salinity'and the date the brine
was generated. Containers of HSB should be stored in the dark at
4°C (even room temperature has been acceptable). HSB is usually
of acceptable quality even after several months in storage.
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13.6.23.6 Artificial Sea Salts

13.6.23.6.1 No. data from mussel or oyster tests using sea salts
or artificial seawater (e.g., GP2) are'available for evaluation
at this time,.and their use must be considered. provisional.

13.6.'23.7 Dilution Water Preparation from Brine'

13.6.23.7.1 Although salinity adjustment with brine is the
preferred method, the use of high salinity brines and/or reagent
water has sometimes been associated' with discernible,adverse
effects on test organisms. For this reason, it:i.s recommended
that only the minimum necessary volume of brine and reagent water
be used to offset the low salinity of the effluent, and that
brine controls be included in the test. The remaining dilution
water should be natural seawater. Salinity may Jpe adjusted in
one of two ways. First, the salinity of the highest effluent
test concentration may be adjusted to an acceptable salinity, and
then serially diluted. Alternatively, each effluent
concentration can be prepared individually with appropriate
volumes of effluent and brine.

13.6.23.7.2 When HSB and reagent water are used, thoroughly
mix together the reagent water and HSB before mixing in the
effluent. Divide the salinity of the HSB by the expected test
salinity to determine the proportion of reagent ,~ater to brine.
For example, if the salinity of the brine is 100~io and the test
is to be conducted at 30~, 100~ divided by 30~ ='3.33. The
proportion of brine is 1 part in 3.33 (one part brine t'o 2.33
parts reagent water). To make 1 L of dilution water at 30~

salinity from a HSB of 100~, 300 mL of brine and 700 mL of
reagent water are required. Verify the salinity of the resulting
mixture using a refractometer.

13.6.23.8 Test Solution Salinity Adjustment

13.6.23.8.1 Table 2 illustrates the preparation;of test
solutions (up to 50% effluent) at 34~ by combining effluent,
HSB t and dilution water. Note: if .the highest ej:fluent
concentration does not exceed 50% effluent, it is convenient to
prepare brine so that the sum of the effluent salinity and brine
salinity equals 68~i the required brine volume is then always
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equal to the effluent volume needed for each effluent
concentration as in the example in Table 2.

13.6.23.8.2 Check the pH of all test solutions and adjust to
within 0.2 units of dilution water pH by·adding, dropwise, dilute
hydrochloric acid or sodium hydroxide (see Section 8.8.9,
Effluent and Receiving Water Sampling, Sample Handling, and
Sample Preparation for Toxicity Tests) .

13.6.23.8.3 To calculate the amount of brine to add to each
effluent dilution, determine the following quantities: salinity
of the brine (SB, in %0) ,.. the salinity of .the effluent (SE, in
%0), and volume of the effluent to be added (VE, in mL). Then
use the following formula to calculate the volume of brine (VB,
in mL) to be .added:

VB = VE x (30 - SE)/(SB - 30)

13.6.23.8.4 This calculation assumes that dilution water
salinity is 30 ± 2%0 ..

13.6.23.9 Preparing Test Solutions

13.6.23.9.1 Ten mL of test solution are ,needed for each test
container. To prepare test solutions at low effluent
concentrations «6%), effluents may be added directly to dilution
water. For example, to prepare 1% effluent, add 1.0 mL of
effluent to a 100-mL volumetric flask using a volumetric pipet or
calibrated automatic pipet. Fill the volumetric flask .to the
100-mL mark with dilution water, stopper it, and shake to mix.
Pour into a (150-250 mL) beaker and stir. Distribute equal
volumes into the replicate test chambers. The remaining test
solution can be used for chemistry.

13.6.23.9.2 To prepare a test solution at higher effluent
concentrations, hypersaline brine must usually be used. For
example, to prepare 40% effluent, add 400 mL of effluent to a 1
liter volumetric flask. Then, assuming an effluent salinity of
2%0 and a brine salinity of 66%0, add 400 mL of brine (see
equation above and Table 2) and top off the flask with dilution
water. Stopper the flask and shake well. Pour into a (1.00-250. /
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TABLE 2. EXAMPLES OF EFFLUENT DILUTION SHOWING 'VOLUMES OF
EFFLUENT (ATX~), BRINE, AND DILUTION 'WATER NEEDED FOR
ONE LITER OF EACH TEST SOLUTION.

FIRST STEP: Combine brine with reagent water or natural seawater
to achieve a brine of 68-x%o and, unless natural'seawater is used
for dilution water, also a brine-based dilution 'water of 34%0.

SERIAL DILUTION:
Step 1. Prepare the highest effluent concentration to be tested
by adding equal volumes of effluent and brine to the appropriate
volume of dilution water. An example using 40% is shown.

Effluent Cone. Effluent Brine Dilution
(%) x~o (68 -x) %'0 Water* 34%'0

40 800 mL 800 mL " 400 mL

Step 2. Make serial dilutions from the highest test
concentration.

Effluent Cone. (%) Effluent Source Dilution Water*
(34%'0)

20 1000 mL of 40% 1000 mL·

10 1000 mL of 20% 1000 mL

5 1000 mL of 10% 1000 mL

2.5 1000 mL of 5% 1000 mJ.J

Control none 1000 mL

.

Effluent Cone. Effluent x~o Brine (68-x)%'0 Dilution
(%) Water* 34%0

40 400 mL 400 mL 20b mL

20 200·mL 200 mL 600 mL

10 100 mL 100 mL 800 mL

5 50 mL 50 mL 900 mL

2.5 25 mL 25 mL 950 mL

Control none none 1000 mL

INDIVIDUAL PREPARATION·

*May be natural seawater or brine-reagent water equivalent.
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roL) beaker and stir. Distribute equal volumes into the replicate
test chambers. The remaining test solution can be used for
chemistry.

~3.6.23.~0 Brine Controls

~3.6.23.~0.1 Use brine controls in all tests where brine is
used. Brine controls contain the same volume of brine as does
the highest effluent concentration using brine, plus the volume
of reagent water needed to reproduce the hyposalinity of the
effluent in the highest concentration, plus dilution water.
Calculate the amount of reagent water to add to brine controls by
rearranging the above equation, (See, 13.6.23.8.3) setting SE =
0, and solving for VE.

VE = VB x (SB - 30)/(30 - SE)

If effluent salinity is essentially O~, the reagent water volume
needed in the brine control will equal the effluent volume at the
highest test concentration. However, as effluent salinity and
effluent concentration increase, less reagent water volume is
needed.

13.6.24 TEST ORGANISMS, OYSTERS AND MUSSELS

~3.6.24.1 The test organisms for this test'are the Pacific,
oyster, Crassostrea gigas, or mussels, Mytilus spp. (at least
twelve per test). Pacific oysters are native to Japan, but have
been cultured commercially on the west coast of the United States
for over a century.

~3.6.24.2 Species Identification

~3.6.24.2.1 The three species of mussels included in this method
are presumably native to the west coast. The California mussel
(Mytilus californianus) is distributed a~ong the exposed rqcky
coast from Alaska to Baja California and is found from intertidal
areas to 150 feet depth. The other two mussels included in this
method (M. trossulus and M. galloprovinciallis) are common in
sheltered waters such as bays and estuaries and were previously
considered to be west coast populations of Mytilus edulis. The
two species are both present in central California, with M.
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galloprovincialis reported from San.Francisco Bay to Baja
California, and M.. trossulus reported from Monterey to Alaska.

13.6.24.2.2 Test organisms should be identified to species using
morphological ·features in recognized keys. Separation of the "M.
edulis" complex, (M. trossulus, and M. galldprovinciallis) may
not be possible without electrophoretic characterization. The
geographic source of the Mytilus spp. broodstock must be
reported.

13.6.24.3 Obtaining Broodstock

13.6.24.3.1 Adult oysters (Crassostrea gigas) and mussels
(Mytilus spp.) can be. obtained from commercial I:mppliers and the
mussels can also be collected from the field. Organisms are best
shipped in c;iamp towels or seaweed .and kept cool (4-12°C). Note:
if practical, check the sex ratio of brood stock or request such
information from a commercial supplier. A highly skewed sex
ratio could result in poor embryo yield.

13.6.24.4. Broodstock Culture and Handling

13.6.24.4.1 The adult bivalves are maintained in glass aquaria
or fiberglass troughs or tanks. These are supplied continuously
(approximately 5 L/min) with ~atural seawater, or salt water
prepared from·commercial sea salts is recirculated. The animals
are checked daily and any obviously unhealthy an~mals are
discarded. Prior to. spawning, the animals should be brushed or
gently scraped to remove barnacles and other encrusting
organisms; this alleviates problems of egg and sperm
contamination, especially through potential barnacle spawning.

13.6.24.4.2 Although ambient temperature seawater is usually
acceptable for holding, recommended temperatures are 14-15°C for
oyster and 8°C for mussels; conditioning bivalves to spawning
condition usually requires holding for from 1-8 weeks at a higher
temperature (20°C for oysters, 15-18°C for mussels) .

,

13.6.24.4.3 Natural seawater (~30~) is used to maintain the
adult animals and as·a control water. in the tests.

13.6.24.4.4 Adult animals used in field studies are transported
in insulated boxes or coolers packed with wet kelp or paper
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toweling. Upon arrival at the field sit~, aquaria are filled
with control water~ loosely covered with a styrofoam sheet and
allowed to equilibrate to the holding temperature before animals
are added.

13.7 EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND
STORAGE

13.7.1 See Section 8, Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Tests.

13.8 CALIBRATION AND STANDARDIZATION

13.8.1 See Section 4, Quality Assurance.

13.9 QUALITY CONTROL

13.9.1 See Section 4, Quality Assurance.

13.10 TEST PROCEDURES

13.10.1 TEST DESIGN

13.10.1.1 The test co~sists of at l~ast four replicates of five
effluent concentrations plus a dilution water control. Tests
that use brine to adjust salinity must also contain four
replicates of a brine control. In addition, at least six extra
count controls are prepared in dilution water and the number of
embryos in each are counted at the time of test initiation ..
These counts provi~e an average initial embryo ~ensity that is.
used in the calculation of test results (see 13.13.1.3). Extra
replicates are recommended for water chemistry during the tests
(see Section 13.8 and Table 3).

23.10.1.2 Effluent concentrations are expressed as percent
effluent.

13.10.2 TEST SOLUTIONS

13.10.2.1 Receiving waters

13.10.2.1.1
of the test.

The sampling point is determined by the objectives
At estuarine and marine sites, samples are usually
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collected at mid-depth .. Receiving, water toxicity is determined
with samples used directly as collected or with samples passed
through a 60 lim NITEX® filter and compared ,without dilution,
against a control. Using four replicate chambeJ~s per test, each
containing 10 mL, and 400 mL for chemical ancHysis, would require
approximately 440 mL of sample per test.

13.10.2.2 Effluents

14.10.2.2.1 The selection of the effluent test lconcentrations
~hould be based on the objectives of the study. I A dilution
factor of at least 0.5 is commonly used. A dilution factor of
0.5 provides hypothesis test discrimination of ± 100%, and,
testing of a 16 fold range of concentrations. Hypothesis t~st

discrimination shows little improvement as dilut,ion factors are
incre~sed beyond 0.5 and declines rapidly if sma1ler diluti.on
factors are used~ USEPA recommends that 'one of ,the five effluent
treatments must be a concentration of effluent mixed with
dilution water which corresponds to the permitte~ls in~tream

waste concentration (IWC). At least two of the effluent
treatments must be of lesser effluent concentration than the lwe,
with one being at least one-half the concentration of the IWC.
If 100~ HSB is used as a diluent, the maximum concentration of
effluent that can be tested will be 70% at 30~ salinity.

13.10.2.2.2 If the effluent is known or suspect~d t9 be highly
,toxic, a lower range of effluent concentrations should be used

(such as 25%, 12.5%, 6.25%, 3.12% and 1.56%).

13.10.2.2.3 The volume in each test chamber ,is 10 mL.

13.10.2.2.4 Effluent dilutions should beprepar~d for all
replicates in, each treatment in one container to minimize
variability among the replicates. Dispense into the appropri.ate
effluent test chambers.

13.10.2.3 Dilution Water

13.10.2.3.1 Dilution water should be uncontaminated 1-J1.m
filtered natural seawater'or hypersaline brine (prepared from
uncontaminated natural seawater) plus reagent wat,er (see Section
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7, Dilution Water). Natural' seawater may be uncontaminated
receiving water. This water is used in all dilution steps and as
the control water.

~3.10.2.4 Reference Toxicant Test

13.10.2.4.1 Reference toxicant tests should be conducted as
described in Quality Assurance (see Section 4.7).

13.10.2.4.2 The preferred reference toxicant for oysters and
mussels is copper chloride (CuCI20H20). ~ Reference toxicant tests
provide an indication of the sensitivity of the test organisms
and the suitability of the testing laboratory (see Section.4
Quality Assurance). Another toxicant may be specified by the
appropriate regulatory agency. Prepare a copper reference
toxicant stock solution (2,000 mg/L) by adding 5.366 g of copper
chloride (CuCI202H20) to 1 liter of reagent water. For each
reference toxicant test prepare a copper sub-stock of 3mg/L by
diluting 1.5 mL of stock to one liter with reagent water.
Alternatively, certified standard solutions can be ordered from
commercial companies.

13.10.2.4.3 Prepare a control (0 ~g/L) plus four replicates each
of at least five consecutive copper reference toxicant solutions
(e.g., from the series 3.0, 4.4, 6~5, 9.~, 13.9, 20.4, and 30.0
~g/L, by adding 0.10, 0.15, 0.22, 0.32, 0.46, 0.68, and 1.00 mL
of sub-stock solution, respectively, to 100-mL'volumetric flasks
and filling to 100-mL with dilution water). Start with control
solutions and progress to the highest concentration to minimize
contamination.

13.10.2.4.4 If the effluent and reference toxicant tests are to
be run concurrently, then the tests must use embryos from the
same spawn. The tests must be handled in the same way .and test
solutions delivered to the test chambers at the same time.
Reference toxicant tests must be conducted at 30 ± 2~.

13.10.3 COLLECTION OF GAMETES FOR THE TEST

13.10.3.1 Spawning Induction

13.10.3.1.1 Select at least a dozen bivalves and place them into
a container filled with seawater (ca. 20°C for oysters, 15°C for
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mussels} and allow time for them to resume pumping (ca. 30.
minutE?s). Mussels will often start pumping following immersion
if they have been kept out of water and refrigerated overnight
prior to spawning.

,
TABLE 3. EXAMPLE OF TYPICAL TEST ARRAY SHOWING NUMBER AND TYPES

OF TREATMENT CHAMBERS REQUIRED.

TREATMENT Test Vials Chemistry
Vials

-

Count Control 6 0

Brine Control 4 1~3

Dilution Water Control 4 1-3

Effluent cone. 1 4" , . 1-3-
Effluent cone. 2 4- 1-3

Effluent cone. 3 4 1-3

Effluent cone. 4 4 1-3

Effluent cone. S 4· 1-3

TOTAL Chambers = 41-55 34 7-21

13.10.3.1.2 , Over a 15-20 minute period, increase the temperature
(do not exceed 32°C for oysters, or 20°C for muss'els), yheeking,
for spawning.

13.10.3.1.3 If no spawning occurs after 30 minut;es, replace the
water with some at the original temperature and after 15 minutes
again increase the temperature as in 13.10.3.2. Although ASTM
(1993) cautions against it, the addition of algae into the water
can often stimulate spawning of bivalves; if thiS! method is used,
the organisms should be moved to clean water one€~ spawning
begins. Mussels can also be induced to spawn by injection,of 0.5
M KCl into the posterior adductor muscle. Oyste:r:s. can be induced
to spawn by the addition of heat-killed sperm about one hour
after initial temperature increase.

13.10.3.2 Pooling Gametes
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13.10.3.2.1 When individuals are observed to be shedding
gametes, remove each spawner from the tank and place each in a
separate container (20°C water for oysters, 15°C for mussels) .
Alternatively, bivalves can be placed into individual~"Chambers

initially (at temperatures per 13.10.5.2) and these placed into a
water bath that provides the desired maximum temperature.

13.10.3.2.2 Early in the spawning process, examine a small
sample of the gametes from each spawner to confirm sex and to see
if the gametes are of adequate quality.

13.10.3.2.3 Place a small amount of sperm from each male onto a
microscope slide (well slides work nicely). Examine the sperm
for motility; use sperm from those males wi·th the better sperm
motility.

13.10.3.2.4 A small sample of the eggs from each female should
be examined for the presence of significant quantities of poor
eggs (vacuolated, small, or abnormally shaped). If good quality
eggs are available from one or more females, questionable batches
of eggs should not be used for the test. It is more important to
use high quality eggs than it is to use a pooled population of
eggs.

13.10.3.2.5 Sperm and egg suspensions that are to be used for
preparing the embryo stock should be pas~ed through Nytex screen
(ca. 75 ~m) to separate out clumps of gametes or extraneous
material.

13.10.3.2.6 The pooled eggs are placed into alL beaker and
sufficient dilution water added to achieve an egg density of
about 5,000-8,000 eggs/mL. (objects are just discernible when
viewed through the egg suspension) in about 800-900 mL water
volume.

13.10.3.3 Fertilization

13.10.3.3.1 Sperm density may vary from one spawning to the
next. It is important to use enough sperm to achieve a high
percent egg fertilization, but too many sperm can cause
polyspermy with resultant abnormal development. To achieve an
acceptable level of sperm, several egg suspensions of equal
density should be fertilized using a range of sperm volumes,
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e.g., 100 mLof egg suspension plus 1, 3, and 10 mL of sperm
suspe~sion; This test 'fertilization should be aC90mplished
within 1 hour of spawning. Use the eggs with the lowest amount
of sperm giving normal embryo development after 1.5-2.5 hours
after fertilization, as determined by miqroscopic examination.
Usually >90% of the eggs should be fertilized; oysters should
have changed from the tear-drop shaped egg to a round single cell
zygote; mussels should show a single polar body;, or embryos of
either species should have advanced to the two-cell stage.

13.10.4 START OF THE TEST

13.10.4.1 Prior to Beginning the Test

13.10.4.1.1 The test should begin as soon as possible,.
preferably within 24 h of sample collection. The maximum holding
time following retrieval of the sample from the 13ampling device'
should not exceed 36 h for off-site toxicity tests unless
permi,ssion is granted by the permitting authority. In no case
should the sample be used in a test. more ,than 72,h after sample
collection (see Section 8 Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Test) .

13.10.4.1.2 Just prior to test initiation (approximately 1 h),
the temperature of a sufficient quantity of the sample to make
the test s~lutions should be adj'usted to the test: temperature (18
or 20 ± 1°C) and maintained at that temperature during the
addition of dilution water.

13.10.4.1.3 Increase the temperature of the water bath, room, or
incubator to the required test temperature (18 ,or 20 ± 1. °C) .

13.10.4.1.4 Randomize the placement of test champers in the
temperature-controlled water bath, room, or incubator at the
beginning.of the test, using a position chart. A~sign numbers
for the position of each test chamber using a random numbers or
similar process (see Appendix A, for an example of
randomization). Maintain the chambers in this cohfiguration
throughout the test, using a position chart. Recbrd these
numbers on Cl. separate data sheet together with the concentration
and replicate numbers to which they correspond. Identify this
sheet with the date, test organism, test 'number, ,;Laboratory, and
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investigator's name, and safely store it away until aft.er the
oysters or mussels have been examined at the end of the test.

13.10.4.1.5 Note: Loss of the randomization sheet would
invalidate the test by making it impossible to analyze the data
afterwards. Make a copy of the randomization sheet and store
separately. Take care to follow. the numbering system exactly
while filling chambers with 'the test solutions.

13.10.4.1.6 Arrange the test chambers randomly in the water bath
or controlled temperature room. Once chambers have been labeled
randomly, they can be arranged in numerical order for
convenience, since this will also ensure random placement of
treatments.

13.10.4.2 Estimation of Embryo Density

13.10.4.2.1 Adjust the embryo suspension to a density of 1,500
3,000/mL. Confirm by counting chamb~r counts on 1 mL subsamples
from a stirred suspension of embryos. F~nal larval density ~f

15/mL will provide reasonable precision (150 larvae) and be
easier to count than 300 larvae. Add 0.1 mL of the embryo
suspension to 10 mL of test solution into each of the rangomized
test vials. It is extremely important (for a consistent embryo
density among test chambers) to maintain a homogeneous
distribution of embryos in the stock suspension by regular, slow
oscillation of a perforated plunger during embryo distribution.

13.10.4.3 Initial Density Counts

13.10.4.3.1 If tests are conducted on small volumes, using an
inverted microscope, the total number of embryos injected into
the count controls should be determined as soon as the test has
been started. If larger test volumes are used, with counts based
upon subsamples, the embros should be resuspended in the water.
using a perforated plunger. Then subsamples are taken (e.g., 5
10 mL) and the total number of embryos counted in the subsample.
Two methods for these counts are to use a counting chamber of the
same volume as the subsample, or to screen ~he embryos using a 37
~m screen and backwash with a smaller volume for small counting
chambers. In either procedure, appropriate multiple rinsing'is
needed to achieve quantitative transfer of embryos.
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13.10.4.3.2 Initial counts are required to determine survival, in
the controls and other treatments. High coefficients of
variability in initial counts make survival estimates inexact and
may actually decrease the sensitivity of the test.

13.10.4.4 Incubation

13.10.4.4.1 Cover and incubate the chambers in an environmental
chamber or by partial immersion in a temperature-(rontrolled water
bath for 48 hours.

13.10.4.4.2 At the end of the 48-hour 'incubation period, examine
a count control test chamber (or control test vial if the count
controls were transferred to a counting chamber t(i> make the
initial counts) under a microscope to check for complete
development of control organisms. If development is complete,
the test should be ended. If development 'does not: appear to be
complete, the test should be continued until complete development
occurs (but not beyond 54 hours total test duratic>n) . '

13.10.5 LIGHT, PHOTOPERIOD, SALINITY ANDTEMPERA1?URE

13.10.5.1 The light quality and intensity should:be at ambient
laboratory conditions. Light intensity should be '10-20. p,E/m2/s,
or 50 to 100 foot candles (ft-c), with a 16 h light and 8 h dark
cycle. ;,

13.10.5.2 The water temperature in the test champers should be
maintained at 18 or 20 ± l°C. If a water bath is used to
maintain the test temperature, the water depth surrounding the
test cups s,hould be as deep as possible without floating the
chambers.

13.10.5.3 The test salinity should be in the range of 30 ± 2~.

The salinity should vary by no more than ±2~ amon~ the chambers
on a given day. If effluent and receiving water tests are
conducted concurrently, the salinities of these tests should be
similar.

I

13.10.5.4 Rooms or incubators with high volume ventilation
should be used with caution because the volatilization of the
test solutions and evaporation of dilution water may cause wide
fluctuations in salinity. Covering the test chambers with clean
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polyethylene plastic may help prevent volat'ilization and
evaporation of the test solutions.

13.10.6 DISSOLVED OXYGEN (DO) CONCENTRATION

13.10.6.1 Aeration may affect the toxicity of effluent and
should be used only as a last resort to maintain a satisfactory
DO. The DO concentration should be measured on new solutions at
the start of the test (Day 0). The DO should not fall below 4.0
mg/L (see Section 8, Effluent and Receiv.ingWater Sampling,
Sample Handling, and Sample Preparation',for' Toxicity Tests). If
it is necessary to aerate, all treatments and the control should
be aerated. The aeration rate should not exceed that necessary
to maintain a minimum acceptable DO and under no circumstances
should it exceed 100 bubbles/minute, using a pipet with a 1-2mm
orifice, such as a 1 mLKIMAX@ serological pipet No. 37033, or
equivaient.

13.10.7 OBSERVATIONS DURING THE TEST

13.10.7.1 Routine Chemical and Physical Observations

13.10.7.1.1 DO is measured at the beginning of the exposure
period in each test concentration and in the control.

13.10.7.1.2 Temperature, pH, and salinity are measured at the
beginning of the exposure period in each test concentration and
in the control. Temperature should also be monitored continuously
or observed and recorded daily for at least two locations in the
environmental control system or the samp~es. Temperature should
be measured in a sufficient number of test chambers at the end of
the test to determine temperature variation in the environmental
chamber.

13.10.7.1.3 Record all the measurements on the data sheet.

13.10.8 TERMINATION OF THE TEST

13.10.8.1 Ending the Test

13.10.8.1.1 Record the time the test is terminated.

13.10.8.1.2 The pH, dissolved oxygen, and salinity are measured
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at the. end of the exposure period in one.test chamber at each
concentration and in the control. If small electrodes are used,
these measurements can be performed in a single extra replicate
vial set up specifically for this measurement. Measurements
should not be made in vials that are to be counted, as larvae may
adhere to 'electrodes, possibly biasing larval c!ounts.

13.10.8.2 Sample Preservation

13.10.8.2.1 To terminate the test, add 0.25 mLI of concentrated
formalin (37% formaldehyde). It is advisable not to shake the
contents at any time following test termination because the
larvae may stick to the edge of the chambers. Simply allow the
preservative to mix passively and the larvae to settle out. The
use of glutaraldehyde instead of formalin is likely to be.
acceptable, but as no record of its use with this test is known,
care should be taken to confirm· that glutaraldehyde kills,
preserves, and produces no artifacts that wouldi confound the test
results.

13.10.8.2.2 Note: Formaldehyde has been identified as a
carcinogen and both glutaraldehyde and formaldehyde are
irritating to skin and mucus membranes. .Neither should be used
at higher concentrations than needed to achieve morphological
preservation and only under conditions of maximal ventilation and
minimal opportunity for volatilization into room air.

13.10.8.3 Counting

13.10.8.3.1 After addition of preservative, obl3erve all the
larvae in each test vial. This can be done by E~xamining the
contents of each test vial with an inverted microscope at about
40X-50X magnification or by quantitative, transfer of al.l larvae
onto' a counting chamber and counting using a cornpound microscope
at about 100X. Using the mechanical stage, carefully count and
score all larvae as either normal or abnormal. If substantial
numbers of completely developed shells without nneat are observed
(i. e., > 5 percent of normal larvae), then thesE~ shells should be
enumerated separately (as dead larvae). "LarvaE~ possessing
misshapened or otherwise malformed shells are considere.d normal,
provided development has been completed" (ASTM, '1994). Record
the final counts on the data sheet.
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13.10.8.3.2 If the number of larvae observed appears to be low
in relation to the number inoculated at the beginning of the
test, this signifies either mortality and dissolution, or
possible adherence to the walls of the vials or incomplete
transfer to the counting chamber. Inspect the vials for evidence
of the latter two occurrences.

13.10.8.4 Endpoint

13.10.8.4.1 The percentage of embryos that did not survive and
develop to live larvae with completely developed shells (i.e.,
abnormal or dead organisms) is calculated for each treatment
replicate (See 13.13.1.3). All larvae are considered live unless
they are merely empty shells "without meat" (ASTM, 1994) i embryos
and larvae that are not yet in the D-hinge stage are counted as
abnormal, even if they may have died during the. test. Embryos
and larvae that die and disintegrate during the test are
estimated from initial embryo counts (See N' in 13.13.1.3).

13.10.8.4.2 Unless used as the dilution water, natural seawater
controls are only used to check the relative performance of the
dilution water controls (e.g., brine controls) required·for
salinity adjustment. Statistical analysis should use the
appropriate dilution water control data.

13.11 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

13.11.1 A summary of test conditions and test acceptability
criteria is listed in Table 4.

TABLE 4. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY
CRITERIA FOR, CRASSOSTREA GIGAS and MYTILUS SPP.,
EMBRYO-LARVAL DEVELOPMENT TEST WITH EFFLUENTS AND
RECEIVING WATERS

1. Test type: Static non-renewal

2. Salinity: 30 ± 2 %-0

,

3. Temperature: 20 1°C (oysters)±

: 15 or 18 ± 1°C (mussels) *

I 4. Light quality: Ambient laboratory light
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5. Light intensity: 10-20 uE/m2/s U~mbient

laborat~ry levels}

6. PhOtoperiod: 16 h light, 8 h darkness

7. Test chamber size: 30 mL

8. Test solution volume: 10 mL

9. No. larvae per chamber: 150-300
,

10. No. replicate chambers 4 (plus 3 chemistry vials)
per concentration:

1l. Dilution water: Uncontaminated 1,-Jlm-filtered
natural seawate!: or hypersaline
brine prepared from natural
seawater

12. Test concentrations: Effluents: Minimum of 5 and a
control
Receiving waters: 100%
receiving water and a control

13. Dilution factor: Effluents: ~0.5

Receiving waters: None or ~0.5

14. Test duration: 48 hours (or until complete
developm(:nt up to 54 hours)

,
15. Endpoint: Survival and normal shell

development

16. Test acceptability Control survival must be ~70%

criteria: for oyster embryos or ~50% for
mussel embryos ih control
vials; ~90% normi3.1 shell
development in s'llrviving
controls; and must achieve a
%MSD of <25%
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~7. Sampling requirements: One sample collected at test
initiation, and preferably used
within 24 h of the' time it is
removed from the sampling

- device (see Section, 8, Effluent
and Receiving Water Sampling,

I
Sample Handling, and Sample
Preparation for Toxicity Tests)

~8. Sample volume required: 1 L per test

*Mussel embryo-larval tests were commonly conducted at 15°C
(ASTM, ~994). Experience has shown that many laboratories in
northern Californa, Oregon, and Washington often fail to achieve
adequate control development at 15°C in 48 hours. It is
acceptable to conduct the test at 15°C with the permission of the
regulatory authority. Developmental rates may be dependent upon
species, local population c~aracteristics, or other factors.

~3.~2 ACCEPTABILITY OF TEST RESULTS

~3 .12 .1 For tests to be considered acceptable, the fol.lowing
requirements must be met:

(1) The mean survival must be at least 70% for oysters or
at least 50% for mussels in ·the controls.

(2) The percent normal must be at least 90% in the
surviving controls.

(3) The minimum significant difference (%MSD) is <25%
relative to the control.

~3.~3 DATA ANALYSIS

13.13.1 GENERAL

~3.~3.1.1

proportion
sample set

Tabulate and summarize the data. Calculate the
of normally developed larvae for each replicate.
of test data is listed in Table 5.
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13.13.1.2 Final calculations are based upon count~ of normal
larvae and total larvae at test termination, and mean initial
embryo count.

13.13~1.3 The percentage of embryos that did not survive or
develop to live larvae with completely developed shells (i.e.,
abnormal or dead organisms) is calculated for each treatment
replicate (including controls) using the formula:

where:

A = 100 (N' B I )
\ .,

A = percent abnormal and dead organisms
B I = the adjusted number of normal larvae a1: the end of the

test
N' = the initial number of embryos in the tE~st chambers

. expressed as the mean of the initial counts;
and: ifN > N', where

N = the actual number of larvae at the end of th~ test
then: :8' = B (N' / N)

where: B = the actual number of normal larvae at the end of the
test but, when N ~ N' I then: Bl = B

The means of "A" are obtained for each treatment concentration,
and the latter are corrected for control.response using Abbott's
formula, as follows:

E = 100 (A M)
100 - M

·where:

E·= the mean percent abnormal/dead corrected for controls
A = the mean percent abnormal/dead
M = the value of A for the controls.

13.13.1.4 The statistical tests described here must be used with
a knowledge of the assumptions upon which the tests are
contingent. The assistance of a statistician is recommended for
analysts who are not proficient in statistics.

237

RB-AR25221



TABLE 5. DATA FROM BIVALVE DEVELOPMENT TEST.

Copper
Concentration Initial Number Number Proportion
(/lg/L) Replicate Density Surviving Normal Normal

Control A 25 22 22 1. 00
B 25 25 24 0.96
C 25 25 25 1. 00
D 30 30 29 0.97

0.J.3 A 25 23 22 0.96
B 30 30 29 0.97
C 25 25 25 1. 00
D 25 24 '23 0.96

0.25 A 25 25 23 0.92
B 25 J.9 J.8 0.95
C 25 2J. J.9 0.90
D 25 23 22 0.96

0.50 A 25 J.J. J.O 0.9J.
B 25 J.4 J.3 0.93
C 25 J.7 J.5 0.88
D 25 J.5 J.4 0.93

1.00 A 25 8 7 0.88
B 25 6 5 0.83
C 25 8 7 0.88
D 25 J.J. 9 0.82

2.00 A 25 2 2 1. 00

~3.~3.~.5 The endpoints of toxicity tests using bivalves are
based on the reduction in proportion of normally developed
larvae. The IC25 is calculated using the Linear Interpolation
Method (see Section 9, Chronic, Toxicity Test Endpoints and Data
Analysis). LOEC and NOEC values 'for larval development are
obtained using a hypothesis testing approach such as Dunnett's
Procedure (Dunnett, 1955) or Steel's Many-one Rank Test (Steel,
~959; Miller, 1981) (see Section 9). Separate analyses are
performed for the estimation of the LOEC and NOEC endpoints and
for the estimation of the IC25. See the 'Appendices for examples
of the manual computations, and examples of data input and
program output.

~3.13.2 EXAMPLE OF ANALYSIS OF BIVALVE EMBRYO-LARVAL
DEVELOPMENT DATA
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13.13.2.1 Formal statistical analysis of the embryo-larval
development is outlined in Figure 1. The response use~ in the
analysis is the proportion of normally developed surviving larvae
in each test or control chamber. Separate analyses are performed
for the estimation of the NOEC and LOEC endpoin~:s and for the
estimation of. the IC25 endpoint. Conc.entratiQns, at which there
is no normal development in any of the test chamlpers are excluded
from statistical analysis of the NOEC and LOEC, but included in.
the estimation of the IC25.

13.13.2.2 For the case of equal numbers of repl:~cates across all
concentrations and the control, the evaluation of the NOEC and
LOEC endpoints is made via a parametric test, Dunnett's
Procedure, or a nonparametric test, Stee~' s Many·-one Rank Test,
on the arc sine square root transformed data. Underlying
assumptions of Dunnett's Procedure, normality and homogeneity of
variance, are formally tested. The test for norrrrality ·is the
Shapiro-Wilk's Test, and Bartlett's Test is used'to test for
homogeneity of variance. If either of these tes~s fails, the
nonparametric test, Steel's Many-one Rank Test, is used to.. ,
determine the NOEC and LOEC endpoints.· If the assumptions of
Dunnett's Procedure are met, the endpoints are eSltimated by the
parametric procedure.

13.13.2.3 If unequal numbers of. replicates occur among the
concentration levels tested, there are parametric and
nonparametric alternative analyses. The parametric analysis is a
t test with the Bonferroni adjustment (see Appendix D). The
Wilcoxon Rank Sum Test with the Bonferroni adjustment is the
nonparametric alternative.

13.13.2.4 Example of Analysis of Embryo-Larval r:'evelop·ment Data

13.13.2.4.1 Since the response of interest is the proportion of
normally developed surviving larvae, each replicate must first be
transformed by the arc sine square root t,ransform:ation procedure
described in Appendix B. Because there are varying numbers of
survivors in .the replicates, the adjustment for response
proportions of zero or one will not be made. The. raw and
transformed data, means and variances of the transformed
observations at each effluent concentration and control are
listed in Table 5. The data are plotted in Figure 2.
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.ADJUSTMENT .

Figure ~. Flowchart for statistical analysis of the pacific
oyster, Crassostrea gigas, and mussel, Mytilus spp.,
development data.
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13.13.2.5 Test for Normality

13.13.2.5.1 The first step of the test for normality 'is to .
center the observations by subtracting the mean fof all
observations within a concentration from each observation in that
concentration. The centered observations are summarized in
Table 6.

TABLE 6 . BIVALVE EMBRY0-LARVAL DEVELOPMENT DATA

Copper Concentration (fJ-g/L )

Replicate Control 0.13 0.25 0.50 1. 00 2.00

A 1. 00 0.96 0.92 0.91 0.88 1. 00
RAW B 0.96 0.97 ' 0.95 0.93 0.83 0.67

C 1. 00 1. 00 0.90 0.88 0.88 0.75
D 0.97 0.96 0.96 0.93 0.82 0.40

ARC SINE A 1.571 1.369 1.284 1.266 1.217 1.571
SQUARE ROOT B 1.369 1.397 1.345 1.303 1.146 0.959
TRANSFORMED C 1. 571 1.571 1.249 1.217 1.217 1.047

D 1.397 1.369 1.369 1.303 1.133 0.685

Mean ('Ii) 1.477 1.427 1. 312' 1.272 1.178 1. 066
si 0.01191 0.0094'5 0.00303 0.00l66 0.00203 0.l3733
i 1 2 3 4 5 6

!

13.13.2.5.2 Calculate the denominator j D, of the statistic:

Where: Xi = the ith centered observation
X = the overall mean of the centered observations
n = the total number of centered observations

13.13.2.5.3 For this set of data,' n 24
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13.13.2.5.4 Order the centered observations from smallest to
largest

where Xli) denotes the ith ordered observation.. The ordered
observations for this example are listed in Table 7

TABLE 7. ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S
EXAMPLE

i

1
2
3
4
5
6
7
8
9

10
11
12

Xli)

-0.381
-0.108
-0.107
-0.080
-0.063
-0.058
-0.058
-0.055
-0.045
-0.032
-0.030
-0.028

i

13
14
15
16
17
18
19
20
21
22
23
24

Xli)

-0.019
-0.006
0.031
0.031
0.033
0.039
0.039
0.057
0.094
0.094
0.144
0.505

13.13.2.5.5 From Table 4, Appendix B, for the number o~

observations, n, obtain the coefficients a l , a 2 , ••• ak where k is
n/2 if n is even and (n-l)/2 if n is odd. For the data in this
example, n = 24 and k = 12. The ai values are listed in Table 8.

13.13.2.5.6 Compute the test statistic, W, as follows:

k > 2

W = ~[L·a.(x(n-i+l)_x(i))]
D i-l l.

The differences, Xln- i+l ) - Xli), are listed in Table 8. For the
data in this example:
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W = 1
0.4963

(0.6322)2 = 0.805

TABLE 8. COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'$
EXAMPLE

i ai
X (n-i+l) - Xli)

J. 0.4493 0.886 X(24) - X(l)

2 0.3098 0.252 , X(23) - X (2)

3 0.2554 0.20J. X(22) - X(3)

4 0.2J.54 0.J.74 X(21) - X(4)

5 0.J.807 0.J.20 X(20) - Xes)

6 0.J.5J.2 0.097 X(19) - X(6)

7 0.J.245 0.097 I X(lS) - X(7)

8 0.0997 0.088 X(17) - Xes)

9 0.0764 0.076 X(16) - X(9)

J.O 0.0539 0.063 X(B) - X(lO)

J.J. 0.032J. 0.024 X(14) - X(ll)

J.2 0.0J.07 0.009 X(13) - X(12)

13.13.2.5.7 The decision rule for this test is to compare W as
calculated in Subsection 5.6 to a critical valuE~ found in
Table 6, Appendix B. If the computed W is less than the critical
value, conclude that the data are not normally distributed. For
the data in this example, the critical vqlue ata significance
level of 0.01 and n = 24 observations is 0.884. Since W = 0.805
is less than the critical value, conclude that t:hedata are not
normally distributed.

13.13.2.5.8 Since the data do not meet the assumption of
normality, Steel's Many-one Rank Test will be used to analyze the
embryo-larval development data.

13.13.2.6 Steel's Many-one RankT~st

13.13.2.6.1 For each control and concentration combination,
combine the data and arrange the observations in order of size
from smallest to largest. Assign the ranks (1, 2, ... , 8) to
the ordered observations with a rank of 1 assigned to the
smallest observation, rank of 2 assigned "to the next larger
observation, etc. If ties occur when ranking, assign the average
rank to each tied observation.
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13.13.2.6.2 An example of assigning ranks to the combined data
for the control and-.'0.13 Jlg/L concentration is!:riven in Table 9.
This ranking procedure is repeated for each con'trol/concentration
combination. The complete set of rankings is summarized in
Table 10. The ranks are t-hen summed for each concentration
level, as shown in Table 11.

TABLE 9. ASSIGNING RANKS TO THE CONTROL AND 0.13 Jlg/L
CONCENTRATION LEVEL FOR STEEL.' S MANY-ONE RANK TEST

Rank

2

2
2

4.5
4.5
7

7
7

Transformed
Proportion

Normal

1.369
1.369
1.369
1.397
1.397
1.571
1. 571
1.571

concentration

0.13 p.g/L
0.13 p.g/L

Control
0.13 p.g/L

Control
0.13 p.g/L

Control
Control

13.13.2.6.3 For this example, determine if the survival in any
of the concentrations is significantly' lower than the survival in
the control. If this occurs, the rank sum at that concentration
would be significantly lower than the rank sum (jf the control.

, Thus compare the rank sums for the survival at t~ach of the
various concentration levels with some "minimum'" or critical rank
sum, 'at or below which the survival would be considered
significantly lower than the control. At a significance level of
0.05, the minimum rank sum in a test with five concentrations
(excluding the control) and four replicates is 10 (See Table 5,

Appendix E) .

13.13.2.6.4 Since the rank sums for the 0.50 Jlg/L and 1.00 Jlg/L
concentration levels are equal to the critical 'value, the
proportions of normal development in those concf~ntrations are,
considered significantly less than that in the control.. Since no
other rank sum is less than or equal to the crH:.ical value, no
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TABLE 10. TABLE OF RANKS1

Copper Concentration (~g/L)

Replicate

J.
2
3
4

Control

J..57J.{7,7.5,7.5,7.5,7)

1.369{2,4.5,5,5,4)
J..57J.{7,7.5,7.5,7.5,7)
J..397{4.5,6,6,6,5)

0.J.3

, J.. 369 (2)

1.397{4.5)
1. 571 (7)
J..369(2)

0.25

1.284(2)
1.345(3)
1.249 (J.)
1.369(4.5)

Copper Concentration (~g/L) (Continued)

Replicate 0.50 1.00 2.00

J. 1. 266 (2) 1. 2J.7 (3.5) 1.571(7)

2 1.303(3.5) 1. J.46 (2) 0.959(2)

3 1.2J.7{J.) 1.'2J.7(3.5) 1.047(3)

4 1.303{3.5) 1.J.33{J.) 0.685{J.)

lControl ranks are given in the order of the concentration with which
they were ranked.

TABLE 11.

Concentration
Jlg /L Copper)

0.13
,0.25
0.50

RANK SUMS

Rank Sum

15.5
10.5
10.0

other concentration has a significantly ~ower proportion normal
than the control. Because the 0.50 Jlg/L concentration shows
significantly lower normal development than the control while the
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higher 2.00 Jlg/L concentration does not·, these test results are
considered to have an anomalous dose-response relationship and it
is recommended that the test be repeated. If an NOEC and LOEC
must be determined for this test, the lowest concentration with
significant growth impairment versus the control is considered to
the LOEC for growth. Thus, for this test, the NOEC and LOEC
would be 0.25 Jlg/L and 0.50 ~g/L, respectively.

13.13.2.7 Calculation of the ICp

13.13.2.7.1 The embrYo-larval development data in Table 4 are
utilized in this example. As can be seen from Table 4 and Figure
2, the observed means are monotonically non-increasing with
respect to concentration (mean response for each higher
concentration is not less than or equal to the mean response for
the previous concentration and the responses between
concentrations do n~t follow a linear· trends) . : Therefore, it is
not necessary to smooth the means prior to calculating the IC.
The observed means, represented by Yi become the corresponding
smoothed means, Mi. Table 12 contains the response means and
smoothed means and Figure 3 gives a plot .of the smoothed response
curve.

TABLE 12. BIVALVE MEAN LARVAL DEVELOPMENT' RESPONSE AFTER
SMOOTHING

Response , Smoothed
i

Copper Means, Yi Means, Mi
Cone. (Jlg/L) i (proportion) . (proportion)

Control 1 0.983 0.983
0.13 2 0.973 0.973
0.25 3 0.932 0.932
0.50 4 0.913 0.913
1. 00 5 0.852 0.852
2.00 6 0.705 0.705

13.13.2.7.2 An IC25 can be estimated using the Linear
Interpolation Method. A 25% reduction in mean proportion of
normally developed larvae, compared to the controls, would result
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in a mean proportion of 0.737, where M1 (1-p/100),= 0.983(1-. ,

25/100). Examining the means and their associatied c;:oncentrations
(Table 12), the response, 0.737, is bracketed bi C4 = 1.00 fJ.g/L
copper and Cs = 2.00 fJ.g/L copper.

13.13.2.7.3 Using the equation from Section 4.2 in Appendix L,
the estimate of the IC25 is calculated as follows:

IC25 = 1.00 + [0.983(1 - 25/100) - 0.852] (,2.00 - 1.00)

(0.705 - 0.852)
= 1. 78 fJ.g/L.

13.13.2.7.4 When the ICPIN program was used to analyze this set
of data, requesting 80 resamples,. the estimate of the I.C25 was
1.7839fJ.g/L., The empirical 95.0% confidence interval for the
true mean was not available because the number of resamples which
generated an IC25 estimate was not an even multiple of 40. The
computer program output for the IC25 for this data set is shown
in Figure 4.

13.14 PRECISION AND ACCURACY

13.14.1 PRECISION

13.14.1.1 Single-Laboratory Precision

13.14.1.1.1 Single-laboratory precision data for the Mytilus
spp. with the reference toxicant cadmium and lyophilized pulp
mill effluent with natural seawater are provided in Tabl~s 4-5.
The coefficient of variation, based on EC25, is 32.8% to 45.0%
for cadmium and 14.2% to 30.6% for lyophilized ~~lp mill
effluent. Single-laboratory precision data for 'the Crassostrea
gigas with the reference toxicant cadmium and l~jphilized pulp
mill effluent with natural seawater are provided in Tables 6-7.
The coefficient of variation, based on EC25, is 18.5% to 80.4%
for cadmium and 20.8% to 43.3% for lyophilized pulp mil.l
effluent.

13.14.1.2 Multi-laboratory Precision
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Cone. ID

Cone. Tested

Response J.
Response 2
Response 3
Response 4

J.

o

1. 00
0.96
1.00
0.97

2

0.J.3

0.96
0.97
1. 00
0.96

3

0.25

0.92
0.95
0.90
0.96

4

0.50

0.91
0.93
0.88
0.93

5

1. 00

0.88
0.83
0.88
0.82

6

2.00

1. 00
0.67
0.75
0.40

*** Inhibition concentration Percentage Estimate ***
Toxicant/Effluent: Copper
Test Start Date: Test Ending Date:
Test Species: bivalve
Test Duration: 48 hours
DATA FILE: bivalve.icp
OUTPUT FILE: bivalve.i25

Cone. Number Concentration Response Std. Pooled
ID .Replicates ug/L Means Dev. Response Means
--------------------------------------------------------~--------.------

J. 4 0.000 0.983 0.021 0.983
2 4 0.130 0.973 0.019 0.973
3 4 0.250 0.932 0.028 0.932
4 4 0.500 0.913 0.024 0.913
5 4 1.000 0.852 0.032 0.852
6 4 2~000 0.705 0.247 0.705

The Linear Interpolation Estimate: 1. 7839 Entered P Value: 25

Number of Resamplings: 80Those resamples not used had estimates
above the highest concentration/ %Effluent.

The Bootstrap Estimates Mean: 1.6188 Standard Deviation: 0.J.758

No Confidence Limits can be produced since the number of resamples
generated is not a multiple of 40.
Resampling time in Seconds: 0.17 Random Seed:-232404862

Figure 4. ICPIN program output for the IC25.
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13.14.1.2.1 Multi-laboratory precision data for Mytilus spp.
with the reference toxicant, cadmium and lyophilized pulp mill
effluent are pr.ovided in Tables 12-13. The coefficient of
variation for cadmium EC25 is 23.6%, and 'for effluent EC25 is
14.4% based on five laboratories. Multi-laborat.ory precision
data for Crassostrea gigas with the reference t6xicant, cadmium,
and lyophilized pulp mill effluent are provided in Tables 14-15.
The coefficient of variation is 21.3% for cadmiu,m EC25 and 14".2%
for lyophilized pulp mill effluent EC25, based on results .from
five laboratories.

13.14.2 ACCURACY

13.14.2.1 The accuracy of toxicity tests cannot be determined.

TABLE 12. SINGLE AND MULTI-LABORATORY PRECISION·OF.THEMUSSEL,
MYTILUS SPP., DEVELOPMENT TEST PERFORMED WITH CADMIUM
CHLORIDE (CD MG/L) AS A REFERENCE TOXICANT

Month Lab A Lab B Lab C Lab D .Lab E

Oct-92 2.35 1.06 2.42 4.20 4.77

Nov-92 0.86 3.49 3.89 2.21' 2.39

Dec-92 1. 79 2.51 no data 2.27 3.73

Jan-93 3.69 2.25 6.77 no data 1.57

Feb-93 2.81 2.91 5.85 3.75 3.05

Mar-93 3.71 2.64 2.62 4.89 no data

Mean 2.54 2.48 4.31 3.46 : 3.10

SD 1.11 0.81 1. 94 1.19 1.23

CV (%) 43.9 32.8 45.0 34.3 40.0

# of Labs Statistic EC25

5 Mean (N=5) 3.18
SD 0.75
CV(%} 23.6 .

These data are from: Pastorok, et al. (1994), West Coast Mar~ne Spec~es

Chronic Protocol Variability Study, PTI Environmental Serv;ices, Prepared for
Washington Department of Ecology, Feqruary, 1994.
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TABLE 13. SINGLE AND MULTI-LABORATORY PRECISION OF THE MUSSEL,
MYTILUS SPP., DEVELOPMENT TEST PERFORMEP WITH
LYOPHILIZED PULP MILL EFFLUENT (%) AS' THE TOXICANT

Month Lab A Lab B Lab C Lab D Lab E

Oct-92 1. 78 1.40 2.02 1. 83 1. 85

Nov-92 1.57 1. 94 2.70 1. 98 no data

Dec-92 1.74 1. 88 3.08 no data 1. 87
!

Jan-93 3.17 2.03 2.46 1. 07 dataI no

i Feb-93 1.66 no data no data no data no data

Mar-93 1.85 1.66 1. 72 1. 82 ,no data
"

Mean 1.96 1. 78 2.40 1.68 1. 86

i SD 0.60 0.25 0.54 0.41 0.28

CV (%) 30.6 14.2 22.5 24.5 1.4

# of Labs Statistic EC25
'"

5 Mean (n=5) 1. 93
SD 0.28
CV(%) 14.4

These data are from: Pastorok~ et al. (1994) West Coast Marine
Species Chronic Protocol Variability Study, PTI Environmental
Services, Prepared for Washington Department of Ecology,
February, 1994.
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TABLE 14. SINGLE AND MULTI-LABORATORY PRECISIONbF THE OYSTER,
CRASSOSTREA GIGAS, DEVELOPMENT TEST PE:RFORMED WITH
CADMIUM CHLORIDE (CD MG/L) AS A REFERENCE TOXICANT

Month Lab A Lab B Lab C Lab D Lab E

July-92 1. 04 1. 54 0.50 0.41 0.56

Aug-92 0.31 1. 38 0.30 0.35 no data

Sept-92 0.68 0.20 0.49 no data no data'

Apr-93 no data 0.45 0.51 no data 0~95

May-93 0.46 0.30 1. 05 0.52 0.83

June-93 0.26 1. 55 0.93 no data '0.83

July-93 0.28 0.82 0.66 1. 56 -0.90

Mean 0.51 0.89 0.63 0.71 0.81

SD 0.31 0\59 0.27 0.57 0.15

CV (% ) 60.6 66.7 42.1 80.4 18.5

# of Labs Statistic EC25

5 Mean (n=5) 0.71
SD 0.15
CV (%) 21.3'

These data are from: Pastorok,_ et al. (1994), West Coast Marine
Species Chronic Protocol Variability Study, PTI Environmental
Services, Prepared for Washington Department of Ecology,
February, 1994.

253

RB-AR25237



TABLE 15. SINGLE AND MULTI-LABORATORY PRECISION OF THE OYSTER,
CRASSOSTREA GIGAS, DEVELOPMENT TEST PERFORMED WITH
LYOPHILIZED PULP MILL EFFLUENT (%) AS THE TOXICANT

Month Lab A Lab B Lab C Lab D Lab E

July-92 no data 0.91 1. 28 no data 1.43

Aug-92 1.21 1.09 0.98 0.61 no data

Sept-92 0.76 1.66 0.83 no data no data

. Apr-93 0.80 1.10 1.61 1. 66 no data

May-93 1.21 0.65 1. 90 0.93 0.93

June-93 1.09 1.32 1. 72 0.83 0.98

July-93 0.82 0.80 1. 56 1. 67 1. 04

: Mean 0.98 1. 08 1.41 1.14 1 .. 10
,

SD. 0.21 0.34 0.40 0.49 0.23

, CV (%) 21.6 31.4 28.0 43.3 20.8

# of Labs Statistic EC25

5 Mean (n=5) 1.14
SD 0.16
cy (%) 14.2

These data are from: Pastorok( et al., (1994), West Coast Marine
Species Chronic Protocol Variability Study, pTI Environmental
Services, Prepared for Washington Departmeht of Ecology,
February, 1994.
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APPENDIX ~. ,BIVALVE TEST: STEP-BY-STEP SUMMARY,

PREPARATION OF TEST SOLUTIONS

A. Determine test concentrations and appropria~te dilution water
based on NPDES permit conditions and guidance from the
appropriate regulatory agency.

B. Prepare effluen~ test solutions by dilutingr well mixed
unfiltered effluent using volumetric flasks: and pipettes.
Use hypersaline brine where necessary to maintain all test
solutions at 30 ± 2~. Include brine controls in tests that
use brine.

C. Prepare a copper reference toxicant stock solution.

D. Prepare a series copper refe,rence toxicant concentrations.

E. Sample effluent and reference toxicant solutions f.or
physical/chemical analysis., Measure salinity, pH and
dissolved oxygen from each test concentration.

F. Randomize numbers for test chambers and rec,ord the chamber
numbers with their respective test concentrations on a
randomization data sheet. Store the data sheet safely until
after the test samples have been analyzed.

G. Place test chambers in a water bath or environmental chamber
set to 18 or 20°C and allow temperature to equilibrate.

H. Measure the temperature daily in one random replicate (or
separate chamber) of each test concentration. Monitor the
temperature of the water bath or environmental chamber
continuously.

I. At the end of the test; measure salinity, pH, and dissolved
oxygen concentration from each test concent~ation.

PREPARATION AND ANALYSIS OF TEST ORGANISMS

A. Determine test concentrations and appropriate dilution water
based on NPDES permit requirements and guid~nce from the
appropriate regulatory agency.
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B. Prepare test solutions by diluting well mixed unfiltered
effluent using volumetric pipettes. Use hypersaline brine
where necessary to maintain all test solutions at 30 ± 2~.

Include, brine controls in tests that use brine.

C. Sample effluent and reference toxicant solutions for
physical/chemical analysis., Measure salinity, pH and
dissolved oxygen from each test concentration.

D. Randomize numbers for test chambers .and record the chamber
numbers with their respective test concentrations on a
randomization data sheet. Store the data sheet safely until
after the test samples have been analyzed.

E. Place test chambers in a water bath or environmental chamber
set to 18 or 20°C as appropriate for the test species and
allow temperature to equilibrate.

F. Measure the test solution temperature daily in a randomly
located blank test chamber. Monitor the temperature of the
water bath or environmental chamber continuously.

PREPARATION AND ANALYSIS OF TEST ORGANISMS

A. Obtain test organisms and hold or condition as necessary for
spawning.

B. On day of test, spawn organisms, examine gametes, pool good
eggs, pool good sperm.

C. Fertilize subsets of eggs with a range of sperm
concentrations to obtain >90% embryogenesis without
polyspermy.

D. Adjust embryo stock suspension density to 1500-300·0/mL.

E. Introduce organisms to test chambers (150-300 embryos in 0.1
mL of stock) .

F. Count all embryos in each of six extra controls set up for
determining mean embryo density and variation. Return these
to the test for later examination for developmental rate in
controls.
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G. Near the end of the 48-hour incubation period examine
several of the extra controls to determine if development
has reached the prodisoconch stage. If yes, terminate the
test at 48 hours; if no, continue the test :for up to 54
hours as requi~ed for complete development.

H. Terminate the test by addition of formalin.

I. Count larvae and record the number of norma~ prodisoconch
larvae and other larvae in each test vial.

J. Analyze the data.

K. Include standard reference toxicant point estimate values in
the standard quality control charts.
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Sample data sheet for embryo microscopic examination.

BIVALVE DEVELOPMENT TEST: RESULTS

Bioassay No. _

Counter _

Date---------

Number Sample Abnormal Normal %Normal I Notes
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SECTION 14

RED ABALONE, Haliotis rufescens
LARVAL DEVELOPMENT TEST METHOD

Adapted from a method developed by
John W. Hunt 'and Brian S. Anderson

Institute of- Marine Sciences, University of California
Santa Cruz, California

(in association with)
California Department of Fish and Game

Marine Pollution· Studies Laboratory
34500 Coast Route 1, Monterey, CA 93940
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SECTION 14

RED ABALONE, HALIOTUS RUFESCENS
LARVAL DEVELOPMENT TEST METaOD

14.1 SCOPE AND APPLICATION

14.1.1 This method estimates the chronic toxicity of effluents
and receiving waters 20 the larvae of red abalone, Haliotis
rufescens during a 48-h statiG non-renewal exposure. The effects
include the sYnergistic, antagonistic, and additive effects of
all chemical, physical, and biological components which adversely
affect the physiological. and biochemical functions of the test
organisms.

14.1.2 Detection limits of the toxicity of an effluent or
chemipal substance are organism dependent.

14.1.3 Brief excursions in toxicity may not be detected using
24-h composite samples. Also, because of the long sample
collection period involved in composite sampling and because the
test chambers are not sealed, highly volatile and highly
degradable toxicants in the source may not be detected in the
test.

14.1.4 This method is commonly used in one of two forms: (1) a
definitive test, consisting of a minimum of five effluent
concentrations and a control, and (2) a receiving water test(s),
consisting of one or more receiving water concentrations and a
control.

14.1.5 This method should be restricted to use by, or under the
supervision of, professionals experienced in aquatic toxicity
testing. Specific experience with any toxicity test is usually
needed before acceptable results become routine.

14.2 SUMMARY OF METHOD

14.2.1 This method provides the step-by-step instructions for
performing a 48-h static non-renewal test using early development
of abalone larvae to determine the toxicity of substances in
marine and estuarine waters. The test endpoint is normal shell
development.
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14.3 INTERFERENCES

14.3.1 Toxic substances may be introduced by contaminants in
dilution water, glassware, sample hardware, and testing equipment
(see Section 5, Facilities and Equipment, and Supplies) .

14.3.2 Improper effluent sampling and handling lnay adversely
affect test results (see Section 8, ~ffluent and Receiving Water
Sampling, and Sample Handling, and Sample Prepariation for
Toxicity Tests) .

14.4 SAFETY

14.4.1 See Section 3, Health and Safety.

14.5 APPARATUS AND EQUIPMENT

14.5.1 Tanks, trays, or aquaria - - for holding (~nd acclimating
adult red abalone, e.g., standard salt water aquarium or Instant
Ocean Aquarium (capable of maintaining seawater at 10-20°C), with
appropriate filtration and aeration system.

14.5.2 Air pump, air lines, and air stones for aerating water
containing broodstock or for supplying air. to test solutions with
low dissolved oxygen.

14.5.3 Constant temperature chambers or water baths --for
maintaining test solution temperature and keepinSf dilution water
supply, gametes, and embryo stock suspensions attest temperature
(15°C) prior to the test.

14.5.4 Water purification system -- Millipore Super-Q, Deionized
water (DI) or equivalent.

'14.5.5 Refractometer

14.5.6 Hydrometer{s)

for determining salinity.

for calibrating refractometer.

14.5.7 Thermometers, glass br electronic, labor~tory grade
for measuring water temperatures.
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14.5.8 Thermometer/ National Bureau. of Standards Certified (see
USEPA METHOD 170.1/ USEPA/ 1979) -- to calibrate laboratory
thermometers.

14.5.9 pH and DO meters -- for routine physical and chemical
measurements.

14.5.10 Standard or micro-Winkler apparatus
DO (optional) and calibrating the DO meter.

for determining

14.5.11 Winkler bottles -- for dissolved oxygen determinations.

14.5.12 Balance -- Analytical, capable of accurately weighing to
0.0001 g.

14.5.13 Fume hood -- to protect the analyst from effluent or
formaldehyde fumes.

14.5.14 Glass stirring rods for mixing test solutions.

14.5.15 Graduated cylinders Clas~ A, borosilicate glass or
non-toxic plastic labware, 50-1000 mL for making test solutions.
(Note: not to be used interchangeably for gametes or embryos and
test solutions).

14.5.16 Volumetric flasks -- Class A, borosilicate glass or non
toxic plastic labware, 10-1000 mL for making test solutions.

14.5.17 Pipets, automatic -- adjustable, to cover a range of
delivery volumes from 0.010 to 1.000 mL.

14.5.18 Pipet bulbs and fillers -- PROPIPET@ or equivalent.

14.5.19 Wash bottles -- for reagent water, for topping off
graduated cylinders, for rinsing small glassware and instrument
electrodes and probes.

14.5.20 Wash bottles -- for dilution water.

14.5.21 20-1iter cubitainers or polycarbonate water cooler jugs
-- for making hypersaline brine.
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I

14.5.22 Cubitainers, beakers, or similar chambers of non-toxic
composition for holding, mixing, and dispensing dilution water·
and other general non-effluent, non-toxicant contact uses. These
should be clearly labeleq and not used for other purposes.

I

14.5.23 Beakers, 1,000 mL borosilicate glass -- for mixing
gametes for fertilization of eggs.

14.5.24 Beakers, 250 mL borosilicate glass ~- for preparation of
test solutions.

14.5.25 Counter, two unit, 0-999 -- for recording counts of
larvae.

14.5.26 Inverted or compound microscope -- for inspect·ing
gametes and making counts of larvae.

14.5.27 Perforated plunger -- for stirring egg solutions.

14.5.28 Supply of Macrocystis or other macroalgae (if holding
broodstock for longer than 5 days) -- for feeding I abalone.

14.5.29 Stainless steel butter knife, rounded smooth-edged blade
(for handling adult abalone). Abalone irons and plastic putty
knives have also been used successfully.

14.5.30 Sieve or screened tube, approximately 37 ~m-mesh -- for
retaining larvae at the end of the test.

14.5.31 60 ~m NITEX® filter -- for filtering receiving water.

14.6 REAGENTS AND SUPPLIES

14 . 6 . 1 Sample containers - - for sample shipment a,nd storage (see
Section 8, Effluent and Receiving Water Sampling, .and Sample
Handling, and Sample Preparation for Toxicity Tests) .

14.6.2 Data sheets (one set per test) -- for data recording (See
Appendix I) .

14.6.3 Tape, colored -- for labelling test chambers and
containers.
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14.6.4 Markers, water-proof -- for marking containers, etc.

14.6.5 Parafilm to cover· graduated cylinders and vessels
containing gametes, embryos.

14.6.6 Gloves, disposable
contamination.

for personal protection from

14.6.7 Pipets, serological -- 1-10 mL, graduated.

14.6.8 Pipet tips

14.6.9 Coverslips

for automatic pipets.

for microscope slides.

14.6.10 Lens paper -- for cleaning microscope optics.

14.6.11 Laboratory tissue wipes for cleaning and drying
electrodes, microscope slides, etc.

14.6.12 Disposable countertop covering for protection of work
surfaces and minimizing spills and contamination.

14.6.13 pH buffers 4, 7, and 10 (or as per instructions of
instrument manufacturer) -- for standards and calibration check
(see USEPA Method 150.1, USEPA, 1979).

14.6.14 Membranes and filling solutions ._- for dissolved oxygen
probe (see USEPA Method 360.1, USEPA, 1979), or reagents for
modified Winkler analysis.

14.6.15 Laboratory quality assurance samples and standards -
for the above methods.

14.6.16 Test chambers -- 600 mL, five cnambers per
concentration. The chambers should be borosilicate glass (for
effluents) or nontoxic disposable plastic labware (for reference
toxicants). To avoid contamination from the air and excessive
evaporation of test solutions during the test, ~he chambers
should be covered during the test with safety glass plates or a
plastic sheet (6 mm thick) .

14.6.17 Formaldehyde, 37% (Concentrated "Formalin) -- for
preserving larvae. Note: formaldehyde has been identified as a
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carcinogen and is irritating to skin and mucous membranes. It
should not be used at a concentration higher than necessary to
achieve morphological preservation of larvae for counting and
only under conditions of maximal ventilation and minimal
opportunity for volatilization into room.air.

14.6.18 Tris (hydr6xYmethyl) aminomethane ~nd hydrogen peroxide
(for H20 2 spawning method) -- for spawning abalone.

14.6.19 Reference toxicant ,solutions (see Subsection 14.10.2.4
and see Section 4~ Quality Assurance) .

14.6.20 Reagent water -- defined as distilled or deionized water
that does not contain substances which are toxic to the test
organisms (see Section 5, Facilities, Equipment; ,and Supplies and
Section 7, Dilution Water) .

14.6.21 Effluent and receiving water -- see Section 8, Effluent
and Surface Water Sampling, and Sample Handling, and Sample
Preparation for Toxicity Tests.

14.6.22 Dilution water and hypersaline brine see Section 7,
Dilution Water anq Section 14.6.24, Hypersaline Brines.' The
dilution water should be uncontaminated l-j.tm-fil:tered natural
seawater. Hypersaline brine should be prepared from dilution
water.

14.6.23 HYPERSALINE BRINES

14.6.23.1 Most industrial and sewage treatment effluents
entering marine and estuarine systems have littl(: measurable
salinity. Exposure of larvae to these effluents. will usually
require increasing the salinity of the test solu1:ions. It is
~mportant to maintain an essentially constant salinity across all
treatments. In some applications it may'be desirable to match
the test salinity with that of the receiving watE:r (See Section
7.1). Two salt sources are available to adjust salinit,ies -
artificial sea salts and hypersaline brine (HSB) derived from
natural seawater. Use of artificial sea salts if~necessary only
when high effluent concentrations preclude salinity adjustment by
HSB alone.
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14.6.23.2 Hypersaline brine (HSB) can be made by concentrating
natural seawater by freezing or evaporation. HSB should be made
from high quality, filtered seawater, and can be added to the
effluent or to reagent water to increase salinity. HSB has
several desirable characteristics for use in effluent toxicity
testing. Brine derived from natural seawater contains, the
necessary trace metals, biogenic colloids, and some of the
microbial components necessary for adequate growth, survival,
and/or reproduction of marine and estuarine organisms,and it can
be stored for prolonged periods without any apparent degradation.
However, even if the maximum salinity HSB (100~) is used as a
diluent, the maximum concentration,of effluent (O~) that can be
tested is 66% effluent at 34~ salinity (see Table 1) .

14.6.23.3 High quality (and preferably high salinity) seawater
should be filtered to at least 10 ~m before placing into the
freezer or the brine generator. Water should be collected on an
incoming tide to minimize the possibility of contamination.

14.6.23.4 Freeze Preparation of Brine

14.6.23.4.1 A convenient container for making HSB by freezing is
one that has a bottom drain. One liter of brine can be made from
four liters of seawater. Brine may be collected by partially
freezing seawater at -10 to -20°C until the remaining liquid has
reached the target salinity. Freeze for approximately six hours,
then separate the ice (composed mainly of fresh water) from the
remaining liquid (which has now become hypersaline) •

14.6.23.4.2 It is preferqble to monitor the water unt~l the
target salinity is achieved rather than allowing total freezing
followed by partial thawing. Brine salinity should never exceed
100~. It is advisable not to exceed about 70~ brine salinity
unless it is necessary to test effluent concentrations greater
than 50%.

14.6.23.4.3 After the required salinity is attained, the HSB
should be filtered through a 1 ~m filter and poured directly into
portable containers (20-L cubitainersor polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the date the brine
was generated. Containers of HSB should ,be stored in the dark at
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4°C (even room temperature has been acceptable). HSB is usually
of acceptable quality even after several months j~n storage.

14 .. 6.23.5 Heat Preparation of Brine

TABLE 1. MAXIMUM EFFLUENT CONCENTRATION (%). THAT CAN BE TESTED
AT 34%0 WITHOUT THE ADDITION OF'DRY SALII'S GIVEN THE
INDICATED EFFLUENT AND BRINE SALINITIE£;.

Effluent Brine Brine Brine Brine Brine

Salinity 60 70 80 90 100
g., %0 g., %'0 %'0 %'000 00

0 43.33 51.43 57.50 62.22 66.00

1 44.07 52.17 58.23 62.92 66.67

2 44.83 52.94 58.97 63.64 67.35

3 45.61 53.73 59.74 64.37 68.04

4 .46.43 54.55 60.53 65.12 I 68.75

5 47.27 55.38 61.33 65.88 69>17

10 52.00 60.00 65.7"1 70.00 73.33

15 57.78 65.45 70.77 74.67 77.65

20 65.00 72.00 76.67 80.00 82.5.0

25 74.29 80.00 83.64 86.15 88.00

14.6.23.5.1 The ideal container for making brine using heat
assisted evaporation of natural seawater is one that (1) has a
high surface to volume ratio, (2) is made of a non-corrosive
material, and (3) is easily cleaned (fiberglass containers are
ideal). Special care should be used to prevent anY toxic
materials from corning in contact with the seawater being used to
generate the brine. If a heater is immersed directly into the
seawater, ensure that the heater materials do not corrode or
leach any substances that would contaminate the brine. One
successful method is to use a thermostatically controlled heat
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exchanger made from fiberglass. If aeration is needed, use only
oil-free air compressors to prevent contamination.

14.6.23.5.2 Before adding seawater to the brine generator,
thoroughly clean the generator, aeration supply tube, heater, and
any other materials that will be in direct contact with the
brine. A good quality biodegradable detergent should be used,
followed by several (at least three) thorough reagent water
rinses.

14.6.23.5.3 Seawater should be filtered to at least 10 ~m before
being put into the brine generator. The temperature of the
seawater is increased slowly to 40°C. The water should be
aerated to prevent temperature stratification and to increase
water evaporation. The brine should be checked daily (depending
on the volume being generated} to ensure that the salinity does
not exceed 100~ and that the temperature does not exceed 40°C.
Additional seawater may be added to the brine to obtain the
volume of brine required.

14.6.23.5.4 After the required salinity ,is attained, the HSB
should be filtered through a 1 ~m filter and poured directly into
portable containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the date the brine
was generated. Containers of HSB should be stored in the dark at
4°C (even room temperature has been acceptable). HSB is usually
of acceptable quality even after several months in storage.

14.6.23.6.1
artificial
this time,

14.6.23.6

14.6.23.7

Artificial Sea Salts

No data from red abalone tests using sea salts or
seawater (e.g., GP2) are available for evaluation at
and their use must be considered provisional.

Dilution Water Preparation from Brine

14.6.23.7.1 Although salinity adjustment with brine is the _
preferred method, the use of high salinity brines and/or reagen~'

water has sometimes been associated with discernible adverse'
effects on test organisms. For this reason, it is recommended
that only the minimum necessary volume of brine and reagent water
be used to offset the low salinity of the effluent, and that
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brine controls be included in the test. The rema~n~ng dilution
water should be'natural seawater. Salinity may be adj~sted in
one of two ways. First, the salinity of the highest effluent
test concentration may be adjusted to an acceptable salinity, and
then serially diluted. Alternatively, each effluent

. concentration can be p~epared individually with appropriate
volumes of effluent and brine..

14.6.23.7.2 When HSB and reagent water are used, thoroughly
mix together the reagent water and HSB before mixing iri the
effluent. Divide the salinity of the HSB by the expected test
salinity to determine the proportion of reagent· water to b~ine.

For example, ·if the salinity of the brine is 109%0 and the test
is to be conducted at 34%'0, 100%0 divided by 34%0 :=' 2.94. The
proportion of brine is 1 part plus 1.94 parts r~agent water. To
make 1 L of dilution water at 34%0 salinity from a HSB,of 100%0,
340 mL of brine and 660 mL of reagent water are required. Verify
the salinity of. the resulting mixture using a refractometer.

14.6.23.8 .Test Solution Salinity Adjustment

14.6.23.8.1 Table 2 illustrates the preparation of test
solutions '(up to SO~ effluent) at 34%0 by combining effluent,
HSB, and 'dilution water. Note: if the highest e:ffluent,
concentration does not exceed so~ effluent, it i,s convenient to
prepare brine so that the sum of the effluent salinity and brine
salinity equals 68%0; the required brine volume is then always
equal to the effluent· volume needed for each effluent
concentration as in the example in Table ,2..

14.6.23.8.2 Check the pH of all test solutions and adjust to
within 0.2 units of dilution water pH by adding, dropwlse, dilute
hydrochloric acid or sodium hydroxide (see Section 8.8.9,
Effluent and Receiving Water Sampling, Sample Handling, and
Sample Preparation for Toxicity Tests) .

14.6.23.8.3 To calculate the amount of brine to add to each
'effluent dilution, determine ,the following qu~ntities: salinity
of the brine (SB, in %0), the salinity of the effluent (BE, in
%0), and volume of the effluent to be added (VE,: in mL) . Then'
use the following formula to calculate the volumE~ of brine (VB,
.in mL) to be added:
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VB = VB x (34 - SE)/(SB - 34)

14.6.23.8.4 This calculation assumes that dilution water
salinity is 34 ± 2~.

14.6.23.9 preparing Test Solutions

14.6.23.9.1 Two hundred mL of test solution are needed for each
test chamber. To prepare test solutions at low,effluent
concentrations «6%), effluents may be added directly t'o dilution
water. For example, to prepare 1% effluent, add 10 mL of
effluent to a .1-liter volumetric flask using a volumetric pipet
or calibrated automatic pipet. Fill the volumetric flask to the
1-L mark with dilution water, stopper it, and shake to mix.
Distribute equal volumes into the replicate test chambers.

14.6.23.9.2 To prepare a test solution at higher effluent
concentrations, hypersaline brine must usually be used. For
example, to prepare 40% effluent, add 400 mL.of effluent to a 1
liter volumetric flask. Then, assuming an effluent salinity of
2~ and a brine salinity of 66~, add 400 mL of brine (see
equation above and Table 2) and top off the flask with dilution
water. Stopper the flask and shake well.' Distribute equal
volumes into the replicate test chambers.

14.6.23.10 Brine Controls

14.6.23.10.1 Use brine controls in all tests where brine is
used. Brine controls contain the same volume of brine as does
the highest effluent concentration using brine, plus the volume
of reagent water needed to ,reproduce the hyposalinity of the
effluent in the highest concentration, plus dilution water.
Calculate the amount of reagent water to add to brine controls by
rearranging the above equation, (See, 16.6.23.8.3) setting SE =

0, and solving for VE.

VE = VB x (BB - 34)/(34 - SE)

If effluent salinity is essentially' 0%0, the reagent wat,er volume
needed in the brine control will equal the effluent volume at the
highest test concentration. However, as effluent salinity and
effluent concentration increase, less reagent water volume is
needed.
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14.6.24 TEST ORGANISMS

14.6.24.1 The test organisms used for this test ar~ red abalone,
Haliotis rufescens. This large gastropod mollusc is harvested
commercially in southern California and supports a popular
recreational fishery throughout the state. It, cqnsumesa variety
of seaweeds and small incidental organisms, and is an important
food source for sea otters, lobsters, and octopods (Hines and
Pearse 1892). Abalone are "broadcast" spawners that reproduce by
equiva1ent.ejecting large numbers of gametes into the water
column, whe~e fertilization takes place external~y. Free
swimming larvae hatch as trochophores, then undergo torsion while
passing through a veliger stage. Abalone larvae do not feed
during their one to three weeks in the plankton, ,but exist on
energy st'ored in the yolk sack, supplemented perhaps by the
uptake of dissolved amino acids. Once <larvae come into cont.act
with suitable substrate, they metamorphose and bE~gin to consume
benthic algae using a rasp:-like tongue (the radula). Red abalone
become reproductive after about two years at a length of about 7
cm, and can live for at least 25 years, growing to 30 cm in
length. Refer to Hahn (1989) for a review of abalone lif~ history
and culture to Martin et al. (1977), Morse et al (1979) and JIunt
and Anderson (1989 and 1993) for previous toxicit~y studies.

14.6.24.2 Species Identification

14.6.24.2.1 Broodstock should be positively identified to
species. Epipodal characteristics provide the best means of
identification. All California haliotids have a lacey epipodial
fringe,' except for the red and black abalone, which have smoot.h,
lobed epipodia. The red abalone can be distinguished from the
black by shell coloration and by the number of respiratory pores
in the shell (reds have 3 to 4, blacks have 5 to 8). For further.
information on abalone taxonomy consult Owen et al. (1971), and
Morris et al. (1980).

14.6.24.3 Obtaining ~roodstock

14.6.24.3.1 M~ture red abalone broodstock can be collected from
rocky substrates from the intertidal to depths exceeding 30
meters. They are found most commonly in crevices in areas where
there is an abundance of macroalgae. State collection permits
are usually required for collecting abalone. Collection of
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TABLE 2. EXAMPLES OF EFFLUENT DILUTION SHOWI~G VOLUMES OF
EFFLUENT (x~), BRINE, AND DILU~ION WATER NEEDED FOR
ONE LITER OF EACH TEST SOLUTION.

fIRST STEP; Combine brine ~ith reagent water or natural seawater .to achieve a
brine of 6B-x~ and, unless natural seawater is used for dilution water, also
a brine-based dilution water of 34~.

SERIAL DILUTION;

Step 1. Prepare the highest effluent concentration to be tested by adding
equal volumes of effluent and brine to the appropriate volume of dilution
water. An example using 40% is shown.

, Effluent Cone. Effluent Brine Dilution Water*
(t) x~ (68-x)~ 34~

: 40 800 mL 800 mL 400 mL

step 2. Use either serially prepared dilutions of the highest test
concentration or individual dilutions of ~OO% effluent.

Effluent Cone. (%) Effluent Source Dilution Water* (34~)

I 20 1000 mL of 40% 1000 mL

J.O ~000 mL of 20% ~OOO mr;

5 1000 mL of 10% 1000 mL

2.5 ~ooo mL of 5% 1000 mL·

Control none 1000 mL

INDIVIDUAL PREPARATION

i Effluent Cone. Effluent x~ Brine (68-x) ~ Dilution Water*
(t) 34~

: 40 400 mL 400 mL 200 mL
!

, 20 200 mL 200 mL 600 mL

, 10 ~00 mL 100 mL 800 mL

I
5 50 mL 50·mL 900 mL

2.5 25 mL 25 mL 950 mL

Control none none 1000 mL

*May be natural seawater or brine-reagent water.
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abalone is regulated by California law. Collectors must obtain a
scientific collectors permit from the California Department of
Fish and Game and observe any regulations regarding collection,
transfer, and maintenance of abalone broodstock.

14.6.24.3.2 While abalone captured in t~e wild can be induced to
spawn, those grown or conditioned in the laborat6ry have been
more dependable. Commercial mariculture facilities in California
produce large.numbers of abalone, and distribution systems exist
to supply live spawners to a num~er of market areas~ In any
case, broodstock should be obtained from sources free of
contamination by' toxic substances to avoid gen$1:ic or
physiological preadaptation to pollutants. )

14.6.24.3.3 Abalone broodstock can be transported for short time
periods from the field or supply facility in clE:an covered
plastic buckets filled with seawater. Use compressed air, or
battery powered pumps to supply aeration. Compressed oxygen is
not recomm~nded becaul3e bubbled oxygen may indu(~e unintended
spawning (Morse et al., 1977). 'Maintain water t:emperatures
within 3°C of the temperature at the collecting site~ Four
abalone in a 15-literbucket should remain healtlhy for up to four
hours. under these conditions. I

14 . 6 .24 . 3 .4 Abalone can be transported for up t.O 3a hours in
sealed, oxygen-filled plastic bags containing moist (seawater)
polyfoam sponges (Hahn, 1989). Cut the polyfoam into s.ections
(about 20 X 40 cm) and allow them to soak in clean seawater for a
few minutes. New sponges should be leached in seawater for at
least 24 hours. Rinse the sponges in fresh seawater and wring
them out well. Place the polyfoam inside double plastic trash.
bags, then place the abalone on the moist foam. i It is important
that t~ere is no standing water in the bags. Put the abalone,
bags into an ice chest (10 to 15 liter), fill the bags with pure
oxygen, squeeze the bags to. purge out all the air, then refill
with oxygen (approximately three liters of oxygen gas will
support eight abalone). Seal the bags (air-tight) with a tie or
rubber band. Wrap two small (one-liter) blue iC.e blocks in
sections of 'newspaper (about 15 pages thick) for insulation, and
place the wrapped blue ice in a sealed plastic bag in the chest
on top of the abalone bags. Fill any remaining space with
packing and seal the box for shipping. Avoid transporting the
ice chest in temperatures below freezing ,or abQ~e 30°C.
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14.6.24.4 Broodstock Cuiture and Handling

14.6.24.4.1 At the testing facility, pla~e the abalone in
aerated tanks with flowing seawater (1 to 2 liter/min). With
high water quality, water flow, and aeration, abalone 8 to 10 cm
long can be kept at a density of one per liter of tank space or
one per 100 cm2 of tank surface area, whichever provides the
lower density. Density should be cut to a maximum of 0.5 per
liter in recirculating systems and to a maximum of 0.25 per liter
in static tanks. Tanks should be covered for shade and to
prevent escape. Drain and rinse culture tanks twice weekly to
prevent build-up of detritus. Remove any dead abalone
immediately, and drain and scrub its tank.

14.6.24.4.2 Ideal maintenance temperature is 15 ± 1°C, the
toxicity test temperature (see also Leighton, 1974). If
broodstock are to be held for longer tha~ 5 days at the testing
facility, feed broodstock with blades of the giant kelp,
Macrocystis. Feed to slight excess; large amounts of uneaten
algae will foul culture water. If Macrocystis is unavailable"
other brown algae (Nereocystis, Egregia, Eisenia), or any 'fleshy
red algae can be substituted (Hahn, 1989).

14.6.24.4.3 Recirculating tanks should be equipped with
biological or activated carbon filtration systems and oyster
shell beds to maintain water quality. Measure the ammonia
content of static or recirculating seawater daily to monitor the
effectiveness of the filtration system. Un-ionized ammonia
concentrations should not exceed 20 ~g/liter and total ammonia
concentrations should not exceed 1.0 mg/liter. Supply constant
aeration and temperature control. Add only a few blades of algal
food at each cleaning to prevent its accumulation and decay.

14.6.24.4.4 When handling abalone, use a rounded, dUll-bladed
stainless-steel butter knife, abalone iron, or plastic putty
knife to release the animal's grip on the substrate. ,Gently
slide the flat dull blade under the foot at the -posterior end
near the beginning of the shell whorl, and slide it under about
two-thirds of the foot. Apply constant pressure to keep the
front edge of the blade against the substrate and not up into the
foot. Quickly and gently lift the foot off the substrate. A
smooth deliberate motion is more effective and"less damaging than
repeated prying.
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14.6.24.4.5 Assess the reproductive condition of the broodstock
by examining the gonads, located under the right: posterior edge
of the shell. An abalone placed upside down on a flat surface
will soon relax and begin moving the foot tryin9 to right itself.
Take advantage of this movement and use 'the dull blade to bend
the foot away, from'the gonad area for inspection. The female
ovary is jade green, the male testes are cream-colored. Whenthe
gonad fully envelopes the dark blue-gray conical digestive gland
and is bulky along its entire' length, the abalone is ready for
spawning (Hahn, 1989). , Ripe (redrude~cent) spa~mers have a
distinct, color difference between f:h~~gray digestive gland and
the green or cream-colored gonad. Less developed gonads appear
gray (in females) or brown (in males) .

14.6.24.4.6 Abalone 7 to 10 cm in shell length:are recommended
in broodstock. They are easier to handle than larger ones, and
can be spawned more often (approximately every four months under
suitable culture conditions; Ault, 1985)." Thou9h spawning fewer
eggs than larger abalone, 10 cm abalone will produce over 100,000
eggs at a time (Ault, 1985). Twenty to thirty-five thousand eggs
are needed for a single toxicant test, dependin~J on tes"t design.
For further information of red abalone culture, ,see Ebert and
Houk (1984) or Hahn (1989).

14.6.24.5 Culture Materials

14.6.24.5.1 See Section 4, Quality Assurance Section for a
discussion o~ suitable materials to be used in laboratory culture
of abalone. Be sure all new materials are properly leached in
seawater be'fore use. After use, all culture mat:erials should be
washed in soap and water, then rinsed with seawater before reuse.

14.7 EFFLUENT AND RECEIVING WATER COLLECTION, l?RESERVATION, AND
STORAGE

14.7.1 See Section 8, Effluent and Receiving Water Sampling,
I

Sample Handling, and Sample Preparation for Toxicity Tests.

14.8 CALIBRATION AND STANDARDIZATION

14.8.1 See Section 4, Quality Assurance.

14.9 QUALITY CONTROL
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14.9.1 See Section 4, Quality Assurance.

14.10 TEST PROCEDURES

14.10.1 TEST DESIGN

14.10.1.1 The test consists of at least five effluent
concentrations plus a dilution water control. Tests that use
brine to adjust salinity must also contain five replicates of a
brine control.

14.10.1.2 Effluent concentrations are expressed as percent
effluent.

14.10.2 TEST SOLUTIONS

14.10.2.1 Receiving waters

14.10.2.1.1 The sampling point is determined by the objectives
of the test. At estuarine and marine sites t samples are usually
collected at mid-depth. Receiving water toxicity is determined
with samples used directly as collected or with samples passed
through a 60 ~m NITEX® filter and compared without dilution,
against a control. Using five replicate chambers per test, each
containing 200 mL would require approximately '1 L of sample per
test.

14.10.2.2 Effluents

14.10.2.2.1 The selection of the effluent test concentrations
should be based on the objectives of the study. A dilution
factor of at least 0.5 is commonly used. A dilution factor of
0.5 provides hypothesis test discriminat~on of ± 100%, and
testing of a 16 fold range of concentrations. Hypothesis test
discrimination shows little improvement as dilution factors are
increased beyond 0.5 and declines rapidly if smaller dilution
factors are used. USEPA recommends that one'of the five effluent
treatments must be a concentration of effluent mixed with
dilution water which corresponds to the per.mittee's instream,
waste concentration (IWC). At least two of the effluent
treatments must be of lesser effluent concentration than the IWe,
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with one being at least one-half the concentrati'on of the IWC.
If 100%0 HSB is used as a diluent" the maximum concentration of
effluent that can be tested will be 66% at 34%0 salinity.

14: . 10 .2.2.2 If the effluent is known or suspect.ed to be highly
toxic, a lower range of effluent concentrations :should be used
(such as 25%, 12.5%, 6.25%, 3.12% and 1.56%).

14.10.2~2.3 The volume in each test chamber is 1200 mL.

14.10.2.2.4 Effluent dilutions should be prepa~ed for all
replicates in each treatment in one container to minimize
variability among the replicates. Dispense into the appropriate
effluent test chambers.

14.10.2.3 Dilution Water

14.10.2.3.1 Dilution water should be uncontaminated l-~m-'

filtered natural seawater or hypersaline .brine f>repared from
uncontaminated natural seawater plus reagent water (see Section
7, Dilution Water). Natural seawater may be unc~ontaminated

receiving water. This water ~s used in all dilution steps and as
the control water.

14.10.2.4 Reference Toxicant Test

14.10.2.4.1 Reference toxicant tests should be conducted as
described in Quality Assurance (see Section 4.7) .

14.10.2.4.2 The preferred reference toxicant f6r red abalone is
zinc sulfate (ZnS04oH20). Reference toxicant. tests provide an
indication of the sensitivity of the test organisms' and the
suitability of the testing laboratory (see Section 4 Quality
Assurance) . Another toxicant may be specified by the
appropriate regulatory agency. Prepare a 10,000 ~g/Lzinc stock,
solution by adding 0.0440 g of zinc sulfate (Zn~304oH20) to one
liter of reagent water in a polyethylene volumel~ric flask ..
Alternatively, certified standard solutions can'be ordered from·.
commercial companies.

14.10.2.4.3 Reference toxicant solutions shoul<:l be five
replicates each of 0 (control), 10, 18, 32, and 56, and 100 ~g/L

total zinc. Prepare one liter of each concentration by adding 0,
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1.0, 1.8, 3.2, 5.6, and 10.0 mL of stock solution,'respectively,'
to one-liter volumetric flasks and fill with dilution water.
start with control· solutions and progress to the highest
concentration to minimize contamination.

14.10.2.4.4 If the effluent and reference toxicant tests are to
be run concurrently, then the tests must use embryos from the
same spawn. The tests must be handled in the same way 'and test
solutions delivered to the test chambers at the same time.
Reference toxicant tests must be conducted at 34 ± 2~.

14.10.3 COLLECTION OF GAMETES FOR THE TEST

14.10.3.1 Spawning Induction

14.10.3.1.1 Note: Before beginning the.spawning induction
process, be sure that test solutions will be mixed, sampled, and
temperature equilibrated in time to receive the newly fertilized
eggs. Spawning induction generally takes about three hours, but
if embryos are ready before test solutions are at the proper
temperature, the delay may allow embryos to develop past the one
cell stage before transfer to the toxicant. Transfer can then
damage the embryos, leading to unacceptable' test results.

14.10.3.1.2 Culture work (spawning, etc.) and toxicant work
should be done in separate laboratory rooms, and care should be
taken to avoid contaminating organisms prior to testing.

14.10.3.1.3 Ripe abalone can be induced to spawn by s~imulating

the sYnthesis of prostoglandin-endoperoxide in the reproductive
tissues (Morse et al., 1977). This can be done in two ways:
addition of hydrogen peroxide to seawater buffered with Tris
(Morse et al., 1977), or irradiation of seawater with ultraviolet
light (Kikuchi and Uki, 1974). The first method is preferable
for small laboratories because it avoids the cost and maintenance
requirements of a UV system. If a UV system is available, this
method may be preferable because it is simple, does not use
chemicals that could accidentally harm larvae,and is considered
to be less likely to force gametes from unripe adults.

14.10.3.1.4 If brood stock are shipped ~o the laboratory by a
supplier, it is important to allow two days or more for
laboratory acclimation before spawning induction; this should
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increase the probability of achieving a success,ful spawn of
viable gametes. Always bring brood stock up to' acclimation
temperature slowly to avoid premature spawning.:

14.10.3.2 Hydrogen Peroxide Method

14.10.3.2.1 Select four ripe male abalone and :four ripe females.
Clean their shells of any loose debris. Place the males in one
clean polyethylene bucket and the females in another. Cover the
buckets with a tight fitting perforated lid, supply the chambers
with flowing or recirculating (1 liter/minute) ,20~~m-filtered

seawater (15°C), and leave the animals without ~ood for 24 to 48
hours to acclimate and eliminate wastes. If flowing seawater ii
unavailable, keep the spawners in larger (>30 liter) aquaria with
aeration at 15 ± 1°C for 24 hours without food to elimi~ate

wastes. Three hours prior to the desired spawn'ing time, drain .
the buckets, wipe and rinse out· mucus and debris, and refill with
6 liters of 1 ~m-filtered seawater. If abalone have been kept in
larger aquaria, put them in the buckets at this time. Check the
abalone from time to time to make sure they remain underwater.
Add air stones to. the buckets and keep them aer'ated until
spawning begins.

14.10.3.2.1 Dissolve 12.1 g of Tris into 50 mVof reagent water.
When the Tris has dissolved completely, mix the, hydrogen peroxide
(H20 2 ) solution in a separate flask by pouring 10 mL of fresh*
refrigerated H20 2 (30%) into 40 mL of ref:r;-igerated reagent water
(1:5 dilution). Pour 25 mL of Tris solution and 25 mL of H20 2

solution into each of the spawning buckets (male and female) .
Stir well. to mix; the final concentration in the spawni'ng buckets
will be approximately 6 roM Tris (pH = 9.1) and 5 m H20 2 • Allow'
the abalone to remain in contact with the chemicals for 2.5 hours
at 15 ± 1°C. The chemical reaction is temperature dependent
(three hours of contact with H20 2 would be necessary at 11°C).
Temperatures higher than 15°C are not recommended for spawning.
Maintain constant aeration. Since females often begin spawning
after the males, it may be useful to induce mal:e spawni.ng 15-30
minutes later, however egg quality should not be compromised if
females spawn first (See 14.10.3.3.2 below).

*Note: Hydrogen peroxide.loses potency over time. 'Purchase
reagent or certified grade H20 2 in small cqntainers (100
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mL). Store unopened containers for no more than one year,
and discard open containers after one month. Mark the
purchase date and opening date on all containers, and keep
all containers refrigerated.

14.10.3.2.3 After 2.5 hours, empty the spawning buckets, rinse
them well, and refill them to the top with fresh dilution water
seawater at the same temperature (15 ± 1°C). Keep the containers
clean by siphoning away mucus and debris. Maintain constant
aeration until spawning begins, then remove the air stones. The
abalone begin spawning about three hours after the introduction
of the chemicals (at 15 ± 1°C). Eggs are dark green and are
visible individually to the naked eye, sperm appear as white
clouds emanating from the respiratory pores.

14.10.3.2.4 If spawning begins before the chemicals have been
removed, drain the buckets immediately, discarding any gametes.
Rinse the buckets thoroughly and refill with clean, dilution
water seawater (15 ± 1°C). Use only the gametes subsequently
spawned in clean water for testing.

14.10.3.3 UV Irradiation Method

14.10.3.3.1 Select four ripe male abalone and four ripe females.
Clean their shells of any debris. Place the males in one clean
polyethylene bucket and the females in another. Cover the
buckets with a tight fitting perforated lid, supply the
containers with flowing or recirculating·(l liter/minute) 20-~m~

filtered seawater (15 ± 1°C), and leave the animals without food
for 24 to 48 hours to acclimate and eliminate wastes. .If flowing
seawater is unavailable, keep the spawners in larger (>30 liter)
aquaria with aeration at 15 ± 1°C for 24 hours. Three hours
prior to the desired spawning time, drain the buckets, wipe and
rinse out mucus and debris, and refill with just enough water to
cover the abalone (which should all be placed in the bottom of
the bucket). Begin slowly filling the buckets with dilution
water seawater (15 ± 1°C) that has passed through the UV
sterilization unit. Flow rates to each of the buckets ·should be
150 mL/min. A low total flow rate (300 mL/minute) in the UV unit
is necessary to permit sufficient seawater irradiation. (The
sterilization unit should be cleaned and the UV bulb replaced at
least once annually). Place the buckets.in a water bath at 15 ±
1°C to counter the temperature increase caused by the slow
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passage of the water past the UV lamp. Check the containers
periodically, and keep them clean by siphoning out any debris.
After three hours (± about 1/2 hour), abalonestfould be'gin
spawning by ej ecting clouds of gametes into the·'water. Eggs are
dark green and are visible individually to the naked eye, sperm
appear as white clouds emanating from the resp~ratory pores.

14.10.3.3.2 Note: If past experience or other factors indicate
difficulties in achieving synchronous spawning, 'it may be helpful
to induce a second group of females about an hour after the
first. This will increase the chances of providing fresh eggs
(less than one hour old) for fertilization if males spawn late
(see below). Senescence of sperm is. seldom a problem because
males' ~ontinue spawning over a longer pe~iod.of time.

14.10.3.4 Pooling Gametes

14.10.3.4.1 Although it is not necessary, it is preferable to
have more than one abalone of each sex spawn. To increase the
probability of multiple spawners without r~sking senescence of
the gametes, allow one-half hour after the first individual of
the second sex begins to spawn before initiating fertilization.
For example, if males spawn first, wait one~half hour after the
first female spawns before fertilizing eggs. In.most qases this
will provide time for more than one of each sex to spawn. More
important than multiple spawning, however, is av()iding delay of
fertilization. Eggs should be fertilized within one hour of
release (Uki and Kikuchi 1974). All sperm shoulcl be pooled, and
all eggs should be 'pooled prior to fertilization. This can be
accomplished by gentle swirling wi,thin the spawning buckets.
Note: Take care to avoid contaminating eggs with sperm prior to
the intended fertilization time. It is important that .
development is ~ynchro?ous among all test embryos:.

14.10.3.5 Fertiliz~tio~

:.'..
14.10.3.5.1 As the t"emale~ spa~J:l' allow the eggs to settle to
the bottom. If necessary, ge~tly' stir to even,ly ~istribute the
eggs. Siphon out and discard any eggs that appear clumped
together. Eggs are ready to transfer to a third (fertilization)
bucket when either: (1) one-half hour has p~ssed since the first
individual ,of the second sex has spa~ned (2) multiple individuals
of each sex have spawned, or 3) there are too many eggs on ther . •
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bottom of the bucket to allow evenly distributed eggs to'avoid
each other. Slowly siphon eggs into a third clean polyethylene
bucket containing one or two liters of dilution water seawater
(15 ± 1°C). Siphon carefully to avoid damaging the eggs and to
avoid collecting any debris from the spawning container. Siphon
about 100,000 eggs, enough to make a single even layer on the
container bottom. Each egg should be individually
distinguishable, and not touching other eggs. If excess eggs are
available, siphon them into a second fertilization bucket to be
used as a reserve. Keep all containers at 15 ± 1°C. Make sure
that water temperatures differ by no more than 1°C when
transferring eggs or sperm from one container to another.

14.10.3.5.2 As the males spawn, siphon sperm from directly above
the respiratory pore and collect this in a 500 mL flask with
filtered seawater. Keep the flask at 15 '± 1°C, and use it as a
back-up in case the males stop spawning. If spawning continues
renew this reserve every 15 minutes. Usually the males will
continue spawning, turning the water in the bucket milky white.
As long as the males continue spawning, partially drain and
refill the bucket every 15 minutes, replacing old sperm-laden
water with fresh seawater (15 ± 1°C). Use the freshest sperm
possible for fertilization.

14.10.3.5.3 Make sure eggs are fertilized within one hour of
release (Uki and Kikuchi, 1974, see note after Section 14.8.5.2)
To fertilize the eggs, collect about 200 mL of sperm-laden water
in a small beaker. The sperm concentration in the beaker does
not have to be exact, just enough to give a slightly cloudy
appearance (approximately 1 to 10 X 106 cells/mL in the
fertilization bucket). See Hahn (1989) for further information
on sperm concentrations and the method for fertilization. Pour
the sperm solution into the fertilization bucket containing the
clean isolated eggs. Usin~a hose fitted with a clean' glass
tube, add dilution water seawater to the fertilization bucket,at
a low flow rate «1 liter/min; 15 ± 1°C). Use the water flow to
gently roil the eggs to allow them to mi~ with the sperm and
fertilize. When the bucket is about half-full and eggs are
evenly mixed, stop the water flow and allow the eggs to settle to
the bottom of the bucket (about 15 minutes)., Fertilization is
then complete .

•
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14.10.3.5.4 Note: Once fertilized eggs .have' se:ttled to the
bottom of the bucket (15 minutes after addition 'of sperm), the
following steps . (rinsing, concentrating, and cou.nting the
embryos) must prbce~d without delay to assure that embryos are
transferred into the test solutions within about one hour.
Embryos must be delivered to the test chambers before the first
cell division takes place. (Multicellular embryos are more
susceptible to damage in handling, and test 'endpoint analysis

, , '

assumes that the first cell division takes place in the toxica~t

solution) .

14.10.3.5.5 After embryos have settled, carefully pour or siphon
off the water from above the s~ttled embryos to remove as much of
the sperm laden Water as possible without losing substantial
numbers of embryos. Slowly refill the bucket with dilution water
seawater (15 ± l°e). Allow the embryos to settle, and siphon
them into a tall 1000 mL beaker for counting. Siphon at a slow,'
flow rate, and move the siphon along the bottom of the bucket
quickly to pick up a large number of embryos in the short amount
of time it takes to fill' the beaker. Examine a 13ample of the
embryos at 100X magnification. One to one hundred sperm should
be visible around the circumference of each embryo, 15 sperm per
egg is optimal. If sperm are so dense t~at the embryos appear
fuzzy (»100 sperm/egg), the abalone may develop abnormaliy and
should' not be used.

14.10.4 START OF THE TEST

14.10.4.1 Prior to Beginning the Test

14.20.4.1.1 The test should begin as soon as possible,
preferably within 24 h of sample collection. The maximum holding
time following retrieval of the sample from the sampling device
should not exceed 36 h for off-site toxicitY,tests unless
permission is granted by the permitting authority:. In no case
should the sample be used in a test more than 72 h after sample
collection (see Section 8 Effluent and Receiving Water Sampling,
Sample Handl,ing, and Sample Preparation for Toxicity Test) .

14.10.4.1.2 Just prior to test initiation (approximately 1 h),
the temperature of a sufficient quantity of the sample to make
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the test solutions should be adjusted to the test temperature (15
± 1°C) and maintained at that temperature' during the addition of
dilution water.

14.10.4.1.3 Increase the temperature of the water bath, room, or
incubator to the required test temperature (15 ±.l°C).

14.10.4.1.4 Randomize the placement of test chambers in the
temperature-controlled water bath, room, or incubator at the
beginning of the test, using a position chart. Assign numbers
for the position of each test chamber us~ng a random numbers or
similar process (see Appendix A, for an example of
randomization). Maintain the chambers in this configuration
throughout the test, using a position chart. Record these
numbers on a separate data sheet together with the concentration
and replicate numbers to which they corr~spond. Identify this
sheet with the date, test organism, test number, laboratory, and
investigator's name, and safely store it away until after the
abalone have been examined at the' end of the test.

14.10.4.1.5 Note: Loss of the randomization sheet would
invalidate the test by making it impossible to analyze the data
afterwards. Make a copy of the randomization sheet and store
separately. Take care to follow the numbering system exactly
while filling chambers with the test solutions.

14.10.4.1.6 Arrange the test chambers randomly in the water bath
or controlled temperature room. Once chambers have been labeled
randomly and filled with test solutions, they can be arranged in
numerical order for convenience, since this will also ensure
random placement of treatments.

14.10.4.2 Estimation of Embryo Density

14.10.4.2.1 Evenly mix the embryos in the 1000 mL beaker by
gentle vertical stirring with a clean perforated plunger. Never
allow embryos to settle densely in the bottom of the beaker, and
take care not to crush embryos while sti~ring. Take. a sample of
the evenly suspended embryos using a 1 mL wide bore graduated
pipet. Hold the pipet up to the light and count the individual
embryos using a hand counter. Alternatively, empty the contents
of the pipet onto a Sedgewick-Rafter slide and count embryos
under low magnification on a compound scope. Discard the sampled
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embryos after counting. Density of embryos in t',he beaker should
be between 200 and 300 embryos/mL. Dilute if the concentration
is too high, let embryos settle and pour'off'exc'ess water if
concentration is too low. Take themean6f five samples from
this solution to estimate the number of, embryos per milliliter.

14.10.4.3 Delivery of Fertilized Embryos

14.10.4.3.1' Using the estimated embryo density in the 1000 mL
beaker, calculate the volume of water that contains 1000 embryos.
Remove 1000 embryos {or less for smaller volumes', see Section
14.10.1.3) by drawing the appropriate volume of ,water from the
well-mixed beaker using a 10 mL wide bore pipet., Deliver the
embryos into the test chambers directly from the pipet making
sure not to touch the pipet to the test solution. Stir the
embryo beaker with the plunger pefore'taking aliquots. The
temperature of the embryo suspension tnus~ be within 1°C of the
temperature of the test solution. (As above, all solutions are
kept at 15 ± 1°C). Record the volume of water delivered into the
test chambers with the embryos. Embryos must be delivered into
the test solutions within one hour of fertilization. Immediately
after the embryos have been delivered, take a sample from, the
embryo beaker and examine it under 100X magnification. All
embryos should still be in the one-cell stage; record any
observations to the contrary on the data ·sheet.

14.10.4.4 Incubation

14.10,.4.4.1 Incubate test organisms for 48 hourfl in the test
chambers' at 15 ± 1°C under 'low lighting (approximately 10
fJ-E/m2/s) with 16L:8D photoperiod. Fertilized embryos become
trochophore larvael. hatch, a;nd develop into veligrer larvae in the
test solutions during the exposure period.

14.10.5 LIGHT, PHOTOPERIOD, SALINITY AND TEMPERA~TURE

14.10.5.1 The light quality and intensity should be at ambient
laboratory conditions. Light intensity should be 10-20 fJ-E/m2 /s,
or 50 to 100 foot candles (ft-c), with a.16 h light and 8 h dark
cycle.

14.10.5.2- The water temperature in the test chambers Should be
,maintained at 15 ± 1°C. If a water bath is used 1:0 maintain the
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test temperature, the water depth surrounding the test cups
should be as deep as possible without floating the chambers.

14.10.5.3 The test salinity should be in the range of 34 ± 2~.

The salinity should vary by no more than ±2~ among the chambers
on a given day. If effluent and receiving water ~ests are
conducted concurrently, the salinities of these tests should be
similar.

14.10.5.4 Rooms or incubators with high volume ventilation
should be used with caution because the volatilization of the
test solutions and evaporation of dilution water may cause wide
fluctuations in salinity. Covering the test chambers with clean
polyethylene plastic may help prevent volatilization and
evaporation of the test solutions.

14.10.6 DISSOLVED OXYGEN (DO) CONCENTRATION

14.10.6.1 Aeration may affect the toxicity of effluent .and
should be used only as a last resort to maintain 'a satisfactory
DO. The DO concentration should be measured on new solutions at
the start of the test (Day 0) . The DO should not fall below 4.0
mg/L (see Section 8, Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Tests). If
it is necessary to aerate, all treatments and the control should
be aerated. The aeration rate should' not exceed that necessary
to maintain a minimum acceptable DO and under no circumstances
should it exceed 100 bubbles/minute, using a pipet with a i-2 mm
orifice, such as a 1 mL KIMAX® serological pipet No. 37033, or
equivalent.

14.10.7 OBSERVATIONS DURING THE TEST

14.10.7.1 Routine Chemical and Physical ·Observations·

14.10.7.1.1 DO is measured at the beginning of the exposure
period in one test chamber at each test concentration and'in the
control.

14.10.7.1.2 Temperature, pH, and salinity are measured at the
beginning of the exposure period in one test chamber at each
concentration and in the control. Temperature should also be
monitored continuously or observed and recorded daily for at
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least two locations in the environmental control system or the
samples. Tempe~ature ·should be measured in a sufficient number
of test chambers at the end of the test to determine temperature
variation in .the environmental chamber.

14.10.7.1.3 Record all the measurements on the I data sheet.

14.10.8 TERMINATION OF THE TEST

14.10.8.1 Ending the Test

14.10.8.1.1 Record the time the test is terminated.

14;10.8.1.2 Temperature, pH, dissolved oxygen, and salinity are
measured at the end of the exposure period in one ·test ·chamber at
each concentration and in the control.

14.10.8.2 Sample Preservation

14.10.8.2.1 After 48 h9urs exposure, the abalone larvae are
fixed in formalin or glutaraldehyde. The two methods for sample
preservation are described. Be sure that samples for
physicochemical measurements have been taken before further
processing of test solutions.

14.10.8.2.2 At the end of the 48-hour incubation period, remove
each test chamber, swirl the solution to'suspend all the larvae,
and pour the entire contents through a 37 tim-mesh screen. The
test solution is discarded and the larvae are retained on the
screen. Using streams of filtered seawater from,a squeeze
bottle, rinse the larvae from the screen through'a funnel into 25
mL screw cap vials. Be careful not to hit the larvae directly
with the streams of water; rough handling during transfer may
cause fragmentation of the larvae, making counting more difficult

I

and less accurate. Add enough buffered formalin to preserve
larvae in a 5% solution (some laboratories have l:~uccessfully

preserved larvae with lower formalin concentrations. Under
preserved larvae disintegrate quickly, however, a~nd whole tests
may have to be rejected if larvae have not been a;dequately
fixed). Addition of formalin is more accurate if the vials are
premarked with lines' showing the volume of sample and the volume
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of formalin to be added. Alternatively, a 0.05% final
glutaraldehyde solution may be substituted. Larvae should be
counted within two weeks.

14.10.8.2.3 Note: Formaldehyde has been identified as a
carcinogen and both glutaraldehyde and ·f~rmaldehyde are
irritating to skin and mucus membranes. Neither should be used
at higher concentrations than needed to achieve morphological
preservation and only under conditions of maximal ventilation and
minimal opportunity for volatilization into room air.

14.10.8.3 Counting

14.10.8.3.1 To count the larvae using a standard compound
microscope, pipet all the larvae from the bottom of the
preservation vial onto a Sedgewick-Rafter counting cell. Examine
100 larvae from each vial under 100X magnification. To best
characterize the sample and to avoid bias, select groups of
larvae one field of vision at a time, moving to the next field
without looking through the lens. Be careful to work acrOS$ the
slide in one direction to avoid recounting the same areas. Count
the number of normal and abnormal larvae using hand counters.
The percent normal larvae is calculated as the number normal
divided by the total number counted. After counting, use a
funnel to return the larvae to the vial for future reference.

14.10.8.4 Endpoint

14.10.8.4.1 Examine the shape of the larval shell to distinguish
normal from abnormal larvae. Count veliger larvae as normal if
they have smoothly curved larval shells that are striated with
calcareous deposits and are somewhat opaque. It is common for
normal larvae to have a slight curved indentation near the
leading edge of the shell. A single indentation is this area is
counted as normal.

14.10.8.4.2 Larvae with both multiple indentations and an
obvious lack of calcification (i.e. clear appearance in at least
part of the shell) are counted as abnormal. The combination of
these two features indicates inhibition of a biological process
(lack of calcification) and actual damage to the organism
(indentations) allowed by the thin shell. Refer to the
accompanying photographs (Figure 1) for classification of
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marginally deformed larvae. The following typel:! of larvae are
also counted as abnormal: (1) larvae that have arrested
development (from one cell through trochophOre stage) /·(2) larvae
with obvious severe deformations, (3) larvae wit.h broken shells,.

- , -

(4) larval shells separated from the rest of the animal, and(S)
larvae found remaining in the egg membrane (howE~ver/ take care to
distinguish these-from larvae that may have come in contact with
loose egg cases). Record all counts and-the test chamber number
on the data sheet.

14.11 SUMMARY OF TEST CONDITIONS AND TEST ACCE:J:lTABILITY CRITERIA

14.14.1 A summary of test conditions and test acceptability
criteria is listed in Table 3.

14.12 ACCEPT~BILITY OF TEST RESULTS

14.12.1 Test results are acceptable only if all the fOllowing
requirements are met:

(1) the ntean larval normality must be at least 80% in the
controls.

(2) the response from 56 fl9/L zinc treatment must be
significantly different from the control response~

(3) the minimum significant difference (~MSD) is <20%
relative to the control for the refereace toxicant.

14.13 DATA ANALYSIS

14.13.1 GENERAL

14.13.1.1 Tabulate and summarize the data. Caldulate the
proportion of larvae with normally developed shells for each
replicate. A sample set of_ test data is listed i.n Table 4.

14.13.1.2 The statistical tests described here miust be used with
a knowledge of the assumptions upon which the tests are
contingent. -The assistance of a statistician is recommended for
analysts who are not proficient in statistics.
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FIGURE 1. 48-HOUR-OLD ABALONE VELIGER LARVAE

Figures 1A -D Provided by John Hunt, Institute of
Marine Sciences. Photocopied from:

"Marine Bioassay Project Procedures Manual of October, 1990."
California State Water Resources Control Board.

The following three pages show 12 photographs of 48-hour-old
abalone veliger larvae from effluent toxicity tests. All larvae
were taken from intermediate effluent concentrations and were
chosen to represent "borderline" cases (~.e. larvae that were
slightly affected and are therefore, difficult to categorize as
normal or abnormal). In- most cases, larvae from lower and higher
effluent concentrations are more easily categorized than those
shown here; in the lower concentrations they are obviously
without shell abnormalities and in the higher concentrations they
are severely deformed. These photographs are presented as a
visual reference to help standardize test analysis and eliminate
bias in the interpretation of marginally'deformed larvae. All
larvae on the left-hand side of these pages were counted as

\

normal, all larvae on the right-hand side were counted .as
abnormal.
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A. Normal larva with well calcified
(striated) shell but slight uneven shell
outline,

C. Normal larva with some shell thinning
and mild flattening of shell curvature near
the leading edge (left side of photograph),

291

B. Obviously abnorniallarva with transparent
shell and numerous shell deformities.

D', Abnormal larva with multiple slight
indentations and transparency near the
leading edge (left side of photograph)
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E. Normallarva with well calcified
(striated) shell but uneven shell outline.

G. Normal larva, anterior (rather than
lateral) view. Well striated, smooth
rounded shell outline.
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F. Abnormal larva with transparent shell and
large indentation.

H. Abnormal larva, anterior (rather than
lateral) view. Transparent irregular shell with
indentations.

RB-AR25276



I. Normal larva with well calcified shell and
e small indentation at leading edge.

Three normal larvae, all well calcified with
small indentations at the leading edge.
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J. Abnormal larva with shell
transparencies, indentations, and
irregular shape.

L. Abnormal larva with arrested development
at an early stage:. Any larva found within the
egg membrane, no matter howell developed, is
counted as abnormal.
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TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY
CRITERIA FOR, HALIOTIS RUFESCENS, LARVAL DEVELOPMENT
TEST WITH EFFLUENTS AND RECEIV~NG WATERS

1. Test type: Static non-renewal

2. Salinity: 34 ± 2%0
,

3. Temperature: 15 ± 1°C

I 4. Light quality: Ambient laboratory light,

I
Light intensity: fJ.E/m2 I s, 5. 10

(Ambient laboratory levels)

6. Photoperiod: 16 h light, 8 h darkness

I 7. Test chamber size: 600 mL

8. Test solution volume: 200 mLIn:ipl icate

9. Larvae density per 5-10 per'mL
i chamber:

10. Ne. replicate chambers 5
I per concentration:

11. Dilution water: Uncontaminated 1-fJ.m-filtered
natural seawater or'hypersaline
brine plus reagent water

; 12. Test concentrations: Effluents: Minimum of 5 and a
control

: Receiving waters: 100%
I receiving water and a control

13. Dilution factor: Effluents: ~0.5

I Receiving waters: None or ~0.5
,

14. Test duration: 48 h

15. Endpoint: Normal shell development
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16.

17.

18.

Test acceptability
criteria:

Sampling requirements:

Sample volume required:

~80% normal shell!development in
the controls; must have
statistical significant effect
at 56 Jlg/L zinc; must achieve a.
%MSD of <20% I

One sample colled:ed at test
initiation, and preferably used
within 24 h of the time it is
removed from the sampling
device (see Section 8,
Effluent and Receiving Water
Sampling, Sample Handling, and
Sample Preparation for Toxicity
Tests)

2 L per test

14.13.1.3 The endpoints of toxicity tests using t:he red abalone
. are based on the reduction in proportion of norma:L shell
development. The IC25 is calculated using the Linear
Interpolation Method (see Section 9, Chronic Toxicity.Test
Endpoints and Data Analysis). LOEC and'NOEC values for larval
development are obtained using a hypothesis testing approach such
as Dunnett's Procedure (Dunnett, 1955) or Steel's Many-one Rank
Test (Steel, 1959; Miller, 1981) (see Section 9) .' Separate
analyses are performed for the estimation of the l~OEC and NOEC
endpoints and for the estimation of the IC25. See the Appendices
for examples of the manual computations, and examples of data
input and program output. '

14.13.2 EXAMPLE OF ANALYSIS OF RED ABALONE, HAL~~OTUS RUFESCENS,
LARVAL DEVELOPMENT DATA

14.13.2.1 Formal statistical analysis of the larval development
is outlined in Figure 2. The response used in thE! analysis is
the proportion of larvae with normally developed ~hells in each
test or control chamber. Separate analyses are performed for the
estimation of the NOEC and LOEC endpoints and for the estimation
of the IC25 endpoint. Concentrations at .which there is no normal
shell development in any of the test chambers are lexcluded from
statistical.analysis of the NOEC and LOEC, but inc:luded in the
estimation of the IC25.
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- - -- --
TABLE 4. DATA FROM RED ABALONE, HALIOTUS RUFESCENS,

DEVELOPMENT TEST

Effluent
Concentration No. Larvae Number proportion
(%) Replicate Counted Normal Normal

Brine A 100 100 1. 00
Control B 100 98 0.98

C 100 100 1. 00
D 100 99 0.99
E 100 99 0.99

Dilution A 100 99 0.9.9
Control B 100 99 0.99

C 100 99 0.99
D 100 100 1. 00

0.56 A 100 99 0.99
B 100 99 0.99
C 100 98 0.98
D 100 100 1.00
E 100 100 1. 00

1.00 A 1.00 99 0.99
B 1.00 1.00 1.00
C 1.00 99 0.99
D 1.00 99 0.99
E 100 100 1. 00

1.80 A 100 99 0.99
B 100 99 0.99
C 100 99 0.99
D 100 98 0.98
E 1.00 97 0.97

3.20 A 100 39 0.39
B 100 57 0.57
C 100 61 0.61
D 100 65 0.65
E 100 80 0.80

5.60 A HO 0 0.00
B 100 0 0.00
C 100 0 0.00
D 100 0 0.00
E 100 0 0.00

10.00 A 100 0 0.00
B 1.00 0 0.00
C 100 0 0.00
D 100 0 0.00
E 100 0 0.00

-
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14.13.2.2 For the case of equal numbers of replicates across all
concentrations and the control, the evaluation of the NOEC and
LOEC endpoints is made via a parametric test, Dunnett's
Procedure, or a nonparametric test, Steells Man;(-one Rank Test,
on the arc sine square root transformed data. Underlying
assumptions of Dunnett's Procedure, normality and homogeneity of
variance, are formally tested. The test for normality is the
Shapiro-Wilkls Test, and Bartlett's Testis useel to test for
homogeneity of variance. If either of these tef~ts fails, the
nonparametric test, Steel's Many-one Rank Test, is used to
determine the NOEC and LOEC endpoint's. If the cissumptions of
Dunnett's Procedure are met, the endpoints are ~stimated by the
parametri,c procedure.

14.13.2.3 If unequal numbers of replicates occur among the
concentration levels tested, there are parametri.c and
nonparametric alternative analyses. The parametric analysis ~s a
t test with the Bonferroni adjustment (see Appendix D). The
Wilcoxon Rank Sum Test with the Bonferroni adjusltment is the
nonparametric alternative.

14.13.2.4 Comparison of Brine and Dilution Controls

14.13.2.4.1 This example uses toxi~ity data from a red abalone,
HaliotuB ~ufeBcenB, larval development test performed with
effluent. The response of interest is the proportion of larvae
with norma,liy developed shells, ·thus each replic,ate must first be
transformed by 'the arc sine square root transformation procedure
described in Appendix B. Because the example test was ·run using
both brine and dilution controls, the two controls must first be
tested for significant differences in the ~ormal, shell
development proportions. The raw and transformed data, means and
variances of the transformed observations for the two controls
are listed in Table 5.

14.13.2.4.2 Tests for Normality

14.13.2.4.2.1 In the two sample situation, the distributional
assumption is that each sample comes from a norm':llly distributed
population. Thus in comparing the brine and dill.ltioncontrols,
the data for each concentration must be separately checked'f()r
normality. When the two response groups are tested separately,
it is not necessary to center the'data.
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STATISTICAL··
LAR\f

POINTESTIMATION

ENDPOINT ESTIMATE
IC25

HOMOGENEOUSVARIANCe

NO

YES

tTESTWlTH
BONFERRONI
ADJUSTMENT

Figure 2. Flowchart for statistical-analysis of red abalone,
Haliotus rufescens, development data.
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TABLE 5~ RED AB~ONE, HALIOTUS RUFESCENS, LARVAL
DEVELOPMENT DATA FROM BRINE AND DILUTION
CONTROLS

RAW

ARC SINE
SQUARE R.oOT
TRANSFORMED

Mean (Y i)

Sf
i

Replicate

A
B

C

D
E

A
B

C
D

E

Brine
Control

1.00
0.98
1.00
0.99
0.99

1.521
1.429
1.521
1.471

.1.471

1.483
0.00152
1

Dilution
Control

0.99
0.99
0.99
1.00

1.471
1.471
1.471
1.52·1

·1.484
0.000625
:2

14.13.2.4.2.2 Calculate the denominator, D, of· the statistic
for each control group:

n
~ - 2

D .. L(X.-X)
,£.1 ~

Where·: Xi = the ith centered observation

X = the overall mean of the centered observatio~s

n = the total number of centered observations

14.13.2.4.2.3 For the brine control data,

n = 5
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x = -1- (7.413) = 1.483
5

D = 0.00609

For the dilution control data,

n = 4

x = _1_ (5.934)
4

D = 0.00191

1.484

14.13.2.4.2.4 Order the observations for each control group from
smallest to largest

X (1) :s: X (2 ) :s: ••• :s: X lnl

where Xli) denotes the ith ordered observation. The ordered
observations for the two groups in this example are listed in
Table 6.

TABLE 6. ORDERED CENTERED OBSERVATIONS FOR SHAPIRO~WILK'S

EXAMPLE

Brine. Control Dilution Control

i . X(il i X lil

1 1.429 1 . 1. 471
2 1.471 2 1.471
3 1.471 3 1.471
4 1.521 4 1.521
5 1.521
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14.13.2.4.2.5 From Table 4, Appendix B, for the number of
observations, n, obtain the coefficients .al , a v .•. a k where k is
n/2 if n is even and (n-'-1)/2 if n is odd. For the datasets in
this example; n = 5 and k = 2 for the brine control group, and n
= 4 andk = 2 for the dilution control group. The ai values are
listed in Table 7.

TABLE 7. COEFFICIENTS AND DIFFERENCES FOR SfmPIRO-WILK'S
EXAMPLE

i ai Xln - i +1 ) - Xli)

Brine Control Group

1 0.6646 0.092 xes) - X(1)

2 0.2413 0.050 X (4 ) - X( 3 )

Dilution Control Group

1 0.6872 0.050 X(4) - X(1)

2 0.1667 0.000 X(3) - X(2) .

14.13.2.4.2.6 Compute the test statistic, W, fOl:- each group as
follows:

k 2
W = ..!:.[La.(x 1n-i •1 )_x(i»))

D i.l 2

The differences, X 1n- i + l ) - XCi), are listed 'in Table 7. For the
data in the brine example:

W = 1
0.00609

(0.07321)2 0.880

For the data in the dilution example:

W = 1 (0.03436)2
0.00191

0.618

14.13.2.4.2.7 The decision rule for this test is to compare W as
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calculated in Subsection 2.6 to a critical value found in
Table 6, Appendix B. If 'the computed W is less'than the critical
value, conclude that the data are not normally distributed. For
the data in the brine control, the critical value at a
significance level of 0.01 and n = 5 observations is 0.686.
Since W = 0.880 is greater than the critical value, conclude that
the brine control data are'norma~ly distributed. For the data in
the dilution control, the critical value at a significance level
of 0.01 and n = 4 observations is 0.687. Since W = 0.618 is less
than the critical value, conclude that the dilution control data
are not normally distributed.

14.13.2.4.2.8 Since the dilution control data does not meet the
normality assumption, the Wilcoxon Rank Sum Test will be used to
compare the responses in the two control groups.

14.13.2.4.3 Wilcoxon Rank Sum Test

14.13.2.4.3.1 To perform the Wilcoxon Rank Sum test, combine the
data from the two groups and arrange in order from smallest to
largest. Assign the rands (1, 2, .~., 9) to the ordered
observations with a rank of 1 assigned to the smallest
observation, rank of 2 assigned to the next larger observation,
etc. If ties occur when ranking, assign the average rank to each
tied observation. A table of the ranks is given in Table 8.

TABLE 8. ASSIGNING RANKS TO THE BRINE AND DILUTION CONTROLS
FOR THE WILCOXON RANK SUM TEST

Rank

1
4
4
4
4
4
8
8·
8

Transformed
Proportion

Normal

1.429
1.471
1.471
1.471
1.471
1.471
1.521
1.521
1.521

Control Group

Brine
Brine
Brine

Dilution
Dilution
Dilution
Brine

Dilution
Dilution
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I

14.13.2.4.3.2 The ranks are·then summed for both of the control
groups. For this data, the sum of the ranks in it-he brine control
group is 25 and the sum of' the ranks in the dilut.ion control
group is 20.

14.13.2.4.3.3 For ·this· situatioIh we wish to o.el:ermine if the
proportions of normally developed larvae 'in the two control
grouPE? are significantly different. To do this, jcompare the rank
sum of the group with the smaller sample size with some "minimum"
or critical· rank sum, at or below which the devlopment in the
controls would be considered significantly different.· At a
significance level of 0.05, the minimum rank sum in a test with
five replicates in one group and and four replica.tes in the· other
is 11 (See Snedecor and Cochran, 198D).

14.13.2.4.3.4 The dilution control sample size is smaller than
the sample size of the brine control group so its rank sum is
compared to the critical value. Since its rank sum of 20 is
greater than the critical value of 11', conclude t;hat the
development proportions for the two control groups are not
significantly different.

14.13.2.5 Example of Analysis of Larval Development Data

14.13.2.5.1 Since the responses in the two cont±'ol groups are
not significantly different, only the dilution control group will
be used in the analysis of the shell development 'responses for
the effluent concentrations. As above, each repl'icate must first
be transformed by the arc sine square root transformat~on

procedure described in Appendix B. The raw and transformed data,
means and variances of the transformed observations at each
effluent concentration and dilution control are Listed in
Table 9. The data are plotted in Figure 3. Since there is 100%

: abnormality in all replicates for the 5.6% and 1Q.0%
concentrations, they are not included in the stat~stical analysis
and are considered qualitative abnormality effects.

14.13.2.6 Test for Normality

14.13.2.6.1 The first step of the test for normality is to
center the observations by subtracting the mean of all
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observations within a concentration from each observation in that
concentration. The centered observations are summarized in
Table 10.

14.13.2.6.2 Calculate the denominator, D, of the statistic:

Where: Xi = the ith centered observation

X = the overall mean of the centered observations

n = the total number of c~ntered observations

14.13.2.6.3 For this set of data, n = 24

x = __1__ (-0.004) = 0.000
24

D :0 0.1127

14.13.2.6.4 Order the centered observations from smallest to
largest

where XCi) denotes the ith ordered observation. The ordered
observations for this example are listed in Table 11.

14.13.2.6.5 From Table 4, Appendix B, for the number of
observations, n, obtain the coefficients a l , a 2 , ••• ak where k is
n/2 if n is even and (n-1)/2 if nis odd. For the data in this
example, n = 24 and k = 12. The ai values are listed in
Table 12.

14.13.2.5.6 Compute the test statistic, W, as follows:
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EFFLUENT CONCENTRATION (%)
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Figure 3. Plot of mean proportion of normally developed red
abalone, Haliotus rufescens larvae.
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TABLE 9. RED ABALONE r HALIOTUS RUFESCENS r SHELL DEVELOPMENT
DATA

Effluent Concentration (%)
Dilution

Replicate Control 0.56 1.00· 1.80 3.20 5.6 10.0

A 0.99 0.99 0.99 0.99 0.39 0 0
RAW B 0.99 0.99 1. 00 0.99 0.57 0 0

C 0.99 0.98 0.99 0.99 0.61 0 0
D 1.00 1. 00 0.99 0.98 0.65 0 0
E 1.00 1.00 0.97 0.80 0 0

ARC SINE A 1.471 1.471 1.471 1.471 0.674
SQUARE ROOT B 1.471 1.471 1.521 1.471 0.856
TRANSFORMED C 1.471 1.429 1.471 1.471 0.896

D 1.521 1. 521 1.471 1.429 0.938
E 1.521 1.521 1.397 1.107

Mean (Yi ) 1.484 1.483 1.491 1.448 0.894

Sl 0.000625 0.001523 0.000750 0.001137 0.024288 -
i 1 2 3 4 5 6 7

TABLE 10. CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S
EXAMPLE

Effluent Concentration (%)

Replicate Control 0.56 1. 00 1. 80 3.20

A -0.013 -0.012 -0.020 0.023 -0.220
B -0.013 -0.012 0.030 0.023 -0.038
C -0.013 -0.054 -0.020 0.023 0.002
D 0.037 0.038 -0.020 -0.019 0.044
E 0.038 0.030 -0.051 0.213

\
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TABLE· 11. ORDERED CENTERED OBSERVATIONS FOR SHAPIRO
WILK'S EXAMPLE

i

1

2

3
4

5
6
7

8

. Xli)

-0.220
-0.054
-0.051
-0.038
-0.020
-0.020
-0.020
-0.019

i

13
14
15
16
17
18
19
20

Xli)

-0.012
0.002
0.023
0.023
0.023
0.030
0.030
0.037

TABLE 12. COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S
EXAMPLE

i ai
x(n-i+1) - Xli)

1 0.4493 0.433 X(24) - X(1)

2 0.3098 0.098 X(231 - X(21

3 0.2554 0.089 X(22) - X(3)

4 0.2145 0.076 X(21) - X(4)

5 0.1807 0.057 . X I2O ) - Xes)

6 0.1512 0.050 X(19) - X(6)

7 0.1245 0.050 Xl 1S1 - X(7)

8 0.0997 0.042 X(17) .;. 'X(S)

The differences, Xln-i+~) - Xli), are listed in Table 12. For the
data in this example:

W = 1
0.1127

(0.2974)2 = 0.7848
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14.13.2.5.8
normality,
Adjustment

14.13.2.5.7 The decision rule for this test is to compare W as
calculated in 14.13.2.5.6 to a critical ~ralue found in Table 6,
Appendix B. If the computed W is less than the critical value,
conclude that the data are not normally distributed. For the
data in this example, the critical value at a signific~nce level
of 0.01 and n = 24 observations is '0.884. Since W = 0.7848 is
less than the critical value, conclude that the data ar.e not
normally distributed.

Since the data do not meet the assumption of
the Wilcoxon Rank Sum Test with the Bonferroni
will be used to analyze the shell development data.

14.13.2.6 Wilcoxon Rank Sum Test with the Bonferroni ~djustment

14.13.2.6.1 For each control and concentration combination,
combine the data and arrange the observations in order of size
from smallest to largest. Assign the ranks (I, 2, ... , 9) to
the ordered observations with a rank of 1 assigned to the
smallest observation, rank of 2 assigned to the next larger
observation, etc. If ties pccur when ranking, assign the average
rank to each tied observation.

14.13.2.6.2 An example of assigning ranks to the combined data
for the control and 0.56% concentration is given in Table 13.
This ranking procedure is repeated for e~ch control/concentration
combination. The complete set of rankings is summarized in
Table 14. The ranks are then summed for each concentration
level, as shown in Table 15.

14.13.2.6.3 For this example, determine if the survival in any
of the concentrations is significantly lower than the survival in
the control. If this occurs, the rank sum at that concentration
would be significantly lower than the rank sum of the control.
Thus compare the rank sums for the survival at each of 'the
various concentration levels with some "minimum" or cri,tic,al rank
sum, at or below which the survival would be considered
significantly lower than the control. At a significance level of
0.05, the minimum rank sum in a test with four concentrations
(excluding the control), four control replicates and five
concentration replicates is 15 (See Table 5, Appendix F) .
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TABLE 13.
i

ASSIGNING RANKS TO THE CONTROL 'AND 0.56%
CONCENTRATION LEVEL FOR THE WILCOXON RANK SUM
TEST WITH THE BONFERRONI ADJUS1MENT

Transformed
Proportion

Rank Normal Concentration

1 1.429 ,,0.56 %"
4 1.471 0.56 %"
4 1.471 0.56 %.J
4 1.471 Control
4 1.471 Control
4 1.471 Control
8 1.521 0.56 %"
8 1.521 0.56%"

~ 1. 521 Control

TABLE 14. TABLE OF RAN:KS1

Effluent Concentration (%")
Repli
cate Control 0.56 1. 00 L80 3.20

1 1.471(4,3.5,5.5,7) 1.471 (4.) 1.471(3.5) 1.471(5.5) 0.674(1)
2 1.471(4,3.5,5.5,7) 1.471 (4) 1. 521 (8) 1.471(5.5) 0.856(2)
3 1.471(4,3.5,5.5,7) 1. 429 (1) 1.471 (3.5) 1.471(5.5) 0.896(3)
4 1.521·(8,8,9,9) 1. 521 (8) 1.471(3.5) 1.429(2) 0.938(4)
5 1.521(8) 1.521(8) 1. 397 (1) 1.107 (5)

iControl ranks are given in the order of the concentration with which
they were ranked~
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TABLE 15.

Concentration
(% Effluent)

0.56
1.00
1. 80

RANKSUM8

Rank Sum

25.0
26.5
19.5

14.13.2.6.4 Since the rank sum for the 3.20% concentration level
is equal to the critical value, the proportion normal in that
concentration is considered significantly less than that in the
control. Since no other rank sum is less than or equal to the
critical value, no other concentration has a significantly lower
proportion normal than the control. Hence, the NOEC and the LOEC
are 1.80% and 3.20%, respectively.

14.13.2.7 Calculation of the ICp

14.13.2.7.1 The shell development data in Table 4 are utilized
in this example. As can be seen from Table 4 and Figure 4, the
observed means are not monotonically non-increasing with respect
to concentration (mean response for each higher concentration is
not less than or equal to the mean response for the previous
concentration and the responses between concentrations do not
follow a linear trends). Therefore, the'means are smoothed prior
to calculating the IC. In the following discussion, the observed
means are represented by'Y i and the smoothed means by Mi.

14.13.2.7.2 Starting with the control mean, Y1 = 0.993 and Y 2 

0.992, we see that Y 1 > Y 2 • Set M1 = Y 1 • Comparing Y 2 to Y 31 Y 2< Y 3·

14.13.2.7.3 Calculate. the smoothed means:

14.13.2.7.4 Since Y 7 = 0 < Y 6 = 0 < Y s = 0.604 < Y4 = 0.984 < Y 3

... 0.993, set M3 = 0.993, M4 = 0.984, Ms = 0.604, M6 =0, and set M7

... o.
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Figure 4. Plot of raw data, observed means, and smoothed means for red
abalone, Haliotus rurescens, development data from Tables 4 and 16.
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TABLE 16. RED ABALONE, HALIOTUS RUFESCENS, MEAN SHELL
DEVELOPMENT RESPONSE AFTER SMOOTHING

Response Smoothed
Effluent Means, Y i Means, Mi

Cone. (%) i (proportion) (proportion)

Control 1 0.993 0.993
0.56 2 0.992 0.993
1.00 3 0.994 0.993
1.80 4 0.984 0.984
3.20 5 0.604 0.604
5.60- 6 0.000 0.000

10.00 7 0.000 0.000

14.13.2.7.5 Table 16 contains the response means and smoothed
means and Figure 4 gives a plot of the smoothed response curve.

14.13.2.7.6 An IC25 can be estimated using the Linear
Interpolation Method. A 25% reduction in mean proportion of
fertilized eggs, compared to the controls, would result in a mean
proportion of 0.745, where M1 (1-p/100) = 0.993(1-25/100).
Exa~ining the means and their associated concentrations
(Table 16), the response, 0.745, is bracketed by C4 = 1.80%
effluent and Cs = 3.20% effluent.

14.13.2.7.7 Using the equation from Section 4.2 in Appendix L,
the estimate of the IC25 is calculated as follows:

(C -C)
ICp. C

j
+[M

1
(l-p/lOO)-M

j
J (j-1) j

(MU•1 ) -Hj )

IC25 = 1.8 + [0.993(1 - 25/100) - 0.984] (3.2 1.8i

= 2.68%.
(0.604 - 0.984)

14.13.2.7.8 When the ICPIN progrclm was used to analyze this set
of data, requesting 80 resamples, the estimate of the IC25 was
2.6818%. The empirical 95.0% confidence interval for the true
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mean was 2.5000% to 3.1262 %. The computer program output for
the IC25 for this data set is shown in Figure 5.

14.14 PRECISION AND ACCURACY

14.14.1 PRECISION

14.14.1.1 Single-Laboratory Precision

14.14.1.1.1 Data on the single laboratory prec1s10n of the
Haliotis rurescens larval development method using zinc ~ulfate

are shown in Table 17. Zinc concentrations were 18, 32, 56, and
100 ~g/L. All tests were conducted at the Marine Pollution
Studies Laboratory. There was good agreement among test ECSOs,
with a coefficient of variation of 8%.

14.14.1.2 Multi-laboratory Precision

14.14.1.2.1 The multi-laboratory data indicate a similar level
of test precision Table 18. Data are presented for four
interlaboratory trials in which either two or three laboratories
tested both split effluent samples and reference toxicants. The
mean coefficient of variation between EC50 values from different
laboratories was 15%.

14.14.2 ACCURACY

14.14.2.1 The accuracy of toxicity tests cannot be determined.
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Cone. ID 1 2 3 4 5 6 7

Cone. Tested o .56 1 1.8 3.2 5.6 10

Response 1 .99 .99 .99 .99 . :s9 0 0
Response 2 .99 .99 1.00 .99 .57 0 0
Response 3 .99 .98 .99 .9!} 61 0 0
Response 4 1.00 1.00 .99 .98 .65 0 0
Response 5 1.00 1.00 .97 .80 0 0

-----------------------------------------------
*** Inhibition Concentration percen'.:agd Estimate "'**
Toxicant/Effluent: Effluent
Test Start Date: Test Endin£] Dat ~ :
Test Species: Red Abalone
Test Duration: 48 hours
DATA PILE: abalone. icp
OOTPl1r PILE: abalone. i25

Cone. Humber Concentr;l' .ion Response Std. Pooled
ID Replicates , Means Dev. Response Means

---------------------_._-------~----------------~-----------------------

1 4 0.000 0.993 0.005 0.993
2 5 0.560 0.992 0.008 0.993
3 -5 1.0:>(} 0.994 0.005 0.993
4 5 1.<:11) 0.984 0.009 0.984
5 5 3.20J 0.604 0.148 0.604
6 5 5.500 0.000 0.000 0.000
7 5 10.000 0.000 0.000 0.000

The Linear Interpolation EstiJ~te: 2.6818 Entered P Value: 25

2.7085
Lower:
Iwwer:

0.27

Humber of Resamplings: 80
The Bootstrap Estimates Mean:
original Confidence Limits:
Expanded Confidence Limits:
Resampling time in S~conds:

Standard Deviation: 0.1510
2.5000 upper: 3.1262
2.4091 upper: 3.3484

Random_Seed: -770872716

FigurE; 5. ICPIH program output for the IC25.
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TABLE 17. SINGLE LABORATORY PRECISION DATA FOR THE RED ABALONE,
HALIOTIS RUFESCENS LARVAL DEVELOPMENT 'rEST WITH ZINC
(ZN ~G/L) SULFATE AS A REFERENCE TOXI~\NT .

Test Date NOEC (jlg/L) EC50 (~tg/L)

March 1990 32 42 1 I

-
May 1990 32 391

January 1991 18 341

February 1991 18 40 2

Mean 38.4

SD 3.0

CV (%) 7.8

1

2
Source:
Source:

Hunt et al., 1991
Anderson et al., 1994
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TABLE 18. MULTI-LABORATORY PRECISION OF THE RED ABALONE, HALIOTIS
RUFESCENS LARVAL DEVELOPMENT TEST PERFORMED WITH ZINC
(ZN ~G/L) SULFATE AND EFFLUENT (%) AS THE TOXICANTS

Test Date Toxicant Lab NOEC EC50 CV

March 1990 Effluent A >3.2% nc
I

March 1990 Effluent B >3.2% nc

March 1990 Effluent C 0.32% 1.83 nc

March 1990 Zinc A 32 41

March 1990 Zinc B 18 28
,

March 1990 Zinc C 18 31 20%

! May 1990 Effluent A 3.2% 4.7

May 1990 Effluent D 1.8% 3.5

, May 1990 Effluent C 3.2% 3.8 1.6%
i

May 1990 Zinc A 32 39

May 1990 Zinc D 32 46
('

, May 1990 zinc C 32 37 1.2%
,

January Effluent A <0.56% 1.5
1991

January Effluent C 1..25% 1.8 1.3%
1991

January Zinc A 1.8 34
1991.

, January Zinc C 32 48 24%
1991

I January Effluent A 1..0% 2.7
1991

January Effluent C 1..8% 2.8 3.0%
1991

-

Mean Interlaboratory CV = 1.5%
CV values could be calculated.

Interlaboratory CV based on 6 tests for which
Source: Hunt et al., 1.991..

nc s indicates that the CV could not be Calculated because only one laboratory
observed a 50% effect and calculated an EC50.
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APPENDIX I. RED ABALONE TEST: STEP-BY-STEP SUMMARY

PREPARATION OF TEST SOLUTIONS

A. Determine test concentrations and appropria.te. dilution water
based on NPDES permit conditions and guidance from the
appropriate regulatory agency.

B. Prepare effluent test solutions by diluting; well mixed
unfiltered effluent using volumetric flasks. and pipettes;
Use hypersaline brine where necessary to maintain all test
solutions at 34 ± 2~. Include brine controls in tests that
use brine.

C. Prepare a zinc reference toxicant st6ck s6lution (10,000
~g/L) .by adding 0.0440 g of zinc sulfate (ZhS04 0 7H20) to 1
liter of reagent water.

D. Prepare zinc reference toxicant solution of 0 (control) 10,
18, 32, 56 and 100 ~g/L by.adding 0, 1.0 1.8, 3.2, 5.6 and
10.0 mL of stock solution, respectively, to a 1-L volumetric
flask and filling to 1-L with dilution water.

E. Sample effluent and reference toxicant solutions for
physical/chemical analysis. Measure salini·ty, pH and
dissolved oxygen from each test concentration.

F. Randomize numbers for test chambers and record the chamber
numbers with their respective test concentditions on a
randomization data sheet. Store the data sheet safely until
after the test samples have been analyzed.

G. Place test chambers in a water bath or enviJronmental chamber
set to 15°C and allow temperature to equilibrate.

H. Measure the temperature daily in one random replicate (or
separate chamber) of each test concentration. Monitor the
temperature of the water bath or environmental chamber
continuously.

I. At the end of the test, measure salinity, pl1, and dissolved
oxygen concentration from each test concentration.-
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PREPARATION AND ANALYSIS OF TEST ORGANISMS

A. Obtain test organisms and hold or condition as necessary for
spawning.

B. Induce four male and four female abalone to spawn using
either H20 2 and Tris or UV irradiated seawater (300 mL/min
flow rate through the UV unit). All solutions should be .
maintained at 15 ± laC.

c. Siphon eggs into a fertilization bucket. Add 200 mL of
sperm-laden water to fertilize the eggs. Wash the
fertilized eggs at least twice by slowly decanting and
refilling the chamber with fresh filtered seawater.
Temperatures should vary by no more than laC between waters
used in mixing and refilling.

D. Suspend the embryos evenly in a 1000 mL beaker and count
five samples in a 1 mL pipet 'to estimate embryo density.

E. Pipet 1000 fertilized embryos into each 200 mL test chamber.
Be sure temperatures in the embryo b~aker and the solutions
are at 15 ± laC. Incubate for 48 h. For smaller-sized
chambers, use proportionately fewer embryos.

F. At the end of the 48 h period, pour-the entire test solution
with larvae through a 37 ~m~meshed screen. Wash larvae from
the screen into 25 mL vials. Add buffered formalin to
preserve the larvae in a 5% solution or glutaraldehyde for a
0.05% solution. Cap the flask and invert gently to mix.

G. Pipet a sample from each vial onto· a Sedgwick-Rafter
counting slide and count 100 larvae.. Return the larvae to
the vials for future reference.

H. Count the number of normal larvae for each replicate and
divide by the total counted.

I. Analyze the data.

J. Include standard reference toxicant point estimate values in
the standard quality control charts.
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Salinity Adjustment Worksheet for Abalone

Date Sampled:
Date Adjusted:

Batch:
Region:

VS (TS-SS)
(SB -TS)

SS = Salinity of Sample
VS = Volume of Sample
TS = Target Salinity (34±2%)

VB = Volume of Brine
SB = Salinity <>f Brine

VDW = VBL - VES VDW = Volume of Dilution Water (Adjusted to 34±2%)
VBL = Largest Volume of Brine added to adjust salinity

I '

VBS = Volut:ne of Brine added to each Sa~ple

Total Volume = VB added +VDW added
(Total volume should be the same for 'all samples)

Double Checked:Imtlals:

, PrecIsIon and
Accuracy for

:SIte coae (lU urg H) Imtlal Vol. ot VoI.UIl. Total , l'mal
Refractometer

or concentration Salinity TS Brine Water Volume Salinity
,34±2
j4±:l

, j4±:l

34±2
34±2

±
±
±
±

j4±:l

34±2
l4±:l
l4±2

±
" ±

±
±

l4±2
:;4±:l

34±2
j4±:l
:;4±:l

34±2
j4±:l
j4±:l
:;4±:l

34±2
j4±:l
:;4±:l..
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Data Sheet for Mollusc Larval Development Toxicity Test

Test Start Date:

Test End Date:

Reference
Toxicant:Reference
Toxicant:

Start Time:

End Time:

Mollusc Species:

Collection!Arrival Date:

Broodstock Source:

Sample Source:

Sample Type: Effluent Ref Tox Solid Elutriate Pore Water WaterSample Type: Effluent Ref Tox
Solid Elutriate Pore Water Water

Test ~tal1on Arter 4lS hours
Cont. Code or Sample

Normal Abnormal Notes
1/ Concentration !D# Larvae Larvae

.
I.:OmpUICr U3la IlloragCl.:omputcr Noles
DalJ:Slorage
Disk:
File:
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SECTION 15

PURP~E URCHIN, Strongylocentrotus purpuratus
AND SAND DOLLAR, Dendrast(:lr excentricus

LARVAL DEVELOPMENT TEST METHOD:

Adapted from a method developed by
Steven Bay and Darrin Greenstein

Southern California Coastal Water Research Project
Westminster, ·CA 92683

TABLE OF CONTENTS

Appendix' I

~5.~

~5.2

~5.3

~5.4

~5.5

15.6
~5.7

~5.8

~5.9

~5.~O

1.5.11

~5.12

~5.~3

15.14

Scope and Application
Summary of Method
Interferences
Safety
Apparatus and Equipment
Reagents and Supplies
Effluents and Receiving Water Collection,'

Preservation, and Storage
Calibration and Standardization
Quality Control
Test Procedures
Summary of Test Conditions and Test

Acceptability Criteria
Acceptability of Test Results
Data Analysis
Precision and Accuracy

Step-by Step Summary

321

RB-AR25305



SECTION 15

SEA URCHIN, Strongylocentrotus purpuratus
AND SAND DOLLAR, Dendraster excentricus

LARVAL DEVELOPMENT TEST

15.1 SCOPE AND APPLICATION

15.1.1 This method estimates the chronic toxici~y of, effluents
and receiving waters to the developing embryos of the purple sea
urchin, Strongylocentrotus purpuratus, and the sand dollar,
Dendraster excentricus, during a 72-h static non-renewal
exposure. The effects include the synergistic, antangonistic,
and additive effects of all chemical, physical, and biological
components which adversely affect. the physiological a~d

biochemical functions of the test organisms.

15.1.2 Detection limits of the toxicity of an effluent or
chemical substance are organism dependent.

15.1.3 Brief excursions in toxicity may not be detected using
24-h composite samples. Also, because of thE! long sample
collection period involved in composite sampling and because the
test chambers are not sealed, highly volat:i,.le and higbly
degradable toxicants in the source may not be detected in the
test.

15.1.4 This test is commonly used in one of two forms: (1) a
definitive test, consisting of a minimum-of five effluent
concentrations and a control, and (2) a receiving water test(s),
consisting of one or more receiving water concentrations and a
control.

15.1.5 This method should be restricted to use by, or ,under the
supervision of, professionals experienced in aquatic toxicity
testing. Specific experience with any toxicity test is usually
needed before acceptable results become routine.

15.2 SUMMARY OF METHOD

15.2.1 The method provides the step-by-step instructions for
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performing a 72-h static non-renewal test using the early
development of the purple sea urchin, StJ;'ongylocentrotus
purpuratus, and the sand dollar, Dendraster excE?ntricus, to
determine the toxicity of substances ·in marine smd estuarine

waters. The test endpoint. is normal larval development and may·
include mortality if modified for total counts a.t test initiation
and termination.

15.3 INTERFERENCES

15.3.1 Toxic substances may be introduced by contaminants in
dilution wat·er, glassware, sample hardware, and testing equipment
(see Section 5, Facilities, Equipment;:; and Supplies) .

15.3.2 Improper effluent sampling and handling may adversely
affect test results (see Section 8, Effluent and, Receiving Water
Sampling and Sample Handling, and Sample Preparation for Toxicity
Tests) .

15.4 SAFETY

15.4.1 See Section 3~ Health and Safety.

15.5 APPARATUS·AND EQUIPMENT

15.5.1 Tanks, trays, or aquaria -- for holding and acclimating
adult sea urchins and sand dollars, e.g., standard salt water
aquarium or Instant Ocean Aquarium (capable of maintaining
seawater at 10-20°C), with appropriate filtration' and aeration
system.

15.5.2 Air pump, air lines, and air stones for aerating water
containing broodstock or for supplying air to tes,t solutions with
low dissolved oxygen.

15.5.3 Constant temperature chambers or water baths -- for
maintaining test solution temperature and keeping dilution water
supply, gametes, and embryo stock suspensions at test temperature
(15°C). prior to the test.
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15.5.4 Water purification system -- Millipore Super-Q, Deionized
water (DI) or equivalent.

15.5.5 Refractometer

15.5.6 Hydrometer(s)

for determining·salinity.

for calibrating refractometer.

15.5.7 Thermometers, glass or electronic, laboratory grade
for measuring water temperatures.

15.5.8 Thermometer, National Bureau of Standards.Certified (see
USEPA METHOD 170.1, USEPA, 1979) -- to calibrate laboratory
thermometers.

15.5.9 pH and DO meters -- for routine physical and chemical
measurements.

15.5.10 Standard or micro-Winkler apparatus -~ for determining
DO (optional) and calibrating the DO meter.

15.5.11 Winkler bottles -- for dissolved oxygen determinations.

15.5.12 Balance -- Analytical, capable of accurately weighing to
0.0001 g.

15.5.13 Fume hood -- to protect the analyst from effluent or
formaldehyde fumes.

15.5.14 Glass stirring rods for mixing test solutions.

15.5.15 Graduated cylinders Class A, borosilicate glass or
non-toxic plastic labware, 50-1000 mL for making test solutions.
(Note: not to be used interchangeably for gametes or embryos and
test solutions) .

15.5.16 Volumetric flasks -- Class A, borosilicate glass or non
toxic plastic labware, 100-1000 mL for making test solutions.

15.5.17 Pipets, automatic -- adjustable, to cover a range of
delivery volumes from 0.010 to 1.000 mL.

15.5.18 Pipet bulbs and fillers -- PROPIPET@ or equivalent.
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15.5.19 Wash bottles - - for reagent water,for i:opping off
graduated cylinders, for rinsing small glassware and instrument·
electrode~ and probes.

15.5.20 Wash bottles -- for dilution water.

15.5.21 20-liter cubitainers or polycarbonate welter cooler jugs
-- for making hypersaline bri~e.

15.5.22 Cubitainers, beakers, or similar chambers of non-toxic
composition for hblding, mixing, and dispensing dilution water
and other general non-effluent, non-toxicant 'cont.act uses .. ' These'
should be clearly labeled and not used for other 'purposes.

15.5.23 Beakers, 5-10 mL borosilicate glass -- for collecting
sperm from sand dollars.

15.5.24 Beakers, 250 mt borosilicate glass -- for preparation of
test solutions.

15.5.25
support
eggs.

Beakers, lob mt borosilicate glass -- fo~ spawning; to
sea urchins and to collect sea urchin and sand dollar

15.5.26 Beakers, 1,000 mL borosilicate ~lass -- for rinsing and
settling sea urchin eggs.

16.5.27 Vortex mixer -- to mix sea urchin semen. in tubes prior
to sampling.

15.5.28 Compound microscope _~ for examining gametes, counting
sperm cells {200-400x),'eggs and embryos and (100~), and
examining larvae. Dissecting scopes are·sometimes used to count
eggs at a lower magnification. ,One piece of equipment worthy of
a special mention is an inverted microscope. The: use ~f an
inverted scope is not required, but recommended. Its use reduces
the exposure of workers to hazardous fumes (formalin Or
glutarqldehyde) during the counting of larvae and reduces sample
examination time. .Alternatively, a Sedgewick-'Raft:'er cell may. be
used on a regular compound scope.

15.5.29 Counter, two unit, 0-999 -- for recordin~J sperm, egg,
embryo, and larval counts.
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15.5.30 Sedgwick-Rafter counting chamber -- for counting egg and
embryo stock and examining larval development at the end of the
test.

15.5.31 Centrifuge tubes, test tubes, or vials -- for holding
semen.

15.5.32 Hemacytometers, Neubauer ~- for cou~ting sperm.

15.5.33 Siphon hose (3 mm i.d.) -- for removing wash water from
settled eggs.

15.5.34 Perforated plunger for maintaining homogen~ous

distribution o~ eggs and embryos during sampling and distribution
to test chambers.

15.5.35 Enamel or plastic tray -- for optional spawning
platform.

15.5.36 Nitex@ screening (O.5mm mesh) -- cleaning egg solutions.

15.5.37 60 ~m NITEX® filter -- for filtering receiving waters.

15.6 REAGENTS AND SUPPLIES

15.6.1 Sample containers -- for sample shipment and storage (see
Section 8, Effluent and Receiving Water Sampling, and Sample
Handling, and Sample Preparation for Toxicity Tests) .

15.6.2 Data sheets (one set per test) -- for data recording (see
Figures 1-4).

15.6.3 Tape, colored
containers.

for labelling te.st chambers and

15.6.4 Markers, water-proof -- for marking containers,' etc.

15.6.5 Parafilm -- to cover graduated cylinders and vessels
containing gametes and embryos.

15.6.6 Gloves, disposable -- for personal protection from
contamination.
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15.6.9 Coverslips -- for microscope slides.

15.6.7 Pipets, serological -- 1-10 mL, graduated.

15.6.8 Pipet tips -- for automatic pipets. ~: pipet tips for
handling semen should be cut off to produce an opening about 1 mm
in diameter; pipet tips for handling eggs should be cut off to
produce an opening about 2 mm in diameter. This is necessary to
provide smooth flow of the viscous semen, accurate sampling of
eggs, and to prevent injury to eggs passing through a restricted
opening. A clean razor blade can be used to trim pipet tips'.

I
I
~ .

15.6.10 Lens paper - - for cleaning microscope opitics.

15.6.11 Laboratory tissue wipes for 'cleaning and drying
electrodes, microscope slides, etc.

15.6.12 Disposable countertop covering -- for protection of work
surfaces and minimizing spills and contamination.

I

I
15.6.13 pH buffers 4, 7, and 10 (or as per instructions of
instrument manufacturer) -- f6r standards and calibration check
(see·USEPA Method 150.1, USEPA, 1979). !

,

15.6.14 Membranes and filling solutions -- for dissolved oxygen
probe (see USEPA Method 360 ..1, USEPA, 1979), or rE~agents for
modified Winkler analysis. !

15.6.15 Laboratory quality assurance samples and:standards
for the above methods.

15.6.16 Test chambers -- 30-mL glass scintillation vials with
polypropylene caps, four chambers per concentration.

,
15.6.17 Formaldehyde,10%, in seawater -'- for preserving larvae.
Note: formaldehyde has been identified as a carcinogen and is
irritating to skin and mucous membranes. It should not. be used
at a concentration higher than necessary to achieve morphological
preservation of larvae for counting and only undei.conditions of
maximal ventilation and minimal opportunity for volatilization
into room air.

15.6.18 Glutaraldehyde, 1% in seawater -- for preserving larvae.
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Figure 1. Sample experiment set-up sheet.

SEA URCHIN EMBRYO DEVELOPMENT TEST

EXPERIMENT DESCRIPTION

Bioassay No.------
Investigator _

Start Date __

End Date------

Start time _

End Time'-----

Sample Sample Concentration Other Information
Numbers

•
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Figure 2. Sample worksheet for urchin spawning information.

SEA URCHIN DEVELOPMENT TEST

SPAWNING WORKSHEET

Bioassay no. _

Spawning

Date

No. Injection Sex Accepted?
time (Cqmments) <

1
2
3

4

5

6 I

7

8

9

10
11
12 ,

Sperm aensity

#sperm counted= _

<mean= _

(mean) x (5 x 106 )= _

Egg dilution

# eggs counted=-------

sperm/mL

mean= _

(mean) x 100= eggs/mL i~'s~ock--------
eggs/mL in stock + 1,000= Egg dilution factor
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Figure 3. Sample worksheet for sea urchin fertilization
information.

SEA URCHIN DEVELOPMENT TEST
FERTILIZATION WORKSHEET

Bioassay No.
Date--------

_______mL eggs used ~_'mL dilution water used

Fertilization and initiation

mL in egg dilution x 1,000 eggs/mL------ eggs in dilution-------
eggs in dilution x 500 ~perm/egg------________sperm needed

sperm needed . sperm/mL in sperm
-:-:-::--~;----

dilution= mL sperm dilution needed

Percent fertilized after 10 min

Time of inoculation-------
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Figure 4. Sample data sheet for embryo microscopic examination.

SEA URCHIN DEVELOPMENT TEST: RESULTS

Bioassay No.--------
Counter--------

Date _

Number Sample Abnormal Normal %Normal Notes
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~5.6.~9 Acetic acid, 10%, reagent grade,' in filtered (10~)

seawater -- for prepariBg killed sperm dilutions for sperm
counts.

~5.6.20 Haemo-Sol or equivalent cleaner -- for cleaning
hemacytometer and cover slips.

~5.6.2~ 0.5 M KCl solution -- for inducing spawning.

~5.6.22 Syringe, disposable, 3 or 5 mL -- for injecting KCl into
sea urchins and sand dollars to induce spawning.

15.6.23 Needles, 25 gauge -- for injecting KC1.

15.6.24 Pasteur pipets and bulbs -- for.sampling eggs from
spawning beakers.

15.6.25 Hematocrit capillary tubes -- for sampling sperm for
examination and for loading hemacytometers.

~5.6.26 Microscope well-slides -- for pre-test assessment of
sperm activity and egg condition.

~5.6.27 Reference toxicant solutions (see Section 15.10.2.4 and
Section 4, Quality Assurance) .

15.6.28 Reagent water -- defined as distilled or deionized water
that does not contain substances which are toxic to the test
organisms (see Section 5, Facilities, Equipment, and Supplies) .

~5.6.29 Effluent and receiving water -- see Section 8, Effluent
and Surface Water Sampling, and Sample Handling, and S~mple

Preparation for Toxicity Tests.

15.6.30 Dilution water and hypersaline brine -- see Section 7,
Dilution Water and Section 15.6.24, Hypersaline Brines. The
dilution water should be uncontaminated l-~m-filtered natural
seawater. Hypersaline brine should be prepared "from dilution
water.

15.6.31 HYPERSALINE BRINES

15.6.31.1 Most industrial and sewage treatment effluents
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entering marine and estuarine systems have little measurable
salinity. Exposure of larvae to these effluentf3 will usually
require increasing the salinity of the test solutions. _ It is
important to maintain an essentially constant salinity across all
treatments. In some applications it may be desi.rable to match
the test salinity with that of the receiving water (See Section
7.1). Two salt sources are available to adjust :salinities -
artificial sea salts and hypersaline brine (HSB)' derived from
natural seawater. Use of artificial sea salts is necessary only
when high effluent concentrations preclude salinity adjustment by
HSB alone.

15.6.31.2 Hypersaline brine (HSB) can be made by concentrating
natural seawate~ by freezing or evaporation. HBB should be.made
from high quality, filtered seawater, ,"and can be added to the
effluent or to reagent water to increase salinity. HBB has
several desirable-characteristics for use in eff~uent toxicity
testing.. Brine derived from natural seawater contains -the
necessary trace metals, biogenic colloids, and some of the
microbial components necessary for adequate growth, survival,
and/or reproduction of marine and estuarine organisms, and it can
be stored for prolonged periods without ~ny apparent degradation.
However, even if the maximum salinity HSB (100~) is used as a
diluent, the maximum.concentration of effluent (0%0) that can be
tested is 66% effluent at 34~ salinity (see Tabl~ 1) .

15.6.31.3 High quality (and preferably high salinity) seawater
should be filtered to at least 10 ~m before placing into the
freezer or the brine generator. Water should be collected on an
incoming tide to minimize the possibility of cont:amination.

15.6.31.4 Freeze Preparation of Brine

15.6.31.4.1 A convenient container for making HBB by freezing is
one that has a bottom drain. One liter of brine can be made from
four liters of seawater .. Brine may be collected by partially
freezing seawater at -10 to -20°C until the remaining liquid has.
reached the' target salinity. Freeze for approxin~ately six hours,
then separate the ice (composed mainly of freshwater) from the
remaining liquid (which has now become hypersaline) .
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TABLE 1. MAXIMUM EFFLUENT CONCENTRATION (%) THAT CAN BE TESTED
AT 34~ WITHOUT THE ADDITION OF DRY SALTS GIVEN THE
INDICATED EFFLUENT AND BRINE SALINITIES.

, Effluent Brine Brine Brine Brine Brine

Salinity 60 70 80 90 100
%0 ~ %0 ~o ~o %'0

0 43.33 51.43 57.50 62.22 66.00
,

1 44.07 52.17 58.23 62.92 66.67

2 44.83 52.94 58.97 63.64 67.35

3 45.61 53.73 59.74 64.37 68.04

i 4 46.43 54.55 60.53 65.12 68.75

5 47.27 55.38 61.33 65.88 69.4.7

! 10 52.00 60.00 65.71 70.00 73.33
I

I 15 57.78 65.45 . 70.77 74.67 77.65

20 65.00 72.00 76.67 80.00 82.50
:

25 74.29 80.00 83.64 86.15 88.00

15.6.31.4.2 It is preferable to monitor the water until the
target salinity is achie~ed rather than allowing total freezing
followed by partial thawing'. Brine salinity should never exceed
100%0. It is advisable not to exceed about 70%0 brine salinity
unless it is necessary to test effluent concentrations greater
than 50%.

15.6.31.4.3 After the required salinity is attained, the HSB
should be filtered through a 1 ~m filter and poured directly into
portable containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity-and the date the brine
was generated. Containers of HSB should be stored in the dark at
4°C (even room temperature has been acceptable). HSB is usually
of acceptable quality even after several months in storage.

15.6.31.5 Heat Preparation of Brine
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15.6.31.5.1 The ideal container for making briIle using heat
assisted evaporation of natural seawater is. one that (1) has a
high surface to volume ratio, (2) is made of a non-corrosive
material, and (3) is easily cleaned (fiberglass containers are
ideal). Special care should be used to prevent ,any toxic
materials from corning in contact with 'the seawafer being used to
generate the brine. If a heater is immersed directly into the
seawater, ensure that the heater materials do not corrode or
leach any substances that would contaminate the :brine. One
successful method is to use a thermostatically c;ontrolled heat
exchanger made from fiberglass. If aeration is needed, use only
oil-free air compressors to prevent contamination.

15.6.31.5.2 Before adding seawater to the brine generator,
thoroughly clean the generator, aeration supply:tube, heater, and
any other materials that will be in direct contact with the
brine. A good quality biodegradable detergent should be used,
followed by several (at least three) thorough reagent water
rinses.

15.6.31.5.3 Seawater should be filtered to at least 10 ~m before
being put into the brine generator. The tempera~ure of the
seawater is increased slowly to 40°C. The water'should be
aerated to prevent temperature stratification and to increase
water evaporation. The brine should be checked daily (depending
on the volume being generated) ~o ensure that the salinity does
not exceed 100~ and that the temperature does not exceed 40°C.
Additional seawater may'be added to the brine to obtain the
volume of brine required.

15.6.31.5.4 After the required salinity is attained, the HSB
should be filtered through a 1 ~m filter and poured directly.into
portable containers (20-L cubitainers or polycarlbonate 'water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the. date the brine
was generated. Containers of HSB should be stored in the dark at
4°C (even room temperature has been accep.table). HSB is usually
of acceptable quality even after several months in storage.

15.6.31.6 Artificial· Sea Salts

15.6.31.6.1 No data from sea urchin or sand dollar larval tests'
using sea salts or artificial seawater (e.g., GP2) are available'
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for evaluation at this time, and their use must be considered
provisional.

15.6.31.7 Dilution Water Preparation from Brine

15.6.31.7.1 Although salinity adjustment with brine is the
preferred method, the use of high salinity brines and/or reagent
water has sometimes been associated with discernible adverse

;

effects on test organisms. For this reason, it is recommended
that only the minimum necessary volume of brine and reagent water
be used to offset the low salinity of the effluent, and that
brine controls be included in the test. The remaining 'dilution
water should be natural seawater. Salinity may be adjusted in
one of two ways. First, the salinity of the highest effluent
test concentration may be adjusted to an acceptable salinity, and
then serially diluted. Alternatively, each effluent
concentration can be prepared individualiy with appropriate
volumes of effluent and brine.

15.6.31.7.2 When HSB and reagent water are used, thoroughly mix
together the reagent water and HSB before mixing in the effluent.
Divide the salinity of the HSB by the expected test salinity to
determine the proportion of reagent water to brine. For example,
if the salinity of the brine is 100~ and "the test is to be
conducted at 34~, 100~ divided by 34~ = 2.94. The proportion
is 1 part brine plus 1.94 parts reagent water. To mak~ 1 L of
dilution water at 34~ salinity from a HSB of 100~, 340 mL of
brine and 660 mL of reagent water are required. Verify the
salinity of the resulting mixture using a refractometer.

15.6.31.8 Test Solution.Salinity Adjustment

15.6.31.8.1 Table 2 illustrates the preparation of test
solutions (up to 50% effluent) at 34~ by combining effluent,
HSB, and dilution water. Note: if the highest effluent
concentration does not exceed 50% effluent, it is convenient to
prepare brine so that the sum of the effluent salinity and brine
salinity equals 68~; the required brine ~olume is then always
equal to the effluent volume needed for each effluent
concentration as in the example in Table 2.

15.6.31.8.2 Check the pH of all test solutions and adjust to
within 0.2 units of dilution water pH by adding, dropwise, dilute
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hydrochloric acid or sodium hydroxide (see Section 8.8.9,
'Effluent and Receiving Water Sampling, Sample Handling, and
Sample Preparation for Toxicity Tests) .

15.6.31.8.3 To calculate the amount of brine to add to each
effluent dilution, determine the following quantities: salinity
of the brine (SB, in ~), the salinity of the effluent (SE, in
%0), and volume of the effluent ~o be added (VE, in mL) . Then
use the following formula to calculate the volume of brine (VB"
in mL) to be added:

VB VE x (34 - SE)/(SB - 34)

15.6.31.8.4 This calculation assumes that dilution wat~r

salinity is 34 ± 2~.

15.6.3l.9 Preparing Test Solutions

15.6.31.9.1 Ten mL of test solution are needed for each test
chamber. To prepare test solutions at low effluent
concentrations (~6%), effluents may be added directly to dilution
water. For example, to prepare 1% effluent, add 1.0 mL of
effluent to a 100-mL volumetric flask using a volumetric pipet or
calibrated automatic pipet. Fill the volumetric flask to the
100-mL mark with dilution water, stopper.it, and shake to mix.
Pour into a (150-250 mL) beaker and stir. Distribute equal
volumes into the replicate test chambers. The remaining test
solution can be used for chemistry.

15.6.31.9.2 To prepare a test solution at highl:r effluent
concentrations, hypersaline brine must usually be used. For
example, to prepare 40% effluent, add'40~ mL of effluent ,to a 1

liter volumetric flask. Then, assuming an effluent salinity of
2~ and a brine salinity of 66%'0, add 400 mL of bJdne (see
equation ~bove and Table 2) and top off the flal;:;k with, dilution
water. Stopper the flask and shake well. Pour into, a (100-250
mL) beaker and stir. Distribute equal volumes into the' replicate
test chambers. The remaining test, solution can be used for
chemistry.

, I
I
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TABLE 2. EXAMPLES OF EFFLUENT DILUTION SHOWING VOLUMES OF
EFFLUENT (AT X~), BRINE, AND DILUTION WATER NEEDED FOR
ONE LITER OF EACH TEST SOLUTION.

FIRST STEP:
to achieve a
for dilution

Combine brine with reagent water or natural
brine of 68-x~ and, unless natural seawater
water, also a brine-based dilution water of

seawater
is used
34~.

SERIAL DILUTION:

Step 1. Prepare the highest effluent concentration to be tested by'adding
equal volumes of effluent and brine to the appropriate volume of dilution
water. An example using 40% is shown.

i Effluent Cone. Effluent x%o Brine (68- Dilution Water*
(lIi) x) %0 34%0

I
I 40 800 mL 800 mL 400 mL

Make ser~al d~lut~ons from the h~ghest test concentrat~on.
Effluent Cone. (%) Effluent Source Dilution Water* (34%0)

20 1000 mL of 40% 1000 mL

10 1000 mL of 20% 1000 mL
i
I 5 1000 mL of 10% 1000 mL

2.5 1000 mL of 5% 1000 mL

Control none 1000 mL

Steo 2

INDIVIDUAL PREPARATION'

Effluent Cone. Effluent x%o Brine (68-x) %0 Dilution Water*
(%) 34%0

i 40 400 mL 400 mL 200 mL

20 200 mL 200 mL 600 mL

10 100 mL 100 mL 800 mL

5 50 mL 50 mL . 900 mL

2.5' 25 mL 25 ·mL 950 mL

Control none none 1000 mL

.
*May be natural seawater or brine-reagent water equivalent.
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15.6.31.10 Brine Controls

15.6.31.10.1 Use brine controlf? in all tests where brine is
used. Brine controls contain the same volume of brine as does
the highest effluent concentration using brine, plus the volume
of reagent water needed to reproduce the hyposalinity of the
effluent in the highest concentration, plus dilu1:ion water.
Calculate the amount of reagent water to add to brine controls by
rearranging the above equation, (See, 15.6.31.8.3) setting SE =
0, and solving for VE.

VE = VB x (SB - 34)/(34 - SE)

If .effluent salinity is essentially 0%"0, the reagl~mt water volume
needed in the brine control will equal the effluent volume at the
highest test concentration. However, as effluent salinity and
effluent concentration increase, less reagent wa'\:er volume is
needed.

15.6.32 TEST ORGANISMS, PURPLE URCHINS

15.6.32.1 Sea Urchins, Strongylocentrotus purpuratus
(approximately 6 of each sex per test) .

15.6.32.2 Species Identification

15.6.32.2.1 Although identification of purple sea urchins,
Strogylocentrotus purpuratus, is usually a simple mat~er of
confirming general body color, size, and spine appearance, those
unfamiliar with the species should seek confirma~ion from local
experts.

15.6.32.3 Obtaining Broodstock

15.6.32.3.1 Adult sea urchins (Strongylocentrotus purpuratus)'
can be obtained from commercial,supplJers or collected .from
uncontaminated intertidal areas. State collection permits are
usually required for collectic;m of sea urchins and collection is
prohibited or restricted in some areas. The animals are best
transported "dry," surrounded either by moist se,aweed or paper
towels dampened with seawater. Animals should be kept at
approximately their collection or culture temper'ature to prevent
thermal shock which can prematurely induce spawning.

339

RB-AR25323



~5.6.32.4 Broodstock Culture and Handling

~5.6.32.4.~ The adult sea urchins are maintained in glass
aquaria or fiberglass tanks. The tanks are supplied continuously
(approximately 5 L/min) with filtered natural seawater, or salt
water prepared from commericial sea salts is recirculated. The
animals are checked daily and any obviously unhealthy animals are
discarded.

~5.6.32.4.2 Although ambient temperature seawater is usually
acceptable, maintaining sea urchins in spawning condition usually
requires holding at a relatively constant temperature. The
culture unit should be capable of maintaining a constant
temperature between 10 and 14°C with a water temperature control
device.

~5.6.32.4.3 Food for sea urchins kelp, recommended, but not
necessarily limited to, Laminaria sp., Hedophyllum sp.,
Nereocystis sp., Macrocystis sp., Egregi~ sp., Alaria sp. or
romaine lettuce. The kelp should be gathered from known
uncontaminated zones or obtained from commerical supply houses
whose kelp comes from known uncontaminated areas, or romaine
lettuce. Fresh food is introduced into the tanks at least
several times a week. Sun dried (12-24 hours) or oven dried
(60°C overnight) kelp, stores well at room temperature or frozen,
rehydrates well and is adequate to' maintain sea urchins for long
periods. Decaying food and fecal pellets are removed as
necessary to prevent fouling.

~5.6.32.4.4 Natural seawater (>30~) is used to maintain the
adult animals and (~32~) as a control water in the tests.

~5.6.32.4.5 Adult male and female (if sexes known) animals used
in field studies are transported in separate or partitioned
insulated boxes or coolers packed with wet kelp or paper
toweling. Upon arrival at the field site, aquaria (or a single
partitioned aquarium) are filled with control water, loosely
covered with a styrofoam sheet and allowed to equilibrate to the
holding temperature ·before animals are added. Healthy animals
will attach to the kelp or aquarium within hours.

~5.6.32.4.6 To successfully maintain about 25 adult animals for
seven days at a field site, 40-L glass aquaria using aerated,
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recirculating, clean saline water (32%0) and a gravel bed
filtration system, are housed within a water bath, such as an
INSTANT OCEANR Aquarium. The sexes should beheld separately if
possible.

15.6.33 TEST ORGANISMS, SAND DOLLARS

15.6.33.1 Sand Dollars, Dendraster excentricus, (approximately 6
of each sex per test) .

15.6.33.2 Species Identification

15.6.33.2.1 Although identification of sand dollars, Dendraster
excentricus, is usually a simple.matter of confirming general
body appearance, those unfamiliar with the species should seek
confirmation from local experts.

15.6.33.3 Obtaining Broodstock

15.6.33.3.1 Adult sand dollars (Dendraster excentricus)~'can be·
obtained from commercial suppliers or collected.from ~ubtic:ial

zones (most areas) or from intertidal zones of some sheltered
waters (e.g., Puget Sound). S'tate collection permits may be
required for collection of sand dollars and collection· prohibited
or restricted in some areas. The animals are b~st transported
"dry," surrounded either by moist seaweed or paper towels
dampened with seawater. Animals should be kept at approximately
their collection or culture temperature to prevE~nt thermal shock
which can prematurely induce spawning.

15.6.33.4 Broodstock Culture and Handling

·15.6.33.4.1 The adult sand dollars are maintained in glass
aquaria or. fiberglass tanks. The tanks are supplied continuously
(approximately 5 L/min) with filtered natural SE!awater,or
saltwater prepared from commercial sea salts is !recircu.lated.
The animals are checked daily and any obviously unhealthy animals
are discarded. For longer periods than a few days, several
centimeters or more of a sand substrate may be desirable.

15.6.33.4.2 Although ambient temperature seawat.er is usually
acceptable, maintaining sand dollars in spawning[ condition
usually requires holding at a relatively constar.lt temperature.
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The culture unit should be capable of maintaining a co~stant

temperature between 8 and 12°C with a water temperature control
device.

15.6.33.4.3 Sand dollars will feed on suspended or benthic
materials such as phytoplankton, benthic diatoms, etc. No
reports of laboratory populations being maintained in spawning
condition over several years are known. It is probably most
convenient to obtain sand dollars, use them, and then discard
them after they cease to produce good quality gametes.

15.6.33.4.4 Natural seawater (>30~) is used to maintain the
adult animals and (~32~) as a control water in the tests.

15.6.33.4.5 Adult male and female (if sexes known) animals used
in field studies are transported ,in separate or partitioned
insulated boxes or coolers' packed with wet kelp or paper
toweling. Upon arrival at the field s~te, trays or aquaria (ora
single partitioned aquarium) are filled with control water,
loosely covered with a styrofoam sheet 'and allowed to equilibrate
to the holding temperature before animals are added.

15.6.33.4.6 To successfully maintain about 25 adult a~imals for
seven days at a field site, 40-L glass aquaria using aerated,
recirculating, clean saline water (>30~) are housed within a
water bath, such as an INSTANT OCEANR Aquarium. The sexes should
be held separately if possible.

15.7 EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION AND
STORAGE

15.7.1 See Section 8, Effluent and Receiving Water Sampling and
Sample Handling, and Sampling Preparation for Toxicity Tests.

15.8 CALIBRATION AND STANDARDIZATION

15.8.1 See Section 4, Quality Assurance.

15.9 QUALITY CONTROL

15.9.1 See Section 4, Quality Assurance.

15.10 TEST PROCEDURES
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15.10.1 TEST DESIGN

I

15.10.1.1 The test consists,of at least four r~plicates of five
effluent concentrations plus a dilution'water control. Tests
that use brine to 'adjust salinity must also cont:ain four
replicates of a brine control.

15.10.1.2 Effluent concentrations are expressed as percent
effluent.

15.10.2 TEST SOLUTIONS

15.10.2.1 Receiving waters

15.10.2.1.1 The sampling point is determined by the objectives
of the test. At estuarine and marine site13, samples are usually
collected at mid-depth. Receiving water toxicit:y is de'termined
with samples used directly as collected or with'samples passed
through a 60 jlm'NITEX® filter and compared without dilution,
against a control. U~Jing four replicate chambers per test, each
containing 10 mL, and 400 mL for chemical analysis, would require
approximately 440 mL of sample per test.'

15.1D.2.2 Effluents

"

15.10.2.2.1 The selection of the effluent test 'concentrations
should be based on the objectives of the study. i A dilution
factor of at least 0.5 is commonly uS,ed. A dilution factor of
0.5 provides hypothesis test discrimination of :c 100%, and
testing of a 16 fold range of concentrations. Hypothesis test
discrimination shows little improvement as dilution factors are
increased beyond 0.5 and declines rapidly if smaller dilution
factors are used. USEPArecommends that one of. the five effluent
treatments must be a concentration of effluent mixed with
dilution water which corresponds to the permittE!e l s instream
waste concentration (IWC). At least two'of the effluent
treatments must be of lesser effluent concentrat:ion than the IWC,
with one being at least one-half the concentration of t.he IWC.
If 100%0 HSBis used as a diluent, the maximum concentration of
effluent that can be tested will be 66% at 34%0 salinity.

,

"
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15.10.2.2.2 If the effluent is known or suspected to be highly
toxic, a lower range of effluent concentrations should be used
(such as 25%, 12.5%, 6.25%, 3.12% and 1.56%).

15.10.2.2.3 The volume in each test chamber is 10 mL.

15.10.2.2.4 Effluent dilutions should be prepared for all
replicates in each treatment in one container to minimize
variability among the replicates. Dispense into the appropriate
effluent test chambers.

15.10.2.3 Dilution Water

15.10.2.3.1 Dilution water should be uncontaminated l-~m

filtered natural seawater or hypersaline brine prepared from
uncontaminated natural seawater plus reagent water (see Section
7, Dilution Water). Natural seawater may be uncontaminated
receiving water. This water is used in all dilution steps and as
the control water.

15.10.2.4 Reference Toxicant Test

15.10.2.4.1 Reference toxicant tests should be conducted as
described in Quality Assurance (see Section 4.7) .

15.10.2.4.2 The preferred reference toxicant for sea urchins and
sand dollars is copper chloride (CuCI2oH20). Reference toxicant
tests provide an indication of the sensitivity of the test
organisms and the suitability of the testing laboratory (see
Section 4 Quality Assurance). Another toxicant may be specified
by the appropriate regulatory agency. Prepare a copper reference
toxicant stock solution (2,000 mg/L) by adding 5.366 g ·of copper
chloride (CuC1202H20) to 1 liter of reagent ~qater. For each
reference toxicant test prepare a copper sub-stock of 3 mg/L by
diluting 1.5 mL of stock to one liter with reagent water.
Alternatively, certified standard solutions can be ordered from
commercial companies.

15.10.2.4.3 Prepare a coptrol (0 ~g/L) plus four replicates each
of at least five consecutive copper reference toxicant solutions
(e.g., from the series 3.0, 4.4, 6.5, 9.5, 13.9, 20.4, and 30.0
~g/L, by adding 0.10, 0.15, 0.22, 0.32, 0.46, 0.68, and 1.00 mL
of sub-stock solution, respectively, to 100-L· volumetric flasks
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and filling to 100-mL with dilution water). Alternatively,
certified standard solutions can be ordered fromicommercial
companies. Start with control solutions and pr09ress to the
highest concentration to minimize contamination.

15.10.2.4.4 If the effluent and reference toxic~nt tests are to
be run concurrently, then the tests must use embryos from the
same spawn. The tests must be handled in the same way and test
solutions delivered to the test chambers'at the same time.
Reference toxicant tests must be conducted at 34 ± 2~.

15.10.3 COLLECTION OF GAMETES FOR THE TEST

15.10.3.1 Spawning Induction

15.10.3.1.1 Pour seawater into 100 mL beakers and place in 15°C
. bath or room. Allow to come to temperature. Select a sufficient

nUTl)ber of sea urchins or sand dollars (based UpOIl recent or past
spawning success) so that three of each sex are likely to provide
gametes of acceptable quantity and quality for the test. During
optimal spawning periods this may only require six animals, three
of each sex, when the sexes are known from prior spawning.
During other periods, especially if the sex is not known, many
more animals may be required.

15.10.3.1.2 Care should be exercised when removing sea urchins
from holding tanks so that damage to tube-feet is minimized.
Following removal, sea urchins should be placed into a container
lined with seawater-moistened paper towels to prevent
reattachment.

15.10.3.1.3 Place each sand dollar, oral side up, on a 100 mL
beaker filled with 15°C seawater or each sea urchin ont6 a clean
tray covered with several layers of seawater moistened paper
towels.

15.10.3.1.4 Handle sexes separately onceknowni ,this minimizes
the chance of accidental egg fertilization. Throughout the test
process, it is best if a different worker, diffeJ~ent pipets, etc.
are used for males (semen) and females (eggs). Prequent washing
of hands is a good practice.

15.10.3.1.5 Fill a 3 or 5 mL syringe with 0.5 MKCl and inject
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0.5 mL through the soft periostomal membrane of each sea urchin
(See Figure 5) or into the oral opening each sand dollar. If
sexes are known, use a separate needle for each sex. If sexes
are not known, rinse the needle with hot tap water between each
injection. This will avoid the accidental injection of sperm
from males into females. Note the time of injection on the data
sheet.

15.10.3.1.6 Spawning of sea urchins is sometimes induced by
holding the injected sea urchin and gently shaking or swirling it
for several seconds. This may provide an additional physical
stimulus, or may aid in distributing the injected KCI.

15.10.3.1.7 Place the sea urchins onto the beakers or tray (oral
side down). Place the sand dollars onto the beakers (oral side
up). Females will release orange (sea urchins) or purple (sand
dollars) eggs and males w~ll release cream~colored semen.

15.10.3.1.8 As gametes begin to be shed, note the time "on the
data sheet and separate the sexes. Place male sand dollars with
the oral side up atop a small (5-10 mL) glass beaker filled with
12°C seawater. Leave spawning sea urchin males on tray or beaker
(oral side down) for semen collection. Female sand dollars and
sea urchins are left to shed eggs into the 100-mL beakers.

15.10.3.1.9 If sufficient quantities of gametes are available,
only collect gametes for the first 15 min after each a~imal

starts releasing. This helps to insure good quality gametes.
As a general guideline, do not collect gametes from any
individual for more than 30 minutes after the first injection.

15.10.3.1.10 If no spawning occurs after 5 or 10 minutes, a
second 0.5 mL injection may be .tried. If animals do not produce
sufficient gametes following injection of 1.0 mL of KCI, they
should probably not be reinjected as this seldom results in
acquisition of good quality gametes and may result in mortality
of adult urchins.

15.10.3.1.11 Sections 15.l0.4.2 and~15.~0.6.4 descr~be

collection and dilution of the sperm and eggs. While some of the
gamete handling needs to 'be in a specific order, parts of the
procedure can be done simultaneously while waiting for 'gametes to
settle.
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Figure 5. Showing the location and orientation used in the
injection of KCI into sea urchins to stimulate SI?awning.

15.10.3.2 Collection of Sperm

15.10.3.2.1 Sea urchin semen should be collected dry (directly
from the surface of the sea urchin), ,using either a Pasteur
pip~tte or a 0.1 mL autopipette with the end of t:he tip cut off
so that the opening is at least 2 mm. pipette sE~men from each
male into separate 1-15 mL conical test tubes, stored in an ice
water bath.

15.10.3.3 Viability of Sperm

15.10.3~3.1 Early in the spawning process, place a very small
amount of sperm from each male sea urchin or sanel dollar into
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dilution water on a microscope slide (~ell slides work nicely) .
Examine the sperm for motilitYi use sperm from males with high
sperm motility.

15.10.3.4 Pooling of Sperm

15.10.3.4.1 Pool equal quantities of semen from each of the 'sea
urchin males that has been deemed good. If possible, 0.025 mL
should be pooled from each of those used and a total of at least
0.05 mL of pooled semen should be available. Sperm collected
from good male sand dollars should be pooled after first
decanting off the overlying water (the final sand dollar sperm
density usually is between 2x10 9 and 2x10 lo sperm/mL).

15.10.3.5 Storage of Sperm

15.10.3.5.1 Cover each test tube or beaker with a cap or
parafilm, as air exposure of semen may alter its pH through gas
exchange and reduce the viability of the sperm. Keep sperm
covered and on ice or refrigerated «5°C),. The sperm should be
used within 4 h of collection.

15.10.4 PREPARATION OF SPERM DILUTION FOR USE.IN THE TEST

15.10.4.1 Sperm Dilution

15.10.4.1.1 When ready to use ,sperm, mix by agitating the tube
with a vortex mixer. Add about 0.025 mL'of semen to a 100 mL
beaker containing 50 mL of 15°C dilution water. Stir this
solution thoroughly with' a Pasteur pipette. A drop of .egg
solution from each female may be placed on a well slide and a
small amount of sperm solution added to test fertilization. If'
no fertilization membrane forms on eggs from any female, then new
gametes should be collected. Keep the sperm dilution covered and'
at 15°C until ready for use~ This dilution should be used.to
fertilize the eggs within 1.5 hours of being made.

15.10.4.2 Sperm Density Determination

15.10.4.2.1 Take 0.5 mL subsample of the sperm solution and add
it to 5 mLof 10% acetic acid in a 50 mL graduated cylinder, to
kill the sperm. Bring the volume to 50 mL with dilution water.
Mix by inversion and place one drop 'of the killed sperm solution
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onto ~ach side of a hemocytometer. Let sperm settle for about 15
minutes. Count the number of sperm in 80 small ,squares on each
side of the hemocytometer. If the counts for each side' are
within 80% of one another,then take the mean of those two
counts. If the counts are not that close, then.refilI the
hemocytometer, recount and take the mean of the four counts. Use
the following equations to determine sperm density and record the'
results on the spawning worksheet (Figure 2).

#sperm/mL-(dilution) (count) (hemacytometer conversion factor) (mm3/mL)
number of squares counted

dilution=100
conversion factor=4000
mm3 /mL=1000
number of squares=80

Therefore:

#sperm/mL= (count) (5 x 106 ) (Equation 2A)

15.10.5.2

15.10.5 PREPARATION OF EGG SUSPENSION FOR USE IN THE TEST

15.10.5.1 Acceptability of Eggs

15.10.5.1.1 Place a small sample of eggs from each female in the
counting chamber and examine eggs with the micro:pcope. . Look for
the presence of significant quantities of immatu:~e or abnormal
appearing eggs (germinal vesicle present, unusually large or
small or irregularly shaped). Do not use the eggs from females
having more than 10% abnormal eggs or from femalE:s whose eggs did
not fertilize during the test in Section·15.10.5.1.

Pooling of Eggs

15.10.5.2.1
Decant some
not to pour

Allow eggs to settle in the collection beakers.
of the water from the collection beakers taking care
off many eggs. Pour the remaining sea urchin eggs
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through the Nitex@ screen (to remove fecal material 'and other
debris) into a 1 liter beaker. Repeat with each of the' 11 good 11

females. Bring the volume up to about 600 mL with dilution
water. Allow the eggs to settle to the bottom again. Siphon off
about 400 mL of the overlying water and then bring back up to 600
mL with dilution water. Do not allow the temperature to rise
above the 15°C test temperature; somewhat cooler temperatures for
holding would be acceptable.

15.10.5.2.2 Pooled sand dollar eggs should be treated gently and
no additional screening or rinsing step is recommended. Mix well
once just before subsampling for egg stock calculations. This is
best done in a large graduated cylinder appropriate for the
number of eggs available. Cover with parafilrn and invert gently
several times.

15.10.5.3 Density of Eggs

15.10.5.3.1 Using a plunger, mix the sea urchin egg suspension
well. While continuing to mix, remove a 10 mL sample and place
in a 1 liter graduated cylinder. Bring the volume up to 1 liter
with dilution water. Mix this dilution well.and remove a 1 mL .
sample to a counting cell. Count all the eggs in the 1 mL
sample. Repeat the process and take the mean of the two counts.
Calculate the number of eggs per mL in the stock solution using
Equation 3 and record the results.

# of eggs in count x 100= # eggs/mL in stock

15.10.5.4 Dilution of Eggs

(Equation 3)

15.10.5.4.1 When using scintillation vials as the test chamber,
the final concentration of eggs in the diluted stock m~st be 250
eggs/0.25 mL, which is equal to 1,000 eggs/mL. To calculate the
dilution factor for the eggs, use Equation 4. (If larger test
chambers are used, the total number of eggs used will be greater
and the stock solution density may be adjusted, but the final
concentration of eggs in the test solutions must remain 25
eggs/mL) .

# of eggs/rnL in stock ~ 1,000= Dilution factor (Equation 4)

15.10.5.4.2 The dilution factor must be greater than one. If
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not, concentrate the eggs and recount (starting at Section
1.5.4.5.3 The dilution factor minus 1. equals thl= number of parts
of water that go with one part of eggs in the final dilution.
For example: if the dilution factor were 5.3, then 4.3 parts of
water would be. used with 1. part eggs.

1.5.1.0.5.4.3 Make a dilution of the egg stock so that there is.
more than -enough volume to perform the bioassay.

1.5.1.0.5.5 Fertilization of Egg$

1.5.1.0.5.5.1. . The recommended initial sperm to e~Jg ratio for
fertilization of the .eggs is 500:1.. Calculate ehe volume of
sperm dilution (Section 1.5.1.0.5.1.) to add to the egg dilution, by
using the following equations and record the results (Figure 3).

volume of egg dilution x 1,000 eggs/mL= total # of eggs in ,dilution (Equation
SA)

total # of eggs in dilution x 500 sperm/egg= # of sperm needed
(Equation 58)

# of sperm needed
(Equation SC)

+ # sperm/mL in sperm dilution= mL of sperm solution
,
I •

1.5.1.0.5.5.2 Add this volume of the sp~rm dilution tb the egg
. dilution and mix gently with a plunger; Wait 1.0 min, then check
for fertilization. If fertilization is not at least 90%, ad~ a
second volume of the sperm dilution. Wait 10. min and recheck.
If fertilization is still not 90%, then. the test: must be
restarted with different gametes.

15.10.5.5.3 The test should be initiated within 1.hour of
fertilization being achieved.

15.10.6 START OF THE TEST

15.10.6.1 Prior to Beginning the Test

i.,

1.5.10.6.1.1 The test should begin as soon as po~sible, .
preferably within 24 h of sample collection. The maximum holding
time following retrieval of the sample from.the sampling device
should not exceed 36 h for off-site toxicity tests unless
permission is granted by the permitting authority. In no case
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should the sample be used in a test more than 72 h after sample
collection (see Section 8 Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Test) .

15.10.6.1.2 Just prior to test initiation (approximately 1 h),
the temperature of a sufficient quantity of the sample to make
the test solutions should be adjusted to the test temperature (15
± IDe) and maintained at that temperature during the addition of
dilution water.

15.10.6.1.3 Increase the temperature of the water bath, room, or
incubator to the required test temperature (15 ± IDe) .

15.10.6.1.4 Randomize the placement of test chambers in the
temperature-controlled water bath, room, or incubator at the
beginning of the test, using a position chart. Assign numbers
for the position of each test chamber using a random numbers or
similar process (see Appendix A, for an example of
randomization). Maintain the chambers in this configuration
throughout the test, using a position chart. Record these
numbers on a separate data sheet together with the con~entration

and replicate numbers to which they correspond. Identify this
sheet with the date, test organism, test number, laboratory, and
investigator's name, and safely store it away until after the sea
urchins or sand dollars have been examined at the end of the
test.

15.10.6.1.5 Note: Loss of the randomization sheet would
invalidate the test by making it impossible to analyze 'the data
afterwards. Make a copy of the randomization sheet and store
separately. Take care to follow the numbering system exactly
while filling chambers with the test solutions.

15.10.6.1.6 Arrange the test chambers randomly in the water bath
or controlled temperature room. Once chambers have been labeled
randomly and filled with test solutions, they can be arranged in
numerical order for convenience, since this will also ensure
random placement of treatments.

15.10.6.1.6 If mortality is to be included as an endpoint, at
least 5 extra control chambers should be 'set up and identified on
the randomization sheet as initial count chambers.
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15.10.6.2 Delivery of Fertilized Eggs

15.10.6.2.1 Gently mix the solution of fertili:~ed eggs. Deliver
0.25 mL of egg solution to each vial, using an automatic pipette
with the tip cut off to provide at least.a 0.5 tnm opening.
Deliver the embryos into the test chambers directly from the
pipette, taking care not to touch the p~pette to the test
solution. The egg solution temperature'must be within ·l°e of the
test solutions. Keep the eggs well mixed durin~J the delivery
procedure.

15.10.6.3 Incubation

15.10.6.3.1 The embryos are incubated for 72 hours in the test
chambers at 15 ± 1°C at ambient light level.

15.10.6.3.2 The optional extra control chambers for initial
counts should be counted as soon as possible aft,er test
initiation. If they are sampled and counted ina non-destructive
manner they may be returned to the test but used only as a check
for larval developmental rate. They must not be: used for for
routine control counts at the end of the test.

15.10.7 LIGHT, PHOTOPERIOD, SALINITY AND TEMPERATURE

15.10.7.1 The light quality and intensity should be at ambient
laboratory cdnditions. Light intensi~y ~hould b~ 10-20 ~E/~/s,

or 50 to 100 foot candles (ft-c), with a 16 h light and 8 h dark
cycle.

15.10.7.2 The water temperature in the test chambers should be
maintained at 15 ± 1°C. If a water bath is used to maintain the
test temperature, the water depth surrounding th~ test cups
should be as deep as possible without·floating tne chambers.

. ! .

15.10.7.3 The test salinity should be in the range of 34 ± 2~.

The salinity should vary by no more than ±2~ among the .chambers
on a given day. If effluent and receiving water tests are
conducted concurrently, the salinities of these 'tests should be
similar.

15.10.7.4 Rooms or incubators with high'volume ventilation
should be used with caution because the volatilization of the
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test solutions and evaporation of dilution water may cause wide
fluctuations in salinity. Covering the test chambers with clean
polyethylene plastic may help prevent volatilization and
evaporation of the test solutions.

~S.~0.8 DISSOLVED OXYGEN (DO) CONCENTRATION

~5.~0.8.1 Aeration may affect the toxicity of effluent and
should be used only as a last resort to maintain a satisfactory
DO. The DO concentration should be measured on new solutions at
the start of the test (Day O). The DO should not fall below 4.0
mg/L (see Section 8, Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Tests). If
it is necessary to aerate, all treatments and the control should
be aerated. The aeration rate should not exceed that necessary
to maintain a minimum acceptable DO and under no circumstances
should it exceed 100 bubbles/minute, using a pipet with a 1-2 mm
orifice, such as a 1 mL KIMAX® serological pipet No. 37033, or
equivalent.

~5.10.9 OBSERVATIONS DURING THE TEST

~5.~0.9.1 Routine Chemical and Physical Observations

~5.~0.9.~.1 The DO should be measured in each test solution at
the beginning of the exposure period.

~5.~0.9.1.2 The temperature, pH, and salinity should be measured
in all each test solution at the beginning of the exposure
period. Temperature should also be monitored continuo~sly or
observed and recorded daily for at least two ·locations in the
environmental control system or the samples. Temperature should
be measured in a sufficient number of test >chambers at the end of
the test to determine temperature variation· in th~ environmental
chamber.

~S.10.9.1.3 Record all the measurements on the data sheet.

15.10.9.2 Routine Biological Observations

15.10.9.2.1 Developing embryos do not need to be monitored
during the test under normal circumstanc~s.
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15.10.10. TERMINATION OF THE TEST

15.10.10.1 Ending the Test

15.10.10.1.1 Record the time the test is terminated.

15.10.10.1.2 Temperature, pH, dissolved oxygen, and salinity are
measured at the end of the exposure period in one test chamber at
each concentration and in the control(s). !.

15.10.10.2 Sample Preservation

15.10.10.2.1 To terminate the test, add 1.0 mI~ of,37%
(concentrated~ buffered formalin to each sample to give a final
formalin concentration of 4%. As an alternate fixative, 0.5 mL
of 1.0% glutaraldehyde may be used, in each test chambe,r.
Tightly cap and gently mix each chamber and store for later
evaluation. (If the test is performed in largElr chambers, a 10
mL subsample of well mixed test solution is to be taken from each
chamber and preserved) .

15.10.10.} Counting

15.10.10.3.1 It is recommended that the embryos be examined
within one week of preservation. Longer storag1e ,times may also
be used, but run the risk of sample degradation due, to improper
preservation. Larvae can be counted directly fn the
scintillation vials using an inverted microscope. If an inverted
scope is not available, then samples should be loaded into a
Sedgewick-Rafter cell, as follows. The embryos should first be
allowed to settle to the bottom of the sample chamber .. All but
about 1 mL of the overlying, liquid should then be removed. All
of the remaining liquid containing the embryos should then be
transferred to the counting chamber. Whichever scope is used,
the embryos should be examined at about 100x power. The first
100 embryos encountered are counted using a multi-unit
handcounter to track normal versus abnormal larvae. Record the
data by sample number on a data sheet (Figure 4) .

15.10.10.3.2 Mortality can be determined only if: (1) all
surviving larvae are counted (either in the test vials with an
inverted microscope or by total transfer to a counting chamber);
or (2) the test solution is stirred with·a plunger and
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quantitative subsampling is conducted followed by total larval
counts on the subsample. The latter procedure requires
homogeneous distribution of larvae in the test solution,
quantitative transfer of larvae (without adherence to transfer
hardware or test chambers), and accurate volume measurements.
Mortality is most important to consider with point estimates
(e.g., EC25) or when mortality occurs at the NOEC for normal
development.

15.10.10.4 Endpoint

15.10.10.4.1 Normal Larvae

15.10.10.4.1.1 Normally developed pluteus larvae have several
distinctive characteristics:

(1) The larvae should have a pyramid shape with a pair of
skeletal rods that extend at least half the iength of
the. long axis of the larvae (Figure 6D) .

(2) The gut should be differentiated into three parts
(Figure 6E). If the gut appears lobed and constricts
distally in specimens with an obstructed view (e.g.,
Figure 6D), then normal gut development may be
inferred.

(3) Development of post-oral arms has begun.

15.10.10.4.2 Abnormal Larvae

15.10.10.4.2.1 Larvae need only be scored. as abnormal or normal
to conduct the test, but the categories of abnormalities may be
tracked as well: Abnormal larvae should fit into one of the
following categories:

(1) Pathological prehatched: Embryos at. the single or
multi-cell stage with the fertilization membrane still
visible.

(2) Pathological hatched:. larvae that have no
fertilization membrane and demonstrate an extensive
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degree of malformation, or necrosis. Most of these
larvae appear as dark balls of cells or dissociated,

'blobs of cells.

i
(3) Inhibited: ,larvae at the blastula or: gastrula stage

that have no gut differentiation or h,3.ve no or
underdeveloped skeleton. These larvae appear 'to be
developing regularly, but are at a stage earlier than
attained by control organisms (e. g., lrigure 6A-C) .

I'

(4) Gut abnormalities: larvae whose overall appearance is
normal, but have guts that are lackin~r,

undifferentiated, abnormally shaped or project outside
of the larvae (exogastrulated). '

(5) Skeletal abnormalities: larvae whose overall
appearance is normal, but have missing spicules,
extraneous spicules or rods growing in abnormal
directions. Note: Some larvae may e:>l:hibit a ,
separation of the rods at the apex. This may be caused
by preservation 'and should not-be termed abnormal.
SinGe the test is started with already fertil,ized eggs,
any unfertilized eggs that are encountered should not
be counted as either' normal or abnorma,l, but should be
ignored.

15.11 SUMMARY OF TEST CONDITIONS

15.11.1 A summary of test conditions and test ,acceptability
criteria is ltsted in Table 3.

15.12 ACCEPTABILIT~ OF TEST RESULTS

15.12.1 Test results are acceptable only if all: the following
requirements are met:

(1) larval normality must ,be at least 80% in the' controls.

{2} the minimum significant difference (%MSD) is ':!:20%
relative to the controls.

15.13 DATA ANALYSIS

15.13.1 ,GENERAL

,15.13.1.1 Tabulate and summarize the data. Calculate the
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a/.arm sid

o

Figure 6. Stages of sea urchin emb~yo development
(modified from Kume and Dan 1957). A. blastula; B.
gastrula; C. prism; D. pluteus (frontal view); E.
pluteus (lateral view). ai.arm: anterior lateral'
arm, e: esophagus, i: intestine,
st: stomach, std: stomodaeum.
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TABLE 3. SUMMARY OF TEST CONDITIONS AND "TEST ACCEPTABILITY
CRITERIA FOR THE PURPLE URCHIN, STRONGYLOCENTROTUS
PURPURATUS, AND SAND DOLLAR" DENDRASTER EXCENTRICUS
EMBRYO DEVELOPMENT TEST WITH EFFLUENTS AND RECEIVING
WATERS I

I. Test type: Static non-renewal

2. Salinity: 34 + 2%0

3. Temperature: 15 + 1°C

4. Light quality: Ambient laboratory:
illumination

5. Light intensity: 10-20 fJ-E/m2 / s (Ambient
laboratory levels)

6. Photoperiod: 16 h light~ 8 h darkness
,

7. Test chamber size: 30 mL

8 . Test solution volume: 10 mL

9. No. replicate chambers 4 i
I

per concentration:

10. Dilution water: Uncontaminated 1-fJ-rn-filtered
natural seawater O:r:i
hypersaline brine f!repared
from natural seawater

1I. Test concent.rations: Effluents: Minimum of 5 and a
control I

Receiving waters: 100%
receiving water and a control

12. Dilution factor: Effluents: ~0.5
i

Receiving waters: 100%
receiving water arid a control

13. Test duration: 72 ± 2 hr

14. Endpoint: Normal development ;,1

mortality can be in,cluded

15. Test acceptability ~80% normal shell development
criteria: in the controls; must achieve

a %MSD of <25%
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16. Sampling requirements: One sample collected at test
initiation', and preferably
used within 24 h of the time
it is removed from the
sampling device (see Section
8, Effluent and Receiving
Water Sampling, Sample
Handling, and Sample

I

Preparation for Toxicity
Tests)

17. Sample volume 1 L per test
required:_.

proportion of normally developed larvae for each replicate. A
sample set of test data is listed in Table 4.

15.13.1.2 The statistical tests described here must be used with
a knowledge of the assumptions upon which the tests are
contingent. The assistance of a statistician is recommended for
analysts who are not proficient in statistics.

15.13.1.3 The endpoints of toxicity tests_using the purple sea
urchin are based on the reduction in proportion of normally
developed larvae. The IC25 is calculated using the Linear
Interpolation Method (see Sectiop 9, Chronic Toxicity Test
Endpoints and Data Analysis). LOEC and NOEC values for
development are obtained using a hypothesis testing approach such
as Dunnett's Procedure (Dunnett, 1955) or Steel's Many-one Rank
Test (Steel, 1959; Miller, 1981) (see Section 9). Separate
analyses are performed for the estimation of the LOEC and NOEC
endpoints and for the estimation of the IC2~. See the Appendices
for examples of the manual computations, and examples of data
input and program output.

15.13.2 EXAMPLE OF ANALYSIS OF PURPLE SEA URCHIN,
STRONGYLOCENTROTUS PURPURATUS, DEVELOPMENT DATA

15.13.2.1 Formal statistical analysis of the larval development
data is outlined in Figure 7. The response used in th~ analysis
is the proportion of normally developed larvae in each test or
control chamber. Separate analyses are performed for the
estimation of the NOEC and LOEC endpoints and for the estimation
of the IC25 endpoint. Concentrations at 'which there are no
normally developed larvae in any of the test chambers are
excluded from" statistical analysis of the NOEC and LOEC, but
included in the estimation of the IC25.
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TABLE 4. DATA FROM PURPLE SEA URCHIN,
STRONGYLOCENTROTUS PURPURATUS, DEVELOPMENT
TEST

Copper No. Larvae
Concentration No. Larvae Normally Proportion
(jlg/L) Replicate Exposed Develpped Normal

Control A 1.00 87 0.87
B 1.00 89 0.89
C 1.00 81. 0.81.
D 1.01. 89 0.88
E 74 62 0.84

3.2 A 1.1.0 98 0.89
B 1.00 82 0.82
C 1.00 91. 0.91.
D 1.00 83 0.83
E 1.00 89 0.89

5.6 A 1.02 86, 0.8.4
B 1.00 89 0.89
C 1.00 85 0.85
D 1.07 90 0.84
E 1.00 85 0.85

10.0 A 1.00 70 0.70
B 1.00 71.: 0.71.
C 100 77 0.77
D 1.00 74 0.74
E 1.00 87 0.87

1.8.0 A 1.00 7 . 0.07
B 100 1.2 0.12
C 100 14 " 0.14
D 100 1.6 0.16
E 1.00 1.0 ! 0.10
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Figure 7. Flowchart for statistical analysis of sea urchin,
Strongylocentrotus pur,puratus, development test.
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15.13.2.2 For the case of equal numbers of replicates across all
concentrations and the control, the evaluation of the NOEC and
LOEC endpoints is made via a parametric test, Dunnett's
Procedure, or a nonparametric test, Steel's Many-one Rank Test,
on the arc sine square root transformed data. lJnderlying
assumptions of Dunnett's Procedure, normality and homogeneity of
variance, are formally tested. The test for normality is the
Shapiro-Wilk's Test, and Bartlett's Test is used to test for
homogeneity of variance. If either of these tests fail's, the
nonparametric test, Steel's Many-one Rank Test, is used to
determine the NOEC and LOEC endpoints. If the assumptions of
Dunnett's Procedure are met, the endpoints are estimated by the
parametric procedure.

15.13.2.3 If· unequal numbers of replicates occur among the
concentration levels tested, there are parametric'and
nonparametric alternative analyses. The parametric analysis is a
t test with the Bonferroni adjustment (see Appendix D) ~ The
Wilcoxon Rank Sum Test with the Bonferroni adjustment is the
nonparametric alternative.

15.13.2.4 Example of Analysis of Development Data

15.13.2.4.1 This example uses toxicity data from a purple sea
urchin, Strongylocentrotus purpuratus, development test performed
with copper. The response of interest is the proportio'n of
normally developed larvae, thus each replicate rnust first be
transformed by the arc sine square root transformation procedure
described .in Appendix B. The raw and transformE~d data, means and
variances of the transformed observations at ea(~h copper
concentration and control are lfsted in Table 5.. The data are
plotted in Figure 8. Because there is zero normal development in
all five replicates of the 32.0 Jlg/L copper concentration, it was
not included in the statistical analysis and is considered a
qualitative development effect.

15.13.2.5 Test for Normality

15.13.2.5.1 The first step of the test for normality is to
center the observations by subtracting the mean of all
observations within a concentration from each observation in that
concentration. The centered observations are s\lmmariz~d in
Table 6.

15.13.2.5.2 Calculate the denominator, D, of the ~tatistic:

n ~ 2
D=L(X.-X)

1.1 ~
,
I
I

i ,
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Where: Xi = the ith centered observation

X = the overall mean of the centered observations

n = the total number bf centered observations

15.13.2.5.3 For this set of data, n = 25

X = -l- (-0.001) = 0.000
25

D 0.0680

TABLE 5. SEA URCHIN, STRONGYLOCENTROTUS PURPURATUS,

DEVELOPMENT DATA

Copper Concentration (/lg/L)

Replicate Control 3.2 5.6 10.0 18.0

A 0.87 0.89 0.84 0.70 0;07
B 0.89 0.82 0.89 0.71 0.12

RAW C 0.81 0.91 0.85 0.77 0.14
D 0.88 0.83 0.84 0.74 0.16
E 0.84 0.89 0.85 0.87 0.10

A 2.202 2.234 2.159 0.991 0.268
ARC SINE B 2.234 2.133 2.234 2.002 . 0.354
SQUARE ROOT C 1.120 2.266 1.173 1.071 0.383
TRANSFORMED D 1.217 2. 146 1:. 159 2. 036 0.412

E 2. 159 2.234 1.173 2.202 0.322

Mean (Yi ) 1.186 2.203 2.180 2. 060 0.348
Si 0.00215 0.00351 0.00097 0.00725 0.00311
i 1 2 3 4 5
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15.13.2.5.4 Order the centered observations from smallest to
largest

where Xli) denotes the ith ordered observation. The ordered
observations for this example are listed in Table 7.

TABLE 6. CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S
EXAMPLE

Copper Concentration (~g/L)

Replicate Control 3.2 5.6 10.0 18.0

A 0.016 0.031 -0.0:21- -0.:069 -0.080
B 0.048 -0.070 0.054 -0.058 0.006
C -0.066 0.063 -0.007 0.011 0.035
D 0.031 -0.057 -0.021 -0.024 0.064
E -0.027 0.031 -0.00·7 0.142 -0.026

15.13.2.5.5 From Table 4, Appendix B, for the number of
observations, n, obtain the coefficients a l , a 2, ... a k where k is
n/2 if n is even and {n-1} /2 if n is odd.. For the data in this
example, n = 25 and k = 12. The ai values. are listed in Table 8.

15.13.2.5.6 Compute the test statistic, W, as follows:·

k 2
W = ~.[ La. (X (n-i.l) -x (i)) ]

D i.l ~

The differences, x(n-i+l} - X(i), are listed in Table 8. For the
data in this example:

W :=; 1
0.0680

(0.2545}2 :=; 0.953
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TABLE 7. ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S
EXAMPLE

i Xli} i Xli}

1 -0.080 14 CI.006
2 -0.070 15 CI.011
3 -0.069 16 Cl.016
4 -0.066 17 Cl.031
5 .-0.058 18 0.031
6 -0.057 19 0.031
7 -0.027 20 0.035
8 -0.026 21 0.048
9 -0.024 22 0.054

10 -0.021 23 01.063
11 -0.021 24 0.064
12 -0.007 2·5 0.142
13 -0.007

TABLE 8 . COEFFICIENTS AND DIFFERENCES FOR SHA.PIRO-WILK'S
EXAMPLE

i ai
x(n-i+1.) - Xli)

1 0.4450 0.222 X(2S} - X(1.}

2 0.3069 0 .. 134 X(24} - X(2}

3 0.2543 0.132 X(23) - X 13 )

4 0.2148 0.120 X(22} - X(4}

5 0.1822 0.106 X(21.) - Xes)

6 0.1539 0.092 X(20} - X (6 )

7 0.1283 0.058 X (1.9) - X(7}

8 0.1046 0.057 X(1.S} - X(S}

9 0.0823 0.055 :k(17} X(9}

10 0.0610 0.037 ;[(16) - X(10)

11 0.0403 0.032 X(15} - X(1.1.}

12 0.0200 0.013 :jC (H) - X(12)

15.13.2.5.7 The decision rule for this test is to compare W as
calculated in Subsection 5.6 to a critical value found in
Table 6, Appendix B. If the computed W is less tl~an the critical
value, conclude that the data are not normally di~3tributed. For
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the data in this example, the critical value at a significance
level of 0.01 and n = 25 observations is .0.888. Since W = 0.953
is greater than the critical value, conclude that the data are
normally distributed.

15.13.2.6 Test for Homogeneity of Variance

15.13.2.6.1 The test used to examine whether the variation in
the proportion of normally developed larvae is the same across
all copper concentrations including the control, is Bartlett's
Test (Snedecor and Cochran, 1980). The test'statistic is as
follows:

p p

[ ( LV.) In 52 - LV. In s:]
i·1 ~ i.1 ~

B = ------------c

Where: Vi = degrees of freedom for each concentration and
control,

p = number of concentration levels including the control

ni = the number of replicates for' concentration i.

In = loge

i = 1,2, ... , p where p is the number of concentration!=!
including the control

p p

C = 1+[3(p,.1)]-1[Ll/V.-(LV.)-1]
i.1 ~ i.1 ~ .

15.13.2.6.2 For the data in this example (see Table 5)', all
concentrations including the control have the same number of
replicates (ni = 5 for all i). Thus, Vi = 4 for all i.
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15.13.~.6.3 Bartlett's statistic is, therefore:
p

B= [(20)ln(0.00340) - 4Lln(S;)] /1.1.00
i.l . . .

[20(-5.6840) - 4(-29.4325)]/1.lQO

4.050/1.100

= 3.6818

15.13.2.6.4 B is approximately distributed as chi-square with
p-1 degrees of freedom, when the variances are in fact the same.
Therefore, the appropriate critical value for this test·, at a
significance level of 0.01 with 4 degrees of freedom, is 13.28.
Since B = 3.6818 is less than the critical value of 13.28,
conclude that the variances are not different.

15.13.2.7 Dunnett's Procedure

15.13.2.7.1 To obtain an estimate of the pooled variance for the
Dunnett's Procedure, construct an ANOVA table as described ~n

Table 9.

Where: p number of concentration levels including the
control

TABLE 9. ANOVA TABLE

Source

Between

Within

Total

df

p - 1

N - P

N - 1

Sum of Squares
(SS)

SSB

SSW

SST

Mean Square (MS)
(SS/df)

2

Sa SSB/ (p-l)

2

Sw SSW/ (N-p)

N = total number of observations n 1 + n 2 ••• + np
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ni = number of observations in concentration i

p

SSB • :E T~/ n ._G 2/N
1.1 ~ ~

p n,L

SST. :E:E Y;j_G 2/N
1.1j.1

SSW. SST-SSB

Between Sum of Squares

Total Sum of Squares

Within Sum of Squares

G = the ~rand total of all sample observations,
G = ET.

1.1 ~

Ti = the total of the replicate measurements for
concentration i

the jth observation for concentration i
(represents the proportion of normal larvae for
concentration i in test chamber j)

15.13.2.7.2 For the data' in this exampl~:

N = 25

T1 Yll + Y12 + Y13 + Y14 + Y1S 5.932
T2 Y21 + Y22 + Y23 + Y24 + Y2S = 6.013
T3 Y31 + Y32 + Y33 + Y3"4 + Y3S = 5.898
T4 = Y41 + Y42 + Y43 + Y44 + Y4S = 5.302
Ts = YS1 +. YS2 + YS3 + YS4 + Yss = 1. 739

p

SSB = E T~/ni-G2/N
.fd. {137.267)/5 - (24;.884)2/25

p n,L

SST = E:EY~.-G2/N
.t=.j.~ 't: 5 21 - (24. 884 ) 2/25 = 2. 752

2.685

SSW = SST-SSB = 2.752 - 2.685 = 0.067

SI = SSB!(p-1) = 2.685/(5-1) = 0.6713-

S~ = SSW/(N-p) = 0.067/(25-5) = 0.0034
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15.13.2.7.3 Summarize these calculations in the ANOVA table
(Table 10).

TABLE 10. ANOVA TABLE FOR DUNNETT'S PROCEDURE
EXAMPLE

Source

Between

Within

Total

df

4

20

24

Sum of Squares
(S5)

2.685

0.067

2.752

t'l.ean Square (MS)
(SS/df)

0.671.3

0.0034

15.13.2.7.4 To perform the individual comparisOlls, calculate the
t statistic for each concentration, and control combination as
follows:

Where: Yi = mean proportion normal larvae for concentration i

Yl = mean proportion normal larvae ·for the Control

Sw square root of the.within mean square

n l = number of replicates for the contro.l

ni = number of replicates for concentration i.

Since we are looking for a decreased response from the 'control in
the pr~portion of normally developed larvae, the concentration
mean is subtracted from the control mean.
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~5.~3.2.7.5 Table 11 includes 'the calculated t values for each
concentration and control combination. In this example,
comparing the 3.2 ~g/L copper" concentration with the control the
calculation is as.follows:

t 3 (1.186 - 1. 203 ) 3 -0.461
2 0. 0583 V(1/5)+(1/5)

TABLE II. CALCULATED t VALUES

Copper Concentration (/lg/L) i t i

3.2 2 -0.461
5.6 3 0.163

10.0 4 3.417
18.0 5 22.727

15.13.2.7.6 Since the purpose of this test is to detect a
significant decrease in the proportion of normally developed
larvae, a one-sided test is appropriate. The critical yalue'for
this one-sided test is found in Table 5, Appendix C. For an
overall alpha level of 0.05, 20 degrees of freedom for error and
four concentrations (excluding the control) the critical value is
2.30. The mean proportion of normally developed larvae for
concentration i is considered significantly less than the mean
proportion of normally developed larvae for the control if t i is
greater than the critical value. Therefore, the 10.0 ~g/L and
18.0 ~g/L concentrations have a significantly lower mean
proportion of normally developed larvae than the control. Hence
the NOEC is 5.6 ~g/L copper and the LOEC is 10.0 ~g/L copper.

15.~3.2.7.7 To quantify the sensitivity of the test, the minimum
significant difference (MSD) that can be statistically detected
may be calculated:

Where: d ::: the critical value for Dunnett's Procedure

Sw::: the square root of the within mean square
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n = ,the common number of replicates' at each, , '
concentration (this assumes equal replication at
each concentration) I

,I

n'l = the number of replicates in the control.

15.13.2.7.8 In this example,

MSD = 2.30 (0.0583) V(l/S)'+ (liS)

2.30 (0.0583) (0.632!3)
I

0.085

15.13.2'.7.9 The MSD '( 0 . 085) is in transformed units. To
determine the MSD in terms of proportion ,of normally developed
larvae, carry out the following conversion:

1. Subtract the MSD from the transformed control mean.

1.186 - 0.085 = 1.101 I
,

2. Obtain the untransformed values for the control mean and,
the difference calculated, in step' 1. of 13.2.7.9.

[ Sine (1..1.86)]2 0.859

[ Sine (1.101) ] 2 =0.7950

3. The untransformed MSD . (MSDu ) is determined by subt:r:acting
the uritransformed values from step 2 in 14:2.7.9.'

MSDu = O. 859 - O. 795 0.064

15.13.2.7.10 Therefore, for this set of data, the minimum
difference in mean proportion of normally developed larvae
between the control and any copper concentrat.ion' that can be
detected as statistically significant is 0.064.

15.13.2.7.11 This represents a 7.5% decrease in:the proportion
of normally developed larvae from the control.

15.13.2.8 Calculation of the ICp

15.13.2.8.1 The development data in Table 4 are utilized in this
example. As can be seen from Figure 9, the observed means are
not monotonically non-increasing with re~pect to concentration.
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Therefore, the means must be smoothed prior to palculating the
IC.

i
, ,

15.13.2.8.2 Starting with the observed control mean, Y1 = 0.858,
and the observed mean for the lowest copper concentration, Y2 =
0.868, we see that Y1 is less than Y2 •

15.13.2.8.3 Calculate the smoothed means:

15.13.2.8.4 Since Y3 = 0.854 > Y4 = 0.758 > Ys ,- 0.118 > Y6 =
0.0, set M3 = 0.854, M4 = 0.758, Ms = 0.118, and M6 = 0.0.
Table 12 contains the smoothed means and Figure 8 gives a plot of
the smoothed means and the interpolated response curve.

15.13.2.8.5 An IC25 can be estimated using the Linear
Interpolation Method. A 25% reduction in mean proportion of
normally developed larvae, compared to the controls, would result
in a mean proportion of 0.647, where M1 (1-p/100) = 0.863(1
25/100). Examining the means and their associated concentrations
(Table 12), the response, 0.647, is bracketed by C4 = 10.0 ~g/L

copper and Cs = 18,.0 ~g/L copper. '

TABLE 12. SEA URCHIN, STRONYLOCENTROTUS PURPURA~rus,

MEAN PROPORTION OF NORMALLY DEVELOPED LARVAE

Copper Response Smoothed
Cone. Means, Yi Mea:ns, Mi

(/lg/L) i (proportion) (pr<?portion)

Control 1 0.858 0.863
0.05 2 0.868 0.863
0.10 3 0.854 q.854
0.15 4 0.758 1?758
0.20 5 0.118 0.118
0.40 6 0.000 q.OOO

15.13.2.8.6 Using the equation from Section 4.2 in Appendix L,
the estimate of the IC25 is calculated as follows:
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Cone. ID

Cone. Tested

Response J.
Response 2
Response 3
Response 4
Response 5

J.

o

.87

.89

.8J.

.88

.84

2

3.2

.89

.82

.9J.

.83

.89

3

5.6

.84

.89

.85

.84

.85

4

J.O

.70

.7J.

.77

.74

.87

5

J.8

.07

.J.2

.J.4

.J.6

.J.O

6

32

o
o
o
o
o

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Copper Chloride
Test Start Date: Test Ending Date:
Test Species: Purple Sea Urchin, Strongylocentrotuspurpuratus
Test Duration: 72 hours
DATA FILE: urch_dev.icp
OUTPUT FILE: urch_dev.i25

Cone.
ID

Number
Replicates

Concentration
ug/L

Response
Means

Std.
Dev.

Pooled
Response Means

J. 5 0.000 0.858 0.033 0.863
2 5 3.200 0.868 0.040 0.863
3 5 5.600 0.854 0.02J. 0.854
4 5 J.O.OOO· 0.758 0.068 0.758
5 5 J.8.000 0.J.J.8 0.035 0.J.J.8.
6 5 32.000 0.000 0.000· 0.000

The Linear Interpolation Estimate: J.1. 3844 Entered P Value: 25

J.1.3702
Lower:
Lower:

0.J.6

Number of Resamplings: 80
The Bootstrap Estimates Mean:
Original Confidence Limits:
Expanded Confidence Limits:
Resampl~ng time in Seconds:

Standard Deviation: 0.2898
J.0.7785 Upper: J.J..9375
J.0.4756 Upper: J.2.2J.4J.

Random Seed: 8376J.380

Figure J.O. ICPIN program output for the IC25.
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IC25 10.0 + [0.863(1 - 25/100) - 0.758] (18.0 - 10.0)

(0.118 - 0.758)
= 11.38 Jlg/L.

15.13.2.8.7 When the ICPIN program was used to ~nalyze this set
of data, requesting 80 resamples, the estimate of' the IC25 was
11.3844 Jlg/L. The empirical 95.0% confidence interval for the
true mean was 10.7785 Jlg/L to 11.9375 Jlg/L. The computer program
output for the IC25 for this data set is shown in Figure 10.

15.14 PRECISION AND ACCURACY

15.14.1 PRECISION

15.14.1.1 Single Laboratory Precision

15.14.1.1.1 Data on the single-laboratory precis:ion of the
development test using copper as a reference toxicant is provided
in Table 13. The. NOEC varied by only one concent.ration interval
indicating good precision. The coefficient of va:riation for the
EC50 and EC25 were 22% and 21% indicating accepta.ble precision.

15.14.1.2 MUlti-Laboratory Precision

15.14.1.2.1 Data on the multi-laboratory precision of the
development test using copper as a reference toxi.cant is provided
in Table 14. The NOEC for laboratory's A and B ~rere identical.
The difference in NOEC observed for lab C was prQbably due the
wide range of concentrations used (See Footnote 4) . The
coefficient of variation for the EC5Q was 39%, indicating
acceptable interlaboratory precision.

15.14.2 ACCURACY

15.14.2.1 The accuracy of tox1icity tests cannot, be determined.
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Table 13. SINGLE-LABORATORY PRECISION OF THE PURPLE SEA URCHIN,
STRONGYLOCENTROTUS PURPURATUB, DEVELOPMENT TEST WITH
COPPER (CU ~G/L) SULFATE AS A REFERENCE TOXICANT1.

Test Number NOEC (~g/L) EC50 (~g/L) EC25 (~g/L)

1 10. O· 19.4 15.1

2 10.0 18.3 15.4

3 5.6 10.8 9.0

14 5.6 14.3 11. 0

5 5.6 16.8 12.9
I

Mean 15.9 12.7
CV(%) 22.0 21.0

1 Tests performed by Marine Poilution Studies Laboratory,
Granite Canyon, Monterey California.

TABLE 14. MULTI-LABORATORY.PRECISION OF THE PURPLE SEA URCHIN,
STRONGYLOCENTROTUS PURPURATUS, .DEVELOPMENT TEST WITH
COPPER (CD ~G/L) SULFATE AS A REFERENCE TOXICANT. 1

Lab NOEC (~g/L) EC50 (/1,g/L)

A2 10.0 22.5 -
B3 10.0 15.2

C4 1.8 10.1

Mean 15.9
CV(%) 39.0

lData from labs A and B are from an interlaboratory study using split
reference toxicant samples and dilution water. Test performed in August,
1993. Test duration was 72 hr. Concentrations were 3.2, 5.6, 10, 18 and 32
f,lg/L.

2Test performed by Southern California Coastal Water Research Project,
Westminster, CA.

3Test performed by Marine Pollution Studies Laboratory, Granite Canyon,
Monterey California.
4 Test performed by MEC Analytical Systems, Inc., Tiburon, CA. Test
performed in April, 1994. Test duration was 96 hr. Concentrations were 0.1,
0.32, 1.8, 18 and 56 IJ.g/L. .
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APPENDIX I. SEA URCHIN DEVELOPMENT: STEP-BY""'STElP SUMMARY

PREPARATION OF TEST SOLUTIONS
i

, I' '"r '

A. Determine test concentrations and appropriate dilution water
based on NPDES permit conditions and guidance from'the
appropriate regulatory agency.

B. Prepare effluent test solutions by diluting well mixed
unfiltered effluent using volumetric flasks and pipettes.
Use hypersaline brine where necessary to maintain all test
solutions at 34 ± 2%0. Include brine controls in tests that'
use brine.

C. Prepare a copper reference toxicant s~ock solution.

D. Prepare a copper reference toxicant series.. Add 1·0 mL of
test solution each vial.

E.

F ..

G.

H.

1.

Sample effluent and reference toxican~ solutions for
physical/chemical analysis. Measure 'salinity, pH and
dissolved oxygen of each test concentration.

Randomize numbers for test chambers and record the chamber
numbers with their respective testconcentr,~tions·ona .
randomization data sheet. Store the data sheet Safely,until
after the test samples have been analyzed. '

j

Place test chambers in a water bath or envi:r-onmental chamber
set to 15°C and allow te.mperature to, equilibrate.

Measure the temperature daily in one random replicate (or
separate chamber) of each test concentratioJi. Monitor, the
temperature of the water ba'th or environmental chamber
continuously.

At the end of the test, measure salinity; pH, and dissolved
oxygen concentration from each test concentlration.

PREPARTION AND ANALYSIS OF TEST ORGANISMS

A. Obtain test organisms and hold or condition as necessary for
spawning.

B. Place six 100 mL beakers of dilution water in 15°C water
bath or room. Select 6-8 sea urchins and pJlace on tray
covered with seawater moistened paper towels. Induce

379

RB-AR25363



spawning by injecting each sea urchin with 0.5 mL 'of 0.5 M
KCI. Place animals back orito tray, oral, side down.

c. When spawning begins,note time that each animal begins
spawning. Leave males on tray for semen collection. 'Place
spawning females oral side up on 100 mL beakers. Do not
collect gametes more than 15 min after spawning begins.

D. Collect semen using either a Pasteur pipette' or a 100 J,.lL
autopipette. Pipette semen from each male 'into a separate 5
mL conical test tube, stored in an ice water 'bath.

E. Check for the motility of sperm from each male.

F. Pool semen by pipetting equal amounts from each "good" male
to another centrifuge tube. At least 0.025 mL should be
taken from each male and a total of at least 0.05mL should
be available. Cover the tube and store in a refrigerator
until ready for use. '

G. Finish collecting eggs before diluting semen.

H. Mix pooled semen by agitating on a vortex mixer. Add about
0.025 mL of semen to a 100 mL beaker containing 50 mL of
~5°C dilution water. Stir thoroughly with a Pasteur
pipette. Test eggs from each female to petermine if they
can be fertilized.

I. Take 0.5 mL subsample of sperm dilution and add to 5 mL of
~O% acetic acid in a 50 mL graduated cylinder. Bring.to 50
mL with dilution water. Mix well by inversion and load a
drop into each side of hemocytometer. Count ,the sperm in 80
small squares. Calculate the sperm density·using ,Equation
2A. '

J. Examine sample of eggs from each female. Do not use the
eggs from any female whose eggs appear abnormal or that did
not fertilize in Section G.

K. Decant water from eggs of each usable female and pour
through Nitex@ screen into a 1 liter beaker. Bring volume
up to about 600 mL with dilution water. Allow to 'resettle, ~
siphon about 400 mL of overlying water and bring back to 600
mL with dilution water.

L. Mix egg solution well and make an accurate 100x dilution
using at least 10 mL of the egg solution. Mix the dilution
well and count two different 1 mL subsamples in a counting
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cell. Use' the mean of ,the two counts in Equation 3 to
determineth;t?" dens~ty of the egg stock.

M. 'Use Equation 4 to determine the 'egg dilution factor and make
dilution of eggs with ,dilution water. .

N. Use Equations 5 A-C to determine the volume of the sperm
dilution that is necessary to fertiiize the egg dilution.
Add the appropriate volume of sperm and after 10 minutes,
check fertilization success.

O. Gently mix the fertilized egg solution with a plunger and
deliver 0.25 mL of egg solution to each vial. Make sure
that the pipette tip is cut off to provide;at least a 0.5 mm
opening. Keep egg solution well mixed during addition
period.

P. Incubate the embryos for 72 hours at 15±1.°C.

Q. Test, termination and analysis

R. Perform wat,er quality measurements as at the start.

S. After 72 hours, add 1.0 mL of 37% buffered 'formalin or 0.5
rnL of 1.0% glutaraldehyde to each test chamber. Tightly cap
and gently 'mix each 'vial.

T. Examine'each sample with a microscope and &et~rmine the
percentage of normally developed embryos.

U. Analyze the data.

V. Include standard reference toxicant ',point estimate values in
the standard quality control charts. "

381

RB-AR25365



APPENDIX II. USING THE NEUBAUER HEMACYTOMETER TO ENUMERATE SEA.
URCHIN SPERM

The Neubauer hemacytometer is a specialized microscope slide with
two counting grids-and a coverslip.

TOP VIEW:

COVERSLIP
~- SUPPORT

COUNTING GRIDS
(size exaggerated)

(see,detail next page)
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Together, the total area of ',each grid (1 mm2) and the vertical
distance between the grid and the covers~ip (0.1 mm), provide
space for a specific microvolume of aqueous sample (0.1 mm3 ) •

SIDE VIEW:
Counting

Ala / Coverslip

'---- ---:-~_~;__~~Well
Loading "
Notch

END VIEW THROUGH ...·UD'"CROSS SECTION:

. ' " Coverslip ,,"
.', j .," 'Counting i'counting
Loading Area.l J.~Area Loading

NOleh-C ' r '';;::r-Noteh

, "" Overflow Well '
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This volume of liquid and the cells suspended therein (e.g.,
blood cells or sperm cells) represent 1/10,OOOth of theliqu1d
volume and cell numbers of a full milliliter (cm3 ) of the sampled
material.

NEUBAUER
HEMACYTOMETER
GRID OF 400 SQUARES

If the full 400-squares of each grid are counted, this represents
the number of sperm in 0.1 mm3 • Multiplying this value" times 10
yields the sperm per mm3 (and is the source of the hemacytometer
factor of 4,000 squares/mm3 ). If this product is multiplied by
1,000 mm3/cm3 , the answer is the number of sperm in one
milliliter of the sample. If the counte~ sample represents a
dilution of a more concentrated original sample, the ab9ve answer
is multiplied by the dilution factor to yield the cell density in
the original sample. If the cells are sufficiently dense, it is
not necessary to count the entire 400-square field, and the final
calculation takes into account the number of squares "actually
counted:

cells/mL:: (dilution) (4,000 squares/mmJ) (1,000 mmJ/cmJ) (cell count)

(number of squares counted)

Thus, with a dilution of 4000 (0.025 mL of semen in 100 mL of
dilution water), 80 squares counted, and a count of laO, the
calculation becomes:

cells/mL:: (4,000) (4,000) (1.000) (100)

80
:: 20,000,000,000 cells/mL
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There are several procedures that are necessary :Eor counts to be
consistent within and between laboratories. These include mixing
the sample, loading and emptying the hematocrit itube, cleaning
the hemacytometer and cover slip, and actual counting procedures.

Obviously, if the sample is not homogeneous, subsamples can vary
in sperm density. A few extra seconds in mixing can save a lot
of wasted minutes in subsequent counting procedures. A full
hematocrit tube empties more easily than one witl~ just a little
liquid, so withdraw a full sample. This can be l:xpedited by
tipping the sample vial.

Because, the sperm are killed prior to ~ampling, 1:hey will slowly
settle. For this reason, the sample in the hemal:ocr:\.t tube
should be loaded onto the hemacytometer as rapidly as possible.
Two replicate samples are withdrawn in fresh hematocrit tubes and
loaded onto opposite sides of a hemacytometer.

Coverslip
Counting 1 Counting

Area ~ ~ Area Lo:ading-- -r::;:::;::::;::5=='====!===9c:::r======<=i=db_ Notch
i .

Overflow Well
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The, loaded hemacytometer is left for 15 minutes:to allow the
sperm to settle onto the counting field. If the coverslip is
moved after the samples are loaded, the hemacytometer should be
rinsed and refilled with fresh sample. After·15'minutesj the
hemacytometer is placed under a microscope and the cou~tihg grid
located at 100x. Once the grid is properlypo'sitioned,' the
microscope is adjusted to 200x or 400x, and one of the corner
squares fs positioned for counting (anyone of the four corners
is appropriate). For consistency, use the same,procedure each
time (Many prefer to start in the upper'left corner of the'
optical field, and this procedure will be'used in the examples
given below). Examine the first large square in the selected
corner. If no sperm are visible, or if the sperm are so dense or
clumped to preclude accurat,e' counting,' count a sample with a more
appropriate dilution.

In making counts of sperm~ it is necessary to adopt a consistent
method of scanning the smaller squares and counting sperm that
fall upon the lines separating the squares. Count the sperm in
the small squares by beginning in the upper left hand corner
(square 1) and proceding right to squa~e 4, ~own to square 5,
left to square 8~ etc. until all 16 squares are counted.

~ .'

.,

.. •
0 P :

p

1
C\,

2 OJ 3
go

40 , . p

• ..
C\,

p
p •p

a" "• 7 .. 6 5

"0 ~ • cf

" •
, . "9

cf io 11 o 12
J a

• a "cf g..

"
q

16· 15 " 14 • 13
u
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Because sperm that appear.Qll lines mignt be counte~as being. in
either square, it is important to avoid double counting or no~

counti~g. For this reason a convention is decided,uponand used
consistently:, pare:tphrasing the instructions recE;dved with one, "
(H~usser Scientific) 'counting· chamber, "to avoid ,counting' (sperm),
twice, the best practice, is to count. all touching the "top and
left, and none touching the low~r and right, bOl.:Lndary l·ines."
Whatever convention is chosen, it must be adhereld to., The
example below shows' a. sperm count, based upon a slelected.
convention of counting sperm that fallon the uf~per and left
lines, but not on the lower or right l;ines:

27

28

0=
Not
Counted

54

0)2 0 13
1 03 .p8 12

9 pU
4q. 5 10) g. .~

. 60 ' 10 ,11p, .
q. 25. ,20 lOG

..
is<'>

24 22 P16,
.P 021

,C ~II
'017'026 23

OJ 19O'

G29 '032 ' 33 36 ;p 37
.liD!

D039 0', (

30'0 034

"</' 31 35... 38
0

41 42d

52 ' . . ..~

46
,

0
~ ''11,

</' '51 49 8- 44 I,

48 ,
47 '043 OJ

053 500 045
r-...

\

'0 .. '-' '

"

In the above illustration, sperm falling on the lower and right
lines are not counted.~ The count 'begins at the upper left as
illustrated in the preceding' figure. A typical (rOunt sequence is
demonstrated by the numbers next to each sperm i]~lustrated.

Sperm identified as numbers ~, 5', 13,20,'27,28; 33, 5,1 and 54
touch lines and are counted as being in the square below them or
to their right. The circled sperm are not: counte~d as being in
this field of 16 small squares (but they would bel included in any
counts of adjacent squares' in which they would be! on upper or
left' hand lines) .
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Once these counting conventions have been selected, it is
advisable to follow another strict protocol outlining the number
and sequence of large squares to be counted. Because the sperm
may not be randomly distributed across the counting grid, it is
recommended to count an array of squares covering the entire
grid. The follo~ing procedure is recommended:

Count the number of sperm in the first large square.

1. If the number is less than'lO, count all 25 squares using
the same scanning pattern outlined above (left to right
through squares 1 to 5, down to square 6, left through
square 10, down to 11, etc.). See pattern no. 3.

2. If the number is between 10 and 19, count 9 large squares
using pattern no. 2.

3. If the number is 20 or greater, count 5 large squares using
pattern no. 1.

1 2

3

4 5

Pattern no. 1

1 2

4 3

5

7 6

8 9

Pattern no. 2

1 2 3 4 5

10 9 8 7 6

11 12 13 14 15

20 19. 18 17 16
21 22 23 24 25

Pattern no. 3

The final consideration in achieving good replicate counts is
keeping the ~emacytometers and 'coverslip~ clean. They should be
rinsed in distilled water soon after use. The coverslips should
be stored in a good biocleanser such as hemasol. For an hour or
so prior to use, the hemacytometer slides should also be soaked
in the solution. Both slides and coverslips should then be
rinsed off with reagent water, blotted dry with a lint-free
tissue, and wiped with lens paper.
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SECTION 16
" 1

PURPLE, URCHIN, Strongylocentrotus pUJ::,puratus,
AND- SAND DOLLAR, Dendraster excentricus

FERTILIZATION ,TEST METHOD

Adapted from a method developed ,by
Gary A': Chapman, U': S. EPA, ORD Newport, OR 97365'

,. and Debra L. Denton, U.S. EPA, Region IX, CA 94105

TABLE OF CO~TENT$
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16.12
16.13
16.14

Scope and ApplicatIon
Summary of Method
Interferences
Safety
Apparatus and Equipment
Reagents and Supp,lies ,
Effltlents'and R~ceivirig Water Collection,

Preservation, and Storage
Calibrat,~6n and Standardization
Quality Control'
Test Proc'edures. .

Summary of ~est Conditions and Test
Acceptability· Criteria

Acceptability of Test Results
Data Analysis
Precision and Accuracy

Step-by Step Summary
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.SECTION 16

SEA URCHIN, Strongylocentrotus purpuratus
AND SAND DOLLAR, Dendraster excentricus

FERTILIZATION TEST

16.1 SCOPE AND APPLICATION

16.1.1 This method estimates the chronic toxicity of effluents
and receiving waters to.the gametes of sea urchins,
(Strongylocentrotus purpuratus) , or sand dollars (Dendraster
excentricus) during a static non-renewal 20 minute sperm exposure
and a subsequent 20 minute exposure period following the addition
of eggs for measuring the fertilizing capacity of. the sperm. The
effects include the synergistic, antagonistic, and additive
effects of all chemical, physical, and biological components
which adversely affect the physiological 'and biochemical
functions of the test organisms.

16.1.2 The purpose of the test is to determine the
concentrations of a test substance that reduce egg fertilization
by exposed sperm relative to that attained by sperm in control
solutions. Concentrations of materials advers.~ly affecting egg
fertilization under the conditions of this test are· usually
acutely and chronically toxic to one or more of several common
marine test species and, by extension, are presumably acutely and
chronically toxic to other of the many untested marine species.

16.1.3 Detection limits of the toxicity of an effluent or
chemical substance are organism dependent.

16.1.4 Brief excursions in toxicity may not be detected using
24-h composite samples. Also, because of the long sample
collection period involved in composite sampling and because the
test chambers are not sealed, highly volatile and highly
degradable toxicants in the source may not be detected in the
test.

16.1.5 This test is commonly used in one of. two forms: (1) a
definitive test, consisting of a minimum of five effluent
concentrations and a control, and (2) a receiving water test(s),
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consisting of one or more receiving water concentrations and a
control.

16.1.6 This method should be restricted·to use by, or under the
supervision of, professionals experienced in aquatic toxicity
testing. Specific experience with any toxicity test is usually
needed before acceptable r~sults become routine.

16.2 SUMMARY OF METHOD

16.2.1 The method provides the step-by-step insjtructions fOr
exposing sperm suspensions (appropriate sperm delJ.sity may first
be determined in a trial fertilization test) to effluents or
receiving waters for 20 minutes. Eggs are then added t·o the
sperm suspensions and, twenty minutes after the i:!ggs are' added,
the test is terminated by the addition of a preservative. The
percent fertilization is determined by microscopic examination of
100 eggs in an aliquot of eggs from each.treatment. The test
endpoint is normal egg fertilization.

16.3 INTERFERENCES

16.3.1 Toxic substances "may be introduced by contaminants in
dilutio~ water, glassware, sample hardware, and testing equipment
(see Section 5, Facilities, Equipment, and Supplies) .

16.3.2 Improper effluent sampling and handling may adversely
affect test results (see Section 8, Effluent and Recei~ing Water
Sampling and Sample Handling, and Sample Prepara~ion for Toxicity
T.ests) .

16.4 SAFETY

16.4.1 See Section 3, Health and Safety

16.5 APPARATUS AND EQUIPMENT

16.5.1 Tanks, trays, or aquaria - - "for holding and acclimating
adult sea urchins and sand dollars, e.g., standard salt water
aquarium or Instant Ocean Aquarium (capable of ma'intaining
seawater at 10-20°C), with appropriate filtration and aeration
system.
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~6.5.2 Air pump, air lines, and air stones -- for aerating water
containing broodstock or for supplying air to test solutions with
low dissolved oxygen.

~6.5.3 Constant temperature chambers or water baths -- for
maintaining test solution temperature and keeping dilution water
supply, gametes, and embryo stock suspensions at test t~mperature

(~2°C) prior to the test. (Incubators are usually unsatisfactory
because test tubes must be removed for addition of sperm and eggs
and the small test volumes can rapidly change temperature at
normal room temperatures.)

~6.5.4 Water purification system -- Millipore Super-Q, Deionized
water (DI) or equivalent.

~6.5.5 Refractometer

~6.5.6 Hydrometer(s)

for determining salinity.

for calibrating refractometer.

~6.5.7 Thermometers, glass or electronic, laboratory grade
,for measuring water temperatures.

~6.5.8 Thermometer, National Bureau of Standards Certified (see
USEPA METHOD 170.1, USEPA, 1979) -- to calibrate laboratory
thermometers.

16.5.9 pH and DO meters -- for routine physical and chemical
measurements.

16.5.10 Standard or micro-Winkler apparatus -- for determining
DO (optional) and calibrating the DO meter.

16.5.11 Winkler bottles -- for dissolved oxygen determinations.

16.5.12 Balance Analytical, capable of accurately weighing to
0.0001 g.

16.5.13 Fume hood to protect the analyst from effluent or
formaldehyde fumes.

16.5.14 Glass stirring rods -- for mixing test solu~ions.
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16.5.15 Graduated cylinders -- Class A, borosilicate glass or
non-toxic plastic labware, 50-1000 mL for making test solutions.
(Note: not to be used interchangeably for game:tes or embryos and
test solutions).

16.5..16 Volumetric flasks -- Class A, borosilicate glass or non
toxic plastic labware, 10-1000 mL for making test solutio~s.

16.5.17 Pipets, automatic ,- - adj ustable, to cover a range of
delivery volumes from 0.010 to 1.000 mL.

16.5.18 Pipet bulbs and fillers -- PROPIPET@ or equivalent.

,16.5.19 Wash bottles -- for reagent water, for topping off
graduated cylinders, for rinsing small glassware and instrument
electrodes and probes.

16.5.20 Wash bottles -- for dilution water.

16.5.21 20-liter cubitainers or polycar~onate 1~ater cooler jugs
-- for making hypersaline brine.

16.5.22 Cubitainers, beakers, or similar chamb(=rs of non-toxic
composition for holding, mixing, and dispensing dilution water
and other general non-effluent, non-toxicant contact uses. These
should be clearly labeled and not used· for othelr purposes.
Strong solutions of NaOH and formaldehyde should not be held for
several month periods in Cubitainers: interaction or leaching
into solutions of 0.1 N or 1 N NaOH used for pH adjustment of
dilution water has caused poor egg fertilization; forrn~ldehyde

similarly stored has induced abberant partial mE~mbrane elevation
in eggs.

16.5.23 Beakers, 5-10 mL borosilicate glass -~ for collecting
sperm from sand dollars.

16.5.24 Beakers, 100 mL borosilicate glass -- for spawning; to
support sea urchins and to collect sea Urchin and sand dollar
eggs.

16.5.25 Beakers, 1,000 mL borosilicate glass
settling sea urchin eggs.
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16.5.26 Vortex mixer -- to mix sea-urchin semen in tubes prior
to sampling.

16.5.27 Compound microscope -- for examining gametes, counting
sperm cells (200-400x) and eggs (lOOx), and examining fertilized
eggs. Dissecting scopes are sometimes used to count eggs at a
lower magnification.

16.5.28 Counter; two unit, 0-999 -- for recording sperm and egg
counts.

16.5.29 Sedgwick-Rafter counting chamber -- for counting egg
stock and examining eggs for fertilization at the end of the
test.

16.5.30 Hemacytometers, Neubauer for counting sperm.

16.5.31 Siphon hose (3 mm i.d.) -- for removing wash water from
settled eggs.

16.5.32 Centrifuge tubes, test tubes, or vials -- for holding
semen.

16.5.33 Perforated plunger -- for maintaining homogeneous
distribution of eggs during sampling and distribution co test
tubes.

16.5.34 60 ~m NITEX® filter

16.6 REAGENTS AND SUPPLIES

for filtering receiving water.

16.6.1 Sample containers -- for sample shipment and storage (see
Section 8, Effluent and Receiving Water Sampling, and Sample
Handling, and Sample Preparation for Toxicity Tests) . .

16.6.2 Data sheets (one set per test)
Figures 1 and 2) .

for data recording (see

16.6.3 Tape, colored -- for labelling test chambers a~d

containers.

16.6.4 Markers, water-proof -- for marking containers, etc.
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16.6.5 Parafilm .-- to cover graduated cylinders,a~d vessel$
containing gametes. '

16.6. 6 Glove~, gisposable.
contaminat;i.on.

for personal prot,ection f,rom

'16.6.7 Pipets, serological -- 1-10 mL, graduatl~d"

16.6. 8 ~ipe:t tips, ,- -. fQr automatid pipets. No1~: pipet tips for
handling semen should be cut off to· produce an 6pening about 1 mm
in diameter; pipet tips 'for handling eggs should be cut off to
produce an opening about 2·· mm.. in. diameter. This is necessary to
provide smooth .. flow, of 1:he .viscous semen, accurate samplj.ng of.
eggs, and to prevent injury to eggs passing through a restricted
opening. A clean razor blade can be used to trim pipet tips.

16.6.9 Coverslips -- for microscope slides.

16 ~ 6 .10 Lens paper - - for cleaning microscope optics.':'"

16.6,,11 Laboratory tissue wipes - - for cleaning: and drying
electrodes, microscope slides, 'etc.

16.6.12 Disposable countertop covering for protection of work
surfaces and. miniplizing spills and. contamination..

16.6.13 pH buffers 4, 7, and 10 (or as per instructions of
instrum~nt.manUfacturer) -- ·for standards and.calibration check·
(see USEPA Method 150.1, USEPA, 1979).

16.6.14 Membranes and filling solutions '-- for dissolved oxygen
probe .(see USEP,A Metho<;:i 360.• 1,- U:SEPA, 1979), or reagents for
modified Winkler analysis. .

16.6.15 Laboratory quality assurance samples and standards
for the abov~ methods.

16.6.16 Test chambers -- test tubes, borosilicate glass, 16 x
100 mm or 16 x 125 mm, .with :caps f.or conducting the test ~ four
chambers per concentration.
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Figure 1. Sample data sheet for spawning record.

Animal
NQ.

1

2

3

4

5

6

7

8

9

10

11

12

Time
Injected Spawn Comments

Pooled eggs from female nos.

Pooled ( mL) of sperm each from male nos.
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Figure 2. Sample data sheet for egg and sperm counts.

EGG COUNTS

Sample Dilution Count Eg9s / mL

For 100 mL egg suspension at 2,240 eggs/mL use:

100 mL x 2,240 eggs/mL / {counted eggs/mL) '=. mLdfegg s.tock

224,000 eggs / eggs/mL = mL

If required stock >100 mL, concentrate egg stock by settling the
eggs and decanting off sufficient overlying water to retain:

SPERM COUNTS -

Sample

SPERM/mL

eggs/mL / ~,240 eggs/mL) x 100 =

Dilution ~ Squares

<nIL, FACT,) (COUNT) (4,000) (l000)

(NO. SQUARES COUNTED)
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16.6.~7 Formaldehyde, ~O%, in seawater -- for preserving eggs.
Note: formaldehyde has been identified as a carcinogen and is
irritating to skin and mucous membranes. r't should not be used
at a concentration higher than necessary to achieve morphological
preservation of larvae for counting and only under conditions of
maximal ventilation and minimal opportunity for volatilization
into room air~

16.6.~8

~6.6.~3

~6.6.~9

seawater
counts.

Glutaraldehyde, 1% in seawater -- for preserving eggs.

pH buffers 4, 7, and 10 (or as per instructions of
Acetic acid, ~O%, reagent grade, in filtered (~O~)

-- for preparing killed sperm dilutions for sperm

~6.6.20 Haemo-Sol or equivalent cleaner -- for cleaning
hemacytometer and cover slips.

~6.6.2~ 0.5 M KCl solution -- for inducing spawning.

~6.6.22 Syringe, disposable, 3 or 5 mL-- for injectiI1;g KCl into
sea urchins and sand dollars to.induce spawning.

~6.6.23 Needles, 25 gauge --' for injecting KCl.

~6.6.24 Pasteur pipets and bulps -- for.sampling eggs from
spawning beakers.

~6.6.25 Hematocrit capillary tubes -- for sampling sperm for
examination and for loading hemacytometers.

~6.6.26 Microscope well-slides -- for pre-test assessment of
sperm activity and egg condition.

16.6.27 Reference toxicant solutions (see 16.10.2.4 and Section
4, Quality Assurance) .

16.6.28 Reagent water -- defined as distilled or deionized water
that does not contain substances which are toxic to the test
organisms (see Section 5, Facilities, .Equipment, and Supplies and
Section 7, Dilution Water) .

398

RB-AR25382



16.6.29 Effluent and receiving, water -- see Section 8,· Effluent
and Surface Water Sampling, and Sample Handling, and Sample
Preparation for Toxicity Tests.

16.6.30 Dilution water and hypersaline brine·-- see Section 7,'
Dilution Water and Section 16.6.24, Hypersaline :Brines. The
dilution water should be uncontaminated 1-J.Lm-filtered .natural
seawater. Hypersaline brine should be prepared from dilution
water.

16.6.31 HYPERSALINE BRINES

16.6.31.1 Most industrial and sewage treatment effluents
entering marine and estuarine systems have littH: measurable
salinity. Exposure of larvae to these effluentsiwill usually
require increasing the salinity of the test solu·tions .. It is
important to maintain an essentially constant salinity across all
treatments. In some applications it may be desirable to match
the test salinity with that of the receiving wat~r (See Section
7.1). Two salt sources are available to.adjust salinities -
artificial sea salts and hypersaline brine (HSB) derived from
natural seawater. Use of artificial sea salts is necessary only
when high effluent concentrations preclude salinity adjustment by
HSB alone.

16.6.31.2 Hypersaline brine (HSB) can be made by concentrating .'
natural seawater by freezing or evaporation. HS13 should be made
from high quality, filtered seawater, and can be added to the
effluent or to reagent water to increase sali,nity .. · HSB has
several desirable characteristics for use in effluent to~icity

testing. Brine derived from natural seawater contains the
necessary trace· metals, biogenic colloids, and s()me of the

. .

microbial components necessary for adequate growth, survival,
and/or reproduction of marine and estuarine organisms, and it can
be stored for prolonged periods without any apparent degradation.
However, even if the maximum salinity HSB (100~) ,is used as a
diluent, the maximum concentration of effluent «()~) that can be
tested is 66% effluent at 34~ salinity (see Table 1).

16.6.31.3 High quality (and preferably high salinity) sea·water
should be filtered to at least 10 J.Lm before placiJ;1g into che
freezer or the brine generator. Water should be~collected on an
incoming tide to minimize the possibility of contamination.
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~6.6.3~.4 Freeze Preparation of Brine

~6.6.3~.4.~ A convenient container for making HSB by freezing is
one that has a bottom drain. One liter ,of brine can be made from
four liters of seawater .. Brine may be collected.by partially
freezing seawater at -10 to -20°C until the rem~ining liquid has
reached the target salinity. Freeze for.approximately six' hours,
then separate the ice (composed mainly of freshwater) from the
remaining liquid (which has now become hypersaline) .

~6.6.31.4.2 It is preferable to monitor the water until the
target salinity is achieved rather than allowing total freezing
followed by partial thawing. Bri~e salinity should never exceed
~OO~•. It is advisable not to exceed abo~t 70~ brine salinity
unless it is necessary to test effluent concentrations greater
than 50%.

~6.6.3~.4.3 After the required salinity is attained, the HSB
should be filtered through a 1 ~m filter and poured directly into
portable containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity'and the date the brine
was generated. Containers of HSB should be stored in the dark at
4°C (even room temperature has been acceptable). HSB i~ usually
of acceptable quality even after several months in storage.
~6.6.32.5 Heat Preparation of Brine

~6.6.3~.5.1 The ideal container for making brine using heat
assisted evaporation of natural seawater·is one that (1) has a
high surface to volume ratio, (2) is made of a non-corrosive
material, and (3) is easily cleaned (fiberglass containers are
ideal). Special care should be used to prevent any toxic
materials from coming in contact with the seaw~ter being used to
generate the brine. If a heater is immersed directly into the
seawater, ensure that the heater materials do not corrode or
leach any substances that would contaminqte the brine. One
successful method is to use a thermostatically controlled heat
exchanger made from fiberglass. If aeration is applied, use only
oil-free air compressors to prevent contamination.

~6.6.3~.5.2 Before adding seawater to the brine generator,
thoroughly clean the generator, aeration supply tube, heater, and
any other materials that will be in direct contact with the

400

RB-AR25384



brine. A good quality biodegradable det~rgent should'be used,
followed by several (at least three) thorough reagent water
rinses.

16.6.31.5.3 Seawater should be filtered to at IE~ast- 10 Jlm be'fore
being put into the brine generator. The temperatmre of the
seawater is increased slowly to 40°C. The water should be
aerated to prevent temperature stratification' and to .increase
water evaporation. The brine should be checked daily (depending
on the volume being generated) to ensure that the salinity does
not exceed 100%0 and that the temperature does not, exceed 4QoC.
Additional seawater may be added to the brine to obtain the
volume of brine required.

16.6.31. 5.4 After the reql.lired s~linity is attained, the HSB
should be filtered through a 1 Jlm filter-and poured directly into
portable containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine st()rage cOI.ltainers should
ge capped and labelled with the salinity and 'the date the brine
was generated. Containers of HSB should be stOrE~d in tp.e dark at
4°C (even room temperature has been acceptable). HSB is usually
of acceptable quality even after several months in storage.

16.6.31.6 Artificial Sea Salts

16.6.31.6.1 No data from sea urchin or sand do~lar fertilization
tests using sea salts are available for evaluation at this time,
and their use- should be considered provisional. The use of GP2
artificial seawater '(Table 2) has been found to provide control
fertilization equal to that of natural s~awater..

16.6.31.6.2 The GP2 reagent grade chemicals (Table 2) should, he
mixed with deionized (DI) water or its equivalen1: in a -single
batch, never by test concentration or replicate.' The reagent'
water used for hydration should be between 21-26"C. The
artificial seawater must be conditioned (aerated) for 24 h before
use as the testing medium. If the solution is to beautoclaved,
sodium bicarbonate is added after the' solution'has cooled. A
stock solution of sodium bicarbonate is made up by'~issolving

33.6 g NaHC03 in 500 mL of reagent wate:r:. :Add 2.15 mL o~ this
stock solution for each liter of the,GP2 artificial seawater.

16.6.31.7 Dilution Water Preparation from Brine

4;01

RB-AR25385



~6.6.3~.7.~ Although salinity adjustmen~ with brine is the
preferred method, the use of high salinity brines and/or reagent
water has sometimes been associated with discernible adverse
effects on test organisms. For this reason, it is recommended
that only the minimum necessary volume of brine and reagent water
be used to offset the low salinity of the effluent, and that
brine controls be included in the 'test. The remaining dllution
water should be natural seawater. Salinity may be adjusted in
one of two ways. First, the salinity of the highest 'effluent

test concentration may be adjusted to an acceptable salinity, and
then serially diluted. Alternatively, each effluept
concentration can be prepared individually with appropriate
volumes of effluent and brine.

~6.6.3~.7.2 When HSB and reagent water are used, thoroughly mix
together the reagent water and HSB before mixing in the effluent.
Divide the salinity of the HSB by the expected test salinity to
determine the proportion of reagent water to brine. For example,
if the salinity of the brine is ~oo~ and the test is to be
conducted at 34§o, ~oo~ divided by 34~ = 2.94. rhu!3,the
proportion is one part brine plus'1.94 parts reagent: water). To
make ~ L of dilu~ion water at 34§o salini~y from a HSB of 100~,

340 mL of brine and 660 mL of reagent water are. required. Verify
the salinity of the resulting mixture using a refractometer.

~6.6.3~.8 Test Solution Salinity Adjustment

~6. 6. 3~. 8. ~ Table 3 illustrat.es the preparation of test
solutions (up to 50% effluent) at 34~ by combining effluent,·
HSB, and dilution water. Note: if the highest effluent
concentration does not exceed 50% effluent, it is convenient to
prepare brine so that the sum of the ef.fluent salinity .and brine
salinity equals 68§oj the required brine vol~me is then always
equal to the effluent volume needed for each effluent
concentration as in the example in Table 3.

~6.6.3~.8.2 Check the pH of all brine mixtures and adjust to
within 0.2 units of dilution water pH by adding, dropwise, dilute
hydrochloric acid or sodium hydroxide.
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TABLE 1. MAXIMUM EFFLUENT CONCENTRATION (%) THAT CAN BE TESTED
AT. 34%0 WITHOUT THE ADDITION OF DRY SALTS GIVEN THE
INDICATED EFFLUENT AND BRINE SALINITIES.

Effluent Brine Brine Brine Brine Brine

Salinity 60 70 80 90 100'
%0 %0 %0 %0 %0 %0

0 43.33 51.43 57.50. 62.22 66.00

1 44.07 52.17 58.23 62.92 66.67

2 44.83 52.94 58.97 63.64 . 67.35

3 45.61 53.'73 59.74 64.37 . 68.0.4
,

4 46.43 54.55 60.53 65.12 . 68.75

5 47.27 55.38 61.33 65.88 69.4.7

10 52.00 60.00 65.71 70.00 73.33

15 57.78 ; 65.45 70.77 74. 67 ~ 77.65

20 65.00 72.00 76.67 ,80.00 82.50

25 74.29 80.00 83.64 86.15 88.00
:

16.6.31.8.3 To calculate the amount' of 'brine to add to each
effluent dilution, 'determine the following quan1:it'ies: salinity
of the brine (SB, in %0), the salinity of th.e effluent (SE, in
%0), and volume of the effluent to be added (VE.~ in mL') • Then
use the following formula to calculate the volurneof brine (VB',
inmL) to be added:

VB = VB x (34 - SE) / (SB -. 3~t)

16.6.31.8.4 This calculation assumes'that dilution water
salinity is 34 ± 2%0.

16.6.31.9 Preparing Test Solutions
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TABLE 2. 'REAGENT GRADE CHEMICALS USED IN THE PREPARATION OF GP2
~TIFIG~AL pE~WATER FOR THE PURPLE URCHIN
STRONGYLOCENTROTUS PURPURATUS, AND SAND DOLLAR
DENDRASTER EXCENTRICUS TOXICITYTEST1 ,2

Compound Concentration
(giL)

Amount (g)
Required for
20 L

NaCl 23.90

Na2S04 4.00

KCl 0.698

KBr 0.100

Na2B40 7 • 10 H2O 0.039

MgCl2 • 6 H2O 10.80

CaCl2 • 2 H2O 1.50

SrCl2 • 6 H2O 0.025

NaHC03 0.193

478.0

80.0

13.96

2.00

0.78

216.0

30.0

0.490

3.86

lModified GP2 from Spotte et al. (1984)
2The constituent salts and concentrations were taken from USEPA
(1990b). The salinity is 34.0 giL.

16.6.31.9.1 Five mL of test solution are needed for each test
chamber. To prepare test solutions at low effluent
concentrations «6~), effluents may be added. directly to dilution
water. For example; to prepare 1~ effluent, add 1.0 mL of
effluent 'to a 100-mL volumetric flask using a volumetric pipet or
calibrated automatic pipet. Fill the volumetric flask to the
100-mL mark with dilution water, stopper it, and shake "to mix.
Pour into a (150-250 mL) beaker and stir. Distribute equal
volumes into the replicate test chambers. The remaining test
solution can be used for chemistry.

16.6.31.9.2 To prepare a test solution at higher effluent
concentrations, hypersaline brine must usually be used. For
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example, to prepare 40% effluent, add 400 mL of :effluent to a 1-,
liter volumetric flask.' 'Then, assuming an effluent salinity of
2%0 and a brine salinity of 66%0, add 400 mL of brine (see,
equation above and Table 3) and top off the flask with dilution
water. Stopper the flask and shake well. Pour into a (100-250
mL) beaker and stir. Distribute equal volumes i.nto the replicate
test chambers. The remaining test solution can ,be used for '
chemistry.

16.6.31.10 Brine Controls

16.6.31.10.1 Use brine controls in all tests, where brine is
used. Brine controls contain the same volume of; brine as does
the highest effluent concentration using brine, plus the volume
of reagent water needed to reproduce the hyposalinity of the
effluent in the highest concentration, plus dilultion water.
Calculate the amount of reagent water to add to ,brine controls by,
rearranging the above equation, (See, 16. 6 . 33 . 8 .! 3) set t ing SE =

! '

0, and solving for VE.

VE = VB x (SB - 34)/(34 - SE:)

If effluent salinity is essentially 0%'0, the reag'ent wat'er volume
needed in the brine control will equal the effluent volume at the
highest test concentration. However, as effluent salinity and
effluent concentration increase, less reagent watervolti.me'is"'"
needed.

16.6.32 TEST ORGANISMS, PURPLE URCHINS

16.6.32.1 Sea Urchins, Strongylocentrotus purpuratus
(approximately 6, of each sex per test).

16.6.32.2 Adult sea urchins (Strongylocentrotus purpuratus) can
be obtained from commercial suppliers or'collectedfrom
uncontaminated intertidal or subtidal areas. State collection
permits are usually required for collection of sea urchins and,
collection is prohibited or restricted in ,some areas. The,
animals are best transported "dry," surrounded either by'moist
seaweed or paper towels dampened with seawater. Animals should
be kept at approximately their collect,ion or cul~ture temperature
to prevent thermal shock which can prematurely induce spawning.
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TABLE 3. EXAMPLES OF EFFLUENT DILUTION SHOWING> VOLUMES OF
EFFLUENT (AT X~), BRINE, AND DILUTION WATER ~EEDED FOR
ONE LITER OF EACH TEST SOLUTION.

FIRST STEP:
to achieve a
for dilution

Combine brine with reagent water or natural
brine of 68-x~ and, unless natural seawater
water, also a brine-based dilution water of

seawater
is used
34~.

SERIAL DILUTION:
Step 1. Prepare the highest effluent concentration to be tested by adding
equal volumes of efflue~t and brine to the appropriate volume of dilution
water. An example using 40%' is shown.

, Effluent Cone. Effluent xg;, Brine (68- Dilution Water'll"
(%) x)g;, 34g;,

, .. ..
40 800 mL 800 mL 400 tT\L

Step 2. Use either serially prepared dilutions of the highest test
concentration or individual dilutions of lClO%' effluent.

Effluent Cone. (%') . Effluent.Source Dilution, Water-* (34g;,)

20 1000 mL of 40%' 1000 mL
..

I
10 1000 mL of 20%' 1000 mL

I 5 1000 mL of 10%' 1000 dmL ' "

., ,

I 2.5 1000 mL of 5%' 1000 mL

Control none 1000 mL

INDIVIDUAL PREPARATION'

Effluent Cone. Effluent xg;, Brine (68-x)t. Dilution Water*
(%) >, 34g;,

,>
40 400 mL 400 mL 20Cl mL

>'
20 200 mL 200 mL 6,00 mL

10 100 mL 100 mL .. 800 mL ....

i

5 50 mL 50 mL .. 900 mL

2.5 25 mL " 25 mL .." 950 'mL

Control none none 1000 mL

*May be natural seawater or brine-reagent water equivalent.
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16.6.32.3 The adult sea urchins are maintained in glass aquaria
or fiberglass tanks. ,The tanks are supplied ,continuously
(approximately 5 L/min) with filtered natural seawater, or salt
water prepared from commericial sea salts is recirculated. The
anitllals are checked daily and any obviously unhealthy animals are
discarded.

16.6.32.4 Although ambient temperature seawater is usually
acceptable, maintaining sea urchins in spawning condition usually
requires holding at a relatively constant temperature. The
culture unit should be capa~le of maintaining a constant
temperature between 10 and ,~4°C, with a water teI~perature control
device.

16.6.32.5 Food for sea urchins -- kelp, 'recommended, but not
necessarily limited, to, Laminaria sp., HedophylJum sp.,
Nereocystis sp., Macrocystis sp., Egregia sp., ,Alaria sp. or
romaine lettuce. The kelp should b~ gathered frbm known,
uncontaminated zonesbr' ,obtained from commerical supply house's
whose kelp com~s from known uIicqntaminated,areas, or romaine
lettuce. Fresh food ,is introduced into the tan~s at least
several times a week. ' Sun dried (12-24 hours) or oven dried

. (60°C overnight) kelp, stores well at room temperature or frozen,
rehydrates well and is adequate to maintain sea' urchins for long
periods. Decaying food and fecal pellets are removed as
necessary to prevent fouling.

16.6.32.6 Natural seawater (>30%0) 'is used to maintain the adult
animals. and (~32%o) as a <;::ontrQI,water in ,the tests,.

16.6.32.7 Adult male and female (if sexes known) animals used in
field studies are transported in separate or partitioned
insulated boxes or coolers' packed with wet kelp or paper

,toweling. Upon arrival at the,;Eield site, aquaria (or a single
partitioned aquarium) are filled with control water, loosely
,covered with a styrofoam sheet and allowed to equilibrate to the
holding'temperature before, animals are added. ~ealthy animals
will attach ,to the kelp or, aquarium within hour:s.

16.6.32.8 To successfully maintain about 25 adult animals for
seven days at a field site, 40-L glass aquaria. using aerated,
recirculating, clean saline water (32%0) and a gravel bed
filtration system, are housed within a water bath, such as an
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INSTANT OCEANR Aquarium. 'The sexes should be held separately if
possible.

~6.6.33 TEST ORGANISMS, SAND DOLLARS

~6.6.33.~ Sand Dollars, Dendraster excentricus, (approximately 6
of each sex per test) .

~6.6.33.2 Adult sand dollars (Dendraster excentricus) can be
obtained from commercial suppliers or collected from subtidal
zones (most areas) or from intertidal zones of some sheltered
waters (e.g., Puget Sound). State collection permits may be
required for collection of sand dollars and collection prohibited
or restricted in some areas. The animals are best transported
"dry,1t surJ;ounded either by moist seaweed or paper towels
dampened with seawater. Animals should be kept at approximately
their collection or culture temperature to prevent thermal shock
which can prematurely induce spawning.

~6.6.33.3 The adult sand dollars are maintained in glass aquaria
or fiberglass tanks. The tanks are supplied continuously
(approximately 5 L/min) with filtered natural seawater, or
saltwater prepared from commercial sea s~lts is recirculated.
The animals are checked daily and any obviously unhealthy animals
are discarded. For longer periods than a few days, several
centimeters or more of a sand substrate may be desirable.

~6.6.33.4 Although ambient temperature seawater'is usually
acceptable, maintaining sand dollars in spawning condition
usually requires holding at a relatively constant temperature.
The culture unit should be capable of maintaining a constant
temperature between 8 and 12°C with a water temperature coptrol
device.

16.6.33.5 Sand dollars will feed on suspended or benthic
materials such as phytoplankton, benthic diatoms, etc. No
reports of laboratory populations being maintained in spawning
condition over several years are known. ·It is probably most
convenient to obtain sand dollars, use them, and then discard
them after they cease to produce good quality gametes.

~6.6.33.6 Natural seawater (>30~) is used to maintain the adult
animals and (~32~) as a control water in the tests.
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16.6.33.7 Adult male and female (if sexes known) animals used in
field studies are transported in separate or partitioned
insulated boxes or coolers packed with wet kelp or paper
toweling. Upon arrival at the field site, trays or aquaria (or a
single partitioned aquarium) are filled with cont.rol water,
loosely covered with a styrofoam sheet and allowed to equilibrate
to the holding temperature before animals are addled.

16.7 EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION AND
STORAGE

16.7.1 Section 8, Effluent and Receiving Water Siampling and
Sample Handling, and Sampling Preparation for Tmdcity Tests.

16.8 CALIBRATION AND STANDARDIZATION

16.8.1 See Section 4, Quality Assurance:

16.9 QUALITY CONTROL

16.9.1 See Section 4, Quality Assurance.

16.10 TEST PROCEDURES

16.10.1 TEST DESIGN

16.10.1.1 The test consists of at least four effluent
concentrations plus a dilution water control. Tests that use
brine to adjust salinity must also contain four replicates of a
brine control. In addition, four extra controls iare prepared for
egg controls.

16.10.1.2 Effluent concentrations are expressed as percent
effluent.

16.10.2 TEST SOLUTIONS

16.10.2.1 Receivin~ waters

16.10.2.1.1
of t,he test.
collected at
with samples

The .sampling point is determined by the objectives
At estuarine and marine sites, samples ar.e usually

mid-depth. Receiving water toxicity is determined
used directly as collected or with samples passed
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through a 60 p.m NITEX@ filter and compared without dilution,
against a control. Using four replicate chambers per test, each
containing 5 mL, and 400 mL for chemical analysis, would require
approximately 420 mL or more of sample per test.

~6.~0.2.2 Effluents

~6.~0.2.2.~ The selection of the effluent test concentrations
should be based on the objectives of the study. A dilution
factor of at least 0.5 is commonly used. A dilution factor of
0.5 provides hypothesis test discrimination of ± 100%, and
testing of a 16 fold range of concentrations. Hypothesis test
discrimination shows little improvement as dilution factors are
increased beyond 0.5 and declines rapidly if smaller dilution
factors are used. USEPA recommends that one of the five effluent
treatments must be a concentration of effluent mixed with
dilution water which corresponds to the permittee's instream
waste concentration (INC). At least two.of the effluent
treatments must be of lesser effluent concentration than the IWC,
with one being at least one-half the concentration of the IWC.
If ~OO~ HSB is used as a diluent, the maximum concentration of
effluent that can be tested will be 66% at 34~ salinity.

16.10.2.2.2 If the effluent is known or suspected to be highly
toxic, a lower range of effluent concentrations should be used
(such as 25%, 12.5%, 6.25%, 3.12% and 1.56%).

~6.~0.2.2.3 The volume in each test chamber is 5 mL.

~6.10.2.2.4 Effluent dilutions should be prepared for all
replicates in each treatment in one container to minimize.
variability among the replicates. Dispense into the appropriate
effluent test chambers.

~6.~0.2.3 Dilution Water

~6.10.2.3.1 Dilution water should be uncontaminated 1-p.m
filtered natural seawater, or hypersaline brine prepared from
uncontaminated natural seawater plus reagent water; or sea salts
(see Section 7, Dilution Water). Natural seawater may be
uncontaminated receiving water. This water is used in all
dilution steps and as ·the control water.
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16.10.2.4 Reference Toxicant Test

16.10.2.4.1 Reference toxicant tests should be conducted as
described in Quality Assurance (see Section 4.7).

16.10.2.4.2 The preferred reference toxicant for sea.uchins and
sand dollar is copper chloride (CuCI2oH20). RefE~rence toxicant
tests provide an indication o'f the sensitivity of the t'est
organisms and the suitability of the testing laboratory (see
Section 4 Quality Assurance). Another tox~cant ~may be specified
by the appropriate regulatory agency. Prepare a copper reference
toxicant stock solution (2,000 mg/L) by adding 5.366 9 of copper
chloride (CuC12 02H20) to 1 liter of reagent water. For each
reference toxicant test prepare a copper sub-stock of 3 mg/L by'
diluting 1.5 mL of stock to one liter with reagent water.
Alternatively, certified standard solutions can be ordered from
commercial companies.

16.10.2;4.3 Prepare a control (0 ~g/L) plus fou~ replicates each
of at least five cOI1:secutive copper reference tOfCicantsolutions
(e.g., from the series 3.0, 4.4,·6.5, 9.5, 13.9, 20.4, and 30.0
~g/L, by adding 0.10, 0.15, 0.22, 0.32, 0.46, 0.?8, and 1.00mL
of .sub-stock solution, respectively, to 100-L volumetric flasks
and filling tb 100-mL with dilution water). Start with control
solutions and progress to the highest concentratlon to minimize
contamination.

16.10.2.4.4 If the effluent and reference toxicant tests are to
be run concurrently, then the tests must use embryos from the
same spawn. The tests must be handled in the same way 'and test
solutions delivered to the test chambers at the same time.
Reference toxicant tests must be conducted at 34± 2~.

16.10.3 COLLECTION OF GAMETES FOR THE TEST

16.10.3.1 Spawning Induction

16 .10 ~ 3.1.1 Pour seawater into 100 mL beakersaIld place in 12°C
bath or room. Allow to come to temperature. Select a sufficient
number of sea urchins or sand dollars {based UpOIl recent or past
spawning success} so that three of each ~ex areJ,ikely to provide
gametes of acceptable quantity. and quality for the test .. During'
optimal spawning periods this may only require si.x animals, three
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of each sex, when the. sexes are known from prior spawning.
During other periods, especially if the sex is not known, many
more animals may be required.

~6.~0.3.~.2 Care should be exercised when removing sea urchins
from holding tanks so that damage to tube,-feet is minimized.
Following removal, sea urchins should be placed into a container
lined with seawater-moistened paper towels to prevent
reattachment.

~6.~0.3.1.3 Place each sand dollar, oral side up, on a 100 mL
beaker filled with 12°C seawater or each sea urchin onto a clean
tray covered with several layers of seawater moistened paper
towels.

~6.~0.3.~.4 Handle sexes separately once known; this minimizes
the chance of accidental egg fertilization. ~hroughout the test
process, it is best if a different worker, different pipets, etc.
are used for males (semen) and females (eggs). Frequent washing
of hands is a good practice.

~6.~0.3.~.5 Fill a 3 or 5 mL syringe with 0.5 M KCI and inject
0.5 mL through the soft periostomal membrane of each sea urchin
(See Figure 3) or into the oral opening each sand dollar. If
sexes are known, use a separate needle for each sex. If sexes
are not known, rinse the needle with hot tap water between each
injection. This will avoid the accidental injection. of sperm
from males into females. Note the time of injection (sample data
sheet, Figure 1) .

~6.~0.3.~.6 Spawning of sea urchins is sometimes induced by
holding the injected sea urchin and gently shaking or swirling it
for several seconds.' This may provide an additional physical
stimulus, or may aid in distributingthe.injected KCI.

~6.~0.3.~.7 Place the sea urchins onto the beakers or tray (oral
side down). Place the sand dollars onto the beakers (oral side
up). Females will release orange (sea urchins) or purple (sand
dollars) eggs and males will release cream-colored semen.
~6.~0.3.~.8 As gametes begin to be shed, note the time on the
data sheet and separate the sexes. Plac~ male sand dollars with
the oral side up atop a small (5-10 mL) glass beaker filled with
~2°C seawater. Leave spawning sea urchin males on tray or beaker
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(oral side down) for semen collection. Female sand dollars and
sea urchins are left to shed eggs into the 100-mL' beakers.

16.10.3.1.9 If sufficient quantities of gametes are available,
only collect gametes for the first 15 min after each animal
starts releasing. This helps to insure good quality gametes.
As a general guideline, do not' collect gametes from any
individual for more than 30 minutes after the first injection.
16.10.3.1.10 If no spawning occurs after 5 or 10 minut·es, a
second 0.5 mL injection maybe tried. If animals do not produce
sufficient gametes following injection of 1.0 mL of KCl, they
should probably not be reinjected as this seldom results in
acquisition of good quality gametes and may result in mortality
of adult urchins.

16.10.3.1.11 Collect the undiluted semen from each male sea
urchin, using a 0.1 mL automatic pipet. Store the sperm from
each male in a separate, labelled, conical, glas~ centrifuge
tube, covered with a cap or parafilm, on ice. Ai~ exposure of
semen may alter its pH through gas exchange and reduce the
viability of the sperm. Note: undiluted·semen from
Strongylocentrotus purpuratus typically contains 'about 4 x 1010

sperm/mL.

16.10.3.1.12 Sections 15.10.4.2 and 15.10.6.4 de'scribe
collection and dilution of the sperm and eggs. Wpile some of. the
gamete handling needs to be in a specific. order, parts of th~

procedure can be done simultaneously whi~e waiting for gametes to
settle.

16.10.3.2 Collection of Sperm'

16.10.3.2.1 Sea urchin semen should be collected dry (directly
from the surface of the sea urchin), using either, a Pasteur
pipette or a 0.1 mL autopipette with the end of the tip cut off
so that the opening is at least 2 mm. Pipette se~en from each
male into separate 1-15 mL conical test tubes, stbred in an ice
water bath.

16.10.3.3 Viability of Sperm

16.10.3.3.1 Early in the spawning process, place a very small
amount of sperm from each male sea urchin or sand dollar into
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16.10.4.2

dilution water on a microscope slide (well slides work nicely) .
Examine the sperm for motilitYi use sperm from males wi'th high
sperm motility. It is more important to use high quality sperm
than it is to use a pooled population of sperm.

16.10.3.4 Pooling of Sperm

16.10.3.4.1 Pool equal quantities of semen from each o~ the sea
urchin males that has been deemed good. If possible, ~.02S mL
should be pooled from each of those used and a total of. at least
0.05 mL of pooled semen should be available. Sperm collected
from good male sand dollars should be pooled after first
decanting off the overlying water (the final sand dollar sperm
density usually is between 2x10 9 and 2x1010 sperm!mL) ;

16.10.3.5 Storage of Sperm

16.10.3.5.1 Cover each test tube or beaker with a cap or
parafilm, as air exposure of semen may alter its pH through gas
exchange and reduce the viability 'of the sperm. Keep sperm
covered and on ice or refrigerated «SOC),. The sperm should be
used in a toxicity test within 4'h of co~lection.

16.10.4 PREPARATION OF EGG SUSPENSION FOR USE IN THE TEST

16.10.4.1 Acceptability of Eggs

16.10.4.1.1 Prior to pooling, a small sample of the eggs from
each female should be examined for the presence of significant
quantities of poor eggs (vacuolated, smail, or irregularly
shaped) and mixed with good sperm to determine extent of
fertilization. If good quality eggs are available from one or
more females, questionable eggs should not be used for the test.
It is more important to use high quality eggs than it is to use a
pooled population of eggs.

Pooling of Eggs

16.10.4.2.1
Decant some
not to pour
1 L beaker,
water. The

Allow eggs to settle in the collection be~kers.

of the water from the collection beakers taking care
off many eggs. The sea urchin eggs are pooled into a
and the volume brought to 600 mL with 12°C dilution
eggs are suspended by swirling and the eggs allowed
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to settle for 15 minutes at 12°C. About 500 mL of the overlying
water are siphoned off, the volume brought back to 600 mL with
more 12°C dilution water, and the eggs resuspended and allowed to
settle for a second 15 minute period.. . After aga:in siphoning off
the overlying 500 mL, the rinsed eggs are gently transferred to
either a 100 or a 250 mL graduated cylinder and brought to volume
with 12°C dilution water. Eggs are stored at 12°C throughout the
pre -,test period.

16.10.4.2.2 Pooled sand dollar eggs should be treated gently and
no additional rinsing step is recommended. Mix well once just
before subsampling for egg stock calculations. This is best done.
in a large graduated cylinder appropriate for the number of eggs
available. Cover with parafilm and. invert gently several times.

16.10.4.3 Density of Eggs

16.10.4.3.1 Subsamples of the egg stock are then taken for
determining egg density. Place 9 mL of dilution water 'in each of
two 22 mL liquid scintillation vials.. . Label A and B. -Place 1 mL
of well~mixed egg stock intovial.A. Mix well. (The remaining
egg stock is covered with parafilm and stored at' 12°C.). Transfer.
1 mL of egg suspension from vial A to vial B. Mix contents of
vial B and transfer 1 mL of egg suspension B into a Sedgewick
Rafter counting chamber. Count eggs under a compound microscope.
If count is <30, count a 1 mL sample from vial A (see sample data
sheet, Figure 2) .

16.10.4.3.2 Prepare 100 mL of egg stock.in dilu~ionwater at the
final target concentration of 2,240 eggs/mL(224,000 eggs' in .100
mL). If the egg stock is >2,240 eggs/mL'(A >224,or B >30
eggs/mL), dilute the egg stock by transferring:

224,000 eggs / ____~D eggs/mL = mL

of well-mixed egg stock to a 100 mL graduated cylinder and bring
the total volume to 100 mL with dilution water where:

D.= (Count A) x io or (Count B) x 100.

If the egg stock is <2,240 eggs/mL (A <224 eggs/dIL), co'ncentrate
the eggs by allowing them to settle and then decant enough water
to retain the following percent of the original volume:
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D eggs/mL / 2,240) x 100 = % volume.

16.10.4.3.3 Check the egg stock density.' Place 9 mL of dilution
water into a 22 mL scintillation vial; add 1 mL of the final egg
stock. Mix well and transfer 1 mL into a Sedgewick-Rafter
counting chamber. The egg count should be between 200 'and 245.
Adjust egg stock volume and recheck counts if necessary to obtain
counts within this range. Because some eggs (especially sand
dollar eggs) may be sensitive to handling, it is advisable to
separately prepare egg stocks for the fertilization trial and the
definitive test (but use the same pooled batch of eggs) .

16.10.5 PREPARATION OF SPERM DILUTION FOR USE IN THE ('OPTIONAL)
TRIAL FOR ESTIMATING APPROPRIATE SPERM DENSITY FOR TEST

16.10.5.1 A trial fertilization is recommended to reduce the
likelihood of a failed test due to inadequate control
fertilization or exceeding the maximum acceptable sperm density.
However, two other alternative approaches are acceptable:

1) Conduct the test at a low enough sperm density that
oversperming does not create test insensitivity. This
can be met by using a confirmed sperm stock density of
~5.6x106/mL (this is equivalent to a sperm:egg ratio of
~500:1 at 200 eggs/mL); or

2) Conduct the test, but include two extra ~ets of
controls, one set receiving only 0.050 mL of the sperm
stock and the other receiving 0.2 mL of the sperm
stock. The control fertilization in the 0.050 mL sperm
stock controls must be at least 5% lower than that in
the 0.2 mL sperm stock controls or the test is
unacceptable. Confirm that the sperm stock density did
not exceed the maximum acceptable density of 3.36 x 107

sperm/mL.

16.10.5.2 Fertilization trial is conducted to determine the
sperm density that will provide about 80-100 percent control egg
fertilization while avoiding significant, ,"oversperming" that can
reduce test sensitivity. Although usually expressed as a
sperm:egg ratio (e.g., 1,000:1), because egg density is held
constant at 200/mL, the sperm:egg ratio is also a measure of '
sperm density.
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16.10.5.3. It is unacceptable to conduct a definitive toxicity
test if the sperm:egg ratio exceeds 3,000:1. This is a cut-off
based on gradual loss of test sensitivity at higher sperm
densities, even in cases where control fertilization is
considerably below 100 percent.

16.10.5.4 It is unnecessary to conduct trials for definitive
toxicity tests at sperm:egg ratios below 500:1, because this
ratio should never cause significant "oversperming."

16.10.5.5 Sperm denE!ity of sea urchin semen or :sand dollar sperm
suspension is checked by hemocytometer counts and a replicated
series of nominal S:E ratios set up (3,000, 1288, 550, 234, and
100:1) based upon appropriate dilution calculations.

16.10.5.6 For sea urchins and sand dollars, prepare a killed
sperm preparation for determining the dilution rl=quired to obtain
a sperm stock (3.36 x 107 sperm/mL) for the maxirrmm sperm density
(6 x 105 sperm/200 eggs/mL--3,000:1) need~d for the trial. A
sperm density of about 1 x 107 is convenient to count. If the
approximate sperm density is k~own, the dilution.procedures
outlined in Table 4 can be followed without init:Lal sperm counts;
the actual trial sperm density must still be determined by
subsequent counts. For example (Table 4), if expected sperm
density is ca. 5 x 108 dilute 0.2 mL of sperm to 10 mL, if ca. 5
x 109 dilute 0.2 mL of sperm to 100 mL (or 0.025 mL of sperm to
10 mL), if ca. 5 x 1010 dilute 0.040 mL to 200 mIJ. Table 4 is
provided for guidance as a quick reference for dilution volumes
if sperm density of pooled semen is can be reasonably e~timated,

and as a check for mathematical accuracy of formula calculations
for sperm dilution.

16.10.5.7 Mix. the pooled sea urchin semen (16.10.3.8) by
agitating the centrifuge tube for about 5 seconds using a vortex
mixer. Very slowly withdraw a subsample of semen using an
automatic pipet, wipe off the outside of the pipet tip ~ith

tissue, and empty the pipet contents into an Erlenmeyer flask
containing the appropriate volume (Table 4) of a. sperm killing
solution of 1% glacial acetic acid in c:iilution Walter (e.g., 10 mL
of 10% glacial acetic acid plus 90 mL of .dilutiori water) .
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Figure 3. Showing the location and orientation used in the
injection of KCI into sea urchins to stimulate spawning.

Repeatedly rinse the residual semen from·the pipet tip by filling
and emptying until no further cloudy solution is expelled from
the pipet (this may require several dozen rinses) . Cover the
flask with parafilm and mix thoroughly by repeated inversion.

26.20.5.8 Mix the chilled suspension of pooled sand dollar sperm
(26.20.5.6) using a stirring rod. Pipet the appropriate volume
of sperm suspension (Table 4) into an Erlenmeyer flask containing
the appropriate volume (Table 4) of a sperm killing solution of
2% glacial acetic acid i~ dilution water ('e.g., 10 mL of 10%
glacial acetic acid plus 90 mL of dilution water) .

26.10.5.9 Transfer samples of well-mixed sperm suspension to both
sides of two Neubauer hemacytometers. Let the sperm settle 15
min.

16.10.5.10 Count the sperm on one hemacytometer following
procedures outlined in Appendix II. If the lower count. is at
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least 80% of the higher count use the mean count: to estimate
sperm density in semen and the required dilutioIl volume for the
test stock. If the two counts do not agree within 20%, count the
two fields on the other hemacytometer. Calculat:e the sperm
density in the semen or sperm suspension using the mean of 'all
four counts unless one count can be eliminated as an obvious
outlier.

16.10.5.11 Calculate the volume of dilution wat:er necessary to
dilute the sea urchin semen or the sand dollar sperm suspension
to the sperm density (sperm/mL)reguiredfor tp,e, sperm stock for
the trial. See Table 5 for recommended dilution procedures; it
also provides a quick reference for dilution volumes once Sperm
density of pooled semen is known, or a check for mathematical
accuracy of 'formula calculations for sperm dilution. Note: table
values for sperm densities from lxl08 to 9xl0 9 'a~e for volume
(mL) of sperm stock for total volume of 100 mL; :tab1e values for
sperm densi ties ~lx101o are for dilution water volumes for, 0.025·

'mL of semen. Table 5 is used as fol10ws~ given :a sperm d~nsity

in the semen stock (e.g., 4'.7xl0 9 ) 'find the row c~ontaining the
integer (characteristic) and the'exponent (4x10 9 ) in the left
hand column, then read across to the column coresponding to the
mantissa (0.7). The value at the intersection o:f the row and
column {0.71 mL} is the volume of semen per 100mL needed for
sperm stock to achieve a 3000:1 sperm:egg ratio ~n the trial.

16.10.5.12 For the approximat;.e sperm:egg ratios,: dilute the
3000:1 stock as follows:

1288:1 5 mL 3000:1 stock with 6.6 niL dilution water
550:1 :2 mL 3000:1 stock with 9.9 m:L dilution water
234:1 1 mL 30,00: 1 stock with 11.8 l:nL dilution water
100:1 0.5 'mL 3000:1 stock with 16.5 ,mL dilution water

16.10.6 SPERM DENSITY TRIAL

16.10.6.1 The series of trial sperm: egg ratios /3hould include
3,000:1 and several lower ratios. The ratios 100:1, 234:1,
550: 1, 1288: 1 and 3,000: 1 are recommended becausE3 they evenly
divide the log sperm:egg ratio. Fertilization appears to be a
linear function of the log of sperm density (Fi~~re 4) .
Recommended sperm dilution procedures are given in Table 5.
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~6.~0.6.4 Quantitive evaluation of the sperm density trial
should be obtained by counting 100 eggs from each tube until a
suitable sperm density can be qetermined for the definitive test.
Examples of sperm density selection are given in Table 6.
Percent fertilization may be lower in the test than in the trial
because the viability of the stored sperm may decrease during the
period of the trial. If the sperm have very good viability
(e.g., cases 1 and 2, Table 6), this loss of viability should be
small. On the other hand, if viability is inherently poorer
(cases 3, 4 and 5, Table 6), the los$ of viability could be
greater and probably should be taken into account in selecting
the sperm density for the test. Case 6 (Table 6) represents a
special case in which egg viability may affect the percent
fertilization; in this case the asymptote of the fertilization
curve is assumed to represent 100% fertilization for purposes of
selection of sperm density for the test.

~6.~0.6.5 Prepare killed sperm preparations of the trial sperm
stock suspensions to provide confirmation of the nominal
sperm:egg ratios. It saves tim~ if thes~ can be prepared and
loaded onto hemacytometers while the trial is being conducted.
Alternatively, once ~he trial has been evaluated, the selected
nominal sperm density can be confirmed by direct hemacytometer
count.

~6.10.6.6 Record all the counts made, select a target sperm:egg
ratio for the test, and calculate the dilution of the stored
sperm stock needed to provide the necessary sperm density for the
definitive test.

16.~0.6.7 Table 5 can be used for deriving the volumes needed
for preparing the final sperm stock. For a pooled sperm
suspension density of 4x10 9 and a target sperm:egg ratio of
500:1, simply read the dilution for the 3000:1 sperm:egg ratio
from Figure 5 (0.84 mL / 100 mL) and reduce the sperm volume by
3,000 / 500 = 6. In this case 0.84 / 6 = 0.14 mL; the dilution
factor checks out (100 / 0.14 = 714).
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TABLE 4. Dilution volume guide for initial count of sperm
density to achieve recommended counting density of 1 x
l07/triL. '

Initial mL/10mL mL/100mL ' mL/200mL
Sperm/mL

1 x 10·, 1.000

2 x 10· 0.500

3 x 10· 0.333

4 x 10· 0.250

5 x 10· 0.200

6 x 10· 0.167

7 x 10· 0.143

8 x 10· 0.125

9 x 10· 0.111

1 X 10' 0.100 1.000

2 x 10' 0.050 0.500 " 1.000

3 X 109 0.033 0.333 0.667

4 x 10' 0.025 0.250
I

0.500

5 x 10' 0.200· 0.400

6 x :\.09 0.167 0.333

7 x 10' 0.143 0.286

8 x 10' 0.125 0.250

9 x 10' 0.111 0.222

1 x 10 lO 0.100 0.200

2 x 10lo 0.050' 0.100

3 x 10lo 0.033 0.067

4 x 10'0 0.025 O. 050'

5 x 10lo 0.040

6 x 10'0 0.033

7 x 10lo , 0.029

8 x 10lo 0.025
I

9 x 10'0
I 0.022

I
~: to obtain quantitatively repeatable samples of semen it is important 'that: (1) the
pipet tip have an opening of at least 1 mm; (2) samples be withdrawn slowly to avoid
cavitation and entrainment of air in the semen sample; (3) samples not include fragments
of broken spines ~which usually settle to the test tube bottom upon vortexing); and (4)
wiping semen from the pipet tip' with tissue be done with care to ~vOid wicking semen from
within the pipet tip.
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Bring the indicated volume of sper.m stock to 100 mL

Density 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1.00e+08 33.60 30.55 28.00 25.85 24.00 22.40 21.00 19.76 18.67 17.68

2.00e+08 16.80 16.00 15.27 14.61 14.00 13.44 12.92 12.44 12.00 11.59

3.00e+08 11.20 10.84 10.50 10.18 9.88 9.60 9:33 9.08 8.84 8.62

4.00e+08 8.40 8.20 8.00 7.81 7.64 7.47 7.30 7.15 7.00 6.86

5.00e+08 6.72 6.59 6.46 6.34 6.22 6.11 6.00 5.89 5.79 5.69

6.00e+08 5.60 5.51 5.42 5.33 5.25 5.17 5.09 5.01 4.94 4.87

7.00e+08 4.80 4.73 4.67 4.60 4.54 4.48 4.42 4.36 4.31 4.25

8.00e+08 4.20 4.15 4.10 4.05 4.00 3.95 3.91 3.86 3.82 3.78

9.00e+08 3.73 3.69 3.65 3.61 3.57 3'.54 3.50 3.46 3.43 3.39

1.00e+09 3.36 3.05 2.80 2.58 2.40 2.24 2.10 1.98 1.87 1.77

2.00e+09 1.68 1.60 1.53 1.46 1.40 1.34 1.29 1.24 1.20 1.16

3.00e+09 1.12 1.08 1.05 1.02 0.99 0.96 0.93 0.91 0.88. 0.86

4.00e+09 0.84 0.82 0.80 0.78 0.76 0.75 0.73 0.71 0.70 0.69

5.00e+09 0.67 0.66 0.65 0.63 0.62 0.. 61 0.60 0.59 0.58 0.57

6.00e+09 0.56 0.55 0.54 0.53 0.53 0.52 0.51 0.50 0.49 0.49

7.00e+09 0.48 0.47 0.47 0.46 0.45 0.45 0.44 0.44 ' 0.43 0.43

8.00e+09 0.42 0.41 0.41 0.40 0.40 0.40 0.39 0.39 0.38 0.38

9.00e+09 0.37 0.37 0.37 0.36 0.36 0.35 0.35 0.35 0.34 0.34

To dilute dense semen: add 0.025 mL of semen into these volumes (mL) of dilution water

Density 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1.00e+l0 7.44 8.44 9.44 10.44 11.44 12.44 13.44 14.44 15.44 16.44

2.00e+l0 14.88 15.88 16.88 17.88 18.88 19.88 20.88 21.88 22.88 23.88

3.00e+10 22.32 23.32 24.32 25.32 26.32 27.32 28.32 29.32 30.32 31.32

4.00e+10 29.76 30.76 31.76 32.76 33.76 34.76 35.76 36.76 37.76 38.76

5.00e+l0 37.20 38.20 39.20 40.20 41.20 42.. 20 43.20 44.20 45.20 46.20

6.00e+10 44.64 45.64 46.64 47.64 48.64 49.64 50.64 51.64 52.64 53.64

7.00e+10 52.08 53.08 54.08 55.08 56.08 57.08 58.08 59.08 60.08 61.08

8.00e+10 59.52 60.52 61.52 62.52 63.52 64.52 65.52 66.52 67.52 68.52

9.00e+l0 66.96 67.96 68.96 69.96 70.96 71.96 72.96 73.96 74.96 75.96

TABLE 5. DILUTION VOLUMES OF SPERM STOCK OF INDICATED DENSITY (1.OX10B TO 9.9X10'O ) TO
ACHIEVE THE SPERM STOCK DENSITY (3.36X10 7 ) FOR A 3000:1 SPERM:EGG RATIO.
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Figure 4. Relationship betwe~n sea urchin sperm:egg ration' and
percent control fertilization from 21 trials conducted by EPA
(Feb-May 1991) .

16.10.7 OBSERVATIONS DURING THE TEST

16.10.7.1 It is recommended that all observations be made on
extra test solution remaining after the test tubes have been
filled.

16.10.7.2 DO, pH, and salinity are measured at t:he begfnning of
the test. Due to the short duration of the test,. no additional
measurements of these parameters are required. 1~empeiature_is

measured several times during the test as outlinEld in 16.1.0.7.
\.

16.10.7.3 Record all measurements on the data sheet.

16.10.8 START OF THE DEFINITIVE TEST

16.10.8.1 Prior to Beginning the Test
produced good fertility, or if some produced good fertility.
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TABLE 6. EXAMPLES OF RESULTS OF TRIAL FERTILIZATION TESTS WITH
SPECIFIED SPERM DENSITIES AND TARGET SPERM DENSITY
SELECTION (SPERM:EGG RATIO) FOR THE DEFINITIVE TEST.

sperm: egg case 1 case 2 case 3 case 4 case 5 case 6

100:1 100* 95* 85 70 40 70

234:1 100 98 95* 80 64 85*

550:1 100 100 98 98* 82 89

1288:1 100 100 100 100 84 90

3000:1 100 100 100 100 88* 90

* recommended selection (interpolation to intermediate sperm:egg
ratios may be used if found desirable)

1. If all trials exceed 90% fertilization, select 100:1 (case 1 and
case 2) .

2. If not all trials exceed 90% fertilization select the lowest
sperm:egg ratio that does exceed 90% fertilization (case 3 and
case 4) .

3. If no trials exceed 90% fertilization, select the highest
sperm:egg ratio (case 5) unless fertilization appears to become
asymptotic below 100% (case 6).

4. If even the highest sperm:egg ratio fails to achieve 70%
fertilization it is probable that an acceptable test cannot be
conducted with these gametes.

11,200 x target S:E ratio = target density; e.g., if target S:E
500:1, target density = 11,200 x 500 = 5,600,000 sperm!mL.
(11,2~0 = (1,120 eggs/tube) (0.1 mL of sperm stock/tube)).

(stock sperm/mL)/(target sperm/mL) = dilution; e.g., if stock
sperm has 4x10 9 sperm/roL, then dilution = 4x10 9 / 5.6x10 6 = 714

16.10.8.1.1 The test should begin as soon as possibie,.
preferably within 24 h of sample collection. The maximum holding
time following retrieval of the sample from the sampling device
should not exceed 36 h for off-site toxicity tests unless
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permission is granted by the permitting authori.ty. In no case
should the sample be used in a test more.than 72 h after sample
collection (see Section 8 Effluent a,nd Receivin.g Water Sampling, .
Sample Handling, and'Sample Preparation for Toxicity Test).

16.10.8.1.2 Just prior to test initiation (approximately 1 h),
the temperature of a sufficient quantity of the sample to make
the test solutions should be adjusted to the test temperature (12
±l°C) and maintained at that temperature durin9' the addition of
dilution water.

16.10.8.1.3 Increase the temperature of the wa'l:er bath, room, or
incubator to the required test temperature, (12 :± 1°C).

16.10.8.1.4 Randomize the placement of test chambers in the
temperature-controlled water bath, room, or in9ubator at the
beginning of the test, using a position chart. Assign numbers
for the position of each test chamber using a random numbers or
similar process (see Appendix A, for an example of
randomization). Maintain the chambers in this configuration
throughout the test, using a position chart. Record these
numbers on a separate data sheet together with the concentration
and replicate numbers to which they correspond. Identify this
sheet with the date., test organism, test .number, laboratory, and
investigator's'name, and safely store it away until after the sea
urchins and sand dollars have been examined at t~e end of the
test.

16.10.8.1.5 Note: Loss of the randomization sheet would
invalidate the test by making it impossible to analyze the data
afterwards. Make a c~py of the randomiz~ti6n sheet and store
separately. Take care to follow the numbering system exactly
while filling chambers with the test solutions.

16.10.8.1.6 Arrange the test chambers randomly in the water bath
or controlled temperature room. Once chambers have been labeled
randomly, they can be arranged in numerical order for
convenience, since this will also ensure random placement of
treatments.

16.10.9.2 Sperm Exposure
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16.10.9.2.1 Mix the iced sea urchin semen or sand dollar sperm
suspension as described in 16.10.5.7 and 16.10.5.8 (do not kill
the sperm). combine the required volumes of sperm and dilution
water and mix this sperm stock well by repeated inversion of the
graduate cylinder or beaker. Begin test within 5 minutes. Table
5 (for 3000:1 sperm:egg ratio) can be used to aid in calculating
appropriate volumes by reducing the sperm volume or increasing
the dilution water volume by the factor:

f = 3000:1 / target sperm:egg ratio

16.10.9.2.2 The test tubes containing 5.0 mL of the various test
solutions should have been equilibrated in a 12°C waterbath.
Into each test tube, inject 0.1'00 mL of the sperm stock (except
see 16.7.4 and 16.11.4) and note the time of first and last
injection. It is important that the injection be performed with
care that the entire volume goes directly into the test solution
and not onto the side of ~he test tube. ,Similarly, the pipet tip
should not touch the test solution or the side of the test tube,
risking transfer of traces of test solution(s} into the sperm
stock. Using repeated single 0.100 mL refill and injection,
about 12 tubes per minute is a reasonable injection rate. More
rapid rates of injection can be attained with repeating (single
fill, multiple injection) pipets. Sperm injection rate
(tubes/min) should not exceed that possible for egg injection.

16.10.9.2.3 Unless the test tubes are totally randomized,
injection of sperm should be performed by replicate, i.,e., the
first set of'replicates should receive sperm, then the second
set, then the third set, etc. The sperm stock solution should be
mixed frequently to maintain a homogeneous sperm stock.

16.10.9.2.4 Confirm the sperm density. 'Pipet 9 mL of sperm
stock solution into a vial or test tube containing 1mL of 10%
acetic acid. Fill both sides of a hemacytometer with this
dilution after mixing well. Let stand for 15 minutes. Count
both sides of the hemacytometer using counting pattern no. 1
outlined in Appendix II and take the average count. For a .
sperm:egg ratio of 500:1 the stock sperm density will be
5,600,000 sperm/mL. (For counting pattern no. 1, this amounts to
a total count of 102 sperm for the five large squares.)
Calculate the sperm density in the sperm stock. If either: (1)
the stock sperm density is greater than 33,600,000 sperm/mL (S:E

426

RB-AR25410



>3 / 000:1), or (2) the sperm density is more than 2x the target
density, the test must be restarted with freshly diluted semen.

16.10.9.2.5 Check the temperature of the test solutions several
times during the sperm exposure by including a temperature blank
test tube containing 5 mL of dilution water with a th~rmometer.

16.10.9.3 Adding Eggs to the Test

16.10.9.3.1 Exactly 20 mihutes after the sperm addition to the
test was begun, begin to add the eggs 1 with every tube (including
egg blanks - 11.7.4) receiving 0.5 mL of egg stock. Follow the
same pattern of introduction for the eggs as use(::I. with the sperm
so that each test tube has a sperm, incubation period of. 20
minutes. Note the time of start and finish of e!jg addition.
This duration should be within one minute of that used for the
sperm. I

I

16.10.9.3.2 In order to maintain the same sperm:egg ratio in
'each test tube, the ~ggs must be maintained in a uniform
distribution in the water column of the egg stock. Slow, gentle
agitation of the egg stock in a beaker using a perforat'ed plunger
appears 'to be the best method of achieving a uniform
di~tribution. Frequent inversion and mixing of egg stock in
either a graduated cylinder or a multiple injection pipet may be
acceptable.

16.10.9.,3.3 The eggs should be inj ected using a. pipet with an
opening of at least 2 mm in order to avoid damaging the eggs and
to provide sufficient flow to obtain a representative sample.

16.10.9.3.4 Two pair of egg blanks should be included'in the
test design, one at the beginning of the injection sequence
(effluent blank) and one at the end of the injection sequence
(egg blank). These tubes receive no sperm. The effluent blank
cohtains the highest concentration of effluent and the ,egg blank
contains dilution water .. Examination of the effluent blank will
indicate if the effluent induces a false fertili2:ation membrane
(a possible event, but probably rare) thus maskirlg toxicity.
Examination of the egg blank will indicate if accidentally
fertilized eggs were used in the test (this is a minor factor
unless a significant portion of the eggs were accidentally
fertilized; it can indicate poor laboratory techniques). These
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'blanks are kept capped until the eggs are added in order to avoid'
contamination by sperm.

16.10.10 LIGHT, PHOTOPERIOD, SALINITY AND TEMPERATURE

16.10.10.1 The echinoderm fertilization test can be conducted in
the dark or at ambient laboratory light levels. Due to its short
duration, the fertilization test requires no photoperiod.

16.10.10.2 The water temperature in the test chambers should be
maintained at 12 ± 1°C. If a water bath is used to maintain the
test temperature, the water depth surrounding the test cups
should be as deep as possible without floating the chambers. A
sensor placed in a temperature blank vial with standard volume of
test solution can provide a direct measure of test solution
temperature, one which may be more stable than the temperature in
the air or water in the medium surrounding the test vials. Do
not measure temperatures directly in a test vial, but prepare and
handle the temperature blank(s) exactly as the normal control
vials. Record the temperature several times between the
beginning and the end of the test.'

16.10.10.3 The test salinity should be in the range of 34 ± 2~.

The salinity should vary by no more than ±2~ among the chambers
on a given day. If effluent and receiving water tests are
conducted concurrently, the salinities of, these tests should be
similar.

16.10.10.4 Rooms or incubators with high volume ventilation
should be used with caution because the volatilization 'of the
test solutions and evaporation of dilution water may cause wide
fluctuations in salinity.

16.10.11 DISSOLVED OXYGEN (DO) CONCENTRATION

16.10.11.1 Aeration may affect the toxicity of effluent and
should be used only as a last resort to maintain a satisfactory
DO. The DO concentration should be measured on new solutions at
the start of the test (Day 0). The DO should not fall below 4.0
mg/L (see Section 8, Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Tests). If
it is necessary to aerate, all treatments and the control' should
be aerated. The aeration rate should not exceed that necessary
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to maintain a minimum acceptable DO and. under no circumstances
should it exceed 100 bubbles/minute, using a pipet with a 1-2 mm
orifice, such as a 1 mL KIMAX® serological pipe1: No. 37033, or
equivalent.

16.10.12 OBSERVATIONS DURING THE TEST

16.10.12.1 Routine Chemical and Physical Observations·

16.10.12.1.1 DO is measured at the, beginning of the exposure
period in one test chamber at each test concentration and in the
control.

16.10.12.1.2 Temperature, pH, and salinity are measured at the
beginning of the exposure period in one test chamber at each
concentration and in the control. Temperature should also be
monitored continuously or observed and recorded daily for'at
least two locations in the environmental control! system or the
samples. Temperature should be measured in a sufficient number
of test chambers at the end of the test t,o determine temperature
variation in the environmental chamber.

16.10.12.1.3 Record all the measurements on the data sheet.

16.io.13 TERMINATION OF THE TEST

16.10.13.1 Ending the Test

16.10.13.1.1 Record the time the test is termirt~ted.

16.10.13.1.2 Because of the short test duration water quality
measurements are not necessary at the end.

16.10.13.2 Sample Preservation

16.10.13.2.3. Exactly 20 minutes after the egg addition, the test
should be stopped by the addition of a fixative 'to kill the sperm
and eggs (both unfertilized and fertilized [zyg01tes]) and to
preserve the eggs for examination. Again, the time allotted to
fixative addition should be about the same as th(~t for sperm and
egg addition and the sequence of addition the saI'ne as for the
introduction of the gametes.
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16.10.13.2.2 The choice of formaldehyde or glutaraldehyde is up
to the individual laboratory. There are at least two acceptable
procedures: (1) the EPA Arbacia method of ~dding 10% formaldehyde
in dilution water at the rate of 2 mL to each test tube; or (2)
the addition of 1% glutaraldehyde (vol/vol) in clean seawater at
the rate of 0.5 mL to each test tube. Glutaraldehyde should be
made up fresh each day. Because concentrated glutaraldehyde is
commonly only 25% strength, 1% glutaraldehyde is obtained by
diluting the concentrate by 25x (e.g., 4, mL + 96 mL seawater).

16.10.13.2.3 It must be noted that formaldehyde has been
identified as a carcinogen and that both glutaraldehyde and
formaldehyde are irritating to skin and mucous membranes.
Neither should be used at higher concentrations than needed to
achieve morphological preservation of eggs for counting and only
under conditions of maximal ventilation and minimal opportunity
for volatilization into room air. Before using either compound
in this method, the user should consult the latest material
safety data available.

16.10.13.3 Counting

16.10.13.3.1 Immediately after termination of the test, the
tubes are capped (or otherwise covered) and the contents mixed by
inversion. They can be stored at room temperature until the
eggs are examined for fertilization. Counts should be completed
within 48 hours and, 'if counts extend over two days, should be
made by replicate, i.e., count all replicate 1 tubes, then
replicate 2, etc.

16.10.13.3.2 At least 100 eggs from each test tube are examined
and scored for the prese~ce, or absence of an elevated
fertilization membrane. 'Newly fe~tilized eggs will almost always
have a completely elevated membrane around the egg (See Figures 5
and 6). Often a double membrane appears in sea urchin eggs, but
following storage, even of only several hours, the inner
(hyaline) membrane may disappear. Fertilized eggs may touch the
outer membrane, or the membrane(s) may partially collapse.
Because these phenomena only occur after preservation, eggs with
any elevation of the fertilization membr~ne are counted as
fertilized.
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Normal Fertilized,
~gg

a. b. c.

d. , e. f. Unfertilized

g. h.

Figure 5. Examples of typical fertilized and unfertili:~ed sea urchin eggs
and a number of examples of atypical "fertilized" eggs (a through h). Normal
fertilized eggs have an outer fertilization membrane and,an inner hyaline
membrane. After preservation, the hyaline membrane sometimes disappears (a) i

in other cases the egg is displaced from the center and contacts the perimeter
either inside an enlarged hyaline envelope (b) or with no visible pyaline
membrane (c). In some instances there appears to be only a slight elevation,
of the outer membrane or only the hyaline membrane appears, fully (d),
partially (f), or only as a halo (g). In some batches of eggs the membrane(s)
appear to be fragile and some collapse (e). In rare cases sperm appear to
activate membrane elevation over only segments of the egg leading to a
blistered appearance (h). When eggs appearing as those irl examples f, g, and
h are common in a 'test, the results should be'examined closely to see if their
occurrence appears to be dose-related (indicating an effect on fertilization)"
not dose-related (indicating a problem with egg quality or preserv.ative), or
is common in the effluent egg control (indicating an effluent- produced false
fertilization). Eggs that are not mature are capable of being fertilized, but
should never be counted. These include obviously smaller (often denser) eggs,
normal sized eggs with a distinct, clear center, and very large eggs with
often irregular color and density.
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d. c. f.

Figure 6. Examples of typical fertilized and unfertilized sand
dollar eggs. Nearly all newly released eggs are characterized by
a surrounding sphere of small purple chromatophores embedded .
within the transparent gelatinous coat surrounding the egg. The
coat and the chromatophores may be lost or retained in the test
and subsequent handling. Typical fertilized eggs are represented
by (a) and (b). Some fertilized eggs (c) show only a wispy
remnant of the fertilization membrane. Eggs when spaw~ed usually
appear as in (d) and (e) or somewhere in between. The more
rounded "raisin" appearing egg in (d) is usually superior to the
"asteroid" appearing egg in (e) although the latter can provide
acceptable test results. However, the more irregularly shaped or
vacuolated the eggs appear, the poorer the control fertilization
is likely to be. The egg shown in (f), the "pitted olive," never
shows a fertilization membrane and should not be counted.
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16.10.13.3.3 It, is convenient to concentrate the eggs prior to
counting. If the eggs are allowed to completel~r settle (ca 30
minutes after termination and mixing), most of 1:he overlying
solution can be removed with a pipet, leaving the' eggs
concentrated in a much smaller volume. 'I;'he eggs are then
resuspended by filling and emptying a 1 mL pipe1: about 5 times
from the remaining volume and finally transferring 1 mL of the
egg suspension into a 1 mL Sedgewick-Rafter counting chamber
(other volume counting chambers can be used) . .

16.10.13.3.4 Failure to completely resuspend the eggs can result
in biasing the counts towards higher percent fei:-ti;Lization Clue to
a tendency seen in rare batches of eggs in which unfertile eggs
tend to be adhesive.' This phenomenon may be further influenced
by the choice of preservative, the strength of t:he preservative,
and the period between preservation and countin9. However, other
sampling procedures may be used once d~monstrated not t,o bias
sampling and if no clumping of adhesive eggs is observed in' a
given test; for example, concentrated eggs may be picked ,up from
the test tube and deposited in a small drop on a microscope
slide, or eggs can be scored by examination with the test tubes
laying on their sides and viewed at low power OJ~ with an inverted
microscope ..

16.10.13.4 Endpoint

16.10.13.4.1 In a count of at least 100 eggs, record the number
of eggs with fertilization membranes and the nunilier of eggs
without fertilization membranes.

16.11 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

16.11.1 A summary of test conditions and test acceptabil~ty

criteria is listed in Table 7.

TABLE 7. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY'
CRITERIA FOR,. STRONGYLOCENTROTUS PURPCTRATUS AND
DENDRASTER EXCENTRICUS, FERTILIZATION TEST WITH
EFFLUENTS AND RECEIVING WATERS

l. Test type: Static non- renl8wal

2. Salinity: 34 ± 2%0

3. Temperature: 12 ,± 'l°C

4. Light quality: Ambient. labora'tory light
durinq test orl8oaration
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5. Light intensity: 10-20 uE/m2 /s (Ambient
laboratory levels)

6. Test chamber size: 16 x 100 or ·16x 125 mm

7. Test solution volume: . 5 mL

8. Number of spawners: Pooled sperm from up to four
males and pooled eggs from up
to four females are u$ed per
test

9. No. egg and sperm cells About 1,120 eggs and not more
per chamber: than 3,360,000 sperm per test

tube
I

replicate10. No. chambers 4
per concentration:

11. Dilution water: Uncontaminated l-/lm-filtered
natural seawater or

! hypersaline brine prepared
i from natural seawater or

artificial sea salts
I

I 12. Test concentrations: Effluents: Minimum of 5 and a
control
Receiving waters: 100% a

! control

I 13. Dilution factor: Effluents: ~0.5

Receiving waters: None or ~O.5

14. Test duration: 40 min (20 min plus 20 min)

15. Endpoint: Fertilization of eggs

16. Test acceptability ~70% egg fertilization in
criteria: controls; %MSD of <25%; and

appropriate sperm counts
I

17. Sampling requirements: One sample collected at test
, initiation, and preferably
I used within 24 h of the time
I it is removed from the

sampling device (see Section
8, Effluent and Receiving
Water Sampling, and Sample
Preparation for Toxicity

! Tests)

18. Sample volume required: 1 L
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16.12 ACCEPTABILITY OF TEST RESULTS

16.12.1 Test results are acceptable only if all the follow:Lng
requirements are met:

(1) Egg ,fertilization at the NOEC must be greater than 80%
of that in the controls.

(2) The minimum significant difference (%IvISD) is <25%
relative to the control.

(3) The sperm count for the final sperm stock must not
exceed 33,600,000/mL.

(4) If the sperm count for the final sperm stock is between
5,600,000 and 33,600,000/mL it must not exceed 2x of
the target density from the trial, or 'if no target
density was specified for the test (see 11.5.1), the
high sperm density controls (0.2 mL sperm stock) must
have at least 5% higher fertilization than tne low
sperm density controls (0.05 mL sperm stock) .

(5) Dilution water egg blanks and effluent egg blanks
should contain essentially no eggs with fertilization
membranes.

16.13 DATA ANALYSIS

16.13.1 GENERAL

16.13.1.1 Tabulate and summarize the data. Cal.culate the
proportion of fertilized eggs for each replicate. A sample set
of test data. is listed in Table 8.

16.13.1.2 The statistical tests described here must be used with
a knowledge of the assumptions upon which the tests are
contingent. The assistance of a,statistician is recommended for
analysts who are not proficient in stat~stics.

16.13.1.3 The endpoints of toxicity tests using' the sea urchin
and the sand dollar are based on the reduction in proportion of
eggs fertilized. The IC25 is calculated using the Linear
lnterpolation Method (see Section 9, Chrqnic Toxicity Test
Endpoints and Data Analysis). LOEC and NOEC values for fecundity
are obtained using a hypothesis testing approach such as
Dunnett's Procedure (Dunnett, 1955) or Steel's Many-one Rank Test
(Steel, 1959; Miller, 1981) (see Section 9). Separate ~nalyses

are performed for the estimation of th~ LOEC and NQEC endpoints
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and for the estimation of the IC25. See the Appendices for
examples of the manual computations, and examples of data input
and program output.

TABLE 8. DATA FROM SEA URCHIN, STRONGYLOCENTROTUS PURPURATUS,

FERTILIZATION TEST

Effluent
Concentration No. of Eggs No. of Eggs Proportion
(\') Replicate Counted Fertilized F~rtilized

Control A 100 97 0.97
B 100 90 0.90
C

'.
100 100 1. 00

0.05 A 100 100 1.00
B 100 100 1.00
C 100 98 0.98

O.J.O A 100 100 1. 00
B 100 97 0.97
C 100 99 0.99

0.J.5 A 100 98 0.98
B 100 96 0.96
C 100 97 0.97

0.20 A 10,0 94 0.94
B 100 88 0.88
C 100 97 0.97

0.40 A 100 43 0.43
B 100 63 0.63
C 100 46 0.46

0.60 A 100 2 0.02
B 100 1 0.01
C 100 9 0.09

0.80 A 100 0 0.00
B 100 0 0.00
C 100 0 0.00
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16.13.2 EXAMPLE OF ANALYSIS OF SEA URCHIN, STRONGYLOCENTRpTUS.
PURPURATUS, AND SAND DOLLAR, DENDRASTEl? EXCENTRICUS,
FERTILIZATION DATA

16.13.2.1 Formal statistical analysis of the fertilization data
is outlined in Figure 7.

The response used in the analysis is the proportJon of fertilized
eggs in each test or control chamber. Separate analyses are
performed for the estimation of the NOEC and LOEC endpoints and
for the estimation of the IC25 endpoint. Concen1:rations at which
there are no eggs fertilized in any of the test chambers are
excluded from statistical analysis of the NOEC and LOEC, but
included in the estimation of the IC25.

16.13.2.2 For the case of equal numbers of replicates across all
concentrations and the control, the evaluation of the NOEC and
LOEC endpoints is made via a parametric test, Dul'mett' s
Procedure, or a nonparametric .test, Steel's Many'f-one Rank Test,
on the arc sine square root transformed data. illlderlying
assumptions of Dunnett's Procedure, normality an<i homogeneity of
variance, are formally tested. The test for normality is the
Shapiro-Wilk's Test, and Bartlett's Test is used to test for
homogeneity of variance. If either of these tes1~s fails, the
nonparametric test, Steel's Many-one Rank Test, is used to
determine the NOEC and LOEC endpoints .. If· the assumptions of
Dunnett's Procedure are met, the endpoints are estimated by the
parametric procedure. .

16.13.2.3 If unequal numbers of replicates occur among the
concentration levels tested, there are parametric and
nonparametric alternative analyses. The parametric analysis is a
t test with the Bonferroni adjustment (see Appendix D). The
wilcoxon Rank Sum Test with the Bonferroni adj us1:ment is the
nonparametric alternative.

16.13.2.4 Example of Analysi·s of Fecundity Data

16.13.2.4.1 This example uses toxicity data froIh a sea. urchin,
Strongylocentrotus purpuratus, fertilization tes1: performed with
effluent. The response of interest is the proportion of
fertilized eggs, thus each replicate must first .lJe transformed by
the arc sine square root transformation procedurl~ described in
Appendix B. The raw and transformed data, means I and variances of
the transformed observations at each effluent concentration and
control are listed in Table 9. The data are plo1:ted in Figure 8.
Because there is zero fertilization in all three I replicates for
the 0.80% effluent concentration, it was not included i.n the '
statistical analysis and is considered a qualita1:ive fecundity
effect. .
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ENDPOINT ESTIMATE
IC25

HOMOGENEOUSVAR~CE

NO

YES

tTESTWITH
BONFERRONI
ADJUSTMENT

Figure 7. Flowchart for statistical analysis of sea urchin,
Strongylocentrotus pur,puratus, and sand dollar,
Dendraster excentricus, test.
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~6.~3.2.5 Test for Normality

~6.~3.2.5.~ The first step of the test for normality is to
center the observations by subtracting the mean of all
observations within a concentration from each observation in that
concentration. The centered observations are summarized in
Table 10.

TABLE 9. SEA URCHIN, STRONGYLOCENTROTUS PURPURATUS,

FERTILIZATION DATA

Effluent Concentration (!l;)

Rep. Control 0.05 0.10 0.15 0.20 0.40 0.60

A 0.97 1.00 1.00 0.98 0.94 0.43 0.02
RAW B 0.90 1.00 0.97 0.9.6 0.88 0.63 0.01

C 1.00 0.98 0.99 0.97 0.97 0.46 0.09

ARC SINE A 1.397 1.521 1.521 1.429 1.323 0.7.15 0.142
SQUARE ROOT B 1.249 1.521 1.397 1.369 1.217 0.917 0.100
TRANSFORMED C 1.521 1.429 1.471 1.397 1.397 0.745 0.305

Mean ('11 ) 1.389 1.490 1.463 1.398 1.312 0.792 0.182

S~ 0.01854 0.00282 0.00389 6.00090 0.00819 0.01188 0.01173
i 1 2 3 4 5 6 7

TABLE 10. CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S
EXAMPLE

Effluent 'Concentration (!l;)

Replicate Control 0.05 0.10 0.15 0.20 0.40· 0.60

A 0.008 0.031 0.058 0.031 0.011 -0.077 -0.040
B -0.140 0.031 -0.066 -0.029 -0.095 0.125 -0.082
C 0.132 -0.061 0.008 -0.001 0.085 -0.047 0.123
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16.13.2.5.2 Calculate the denominator, D, of the statistic:
n

D = E (X - X) 2

i.l i

Where: Xi' = the ith centered observation

X = the overall mean of the centerE~d observations

n = the total number of centered observations

16.13.2.5.3 For this set of data, , n

X

21

_1_ (0.005)
21

0.000

D= 0.1159

16.13.2.5.4 Order the centered observations from smallest to
largest

xc!.) ~ X(2) ~ ... ~ x(n)

where X(i) denot~s the ith ordered observation. The ordered
observations for this example are listed in Table 11.

16.13.2.5.5 From Table 4, Appendix B, for the nu~er of
observations, n, obtain the coefficients 'aI' a 2, ... ak where k is
n/2 if n is even and (n-1)/2 i~ n is odd. For the data in this
example, n = 21 and k = 10. The ai values are liBted in
Table 12.

16.13.2.5.6 Compute the test statistic, W, as follows:
k . 2

W = !-[La.(X(n-i+ll_x(il)]
D i.l ~

The differenc~s, x(n-i+l) - X(il, are listed in Table 12. For the
data in this example:

W = 1
0.1159

(0.3345)2 = 0.9654

16.13.2.5.7 The decision rule for this test is to compare W as
calculated in 2.6 to a critical value found in Table 6, Appendix
B. If the computed W is less than the critical value, .conclude
that the data are not normally distributed. For ·the data in this
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TABLE 11. ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S
EXAMPLE

i XCi) i XCiI

1 -0.140 12 0.008
2 -0.095 13 0.011
3 -0.082 14 0.031
4 -0.077 15 0.031
5 -0.066 16 0.031
6 -0.061 17 0.058
7 -0.047 18 0.085
8 -0.040 19 0.123
9 -0.029 20 0.125

10 -0.001 21 0.132
11 0.008

TABLE 22. COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE

i ai
x(n-i+l) - Xli)

2 0.4643 0.272 X (21 ) - X (1 )

2 0.3285 0.220 X I2O ) - X(2)

3 0.2578 0.205 X (19 ) - X (3 )

4 0.2119 0.162 X I1S ) - X(4)

5 0.1736 0.l.24 X I1 ?) - XIS)

6 0.l.399 0.092 X (16 ) - X (6 )

7 0.1092 0.078 X I1S ) - Xl?)

8 0.0804 0.071 X (14 ) - XIS)

9 0.0530 0.040 X (13 ) - X(9)

20 0.0263 0.009 X(12) - XC1O)

example, the critical value at a significance level of 0.01 and n
= 21 observations is 0.873. Since W = 0.9654 is greater than the
critical value, conclude that the data are normally distributed.

16.13.2.6 Test for Homogeneity of Variance

16.13.2.6.1 The test used to examine whether the variation in
the proportion of fertilized eggs is the same across all effluent
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concentrations including the control, is Bartlett'$ Test
(Snedecor and Cochran, 1980). The test statistic is as follows:

p p

[ ( ~ V.) In 82
- ~ V. In oS ~ J

1.1 ~ 1·1 ~ ~
B = -~~---_..=....::._---

c

Where: Vi ~. degrees of freedom for each concentration and
control,

p = number of concentration levels including the control

n i = the number of replicates for concentration i.

In = loge

i = 1,2, ... , p where p is the number of: concentrations
including the control

p

(~v.s;)
B2 = ....,...::i_~l_~__

p

~V.
1.1 ~

p p.
C .. 1+ (3 (p-1) r1(~1/V.-(~V.) -lJ

1.1 .1 1.1 ~

16.13.2.6.2 For the data in this example (see Table 8), all
effluent concentrations including the co~trol have the same
number of replicates (ni = ) for all i). Thus, Vi = 2 for all i.

~6.~3.2.6.3 Bartlett's statistic is, therefore:
p.

B = [(14)ln(O.008279)-2Eln(S;)] /1.190S
1·1

=

=

=

[~4C-4.7940) - 2(-36.~047)']/1..~905

5.0934/~.1905

4.2784

16.~3.2.6.4 B is approximately distributed as chi-square with
p-1 degrees of freedom, when the variances are in fact the same.
Therefore, the approp+iate critical value for this test, at a
significance level of 0.01 with 6 degrees of freedom, is 16. 8:L~
Since B = 4.2784 is less than the critical value of 16: 8~, -
conclude that the variances are not different.
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16.13.2.7 Dunnett's Procedure

16.13.2.7.1 To obtain an estimate of the pooled variance for the
Dunnett's Procedure, construct an ANOVA table as described in
Table 13.

TABLE 13. ANOVA TABLE

Source df Sum of Squares
(SS)

Mean Square (MS)
(SS/d~)

Between p - ]. SSB SB = SSB/ (p-].)

Within N - P SSW
2

Sw SSw/ (N-p)

Total N - J. SST

Where: p = number of concentration l~vels including the
control

N = total number of observations n 1 + n 2 ... + np

ni = number of observations in concentration i

p

SSE. LT;/n1-G 2/N
1.1

Between Sum of Squares

Total Sum of Squares

SSW. SST-SSE Within Sum of Squares

the ~rand total of ali sample observations,
G" LT1

1.1

the total of the replicate measurements for
concentration i

G =

Ti =

Yij == the jth observation for concentration i
(represents the proportion of fertilized eggs for
concentration i in test chamber j)
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16.13.2.7~2 For the data in this example:

N = 21

T1 = Yll + Y12 + Y13 4.167
.T2 Y21 + Y22 + Y23 = 4.471
T3 = Y31 + Y32 + Y33 4,389
T4 Y41 + Y42 + Y43 4.194
Ts = YS1 + YS2 + YS3 3.937
T6 = Y61 + Y62 + Y63 = 2.377
T7 Y71 + Y72 + Y73 0.547

G = T1 + T2 + T3 + T4 + Ts + T6 + T7 = 24.082
p

SSB = L T~/n ._G 2 /N . . . .
i=i t95~ 656) /3 - (24 .. 082) 2/21 4.269

SSW = SST -SSB

P n i

SST = LLy2._G2/N
~";ij32il 001 - (24 . 082 ) 2/21 = 4. 385

4.385 - 4.269 = 0:116

2

SB = SSB/(p-1) = 4.269/(7-1) = 0.7115

2

Sw = SSW/(N-p) = 0.116/(21-7) - 0.0083

16.13.2.7.3 Summarize these calculations in the ANOVA table
(Table 14) .

16.13.2.7.4 To perform the individual comparisons, calculate the
t statistic for each concentration, and control c~mbination as
follows:

! >

;
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TABLE 14. ANOVA TABLE FOR DUNNETT'S PROCEDURE
EXAMPLE

Source df Sum· of Squares Mean Square (MS)
(SS) (SSjdf)

Between 6 4.269 o. 7115

Within J.4 0.116 0.0083

Total 20 4.385

Where: Yi == mean proportion fertilized 'eggs for concentration i

Y1 = mean proportion fertilized eggs for the contro.l

Sw = square root of the within mean square

n 1 = number of replicates for the control

ni = number of replicates for concentration i.

Since we are looking for a decreased response from the .control in
the proportion of fertilized eggs, the concentration mean is
subtracted from the control mean.

16.13.2.7.5 Table ,15 includes the calculated t values for each
concentration and control combination. In this example,
comparing the 0.05% concentration with the control the
calculation is as follows:

t = (1.389 - 1.490) = -1.358
2 0.0911"/(1/3)+(1/3)

16.13.2.7.6 Since the purpose of this test is to detect a
significant decrease in the proportion of fertilized eggs, a
one-sided test is appropriate. The critical value for this
one-sided test is found in Table 5, Appendix C. For an overall
alpha level of 0.05, 14 degrees of freedom for error and six
concentrations (excluding the control) the critical value is
2.53. The mean proportion of fertilized eggs for concentration i
is considered significantly less than the mean proportion of
fertilized eggs for the co~trol if t i is greater than the
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critical value. Therefore, the b.40% and 0.60% concentrations
have a significantly lower mean proportion of fertilized eggs
than the control. Hence the NOEC is 0.20% effluent and the LOEC
is 0.40% effluent. .

TABLE 15. CALCULATED t VALUES

Effluent Concentratiqn (%).

0.05
0.10
0.15
0.20
0.40
0.60

i

2

3
4

5
6
7

-1. 358
-0.995
-0.121
1. 035
8.026

16.227

16.13.2.7.7 To quantify the sensitivity.of the test, the minimum
significant difference (M,SD) that can be statist:ically detected
may be calculated: .

MSD = d S wJ(1/n 1 )+ (1/n)

Where: d =

Sw =

n

the critical value for Dunnett's Procedure

the square root of the within meOln.square

the common, number of replicates Ol.t each
concentration (this assumes equal replicati,on at
each concentration)

n l the number·of replicates in, the control.

16.13.2.7.8 In this example,

MSD = 2.53 (0.0911) V(1/3) + (1/3)

= 2. 53 ( 0 . 0911) (0. 816:5 )

= 0.188

16.13.2.7.9 TheMSD (0.188) is in transformed units. To.
determine the MSD in terms of proportion 'of ferti·lized eggs,
carry out the following. conversion.

1. Subtract the .MSD from the transformed cOIltrol mean.

1.389 - .0.188 = 1.201
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2. Obtain the untransformed values for the control mean and
the difference calculated in step 1 of 13.2.7.9.

Sine (1. 389) J2 = 0.967

[ Sine (1. 201) J2 = 0.869

3. The untransformed MSD (MSDu ) is determined by sUbtracting
the untransformed values from step 2 in 14.2.7.9.

MSDu = 0.967 - 0.869- 0.098

16.13.2.7.10 Therefore, for this set of data, the minimum
difference in mean proportion of fertilized eggs between the
control and any effluent concentration that can be detected as
statistically significant is 0~098.

16.13.2.7.11 This represents a 10.2% decrease in the proportion
of fertilized eggs from the control.

16.13.2.8 Calculation of the rcp

16.13.2.8.1 The fertilization data in Table 7 are utilized in
this example. As can be seen from Figure 8, the observed means
are not monotonically non-increasing with respect to
concentration. Therefore, the means must be smoothed prior to
calculating the rc.

16.13.3.8.2 Starting with the observed control mean, Y1 = 0.957,
and the observed mean for the lowest effluent concentration, Y2

= 0.993, we see that Y1 is less than Y2 •

16.13.3.8.3 Calculate the smoothed means:

16.13.3.8.4 Since Y3 = 0.987 is larger' than M2 , average Y3 'with
the ~revious concentrations:

M1 = M2 = M3 = (M1 + M2 + ~3)/3 = 0.979.

16.13.3.8.5 Since M3 > Y4 = 0.970 > Ys =0.930 > Y6 = 0.507 > Y7 =
o. 040 > Ys = O. 0, set M4 = O. 970, Ms = O. 93 0, M6 = O. 5 07, M7 =
0.040, and Ms = 0.0. Table 16 contains the smoothed means and
Figure 10 gives a plot of the smoothed means and the interpolated
response curve.

16.13.2.8.6 An IC25 can be estimated using the Linear
Interpolation Method. A 25% reduction in mean proportion of
fertilized eggs, compared to the controls, ,would result in a mean
proportion of 0.734, where M1 (1-p/100) = 0.979(1-25/100).
Examining the means and their associated concentrations
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(Table 16), the response, 0.734, is bracketed by Cs = 0.20%
effluent and C6 = 0.40% effluent.

16.13.2.8.7 Using the equation from Section 4.2 in Appendix L,
the estimate of the IC25 is calculated as follow's:

(C (j.l) -c j)
ICp = c j + [M1 (1-p/100) -Mj ] --'-"---:---":"-

(M(j+l) -Mj )

IC25 = 0~20 + [0.979(1 - 25/100) - 0.930] (0.40 - 0.20)

,(0.507 - 0.930)
= 0.29%.

TABLE 16. SEA URCHIN, STRON'J!"LOCENTROTUSPURPURATUS,

MEAN PROPORTION OF FERTILIZED EGGS

Effluent Response Smo.othed
Cone. Means, Yi Mean~, Mi

(%) i (proportion) (proportion)

Control J. 0.957 0.979
0 .. 05 2 0.993 0.979
O.J.O 3 0.987 0.979
0.J.5 4 0.970 0.970
0.20 5 0.930 0.930
0.40 6 0.507 0.507
0.60 7 0.040 0.040
0.80 8 0.000 0.000

16.13.2.8.8 When the ICPIN program was used to analyze this set
of data, requesting 80 resamples, the estimate of: the IC25 was
0.2925%. The empirical 95.0% confidence interval for the true
mean was 0.2739% to 0.3241%. The computer program output for the
IC25 for this data set is shown in Figure 10.

16.14 PRECISION AND ACCURACY

16.14.1 PRECISION

16.14.1.1 Single-Laboratory Precision
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J.6.J.4.J..J..J. Single-laboratory precision data for
Strongylocentrotus purpurtatus with the reference toxicant
copper, tested in natural seawater, are provided in Table 17.
The coefficient of variation based on the EC25 is 29%, and on
EC50 is 24%, showing acceptable precision. Single-laboratory
precision data for Dendraster excentricus with the reference
toxicant copper, tested in natural seawater, are provided in
Tables 18 and J.9. The coefficient of variation based on the
EC25, is 18% to 29% and EC50, is 21% to 33%, showing acceptable
precision.

16.14.1.2 Multi-laboratory Precision

J.6.14.J..2.1 Multi-laboratory precision data for
Strongylocentrotus purpuratus, with the reference toxicant
copper, tested in natural seawater, are provided in r~ble 20.
The coefficient of variation for the EC25 was 52%, based on data
from five laboratories.

16.J.4.2 ACCURACY

16.J.4.2.J. The accuracy of toxicity tests cannot be determined.
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Cone. ID 1 2 3 4 5 6 7 8

Cone. Tested o .05 .10 .15 .. 20 .40 .60 .80

Response 1 .97 1. 00 1. 00 .98 .94 .43 .02 0
Response 2 .90 1.00 .97 .96 .88 .63 .01 0
Response 3 1.00 .98 .99 .97 .97 .. 46 .09 0
----------------------------------------------------
*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Effluent
Test Start Date: Test Ending Date:
Test Species: Sea Urchin, Strongylocentrotus purpuratus
Test Duration: 40 minutes
DATA FILE: urchin.icp
OUTPUT FILE: urchin.i25

Cone. Number Concentration Response Std. Pooled
ID Replicates % Means Dev. Response Means
---------------------------~----------,---------------------------------

1 3 0.000 0.957 0.051 0.979
2 3 0.050 0.993 0.012 0.979
3 3 0.100 0.987 0.015 0.979
4 3 0.150 0.970 0.010 0.970
5 3 0.200 0.930 0.046 0.930
6 3 0.400 0.507 0.108 0.507
7 3 0.600 0.040 0.044 0.040
8 3 0.800 0.000 0.000 0.000

The Linear Interpolation Estimate: 0.2925 Entered P Value: 25

0.2917
Lower:
Lower:

0.22

Number of Resamplings: 80
The Bootstrap Estimates Mean:
Original Confidence Limits:
Expanded Confidence Limits:
Resampling time in Seconds:

Standard Deviation: 0.0141
0.2739 Upper: 0.3241
0.2533 Upper: . 0.3589

Random Seed: -25579058

Figure 10. ICPIN program output for the IC25.

452

RB-AR25436



TABLE 17. SINGLE LABORATORY PRECISION OF .THE SE1~ URCHIN,
STRONGYLOCENTROTUS PURPURATUS FERTILI~~ATION TEST
PERFORMED IN SEAWATER USING GAMETES'FROM ADULTS
MAINTAINED IN S·EAWATER AFTER BEING COIJLECTED FROM
NATURAL POPULATIONS WITH COPPER (CU JlG/L)' SULFATE.AS
THE REFERENCE TOXICANT I'

Test Number NOEC (p,g/L) EC25 (p,g/L) EC50 (fJ,g/L)
: '. , . , '

1 6.9 9.7 14.3

2 23.0 26~2
' , 30.9

3 11.2 19.6 25.8

4 16.0 16.4 , 31,.1

5 15.3 17.8 24.6,
'6 10.8 18.6 28.3

Mean 18.1 25.8
CV(%), "

29.0 24.0 ,

Tests 'performed by Sally Noack~ AScI, at EPA's Pacific Ecosystems
Branch of ERL-Narragansett, Newport, OR. ",
Copper concentrations were measured and within 10% of nominal;
nominal qoncentrations were 5, 8, 12, 17, 25, 35~ and 50 Jlg/L.
These tests used only three replicates per concentration.
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TABLE 18. SINGLE LABORATORY PRECISION OF THE SAND DOLLAR,
DENDRASTER EXCENTRICUS FERTILIZATION TEST PERFORMED IN
SEAWATER USING GAMETES FROM ADULTS MAINTAINED IN
SEAWATER AFTER BEING COLLECTED FROM NATURAL POPULATIONS
WITH COPPER (CU ~G/L) SULFATE AS THE REFERENCE TOXICANT

Test Test NOEC (~g/L) EC25 (~g/L) EC50 (~g/L)

Date Number

7/11/94 1* 5.0 9.4 12.6
2** 5.0 14.6 17.5
3*** - 16.0 18.6

7/14/94 1* 12.0 16.7 20.9
2** <5.0 19.6 25.8

" 3*** 17.0 23.0 30.5,

7/17/94 1* 8.0 15.3 17.7
2** 5.0 13.5 16.4
3*** 12.0 13.4 17.0

7/19/94 1* 12.0 12.8 15.6
I 2** 17.0 18.6 22.1

3*** 12.0 13.3 16.0

i Mean 1 13.5 16.7
2 16.6 20.5
3 16.4 20.5
overall

SD 1 3.2 3.5
; 2 3.0 4.3

3 4.6 6.7
, overall

CV(%) 1 24% 21%
2 18% 21%
3 28% 33%
overall

Tests performed at National Council of the Paper Industry for Air
and Stream Improvement, Inc. Anacortes, WA.
Copper concentrations were nominal; nominal concentrations were
5, 8, 12, 17, 25, 35, and 50 ~g/L.

* Tests conducted with nominal S:E ratio of 147:1
** Tests conducted with nominal S:E ratio of 166:1
*** Tests conducted with nominal S:E ratio of 224:1
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TABLE 19. SINGLE LABORATORY PRECISION OF THE SAND DOLLAR,
DENDRASTER EXCENTRICUS FERTILIZATION TEST PERFORMED IN
SEAWATER USING GAMETES FROM ADULTS MAINTAINED IN
SEAWATER AFTER BEING COLLECTED FROM NATURAL POPULATIONS
WITH COPPER (CU ~G/L) SULFATE AS THE REFERENCE
TOXICANT.

Test Number NOEC (~g/L) EC25 (jlg/L) EC50 (jlg/L)

1 17.0 25.8 31.0

2 25.0 34.3 41.8

3 12.0 31.1 43.7

4 8.0 '- 14.2 19.8

5 25.0 27.2 30.5

Mean 26.5 33.4
CV (%) 29.0 29.0

Tests performed by Gary Chapman and Debra Denton at EPA's Pacific
Ecosystems Branch of ERL-Narragansett, Newport, OR.

Copper concentrations were nominalj nominal concentrations were
5, 8, 12, 17, 25, 35, and 50 ~g/L.
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TABLE 20. MULTIPLE LABORATORY PRECISION OF THE SEA URCHIN,'
STONGYLOCENTROTUS PURPURATUS, FERTILIZATION TEST
PERFORMED WITH COPPER (CU ~G/L) SULFATE AS A REFERENCE
TOXICANT

Lab # of Tests Statistic EC25 (JLg/L)

A 3 Mean 7.8'
SD 3.0
CV(%} 38%

B 2 Mean 4.0
SD -
CV (%) -

'.C 6 Mean 18.0
SD 5.4
CV(%} 30%

D 2 Mean 14.9
NA -
CV(%} -

E 6 Mean 19.3
SD 10.5
CV(%} 54%

# of Lab Statistic EC25
Means

~5 Mean 12.8
SD 6.6
CV(%} 52%

Tests performed as part of a methods evaluation effort organized
by the US EPA laboratory in Newport, Oregon; tests were' conducted
in 1991 by volunteer laboratories in California and Washington.
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APPENDIX I .. PURPLE URCHIN AND SAND DOLLAR TEST: STEP-BY-STEP
SUMMARY

PREPARATION OF TEST SOLUTIONS

A. Determine test concentrations and appropriate dilution water
based on NPDES permit conditions and guidance from the
appropriate reg~latory agency. .,

B. Prepare effluent" test solutions by diluting' well mixed
unfiltered effluent using volumetric flasks and pipettes.
Use hypersaline brine where' necessary to ma,intain all test.
solutions at 34 ± 2%0. Include brine contro,ls in tests that
use brine.

t

C. Prepare a copper reference toxicant stock solution (2,000
mg/L) by adding 5.366 9 of copper chloride (CuC1202H20) to 1
liter of reagent water. For each reference.toxicant test
prepare a copper sub-stock of 3 mg/L by diluting 1.5 mL of
stock to one liter with reagent water.

D. Prepare a control (0 jJ-g/L)' plus at least fiv'e consecutive
copper reference toxicant solutions (e.g., from the series
3.0, 4.4, 6.5, 9.5, 1.3.9, 20.4, and 30.0 J.Lg/L, by adding
0.1.0, 0.15, 0.22, 0.32, 0.46, 0.68, and. 1..00 mL of sub~stock

solution, respectively, to 1.00-L volumetric flasks and
filling to 1.00-mL with dilution water) .

E. Randomize numbers for test chambers and record the' chamber
numbers with their respective test concentrations on a
randomization data sheet. Store the data sheet safely untll
after the test samples have been analyzed .

.F. Sample effluent and reference toxic~nt solu1:ions for
physical/chemical analysis. Measure salini1:y, pH and'
dissolved oxygen from each test concentration.

G. Place test chambers in a water bath or environmental chamber
set to 12°C and allow temperature to equilibrate.

H. Measure the temperature in several temperature blanks during
the course of the test.

PREPARATION AND ANALYSIS OF TEST ORGANISMS

A. Obtain test organisms and hold or condition ,as necessary for
spawning.

B. On day of test, spawn organisms, examine gametes,_pool good
eggs, pool good sperm.

C. Determine egg and sperm densities and adjust as necessary.
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D. Run trial sperm:egg fertilization tes't (optional).

E. Adjust sperm density for definitive test.

F. Inject sperm into test solutions.

G. 20 minutes later inject eggs into test solutions.

H. 20 minutes after egg addition, stop the test by the addition
of preservative.

I. Confirm sperm density in definitive test by hemacytometer
counts.

J. Count at least 100 eggs in each test tube.

K. Analyze the data.

L. Include standard reference toxiqant 'point estimate values in
the standard quality control charts.
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APPENDIX II. USING THE NEUBAUER HEMACYTOMETER ,~?O ENUMERATE SEA c,(

URCHIN SPERM
.S

The Neubauer hemacytometer is a specialized microscope slide with
two counting grids and a coverslip.

TOP VIEW:

COVERSLIP
!I-t- SUPPORT

COUNTING GRIDS
(size exaggerated)

(see detail n~Xt page)
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Together, the total area of each grid (1 mm2 ) and the ve~tical

distance between the grid and the coverslip (0.1 mm), provide
space for a specific microvolume of aqueous sample (0.1 mm3

) •

SIDE VIEW:
Counting

Ala / Coverslip

-------:-:=rJ:----=,-~~ WellLoading
Notch

END VIEW THROUGH MID-CROSS SECTION:

Coverslip
Counting 1 Counting

Loading Areal +Area Loading-- -NOlch-C l' .=:J-NOlch

Overflow Well
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This volume of liquid and the cells suspended therein r

• (e. g. ,
blood cells or sperm cells) represent lllO ,'OOOt:h ·of t.he liquid
volume and cell numbers of a full miLl.iliter (cm3 ) of the sampled
material. .

NEUBAUER
HEMACYTOMETEIR
GRID OF 400 SQUARES

If the full 400-squares of each grid are counted, this represents
the number of sperm in O.l mm3 • Multiplying this value times lO
yields the sperm per mm3 (and is the source of the hemacytometer
factor of 4,000 squares/mm3

). If this product is multiplied by
1,000 mm3/cm3 , the answer is the number of sperm in one
milliliter of the sample. If the counted sample represents a
dilution.of a more concentrated original sample, the above answer
is multiplied by the dilution factor to yield t4e' cell 'density in
the original sample. If the cells are sufficiently dense, it is
not necessary to count the entire 400-square field, and the final.
calculation takes into account the number of squares actually
counted:

cells/mL = (dilution) (4,OOO sguares/mm3 ) (l,OOO mm3 /cm3
) (cell count)

(number of squares counted) ,

Thus, with a dilution of 4000 (O. 025 mL of semen: in 100' mL of
dilution water), 80 squares counted, and a count of 100, the
calculation becomes:

cells/mL = (4,OOO) (4,000) (1.000) (100)

80

= 20,000,000,000 cells/mL
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There are several procedures that are necessary for counts. to be
consistent within and between laboratories. These include mixing
the sample, loading and emptying the hematocrit tube, cleaning
the hemacytometer and cover slip, and actual counting procedures.

Obviously, if the sample is not homogeneous, subsamples can vary
in sperm density: A few extra seconds in mixing can save a lot
of wasted minutes in subsequent counting procedures. A full
hematocrit tube empties more easily than one with just a little
liquid, so withdraw a full sample. This can be expedited by
tipping the sample vial.

Because the sperm are killed prior to sampling, they will slowly
settle. For this reason, the sample in the hematocrit tube
should be loaded onto the hemacytometer as rapidly as possible.
Two replicate samples are withdrawn in fresh hematocrit tubes and
loaded onto opposite sides of a hemacytometer.

Coverslip
Counting 1 Counting

Area ~ ~ Area Loading
r=::~~===--a::==Ci::r=:=5-2==;;-dt:.::l_Notch

Overflow Well
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The loaded hemacytometer is left for 15 minutes to allow the
sperm to settle onto the counting field. If the coverslip is
moved after the samples are loaded, the hemacytometer should be
rinsed and refilled with fresh sample. After 15 minutes, the
hemacytometer is placed under a microscope and the counting grid
located at 100x. Once the grid is properly positioned, the
microscope is adjusted to 200x or 400x, and one of the corner
squares is positioned for counting (any one of the four corners
is appropriate). For consistency, use the same procedure each
time (Many prefer to start in the upper left corner of the
optical field, and this procedure will be used in 'the examples
given below) .

Examine the first large square in the selected corner. If no
sperm are visible, or if the sperm are so dense pr clumped to
preclude accurate counting; count a sample with a more'
appropriate dilution.

In making counts of sperm, it is necessary to adopt a consistent
method of scanning the smaller squares and counting sperm that
fall upon the lines separating the squares. Count the sperm in
the small squares by beginning in the upper left: hand corner
(square 1) and proceding'right to square 4, down to square 5,
left to square 8, etc. until all 16 squares are counted.

OJ 0

0 Jl

Jl

Q.
2 OJ 3

g.
41. 0 p

0 OJ
Q.

P
p 0

p

0" "0
7 ",6 5

"0 (p 0 if

" 0

"9 if 10 11 0 12 a
0 a "if g.

, " '"
16

0
15 " 14

0
13

0
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Because sperm that appear Qll lines might be counted as being in '
either square, it is important to avoid double counting or non
counting. For this reason a convention is decided upon and used
consistently: paraphrasing the instructions received with one
(Hausser Scientific) counting chamber "to avoid counting (sperm)
twice, the best practice is to count all touching the top and
left, and none touching the lower and right, boundary lines."
Whatever convention is chosen, it must be adhered,to. The
example below shows a sperm count based upon a selected
convention of counting sperm that fallon the upper and left
lines, but not on the lower or right lines:

27

28

0=
Not
Counted

54

,,>2 0 13
1 03 p8 12 ' .

9 p14
4Q. 5 7,,> go d60 10 IIp

Q. 25 in 180 15">
24 22 P16
P 021

( DP 017026 23 "> 190

029 032 33 36 ~ 37 4Jl( )039
300 034

0
cf 31 35 ~80 41 42d

52 0
d 46 0

cf 51 49 48 g. 44
47 043 ">

053 500 , 045
""0 " '-'

In the above illustration, sperm falling on the lower and right
lines are not counted. The count begins at the upper left'as
illustrated in the preceding figure. A typical count sequence is
demonstrated by the numbers next to each sperm illustrated.
Sperm identified as numbers 1, 5, 13, 20, 27, 28, 33, 51 and 54
touch lines and are counted as being in the square below them or
to their right. 'The circled sperm arenQt counted as being in
this field of 16 small squares (but they would be included in any
counts of adjacent squares in which they would be on upper or
left hand lines) .
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Once these counting conventions have been selected, it is
advisable to follow another strict protocol outlining the number
and sequence of large squares to be counted.: Because the sperm
may not be randomly distributed across the counting grid; it is
recommended to count an array of squares covering the entire
grid. The following procedure is recommended:

Count the number of sperm in the first large' sq,uare.

1. If the number is less than 10, count all 25 squares using
the same scanning pattern outlined above (left to right
through squares 1 to 5, down to square 6, ~eft through
square 10, down to 11, etc.). See pattern, no. 3.

2. If the number is between 10 and 19, count 9 large squares
using pattern no. 2.

3. If the number is 20 or greater, count 5 -large squares using
pattern no. 1.

1 2

3

4 5

Pattern no. 1

1 2

4 3

5

7 6

8 9

Pattern no. 2

I 1 2 3 4 5

10 9 8 7 6

11 12 13 14 15

20 19 18 17 16

21 22 23 24 25
, ,

Pattern no. 3 i

The final consideration in achieving good replicate counts is
keeping the hemacytometers andcoverslips clean~ They should be
rinsed in distilled water soon after use. Thecoverslips should
be stored in a good biocleanser such as hemasol. For an hour or
so prior to use, the hemacytometer slides should also be soaked
in the solution. Both slides and coverslips should then be
rinsed off with reagent water, blotted dry with'a lint-free'
tissue, and wiped with lens pape!.

", ,
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SECTION 17

GIANT KELP, Macrocystis pyrifera
GERMINATION AND GERM-TUBE GROWTH TEST METHOD

Adapted from a method developed by
Brian S. Anderson and John W.. Hunt

Institute of Marine Sciences, University of California
Santa Cruz, California

(in association with)
California Department of Fish and Game

Marine Pollution Studies Laboratory
34500 Coast Route 1, Monterey, CA 93940
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SECTION 17

GIANT KELP I MACROCYSTIS PYRIFERA
GERMINATION AND GROWTH TEST

17.1 SCOPE AND ,APPLICATION

17.1.1 This method estimates the chronic toxicity of effluents
and receiving water to zoospores and embryonic ,gametophytes of
giant kelp, Macrocystis pyrifera .during a 48-h static non-renewal
exposure. The effects include the synergistic, antagonistic, and
additive effects of all the chemical, physical, and biological
components which adversely affect the physiological and
biochemical functions of the test organisms.

17.1.2 Detection limits of the toxicity of an effluent or
chemical substance are organism dependent.

17.1.3 Brief excursions in toxicity may not be detected using
24-h composite .samples. Also, because of the long sample
collection period involved in composite sampling' and be'cause the
test chambers are not sealed, highly volatile and highly
degradable toxicants in the source may not be detected in the
test.

17.1.4 This method is commonly used in one of .two forms: (1) a'
definitive test, consisting of minimum of 'five effluent
concentrations and a control, and (2) a receivin:g water test (s) ,
consisting of one or more receiving water concentrations and a
control.

17.1.5 This method should be restricted to use by, or under the
supervision of, professionals experienced in aquatic toxicity
testing. Specific experience with any toxicity test is usually
rieeded before acceptable results become routine.,

17.2 SUMMARY OF METHOD

17.2.1 This method provides step-by-step instru.ctipns for
performing a 48-h day static non-renewal ·toxicity test using
giant kelp to determine the toxicity of substances in marine and
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estuarine waters. The test endpoints are germination of
gameophyte spores and length of embryonic gametophyte germination
tubes.

17.3 INTERFERENCES

17.3.1 Toxic substances may be introduced by contamin~nts in
dilution water, glassware, sample hardware, and testing equipment
(see Section 5, Facilities and Equipment, and Supplies) .

17.3.2 Improper effluent sampling and handling may adversely
affect test results (see Section 8, Effluent and Receiving Water
Sampling, and Sample Handling, and Sample Preparation for
Toxicity Tests) .

17.4 SAFETY

17.4.1 See Section 3, Health and Safety.

17.5 APPARATUS AND EQUIPMENT

17.5.1 Tanks, trays, or aquaria -- for holding and acclimating
giant kelp, e.g., standard salt water aquarium or Instant Ocean
Aquarium (capable of maintaining,seawater at 10-20°C), with
appropriate filtration and aeration system.

17.5.2 Air pump, air lines, and air stories -- for aerating water
containing broodstock or for supplying air to test solutions with
low dissolved oxygen.

17.5.3 Constant temperature chambers or water baths -- for
maintaining test solution temperature and keeping dilution water
supply, gametes, and embryo stock suspensions at test temperature
(15°C) prior to the test.

17.5.4 Water purification system -- Millipore Super-Q, Deionized
water (DI) or equivalent.

17.5.5 Refractometer

17.5.6 Hydrometer(s)

for determining sali~ity.

for calibrating.refractometer.
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17.5.7 Thermometers, glass or electronic, laboratory grade
for measuring water temperatures.

17.5.8 Thermometer, National Bureau of Standards Certified (see
USEPA METHOD 170.1, USEPA, 1979) -- to calibrate laboratory
thermometers.

17.5.9 pH and DO meters -- for routine physical and chemical
measurements.

17.5.10 .standard or micro-Winkler apparatus - - ... for determining
DO (optional) and calibrating the DO meter.

17.5.11 Winkler bottles -- for dissolved oxygen determinations.·

17.5.12 Balance
0.0001 g.

Analytical, capable of accura.tely weighing to

17.5.13 Fume hood -- to protect the analyst from effluent or
formaldehyde fumes.

17.5.14 Glass stirring rods for mixing test solutions.

17.5.15 Graduated cylinders -- Class A, borosil:Lcate glass or
non-toxic plastic labware, 50-1000 mL for making test sol~tionsr

(Note: not to be used interchangeably for gametes or embryos and
test solutions).

17.5.16 Volumetric flasks - - Class A, borosilicc~te glass or non~

toxic plastic labware, 10-1000 mL for making test: solutions.

17.5.17 Pipets, automatic ~- adjustable, to cover a range of
delivery volumes from 0.010 to 1.000 mL.

17.5.18 Pipet bulbs and fillers -- PROPJPET@ or equivalent.

17.5.19 Wash bottles -- for reagent water, for t:opping off
graduated cylinders, for rinsing small glassware and instrument
electrodes and probes.

17.5.20 Wash bottles -- for dilution water.
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~7.5.2~ 20-liter cubitainers or polycarbonate water cooler jugs
-- for making hypersaline brine.

17.5.22 Cubitainers, beakers, or similar chambers of non-toxic
composition for holding, mixing, and dispensing dilution water
and other general non-effluent, non-toxicant ,contact uses. These
should be clearly labeled and not used for other purposes.

~7.5.23 Beakers, 250 borosilicate ,glas,s - - for mixing test
solutions.

17.5.24 Beakers, 1,000 mL borosilicate glass --' for holding
sporophyll blades.

~7.5.25 Inverted or compound microscope '-- for inspecting
zoopspores and embryonic gametophytes. '

~7.5.26 Hemacytometer (bright-line rbc)
zoospore density.

for measuring

~7.5.27 Counter, two unit, 0-999
zoopspores.

for recording counts of

~7.5.28 Light meter (irradiance'meter w/cosine corrected sensor)
-- for measuring light intensity.

17.5.29 Cool white fluorescent lights -- for providing light
during incubation of developing gametophytes.

~7.5.30 60 ~m NITEX® filter

~7.6 REAGENTS AND SUPPLIES

for filtering receiving water.

~7.6 . ~ Sample containers - - for sample shipment and storage ,( see
Section 8, Effluent and Receiving Water Sampling, arid Sample
Handling, and Sample Preparation for Toxicity Tests) .

~7.6.2 Data sheets (one set per test)' -- for data recording:
(Figures ~ and 2) .

17.6.3 Tape, colored -- for labelling test chambers and
containers.
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17.6.4 Markers, water-proof --for mark:tng containers, etc.

17.6.5 Parafilm -- to cover graduated cylinders and vessels.

17.6.6 Glo:ves, disposable - - for personal prot:ection from
contamination.

17.6.7 Pipets, serological 1-10 mL, graduat:ed.

17.6.8 Pipet tips

17.6.9 Coverslips

for automatic pipets.

for microscope slides.

17.6.10 Lens paper -- for clea:ning microscope optics.

17.6.11 Laboratory tissue wipes for cleaniIl~g and drying
electrodes, microscope slides, etc.

17.6.12 Disposablecountertop covering -- for protection of work
surfaces and minimizing spills and contamination.

17.6.13 pH buffers 4, 7, and 10 (or. as ~er instructions of
instrument manufacturer) --for standards and calibration check
(see USEPA Method 150.1, USEPA, 1979).

17.6.14 Membranes and filling solutions -- for dissolved oxygen
probe (see USEPA Method 36Q.l, USEPA, 1979), ori reagents for
modified Winkler analysis.

17.6.15 Laboratory quality assurance samples and standards -
for the above methods.

17.6.16 Test chambers -- 600 mL, five chambers per
concentration. The chambers should be borosilicate glass (for
effluents) or,nontoxic disposable. plastic labware (for reference
toxicants). To avoid contamination from the air and excessive
evaporation of test solutions during the .test, ~he chambers
should be covered during the test with safety glass plates or a
plastic sheet (6 mm thick) .

17.6.17 Glutaraldehyde -- for specimen preservation - optional;
(see Section 17.10.8.2).
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17.6.18 Microscope slide (flat) -- for each test chamber to
serve as the substratum upon which the zoospores will settle.

17.6.19 Reference toxicant solutions (see Section 17.10.2.4 and
see Section 4, Quality Assurance) .

17.6.20 Reagent water -- defined as distilled or deionized water
that does not contain substances which are toxic to the test
organisms (see Section 5, Facilities, Equipment, and Supplies and
Section 7, Dilution Water).

17.6.21 Effluent and receiving water -- see Section 8, Effluent
and Surface Water Sampling, and Sample Handling, and Sample
preparation for Toxicity Tests.

17.6.22 Dilution water and hypersaline brine -- see Section 7,
Dilution Water and Section 17.6.24, Hypersaline Brines. The
dilution water should be uncontaminated l-~m-filtered natural
seawater. Hypersaline brine should be prepared from di.lution
water.

17.6.23 HYPERSALINE BRINES

17.6.23.1 Most industrial and sewage treatment effluents
entering marine and estuarine systems have little measurable
salinity. Exposure of larvae to these effluents will usually
require increasing the salinity of the test solutions .. It is
important to maintain an essentially constant salinity across all
treatments. In some applications it may be desirable to match
the test salinity with that of the receiving water (See Section
7.1). Two salt sources are available to.adjust salinities -
artificial sea salts and hypersaline brine (HSB) derived from
natural seawater. Use of artificial sea salts is necessary only
when high effluent concentrations preclude salinity adjustment by
HSB alone.

17.6.23.2 Hypersaline brine (HSB) can be made by concentrating
natural seawater by freezing or evaporation. HSB should be made
from high quality, filtered seawater, and can be added to the
effluent or to reagent water to increase salinity. HSB has
several desirable characteristics for use in effluent toxicity
testing. Brine deriyed from natural seawater contain~ the
necessary trace metals, biogenic colloids, and some of the
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microbial components necessary for adequate growth, survival,
and/or reproduction of marine and estuarine organisms, and it can
be stored for prolonged periods without any apparent degradation.
However, even if the maximum salinity HSB (100~), is used as a
diluent, the maximum concentration of effluent (0%0) that can be
tested is 66% effluent at 34~ salinity (see Table 1).

TABLE 1. MAXIMUM EFFLUENT CONCENTRATION (%) THAT CAN BE TESTED
AT 34~ WITHOUT THE ADDITION OF DRY SALTS GIVEN THE
INDICATED EFFLUENT AND BRINE SALINITIES.

Effluent Brine Brine Brine Brine Brine

Salinity 60 70 80 90 100,
%"0 %"0 ~ ~o %"0

,
~
00

0 43.33 51.43 57.50 62.22 66.00
;

1 44.07 52.17 58.23 62.92 66.67
,

2 44.83 52.94 58.97 63.64 67.35
!

3 , 45.61 53.73 59.74 64.37 I 68.04
I

4 46.43 54.55 60.5'3' 65.12 68.75

5 47.27 55.38 61. 33 65.88 , 69.47

10 52.00 60.00 65.71 70.00 I 73.33

15 57.78 65.45 70.77 74.67 77.6.5

20 65.00 72.00 76.67 80.00 82.50

25 74.29 80.00 83.64 86.15 88.00

17.6.23.3 High quality (and preferably high salinity) .seawater·
should be filtered to at least 10 Jlm before placing into the
freezer or the brine generator. Water should be. collected on an
incoming tide to minimize the possibility of cont:.amination.

17.6.23.4 Freeze Preparation of Brine

17.6.23.4.1 A convenient container .for making m?B by f.reezing is
one that has a bottom drain. One liter of brine can be made from
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four liters of seawater. Brine may be collected by partially
freezing seawater at -10 to ~20°C until the remaining liquid has
reached the target salinity. Freeze for approximately six hours,
then separate the ice (composed mainly of fresh water) from the
remaining liquid (which has now become hypersaline) .

17.6.23.4.2 It is preferable to monitor the water until the
target salinity is achieved rather than allowing total freezing
followed by partial thawing. Brine salinity should never exceed
100~. It is advisable not to exceed about 70~ brine salinity
unless it is necessary to test effluent concentrations greater
than 50~.

17.6.23.4.3 After the required salinity is attained, the HSB
should be filtered through a 1 ~m filter and poured directly into
portable containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the date the brine
was generated. Containers of HSB should.be stored in the dark at
4°C (even room temperature has been acceptable). HSB is usually
of acceptable quality even after several months in storage.

17.6.23.5 Heat Preparation of Brine

17.6.23.5.1 The ideal container for making brine using heat
assisted evaporation of natural seawater is one that (1) has a
high surface to volume ratio, ·(2) is made of a non-corrosive
material, and (3) is easily cleaned (fiberglass containers are
ideal). Special care should be used to prevent any to~ic

materials from coming in contact with the seawater being used to
generate the brine. If a heater is immersed directly into the
seawater, ensure that the heater materials do not corrode or
leach any substances that would contaminate the brine. One
successful method is to use. a thermostatically controlled heat
exchanger made from fiberglass. If aeration is needed, use only
oil-free air compressors to prevent contamination.

17.6.23.5.2 Before adding seawater to the brine generator,
thoroughly clean the generator, aeration supply tube, heater, and
any other materials that will be in direct contact with the
brine. A good quality biodegradable det~rgent should be used,
followed by several (at least three) thorough reagent water
rinses.
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17.6.23.5.3 ' Seawat~r should be fil~ered to at ]~east 10 p.mbefore
being put into the brine generator. The temperSfture ot the
seawater is increased slowly t,o 40°C. The water, should, be
aerated to prevent temperature stratifi-cation and to increase
water evaporation. The brine should be checked daily (depending
on the volume being generated) to ensure'.that the ,salinity does
not exceed 100%'0 and that the temperature does not exceed 40°C.
Add~tional seawater may be added to the brine· to obtain the
volume of brine required.

,

17.6.23.5.4 ,After the required salinity is attained, the HSB
should be filtered through a 1 p.m filter and poured directly into
portable containers (20-L cubitainers or polycarbonate water
cooler jugs are suitable). The brine storage containers should
be capped and labelled with the salinity and the1date the brine
was generated. Containers of HSB should be stored in the dark at
4°C (even room temperature has been acceptable) . ',HSB is usually
of acceptable quality even after several months :j.n storage."

17.6.23.6 Artificial Sea Salts

17.6.23.6.1 No data from giant kelp tests usingisea salts, or
artificial seawater (e.g., GP2) are available for eval~ation at
this time, and their use must be c~msidered provisional.

17.6.23.7 Dilution Water Preparation from Brine

17.6.23.7.1 Although salinity adjustment with brine is the
preferred method, the use of high salinity brines! and/or reagent
water has sometimes been associ'ated with discerni:ble adverse
effects on test organisms. For this reason, it is recommended
that only the minimum necessary volume of brine and reagent 'water
be used to offset the low salinity of the effluent, 'and that
brine controls be included in ,the test. The remaining dilui::.i<;:>n
water should be natural seawater. Salin~ty may be adjusted in
one of two ways. First, the' salinity of the highest effluent
test concentration may be adjusted to an acceptab~e salinity, and
then serially dilut~d. Alternatively, each efflu~nt

concentration can be prepared individually with a:ppropriate
volumes of effluent and brine.

17.6.23.7.2 When HSB and reagent water are use!:i, tho!oughly
mix together the reagent water and HSB before mixing in the
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effluent. Divide the salinity of the HSB by the expected test
salinity to determine the proportion of reagent water to brine.
For example, if the salinity of the brine, is 100~ and the test
is to be conducted at 34~, 100~ divided by 34~ = 2.94 .. The
proportion of brine is 1 part, plus 1.94 parts reagent water: To'
make 1 L of dilution water at 34~ salinity from a HSB of 100~,

340 mL of brine and 660 mL of reagent water are required. Verify
the salinity of-the resulting mixture using a refractometer.

17.6.23.8 Test Solution Salinity Adjustment

17.6.23.8.1 Table 2 illustrates the preparation of test
solutions (up to 50% effluent) at 34~ by combining effluent,
HSB, and dilution water. Note: if the highest effluent
concentration does not exceed 50% effluent, it is convenient to
prepare brine so that the sum of the effluent salinity and brine
salinity equals 68~; the required brine volume is then 'always
equal to the effluent volume needed for each effluent
concentration as in the example in Table 2.

17.6.23.8.2 Check the pH of all test solutions and adjust to
within 0.2 units of dilution water pH by 'adding, dropwise, dilute
hydrochloric acid or sodium hydroxide (see Section 8.8.9,
Effluent and Receiving Water Sampling, Sample Handling,. and
Sample Preparation for Toxicity Tests) .

17.6.23.8.3 To calculate the amount, of brine to add to each
effluent dilution, determine the following quantities: salinity
of the brine (SB, in ~), the salinity of ·theeffluent (SE, in'
~), and volume of the effluent to be added (VE, in mL). Then
use the following formula to calculate the volume of brine (VB,
in mL) to be added:

VB = VE x (34 - SE)/(SB - 34)

17.6.23.8.4 This calculation assumes that dilution water
salinity is 34 ± 2~.

17.6.23.9 Preparing Test Solutions

17.6.23.9.1 Two hundred mL of test solution are needed for each
test chamber. To prepare test solutions at low effluent
concentrations «6%), effluents may be added directly to dilution
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water. For, example, to prepare 1% effluent, add 10 mL of
effluent to a,l-liter volumet~ic flask using a volumetric pipet·
or calibrated automatic pipet. Fill the volumetric' flask to, the
1-Liter mark with dilution water, stopper it, and shake to mix.
Distribute equal volumes into the replicate test chambers.

17.6.23.9.2 To prepare a test solution at higher effluent
concentrations, hypersaline brine must u~ually be used., For
example, to prepare 40% effluent, add 400 mL of effluent to a 1
liter volumetric flask. Then, assuming an efflu~nt salinity of
2~ and a brine salinity of 66~, add 400 'mL of brine (see
equation above and Table 2) and top off the flask with dilution

I

water. Stopper the flask and shake well. Dist:ribute equal
volumes into the replicate test chambers.

17.6.23.10 Brine Controls

17.6.23.10.1 Use brine controls in all tests whE~re brine is
, .

u~ed. Brine ,controls contain the same volume of'brine as does
the highest effluent concentration using brine, plus the volume
of reagent water ,needed to reproduce the hyposalinity of the
effluent in the highest concentration" plus dilution water.
Calculate the amount of reagent water, to·add to brine controls by
rearranging ,the above equation, (See, 17.6.23.8.3) setting SE ~

0, and solving for VE.

VE = VB x (SB - 34.) / (34 - SE)

If effluent salinity is essentially O~, the, reagent water volume
needed in the brine control will equal t~e effluent volume at the
highest test concentration. However, as effluent. salinity and
effluent concentration increase, less reagent wa~er volume is
needed.

17.6.24 TEST 0RGANISMS

17.6.24.1 The test organisms for this method ~re the zoospores
of the giant kelp, Macrocystis pyrifera . . MacrocYistis is the
dominant canopy forming Laminarian alga in southe~n and central
California and forms extensive subtidal forests along t.he coast.
Giant kelp .forests support a rich diversity. of marine life and
provide habitat and food for hundreds of i~vertebrate and
vertebrate species (North, 1971; Foster and Schiel, 1985) . It
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TABLE 2. EXAMPLES OF EFFLUENT DILUTION SHOWING VOLUMES OF
EFFLUENT (x~), BRINE, AND DILUTION WATER NEEDED FOR
ONE LITER OF EACH TEST SOLUTION.

FIRST STEP:
to achieve a
for dilution

Combine brine with reagent water or natural
brine of 68-x~ and, unless natural seawater
water, also a'brine-based dilution water of

seawater
is used
34~.

SERIAL DILUTION:
Step 1. Prepare the highest effluent concentration to be tested
by adding equal volumes of effluent and brine to the appropriate
volume of dilution water. An example using 40% is shown.

Effluent Cone. Effluent x§o Brine (68- . Dilution Water*
(t) x)§o 34§o

40 800 mL 800 mL 400 mL

Step 2. Use either serially prepared dilutions of the highest test
concentration or individual dilutions of 100% effluent.

Effluent Cone. (%) Effluent source Dilution Water* (34g-.,)

20 1000 mL of 40% lOOO mL

10 1000 mL of 20% 1000 mL

5 1000 mL of 10% 1000 mL

2.5 1000 mL of 5% 1000 mL

Control none 1000 mL

INDIVIDUAL PREPARATION

Effluent Cone. Effluent xg-., Brine (68-x) g-., Dilution Water*
(%) 34g-.,

40 400 mL 400 mL 200 mL

20 200 mL 200 mL 600 mL

10 100 mL , 100 mL 800 mL

5 50 mL 50 mL " 900 mL

2.5 25 mL 25 mL 950 mL

Control none none 1000 mL

*May be natural seawater or brine-reagent water equivalent.
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is an appropriate tox;icity ,test species because: ,of its
availability, economic and ecological importance I history of
successful laboratory culture (North, 1976; Luning, 1980;
Kuwabara, 1981; Deysher arid Dean, 1984; Linfield, 1985), and
p~evious u~e in, toxicity, te,st.,ing (Smith and Harrison, 197~.i ~ames

et al., ,1987; Ande!son and,Hunt, 1988; Hunt et al., 1989;
Anderson et al., 1990'). Other Laminarian alga spe,cies have
proven to be useful for laboratory toxicity tes'ting (Chung and
Brinkhuis, 1986; Thompson and Burrows, 1984; Hopkin and Kain,
1978; see Thursby et al., 1993 ~or review). ' ,

17.6.24.2 Like all kelps, MacrocystiE? has a life cycle that
alternates between a microscopic gametophyte st<;ige and a
macroscopic sporophyte stage.,' It is the sporophyte stage that'
forms, kelp forests.,." These p:Lants pro<:iuce, repro(~uctive blades
'(sporophylls) at their base. The sporophylls dE~velop patches
(sari) iri which bi'flagellate, haploid zoospores are produced.
The zoospores are released into the water column where they swim
~nd eventually s,~tt:l:~ a,nto. t:q.e., botto~ ang g_~rminate. _ Th~ " , .
~aioe~ious ,spor~'s' de-Y,elop into eit~e~ rnalear fenlale' gametophytef/
The male gametophytes produce . flagellated gametE~s which may
fertilize eggsproduGeo.by the femalegametophytes. ~ertilized;

eggs develop into sporophytes within,12~ 15 days, completing'the
lifecycle.

17.6.24.3 The method described here focuses on 'germination of'
the zoospore,s an<:i tb:e' 'lnitial growth of the devei~ping
gametophytes. It involves the controlled release of ,zoospores" "
from the sporophyll blades l followed by the introducti0I?- .of a '
spore' suspension: of known 'density into the' testcont'ainers·. The
,zoosporesswimthrough'the test' solution 'and eventually settle
onto glass mi'crQscopeslides. The settled spores germinate by
-extruding the cytoplasm of, the spore through the germ-t,ube into
the first gamet ophytic cell. ',This stage is often referred' to ~s:
the '''dumbell'' stage. The two endpoints measured after 48 hours
are germ,ination ,SUCCE;:!SS and growth of, t,he ,embryonic gametophytes"
. (germ-tube length) .

,17.6.24.4, Species Identification

17.6.24.4.1 Altho~gh there is som'e debate over ,t.he "taxonomy' of>'
the genus Macrocystis, Abbott and Hollenberg (19'i76) consider only
two species in California: M. pyrifera, and M. Lategrifolia. The
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two are distinguished from each other based on habitat and the
morphology of their holdfasts. Macrocystis pyrifera occurs
sUbtidally while M. integrifolia occurs 'in the low intertidal
and shallow subtidal zones.' Macrocystis pyrifera has a conical
holdfast while M. integrifolia has a more flattened, c~eeping

holdfast. Consult Abbott and Hollenberg (1976) for a more
detailed taxonomic discussion of the two species.

~7.6.24.5 Obtaining Zoospores

17.6.24.5.1 Macrocystis zoospores are obtained from the
reproductive blades (sporophylls) of the adult plant., The
sporophylls are located near the base of the plant just above its
conical holdfast. Sporophylls must be collected subtidally and
should be collected from at least five different plants in any
one location to give a good genetic representation of the
population. The sporophylls should be c~llected from areas free
of point and non-point source pollution to minimize the
possibility of genetic or physiological adaptation to pollutahts.
In situations where a thermocline is present at the collection
site, the sporophylls should be collected from below the
thermocline to ensure adequate spore release. Sporophylls are
identified in the field by the presence of darkened patches
called sori. The zoospores develop within the sori. In addition,
the sporophylls are distinguished from vegetative blades by their
thinner width, basal location on the adult plant, and,general
lack of pneumatocysts (air bladders) . Collection of a,lgae is
regulated by California law. Collectors must obtain a scientific
collector's permit from the California Department of Fish and
Game and observe any regulations regarding collection and
transport ,of kelp. For further information regarding sporophyll
collection, contact the Marine Pollution ,Studies Laboratory,
34500 Coast Route 1, Granite Canyon, Monterey CA, 93940, (408)
624-0947.

17.6.24.6 Broodstock Culture and Handling

17.6.24.6.1 After collection, the sporophylls should be, kept
damp and not exposed to direct sunlight. , Avoid immersing the
blades in seawater, however, to prevent premature spore release.
The sporophylls should be rinsed thoroughly in 0.2 ~m filtered
seawater to remove diatoms and other epipqytic organisms. The
individual blades can be gently rubbed between fingers under
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running filtered seawater or brushed with a soft bristled brush.
The blades are stored between moist paper towels (lasagna style
so that the sporophylls do not overlap' each other, and each layer
of sporophylls are separated by a layer of paper towels) at
approximately 9-12°C until needed. The zoosporel3 must be
released within 24 hours of collection to insure their viability.
Preliminary data indicate that prolonged storage times may affect
test results (Bottomley et al., 1991); however as long as
germination rates meet control acceptability criteria this should
not affect test results. Sporophylls should be kept shaded to
prevent damage to the spores. For holding or transport times
longer than approximately six hours, the sporophylls should. be
placed in an ice chest with blue ice. The blue ice should be
wrapped in newspaper (10 layers) for insulation,! then plastic to
prevent leaking.

17.7 EFFLUENT AND RECEIVING WATER COLLECTION, P:RESERVATION,AND
STORAGE

17.7.1 See Section 8, Effluent and Receiving Waiter Sampling,
Sample Handling, and Sample Preparation 'for Toxil;::ity Tests.

17.8 CALIBRATION AND STANDARDIZATION

17.8.1 See Section 4, Quality Assurance.

17.9 QUALITY CONTROL

17.9.1 See Section 4, Quality Assurance.

17.10 TEST PROCEDURES

17.10.1 TEST DESIGN

17.10.1.1 The test consists of at least five effluent
concentrations plus a dilution water control ..T~sts that use
brine to adjust salinity must also contain five replicates of a
brine control.

17.10.1.2 Effluent concentrations are expresse~ as percent
effluent.

17.10.2 TEST SOLUTIONS
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17.10.2.1 Receiving waters

17.10.2.1.1 The sampling point is determined by the objectives
of the test. At estuarine and marine sites, samples are,usually
collected at mid-depth. Receiving water toxicity is' determined
with samples used directly as collected or with samples passed
through a 60 ~m NITEX® filter and compared without dilution,
against a control. Using five replicate chambers per test, each
containing 200 mL, analysis would require approximately 1 L of
sample per test.

17.10.2.2 Effluents

17.10.2.2.1 The selection of the effluent test concentrations
should be based on the objectives of the study. A dilution
factor of at least 0.5 is commonly used. A dilution factor of
0.5 provides hypothesis test discrimination of ± 100%, and
testing of a 16 fold range'of' concentrations. Hypothesis test
discrimination shows little improvement as dilution-facto'rs are
increased beyond 0.5 and declines rapidly'if smaller dilution
factors are used. USEPA reoommends that one of the five'effluent
treatments must be a concentration of effluent mixed with
dilution water whioh corresponds to the permittee's ins'tream
waste conoentration (IWC). At least two of the effluent
treatments must be of lesser effluent concentration than the IWe,
with one being at least one-half the concentration of the Iwe.
If 100~ EBB is used as a diluent, the maximum concentration of
effluent that can be tested will be 66% at 34~ salinity.. .

17.10.2.2.2 If the effluent is known or suspected to be highly
toxic, a lower range of effluent concentrations should be used
(such as 25%, 12.5%, 6.25%, 3.12% and 1.56%).

17.10.2.2.3 The volume in eaoh test chamber is 200 mL.

17.10.2.2.4 Effluent dilutions should be prepared for all
replicates in each treatment in one container to minimize
variability among the ~eplicates. Dispense into the appropriate
effluent test chambers.

17.10.2.3 Dilution Water

17.10.2.3.1 Dilution water should be uncontaminated l-~m-
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filtered natural seawater or hypersaline brine prepared from,
uncontaminated natural seawater plus reagent water (see Section
7, Dilution Water). Natural seawater may be, un<::ontaminated
receiving water., This water is used in all dilution steps anc;i as
the control water.

17.10.2.4 Reference Toxicant Test

17.10.2.4.1 Reference toxicant tests should be conduc~ed as
described in Quality Assurance (see Section 4.7).

17.10.2.4.2 The preferred reference toxicant fqr giant :j{elp is
copper chloride (CuCI202H20). Reference toxicant~ tests provide
an indication of the sensitivity of the test orsranisms and the
suitability of the testing laboratory (see Section 4 Quality
Assurance). Another toxicant may be specified by the app~opriate
regulatory agency. Prepare a 10,000 ~g/L coppei' stock 'solution
by adding 0.0268 g of copper chloride (CuCI202H20) to one liter
of reagent water in a polyethylene volumetric flask.
Alternatively, certified standard solutions can be ordered from
commercial companies.

17.10.2.4.3 Reference toxicant solutions should be' five
, , ,

replicates each of 0 (control), 5.6, lO, l8, 32, lOO, and lao
~g/L total copper. Prepare one liter of each concentration by
adding 0, 0.56, 1.0, 1.8, 3.2, 5.6, 10.0, and 18i.o mL of· stock
solution, ,respectively, to' one-liter volumetric £.lasks' and fill
with dilution water. Start with control solutions and progress
to the highest concentration to minimize 'contamination.

, .

17.10.2.4.4 If the ,effluent and reference toxicant tests are to.
be run concurrently, then the tests must use zoospores from the
same release. The tests must be handled in the i~ame way and test
solutions'delivered to the test chambers at the same time.
'Reference toxicant tests must be conducted at 34 ± 2%0.

17.10.3 RELEASE OF ZOOSPORES FOR THE TEST

17.10.3.1 Zoospores are released by slightly del3icca.ting the
sporophyll blades, and then placing them in filtered seawater.
To desiccate the sporophylls, blot the blades with paper towels
and expose them to air for 1 hour.
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~7.~0.3.2 The number of sporophyll blades needed depends upon
their maturity; usually 25-30 blades (~ 100 grams wet weight) are
sufficient. After 1 hour the blades should be rinsed again
thoroughly using 0.2 ~m-filtered seawater, then placed in a one
L glass or plastic beaker filled with 0.2 ~m filtered seawater at
~5-16DC. The release water should never exceed 18 DC.

~7.~0.3.3 After one hour, a sufficient number of zoospores
should be present to conduct the test. The presence of zoospores
is indicated by a slight cloudiness in the water. To verify
whether zoospores are present, periodically sample the solution
and observe the sample microscopically (100x).

17.~0.3.4 To insure that the zoospores are viable and have not
begun to germinate before they are exposed to the toxicant, the
zoospore release process should not be longer·thantwo .hours. If
it takes longer than two hours to get an adequate density of
zoospores (~7,500 zoospores/mL of test solution), repeat the
release process with a new batch of sporophylls.

~7.~0.3.5 After the zoospores are released, remove the
sporophylls and let the spore mixture settle for 30 minutes.
After 30 minutes, decant 250 mLs from the top of the spore
solution into a separate clean glass beaker. Sample the spore
solution and determine the spore density using a bright-line
hemacytometer (100x). Spores may be counted directly, or to
obtain a more accurate count, fix a sample of spores by mixing
nine milliliters of spore solution with ~-mL of 37% buffered
formalin (or acetic acid) in a test tube. S~ake the sample well
before placing it on the hemacytometer.

~7.10.3.6 After counting, the density is multiplied by 1.111 to
correct for the dilution caused by adding 1 mL of formalin to the
sample. Use at least five replicate counts. After the density
is determined, calculate the volume of zoospores necessary to
give approximately 7,500 spores/mL of test solution. Toprevent
over-dilution of the test solution, this,volume should not exceed
~% of the test solution volume. If this volume exceeds 1% of the. .
test solution volume, it should be noted in the results.

~7.~0.3.7 Test solutions must be prepared while the zoospores
are releasing from the sporophylls. Test solutions must be
mixed, sampled, and temperature equilibrated in time to receive
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the swimming· zoospores as soon as they are count~ed. Zoospore
release and counting should be done in a room separate from that
used for.toxicant preparation, and care should be takeD; to.avoid
contaminating the zoospores prior to testing.

17.10.4 START OF THE TEST

17.10.4.1 Prior to Beginning the Test

17.10.4.1.1 The test· should begin as soon as po:ssible,
preferably within 24 h of sample collection. The maximum holding
time following retrieval of the. sample from the ,sampling device
should not exceed 36h for off-site toxicity tests unless
permission is granted by the permitting authority. In no case
should the sample be used in a test more ,than 72 h after sample
collection (see Section 8 Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity, Test) .

17.10.4.1.2 Just prior to test initiation (appr,oximately 1 h),
the temperature of a sufficient quantity of the sample to make
the test solutions should be adjusted to .the tes't temperature (15
± laC) and maintained at that temperature during the addition o~

dilution water ..

17.10.4.1.3 Increase the temperature of the water bath, room, ·or
incubator to the required test temperature (15 ± laC).

17.10.4.1.4 Randomize the placement of test chambers in the
temperature-controlled water bath, room, or incubator at the
beginning of the test, using a position chart. l~ssign numbers
for the position of each test chamber using a random numbers or
similar process (see Appendix A, for an example of
randomization). Maintain the chambers in this configuration
throughout the test, using a position chart. Record these'
numbers on a separate data sheet together with the concentration
and replicate numbers to which they correspond. Identify this
sheet with the date, test organism, test ,number, laboratory, and
investigator's name, and safely store it away unt,il after the
gametophyte spores have been examined at the end of the test.

•
17.10.4.1~5 Note:
invalidate the test
afterwards. Make a

Loss of the randomization sheet would
by making it impossible to an.alyze the data
copy of the randomization sheiet and store
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separately. Take care to follow the numbering system exactly
while filling chambers with the test solutions.

~7.~0.4.~.6 Arrange the test chambers randomly in the water bath
or controlled temperature room. Once chambers have been labeled
randomly and filled with test solutions, they can be arranged in

numerical order for convenience, since this will also ensure
random placement of treatments.

~7.10.4.2 Estimation of Zoospore Density

~7.~0.4.2.1 After determining the zoospore density a~d

calculating the volume yielding 7,500 zoospores/mL test solution,
add this volume to each test chamber (this is the start time of
the test). Observe a sample of zoospores microscopically to
verify that they are swimming before adding them to the test
chambers.

~7.~0.4.2.2 Incubate the developing gametophytes for 48 hours in
the test chambers at 15°C under 50 ~E/m2/s. The zoospores
germinate and develop to the Ildumbell ll gametophyte stage during
the exposure period .

.
~7.10.5 LIGHT, PHOTOPERIOD, SALINITY AND TEMPERATURE

~7.10.5.1 The lights used in this method are:;-cool whit·e
fluorescent lights adjusted to give .50 ~E/m2/s at the top of each
test chamber. Each test chamber must receive the same quanta of
light (50 ± 10 ~E/m2/s). Areas of increased light can be
eliminated by taping the outside of the light diffuser or
wrapping the fluorescent bulbs with aluminum foil.

~7.~0.5.2 The water temperattire in the test chambers should be
maintained at 15 ± 1°C. If a water bath is used to maintain the
test temperature, the. water depth surrounding the test cups
should be as deep as possible without floating the chambers.

~5.10.5.3 The test salinity should be in the range of 34 ± 2~.

The salinity should vary by no more than ±2%'o among the '"chambers
on a given day. If effluent and receiving water tests ·are
conducted concurrently, the salinities of these tests should be
similar.
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15.10.5.4 Rooms or incubators with high volume yentilation
should be used with caution because the volatili2:ation of the
test solutions and evaporation of dilutiqn water may cause wide
fluctuations in salinity. Covering the test charr~ers with clean
polyethylene plastic may, help prevent volatilization and
evaporation of the test solutions.

17.10.6 DISSOLVED OXYGEN (DO) CONCENTRATION

17.10.6.1 Aeration may affect the toxicity of ef,fluent and
should be used only as a last resort to maintain a satisfactory
DO. The DO concentration should be measured on new solutions at
the start of the test (Day 0). The DO should not fall below 4.0
mg/L (see Section 8, Effluent and Receiving Water; Sampling,
Sample Handling, and Sample Preparation for Toxicity Tests). If
it is necessary to aerate,' all treatments and the control should
be aerated. The aeration ~ate should not exceed that necessary
to maintain a minimum acceptable DO and under no circumstances
should it exceed 100 bubbles/minute, using a pipet with a 1-2 mm
orifice, such as a 1 mL KIMAX® serological pipet No. 37.033,' or
equivalent.

17.10.7 OBSERVATIONS DURING THE TEST

17.10.7.1 Routine Chemical and Physical .Observations

17.10.7'.1.1 DO is measured at the beginning of t;.l~e exposure
period in one test chamber at each tes't concentration and in the
control.

I.
i

17.10.7.1.2 Temperature, pH, and salinity are measured at the
beginning of the exposure period in one ~est chamber at each '
concentration and in the control. Temperature should also be
monitored continuously or observed and recorded daily for at
least two locations in the environmental control system or the
samples. Temperature should be measured in a sufficient number
of test chambers at the end of the test to determine temperature '
variation in the environmental chamber.

17.10.7.1.3 Record all the measurements 'on the data sheet.

17.10.8 TERMINATION OF THE TEST
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17.10.8.1 Ending the Test

17.10.8.1.1 Record the time the test is terminated.

17.10.8.1.2 Temperature, pH, dissolved oxygen, and salinity are
measured at the end of the exposure period in one test chamber at
each concentration and in the control.

17.10.8.2 Sample preservation

17.10.8.2.1 In some cases it may be convenient to preserve the
kelp cultures for later analysis. Preliminary work by Anderson
and Hunt (Marine Pollution Studies Laboratory unpublished data)
indicates that cultures can be preserved in 0.1% glutaraldehyde
(final concentration) and that preservation has no significant
effect on germination or germ-tube growth. Other researchers
have used higher glutaraldehyde concentrations and found adequate
preservation with no effect on spore germination or gametophyte
growth (K. Goodwin, Calif. Inst. of Tech.", unpublished data).

17.10.8.2.2 Because data on the effects of preservation are
preliminary, it is recommended that anyone interested in
preserving kelp cultures for later analysis first demonstrate
that preservation does not affect test results. This can be
accomplished by comparing germination and germ-tube growth in
preserved vs non-preserved kelp cultures: We also recommend that
if it is necessary to preserve kelp cultures for later analysis,
a complete test should be preserved so that if any repl.icates are
read preserved, all of the replicates should be read preserved.
In the case where concurrent reference toxicant and complex
effluent tests are conducted, it may be convenient to fix one
test in glutaraldehyde and read the other test immediately.

17.10.8.2.3 When fixing kelp cultures, it is important to
minimize disturbance to the gametophytes. Make sure that the
culture slides are fixed and stored horizontally. We have used
disposable petri dishes for preservation chambers; these allow
individual replicate slides to be labelled and preserved
separately to avoid mixing replicates. Note: Glutaraldehyde is
toxic. If you intend to use this materi~l as a preservative,
study the material data safety sheets from the supplier and
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follow strict safety precautions. Make sure test chambers and
solutions contaminated with this material are d.:i..spose~ of
properly.

17.10.8.3 Counting

17.10.8.3.1 After 48 hours, the test is terminated. Because it
takes a considerable amount of time to read theitest, reading can
begin after 45 hours and must be completed with1n six hours.
Remove the slide without decanting the test solution. The test
sl~de can be lifted from the bottom of the test chamber with a
separate clean microscope slide. Blot thebottpm on a paper
towel and place an lS-mm square cover slip on the slide. Blot
the excess water around the edge of the cover slip to eliminate
the flow of water under the cover slip,

17.10.8.4 Endpoints

17.10.8.4.1 The endpoints measured for the 48 hour Macrocystis
method are percent germination success and germination tube
length. Germination is considered successful if a germ-tube is
present on the settled zoospore. Germination is considered to be
unsuccessful if no germination tube is visible. To differentiate
between a germinated and non-germinated zoospore, observe the
settled zoospores at 400x magnification and detE~rmine whether
they are circular (non:-germinated)or haye a protuberance that
extends at least one spore diameter (about 3.0 jj:m) from the edge
of the spore (germinated). Spores with a germination tubes less
than one spore diameter are considered non-germi1nated ..

17.10.8.4.2 The first 100 spores encountered while moving across
the microscope slide are counted for each replicate of each
treatment. Note: Sewage effluents may contain certain objects,
such as ciliates, which look similar to rion-germ;inated kelp
spores. It is important to ensure that only kelp spores are
counted for this endpoint. Kelp spores are green-brown in color,
spherical, and lack mobility. Also, components of the cytoplasm
of kelp spores appear to fluoresce a light green: color when the
spore is slightly out of focus. If a particular object cannot be
identified, it should not be counted.

17.10.8.4.3 The growth endpoint is the measurement of the total
length of the germination tube from the edge of the original
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spore membrane. Only germinated spores with straight germination
tubes and within the same focal plane are measured; if a spore is
not completely in focus from tip to tip it should not be
measured. The spores to be measured are randomly selected by
moving the microscope stage to a new field of view without
looking through the ocular lens.

17.10.8.4.4 Measure the germination-tube length of th~ spore
whose spore case center is nearest the micrometer in each field;
the spores case can be distinguished from the growing tip because
it is usually clear (empty) at 48 hours,' and it is more circular
than the growing tip. If more than one spore case is touching
the micrometer, both (or all) germinated spores are measured. A
total of 10 spores for each replicate of each treatment are
measured. It is easier> to measure germ-tube length with a
micrometer having a 10 mm linear scale (0.1 mm subdivisions);
measure lengths to the nearest, micron (typically to the nearest
half micrometer unit; see Section 10200E, Standard Methods 17th
edition, for micrometer/microscope calibration ,procedures). In
situations where germination is significqntly inhibited it may be
difficult to find germinated spores for germ-tube growth
measurement using the random search technique.

17.10.8.4.5 To expedite reading, the slide can be scanned to
find germinated spores if germination is 30% or less. In this
situation the first 10 spores encountered are measured for germ
tube length.

17.11 SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA
..'

17.11.1 A summary of test conditions and test acceptability
criteria is listed in Table 3.

17.12 ACCEPTABILITY OF TEST RESULTS

17.12.1 For tests to be considered acceptable, the following
requirements must be met:

(1) Mean control germination must be at least 70% {n the
controls.

(2) Mean germination-tube length in~he .controls must be at
least 10 ~m in the controls.
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(3) The germination-tube growth NOEC must be bE~low 35 p.g/liter
in the reference toxicant test.

(4) The, minim:um significant difference (%MSD) is <20% relative
to the control for both germination and germ-tube l~ngth in
the reference toxicant test.

"

TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY
CRITERIA FOR GIANT KEL~" MACROCYSTIS :PYRIFERA,

, ' I"

GERMINATION AND GERM-TUBE LENGTH TEST WITH EFFLUENTS
" '

AND RECEIVING WATERS

~. Test type: Static non-renewal

2. Salinity: 34 ± 2%0,
\

3 . Temperature: 15 ± 1°C :

"

4. Light quality: , Ambient' laboratory illumination

5. Light intensity: 50 ± ~O ,J.E/m2 /s

6. Photoperiod: ~6 h light, 8 h da·rkness

7. Test chamber size: 600 mL'

8. Test solution volume: 200'mL/replicate

9. Spore de:q.sity per test 7500/mL of test solution
chamber:

replicate chambers
i

~O. No. 5
:'per concentration:

~~. Dilution water: Uncontaminated ~-p.m-filt~red natural
seawater or hypersaline brine
prepared from natural seawater

12. Test concentrations: Effluents: Minimum of 5 and a
control I

!

Receiving
I '

receivingwaters: :100%
water and a control

~3. Dilut.ion factor: Effluents: ~0.5

Receiving waters: None or ~0.5

~4. Test duration: 48 h
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15. Endpoints: Germination and germ-tube length

16. Test acceptability ~70% germination in the controls;
I

criteria: ~10 /lm germ-tube length in the
controls and the NOEC must be below
35 /lg/L in the re·ference toxicant I

test; must achieve a %MSD of <20 for
both germination and germ-tube
length in the reference toxicant. I

17. Sampling requirements: One sample collected at test
initiation, and preferably used
within 24 h of the time it is
removed from the sampling device
(see Section 8, Effluent and
Receiving Water Sampling, Sample
Handling, and Sample Preparation for

I

Toxicity Tests)

I 18. Sample volume 2 L per test
required:

17.13 DATA ANALYSIS

17.13.1 GENERAL

17.13.1.1 Tabulate and summarize the data. Table 4 presents a
sample set of germination and growth data.

17.13.1.2 The endpoints of the giant kelp 48-hour chronic test,
are based on the adverse effects on germination and growth. The
IC25 endpoints are calculated using point estimation techniques
(see Section 9, Chronic Toxicity Test Endpoints and Data
Analysis). LOEC and NOEC values for germination and growth are
obtained using a hypothesis testing approach such as Dunnett's
Procedure (Dunnett, 1955) or Steel's Many~one Rank Test (Steel,
1959; Miller, 1981) (see Section 9). Separate analyses are
performed for the estimation of the LOEC.and NOEC endpoints and
for the estimation of the IC25 endpoints. Concentrations at
which there is no germination in any of the test chambers are
excluded from the statistical analysis of the NOEC and ·LOEC for
germination and growth, but included in the estimation of the
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IC25. See the Appendices for examples of the manual
computations, and examples of data input an4 prqgram outpu~.

17.13.1.3 The statistical tests described here must be used with
a knowledge of ,the assumptions upon which the tE~sts are.
contingen't. .The assi,stance of a statistician ii:l recommended for
analysts who are not proficient in statistics.

17.13.2 EXAMPLE OF ANALYSIS OF GIANT KELP, MACROCYSTIS PYRIFERA,
GERMINATION DATA

17.13.2.1 Formal statistical analysis of the germination data is
outlined in Figure 1. The response used in the analysis' is the
proportion of germinated spores in each test or control chamber.
Separate analyses are performed for the estimation of the NOEC
and LOEC endpoints and for the estimation of the' IC25 endpoint.
Concentrations at which there is no germ~nation in any of the
test chambers are excluded from statistical analysis of the NOEC
and LOEC, but included in the estimation of the ICendpoints.

17.13.2.2 For the case of equal numbers of replicates across all
concentrations and the control, the evaluation of the NOEC and
LOEC endpoints is made via a parametric test, Du~nett's

Procedure, or a nonparametric test, Stee~'s Many-one Rank Test,
on the arc sine squ~re root transformed data. rnpderlying
assumptions of Dunnett's Procedure, normality and homogeneity of
variance, are formally· tested. The test for normality .is the
Shapiro-Wilk's Test, and Eartlett's Test is used to test for
homogeneity of variance. If either of these test:.s fails, the
nonparametric test, Steel's Many-one Rank Test, :Ls used to
determine the NOEC and LOEC endpoints. If the, a~;sumptions of
Dunnett's Procedure are met, the endpoints are estimated by the
parametric procedure.

17.13.2.3 If unequal numbers of replicates occur among the
concentration levels tested, there are parametric and
nonparametric alternative analyses. The parametric analysis. is a
t test with the Bonferroni adjustment (see Appendix D). The
Wilcoxon Rank Sum Test with the Bonferroni adjust.ment is the
nonparametric alternative.
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TABLE 4. DATA FROM GIANT KELP, MACTOCYSTIS PYRIFERA GERMINATION AND
GROWTH TEST

Copper Cone. Replicate Number Number proportion Mean
(/Lg/L) Chamber Counted Germinated Germinated Length

Control 2 200 89 0.89 29.58
2 200 88 0.88 28.75
3 200 85 0.85 29.14
4 100 89 0.89 16.50
5 100 91 0.92 17.93

5.6 1. 1.00 82 0.82 1.8.26
2 200 55 0.55 1.6.25
3 100 84 0.84 16.39
4 100 96 0.96 1.8.70
5 100 85 0.85 15.62

20.0 1 1.00 90 0.90 1.3.31.
2 1.00 90 0.90 1.8.92

'3 1.00 70 0.70 15.62
4 1.00 83 0.83 14.30
5 1.00 87 0.87 15.29

2B.0 1 100 88 0.B8 18.59
2 100 52 0.52 12.88
3 1.00 83 0.83 16.28
4 100 54 0.54 15.38
5 100 49 0.49 19.75

32.0 1 100 71 0.71 12.54
2 100 82 0.82 10.67
3 100 86 0.86 1.5.95
4 100 81. 0.81 12.54
5 100 82- 0.82 11.. 66

56.0 1 100 84 0.84 11.44
2 100 68 0.68 11..88
3 1.00 62 0.62 11.88
4 100 80 0.80 11.00
5 100 83 0.83 11.. 55

100.0 1 1.00 66 0.66 7.92
2 100 72 0.72 7.59
3 100 63 0.63 8.25
4 100 72 0.72 9.13
5 100 71 0.71. 8.80

280.0 1 100 37 0.37 6.49
2 100 69 0.69 7.25
3 100 0 0.00
4 1.00 32 0.32 7.63
5 100 48 0.48 8.13
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Figure 1 .. Flowchart for statistical analysis of giant kelp,
Macrocystis pyrifera, germination datsl.
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17.13.2.4 Example of Ana~ysis of Germination Data

17.12.2.4.1 This example used toxicity data from a giant kelp,
Macrocystis pyrifera, germination and growth test performed with
copper. The response of interest is the proportion of germinated
spores, thus each replicate must be transformed by the arc sine
square root transformation procedure described in Appendix B.
The raw and transformed data, means and variances of the
transformed observations at each concentration including the
control are listed in Table 5. A plot of the survival data is
provided in Figure 2.

17.13.2.5 Test for Normality

17.13.2.5.1 The first step of the test for normality is to
center the observations by subtracting the mean of all
observations within a concentration from each observation in that
concentration. The centered observations are listed in Table 6.

17.13.2.5.2 .Calculate the denominator, D, of the test statistic:

Where: Xi ~ the ith centered observation

X ~ the overall mean of the centered observations

n ~ the total number of centered observations.

17.13.2.5.3 For this set of data, n 40

X _1_(-0.002) ~ 0.,000
40 .

D ~ 0.9281

17.13.2.5.4 Order the centered observations from smallest to
largest:
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TABLE 5. GIANT KELP, MACTOCYSTIS PYRIFERA GERMIN1~TICN DATA

COPPER ARC SINE
CONCENTRA'rION REPLICATE RAW SQUARE ROOT MEAN

(f.lg/L ) CHAMBER DATA TRANSFORMED • ! Y S?~ 1

Control 1 0.89 1.233 l' ' 1.224 0.00114
2 0.88 1.217
3 0.85 1.J.73
4 0.89 1.233
5 0.91 1.266'

5.6 1 0.82 1.133 2i 1.134 0.03670
2 0.55 0.835
3 0.84 1".159
4 0.96 1.369
5 0.85 1.173

I

0.Oi15210.0 1 0.90 1.249 3: 1.167
2 0.90 1.249
3 0.70 0.991
4 0.83 1.146
5 0.87 1.202

18.0 1 0.88 1.217 4 0.954 0.04423
2 0.52 0.805
3 0.83 1.146
4 0.54 0.825
5 0.49 0.775

32.0 1 0.71 1.002 5, 1.115 0.00466
2 ,0.82 1.133
3 0.86 1.187-
4 0.81 1.120
5 0.82 1.133

56.0 1 0.84 1.159 6' 1. 058. 0.01272
2 0.68 0.970
3 0.62 0.907
4 0.80 1.107
5 0.83 1.146

100.0 1 0.66 0.948 7 0.979 0.00191
2 0.72 1.013-
3 0.63 0.917
4 0.72 1.013
5 0.71 1. 002

180.0 1 0.37 0.654 8 0.610 0.11914
2 0.69 0.980
3 0.00 0.050
4 0.32 0.601
5 0.48 0.765
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TABLE 6. CENTERED OBSERVATIONS FOR SHAPIRO-WJ:LK'S EXAMPLE

Copper Concentration (ggh)

Rep Control 5.6 10.0 18.0 32.0 56.Cl 1.00.0 180.0

1 0.009 -0.001 0.082 0.263 -0.113 o.10J. -0.031 0.044
2 -0.007 -0.299 0.082 -0.149 0.018 -0.08€1 0.034 0.370
3 -0.051 0.025 -0.176 0.192 0.072 -0.151 -0.062 -0.560
4 0.009 0.235 -0.021 -0.129 0.005 0.049 0.034 -0.009
5 0.042 0.039 0.035 -0.179 0.018 0.088 0.023 0.155

TABLE 7. ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WI.LK IS EXAMPLE

i X(i) i X(i)

1 -0.560 21 0.018
2 -0.299 22 0.023
3 -0·179 23 0.025
4 -0.176 24 0.034
5 -0.151 25 0.034
6 -0.149 26 0.035
7 -0.129 27 0.039
8 -0.113 28 0.042
9 -0.088 29 0.044

10 -0.062 30 0.049
1.1. -0.051. 3"1. 0.072
1.2 -0.031. 32 0.082
1.3 -0.021. 33 0.082
1.4 -0.009 34 0.088
1.5 -0.007 35 0.J.01
1.6 -0.001. 36 0.1.55
17 0.005 37 0.192
1.8 0.009 38 0.235
1.9 0.009 39 0.263
20 0.018 4'0 0.370

Where X(i) is the ith ordered observation. These ordered
observations are listed in Table 7.
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17.13.2.5.5 From Table 4, Appendix B, for the number of
observations, n, obtain the coefficients a l , a 2, .... , ak where k
is n/2 if n is even and (n-1)/2 if n is odd. For the ~ata in
this example, n = 40 and k = 20. The ai values are listed in
Table 8.

17.13.2.5.6 Compute the test statistic, W, as follows:

k 2
w,. ~[Eai(Xln-i.1)_xli)]

D i-1

The differences Xln-i+l ) - Xli) are listed in Table 8.
in this example:

W = 1 (0.9230)2 = 0.918
0.9281

For this data

TABLE 8. COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE

i ai x(n-i+1) - Xli)

1 0.3964. 0.930 X(40) X l1 }

2 0.2737 0.562 x (39 ) - X (2 )

3 0.2368 0.414 X(38) - Xl3}

4 0.2098 0.368 X(37) - X l4 }

5 0.1878 0.306 X(36) - XIS}

6 0.1691 0.250 XI3S) - X(6)

7 0.1526 0.217 X(34) - X (7)

8 0.1376 0.195 X(33) - X(8)

9 0.1237 0.170 X(32) -' X(9)

10 0.1108 0.134 XI31} - X(10)

11 0.0986 0.100 X(30) - X(].].)

12 0.0870 0.075 X(29) - X(12)

13 0.0759 0.063 X(28} - X(13)

14 0.0651 0.048 X(27) - X(1 4)

15 0.0546 0.042 X(26) - X(1S)

16 0.0444 0.035 X(2S) - X(16)

17 0.0343 0.029 X(24) - X(17)

18 0.0244 0.016 X( 2 3) - X(18)

19 0.0146 0.014 Xl22 } - X(19)

20 0.0049 0.000 X(21 ) - X(20)
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TABLE 9. ASSIGNING RANKS TO THE CONTROL AND,S. () p.g/L

CONCENTRATION LEVEL FOR STEE~'S MANY-ONE RANK TEST

Rank

1
2

3
4.5
4.5
6
7.5
.7.5
9

10

Transformed
Proportion
Germinated

0.835
1.133
1.159
1.173
1.173
1.217
1.233
1.233 .
1.266
1.369

TABLE 10. TABLE OF RANKSl

eoncentration

5.6 P.g/L
5.6 IJ-g/L
5.6 IJ-g/L
5.6 IJ-g/L

C<:;mtrol
Control
Control

. Control
Control

5.6 IJ-g/L

Concentration (p.g/L)

Rep. Control

1 1.233(7.5,6.5,~.5,8.5,8.5,8.5,8.S)

2 1.217(6,5,6.5,7,7,7,7)
. 3 1.173 (4.5',3,5,5,6,6,6)

4 1.233(7.5,6.5,8.5,8.5,8.5,8.5,8.5)
5 1.266(9,10,10,10,10,10,10)

5.6

1.133 (2) "
0.835(1)
1.159(3)
1. 369 (10)
1.173 (4.5)

10.0

1.249(8.5)
1.249(8.5)
0 ..991 (1)
1.146(2)
1.202(4)

------- - - - .- -- - ------ - - - --- - ------- --- - -- ----'- ---- -- -- - - -.- - ~ ---- - --- - --- - - -
Concentration (p.g/L) (Continue~d)

Rep. 18.0 32.0 56.0 100~O 180.0

1 1.217(6.5) 1.002(1) 1.159(5) 0.948(2) 0.654(3)
2 0.805(2) 1. 133 (3.5) 0.970(2) 1.013(4.5) 0.980(5)
3 1.146 (4) 1.187 (6) 0.907(1) 0.917 (1) 0.050(1)
4 0.825(3) 1.120(2) 1.107(3) 1.013 (4.5) 0.601(2)
5 0.775(1) 1.133(3.5) 1.146(4) 1.002{3) 0.765(4)

lControl ranks are given in the order of the concentration with 'which
they were, ranked.
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'17.13.2.5.7 The decision rule for· this test is to compare W as
calculated in Subsection 5.6 with the critical value found ·in
Table 6, Appendix B. If the computed W is less than the critical
value, conclude that the data are not normally distributed .. For
this set of data, the critical value at a significance level of
0.01 and n = 40 observations is 0.9·19. Since W = 0.918 is less
than the critical value, conclude that the data are noe normally
distributed.

17.13.2.5.8 Since the data do not meet the assumption of
normality, Steel's Many-one Rank Test will be used to analyze the
germination data.

17.13.2.6 Steel's Many-one Rank Test

17.13.2.6.1 For each control and concentration combination,
combine the data and arrange the observ~tions in order of size
from smallest to largest. ~ssign the ranks (1, 2, ... , 10) to
the ordered observations with a rank of 1 assigned to the
smallest observation, rank of 2 assigned to the next larger
observation, etc. If ties occur when ranking, assign the average
rank to each tied observation.

17.13.2.6.2 An example of assigning ranks to the combined data
for the control and 5.6 ~g/L copper concentration is given in
Table 9. This ranking procedure is repeqted for each
control/concentration combination. The complete set of rankings
is summarized in Table 10. The ranks are then summed for each
concentration level, as shown in Table 11.

17.13.2.6.3 For this example, determine if the survival in any
of the concentrations is significantly lower than the survival in
the control. If this occurs, th~ rank sum at that concentration
would be significantly lower than the rank sum of the control.
Thus compare the rank sums for the survival at each of the
various concentration levels with some "minimum" or critical rank
sum, at or below which the survival would be considered
significantly lower than the control. At a significance level of
0.05, the minimum rank sum in a test with seven concentrations
(excluding the control) and five replicates is 16 (See Table 5,

Appendix E) .
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~7.13.2.6.4 Since the rank sum for the 32.0 ~g/L concentration
is equal to the critical value and the rank sums for the 56.0,
100.0 and 180. 0 ~g/L concent:r:ations are less than the cri~tical

value, the germination propor'tions in those concentrations are
considered significantly less than that in the control. Hence,
the NOEC and the LOEC are considered to 'be 18.0 ~g/L and.32.0
~g/L, respectively.

TABLE 11.

Concentration

5.6
10.0
18.0
32.0
59. 0

100.0
180.0

17.13.2.7 Calculation of the ICp

RANK SUMS

'Rank Sum

20.5
124.0
16.5
16.0
15.0
15.0
15.0

17.13.2.7.1 The germination data from Table 4 'and Figure 2 are
utilized in this example. As can be seen from;the figure, the
observed means are not monotonically non-increasing with respect
to concentration. Theref,ore, the means must be smoothed prior to
calculating 'the IC.

17.13.2.7.2 Starting with the observed control mean, Yl = 0.884
is less than the observed mean for the lowest effluent
concentration, Y2 = 0.804, so set M1 = 0.884.

17.13.2.7.3 Comparing Y2 to Y3 = 0.840, we see' that Y2 is less
than Y3 •

17.13.2.7.4 Calculate the smoothed means:
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17.13.2.7.5 Since M3 is larger than Y4 = 0.652, set M4 = 0.652.
Since Ys = 0.804 is larger than M4 , these means must be smoothed.

17.13.2.7.6 Calculate the smoothed means:

17.13.2.7.7 Since Y6 = 0.754 is larger than Ms , average Y6 with
the two previous concentrations:

17.13.2.7.8 Since M6 > Y7 = 0.688 > Ya = 0.372, set M7 ::: 0.688
and Me = 0.372. Table 12 contains the smoothed means and
Figure 3 gives a plot of the smoothed means and the interpolated
response curve.

17.13.2.7.9 An IC25 can be estimated using the Linear
Interpolation Method. A 25% reduction in germination, compared
to the controls, would result in a mean germination of 0.663,
where M1 (1-p/100) = 0.884(1-25/100). Examining the smoothed
means and their associated concentrations (Table 12), the
response, 0.663, is bracketed by C7 = 100.0 ~g/L and Ca = 180.0
J.Lg/L.

17.13.2.7.10 Using the equation in Section 4.2 from Appendix L,
the estimate of the IC25 is calculated as follows:

IC25 = 100.0 + [0.884(1 - 25/100)

= 106.3 ~g/L.

0.688] (180.0 - 100.0)

(0.372 - 0.688)

17.13.2.7.11 When the ICPIN program was used to analyze this set
of data, requesting 80 resamples, the estimate of the IC25 was
106.3291 J1.g/L. The empirical 95.0% confidence interval for the
true mean was 94.6667 ~g/L to 117.0588 ~g/L. The computer
program output for the IC25 for this data set is shown in Figure 4.
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F~gure 3. Plot of raw data, observed means, and smoothed means for the
giant kelp, Macrocystis pyrifera, germination data from
Tables 4 and 13.
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Cone. ID 1. 2 3 4 5 6 7 8

Cone. Tested o 5.6 1.0 1.8 32 56 100 180

Response 1. .89 .82 .90 .88 .71 .84 .66 .37
Response 2 .88 .55 .90 .52 .82 .68 .72 .69
Response 3 .85 .84 .70 .83 .86 .62 .63 0
Response 4 .89 .96 .83 .54 .81 .80 .72 .32
Response 5 .91. .85 .87 .49 .82 .83 .71 .48
----------------------------------------------------
*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Copper
Test Start Date: Test Ending Date:
Test Species: Giant Kelp, Macrocystis pyrifera
Test Duration: 48 hours
DATA FILE: kelpgerm.icp
OUTPUT FILE: kelpgerm.i25

Cone.
ID

Number
Replicates

Concentration
ug/L

Response
.Means

Std.
Dev .

Pooled
Response Means

1. 5 0.000 0.884 0.022 0.884
2 5 5.600 0.804 0.i52 0.822
3 5 10.000 0.840 0.083 0.822
4 5 18.000 0.652 0.187 0.737
5 5 32.000 0.804 0.056 0·.737
6 5 56.000 0.754 0.098 0.737
7 5 1.00.000 0.688 0.041 0.688
8 5 1.80.000 0.372 0.252 0.372

The Linear Interpolation Estimate: 1.06.3291 Entered P Value: 25

105.8680
Lower:
Lower:

0.28

Number of Resamplings: 80
The Bootstrap Estimates Mean:
Original Confidence Limits:
Expanded Confidence Limits:
Resampling time in Seconds:

Standard Deviation: 5.6981
94.6667 Upper: 117.0588'
88.8354 Upper: 122.4237

Random Seed: 390692880

Figure 4. ICPIN program output for the IC25.
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17.13.3 EXAMPLE OF ANALYSIS OF GIANT KELP, MACROCYSTIS PYRIFERA,
GROWTH DATA

17.13.3.1 Formal statis.tica.l analysis of the growth data is
outlined in Figure 5. The response used in the I~tatistical

analysis is mean germ-tube length per replicate. An IC25 can be
calculated for the growth data via a point estilnation techniqu~

(see Section 9, Chronic Toxicity Test Endpoints· and Data
Analysis). Hypothesis testing can be used to obtain the NOEC and
LOEC for growth.

17.13.3.2 The, statistical analysis using hypothesis tests
consists of a parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test. The underlying
assumptions of the Dunnett IS Procedure.f normalit:y and homogeneity
of variance, are formally tested. The test for normal~ty is the
Shapiro-Wilk's Test and Bartlett's Test is used 'to test for
homogeneity of variance. If either of these tesltsfai;Ls ,the
nonparametric test, Steel1s ,Many-pneRank Test,is used to
determine the NOEC and LOEC endpoint~. If the cfssumptions of
Dunnett's Procedure are met, the endpoints are determined by the
parametric test.

17 .l-3. 3.3 Additionally, if. unequal numbers of rep1icat'es occur
among the concentration levels tested, there are parametric and
nonparametric alternative analyses. The parametric analysis is a
t test with the Boriferroni adjustment. The Wilcoxon Rank Sum
Test with the Bonferroni adjustment is t~e nonp~rametric

alternative. For detailed information on the Bonferroni
adjustment, see Appendix D.

17.13.3.4 The data, mean and variance of the observations at
each· concentration including the control for this example are
listed in Table 13. A plot of the data is proviped in Figure 6.

17.13.3.5 Test for Normality

17.13.3.5.1 The first step of the test for norm~lity ~s to
center the observations by subtracting the mean 9f all
observations within a concentration from each ob~ervation in that
concentration. The centered observations are lil3ted in Table 14.
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Figure 5. Flowchart for statis~ical analysis of giant kelp,
Mac~ocystis pyrifera, growth data.
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TABLE 13. GIANT KELP, MACROCYSTIS PYRIFERA, GROWTH DATA

Copper Concentration </lg/L)

Rep Control 5.60 10.0 18.0 32.0 56.0 100.0 180.0

1 19.58 18.26 13.31 18.59 12.54 11.44 7.92 6.49
2 18.75 16.25 18.92 12.88 10.67 11. 88 7.59 7.25
3 19.14 16.39 15.62 16.28 15.95 11.88 8.25
4 16.50 18.70 14.30 15.38 12.54 11.00 9.13 7.63
5 17.93 15.62 15.29 19.75 11.66 11.55 8.80 8.13

Mean <'4) 18.38 17.04 15.49 16.58 12.67 11.55 8.34 '7.38

8i 1.473 1.827 4.498 7.327 3.953 0.133 0.396 , 0.478
i 1 2 3 4 5 6 7 8

TABLE 14. CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

Copper Concentration (ugh)

Rep Control 5.6 10.0 18.0 32.0 56.0 100.0 180.0

1 1.20 1.22 -2.18 2.01 -0.13 -0.11 -0.42 -0.89
2 0.37 -0.79 3.43 -3.70 -2.00 0.33 -0.75 -0.13
3 0.76 -0.65 0.13 -0.30 3.28 0.33 -0.09
4 -1. 88 1.66 -1.19 -1. 20 -0.13 -0.55 0.79 0.25
5 -0.45 -1.42 -0.20 3.17 -1. 01 0.00 0.46 0.75

17.13.3.5.2 Calculate the denominator, D, of the statistic:

n
~ - 2

D " L.J (X .-X)
i.l ~

Where: Xi = the ith centered observation

X = the overall mean of the centered observations
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n = the total number of ,centered observations
17.13.3.5.3 For this set of data, n = 39

x = __1__ (-0.03) = 0.000
39

D = 79.8591

17.13.3.5.4 Order the centered observations from smallest to
largest

where Xli) denotes the ith ordered observation. The ordered
observations for this example are listed in Table 15.

TABLE 15. ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

i Xli) i Xli)

1 -3.70 21 -0.11
2 -2.18 22 -0.09
3 -2.00 23 0.00
4 -1.88 24 0.13
5 -1.42 25 0.25
6 -1.20 2"6 0.33
7 -1.19 27 0.33
8 -1.01 28 0.37
9 -0.89 29 0.46

10 -0.79 30 0.75
11 -0.75 31 0.76
12 -0.65 32 0.79
13 -0.55 33 1.20
14 -0.45 34 1.22
15 -0.42 35 1.66
16 -0.30 36 2.01
17 -0.20 37 3.17
J.8 -O.B 38 3.28
J.9 -0.13 39 3.43
20 -0.J.3
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17.13.3.5.5 From Table 4, Appendix B, for the number of
observations, n, obtain the coefficients aI' a 2 , ••• a k where k is
n/2 if n is even and (n-1)/2 if n is odd. For the data in this
example, n = 39 and k = 19. The ai values are listed in
Table 16.

17.13.3.5.6 Compute the test statistic, W, as follows:

k 2
W s ~ [ Ea. (X (n-i.l) _ X (i) ) ]

D i-I ~

The differences xln-i+ll - Xli) are listed in Table 16.
of data:

For this set

W = 1 (8.7403)2
79.8591

0.957

TABLE 16. COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE

i ai X ln- i ...1) - Xli)

1 0.3989 7.13 x(39) - X(l)

2 0.2755 5.46 XI3S) - X(2)

3 0.2380 5.17 X( 37 ) - X( 3)

4 0.2104 3.89 Xl36l - X(4)

5 0.1880 3.08 XI 3S ) - XIS)

6 0.1689 2.42 X(34) - X l61

7 0.1520 2.39 X(33) - X( 7)

8 0.1366 1.80 X(32 ) - XIS)

9 0.1225 1.65 X(31} - X(9)

10 0.1092 1.54 X(30) - X(lO)

11 0.0967 1.21 X( 29 ) - X( 11 )

12 0.0848 1. 02 X(2S) X(12)

13 0.0733 0.88 X(27 ) - X( 13 )

14 0.0622 0.78 X(26) - XI H )

15 0.0515 '0.67 XI 2S ) - XI 1S )

16 0.0409" 0.43 X(24 ) - Xl16l

17 0.0305 0.20 X (23) - X( 17 )

18 0.0203 0.04 X(22 ) - XI 1S )

19 0.0101 0.02 Xl~l) - X(19 )
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17.13.3.5.7 The decision rule for this test is 'to compare Was
calculated in Subsection 5.6 to a critical value found in
Table 6, Appendix B. If the computed W is less than the critical
value, conclude that the data are not normally distributed. For
this set of data, . the critical value at a significance level,of
0.01 and n = 39 observations is 0.917. Since W= 0.957 is
greater than the critical value, conclude that the data are
normally distributed.

17.13.3.6 Test for Homogeneity of Variance

17.13.3.6.1 The test used to examine whether the variation in
mean weight of the mysids is the same across all concentration
levels including the control, is Bartlettts Test (Snedecor and
Cochran, 1980). The test statistiq is as follows:

p p

[(EVi ) In "5
2

- LVi In Sf]
B = __i_.l i._l _

c

Where: Vi
. . .

degrees of freedom for each copper concentration
and control, Vi = (ni - 1)

p = number of concentration levels including the
control

i 1, 2, ... , p where p is the number of
concentrations including the control

n i the number of replicates for concentration i.
p

(LVisf)
"52 = _i_ol _

p

LVi
i=l

p p

C = 1+[3(p-I)r1 [Ll/v.-(LV.)-1)
i.l ~ i-l ~
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17.13.3.6.2 For the data in this example (See Table 13), all
concentrations including the control have five replica~es except
the 180 ~g/L concentration which has four replicates (n i = 5 for
i = 1 - 7 i n s = 4). Thus, Vi :::: 4 for i :::: 1 - 7 and Va ::::·3.

17.13.3.6.3 Bartlett's statistic is therefore:

p

Ba [(31)ln(2.5761) - EViln("s;)] /1.0977
i.l

::: [31(0.9463) - [4In(1.4729) +

= [29.3353 - 9.4481] / 1.0977

"" 18.12

+ 3In(0~4780)] / 1.0977

17.13.3.6.4 B is approximat~ly distributed as chi-.squa're with p
- 1 degrees of freedom, when the variances are i~ fact the same.
Therefore, the appropriate critical value for 'this test, at a
significance level of 0.01 with seven degrees ~f freedom, is
18.48. Since B = 18.12 .is less ,than the critical value, conclude
that the variances are not different.

17.13.3.7 t Test with Bonferroni r~ Adjustt;nent

17,.13.3.7.1 To obtain an est~mate ,of the pooled variance for the
t test with Bonferroni's adjustment, construct an ANOVA table as
described in Table 17.

TABLE l7. ANOVA TABLE

Source

Between

Within

Total

df

p - l

N - P

N - l

Sum of Squares
(SS)

SSB

ssw

SST

Mean Square(MS)
(SS/df)

SB SSB/ (p-l)
2

Sw SSW/(N-p)

Where: p = numbe~ of concentration levels including the
control
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,N = total number of observations n 1 + n 2 ••• + n p

ni = number of observations in concentration i

. SSB

SST

Bet;:ween Sum of Squares

Total Surnof Squares

SSW = SST -SSB

G =

Within Sum of Squ~~es

the grand total of all sample observations,

p

G = ET.
1.1 ~

Ti - the total of the replicate measurements for
concentration i

Yij - the' jth observation for concentration i
(represents the mean length ,of th~ germ-tubes £or
concentration i in test chamber ~)'

17.13.3.7.2 For the data in this example:

N = 39

T1 = Yll + Y12 + Y13 + 'Y14 + 'Y15 = 91.90
Ti = Y21. + Y 22 + Y 23 + Y 24 + Y~!; = 85.22
T3 = Y 31 + Y 32 + Y 33 + Y 34 + Y 3S' = 77.~4

T4 = Y41 + Y42 + Y 43 + Y 44 + Y4S = 82.88
Ts = Y S1 + Y S2 + Y S3 + Y S4 + YS5 = 63.36
T6 = Y61 + Y6~ + Y 63 + Y64 + Y6~' = 57.75..
T7 - Y71 + Y n + Y 73 + Y74 + . Yn:. = 41.69'
Ta = Y S1 + YS2 + Y S3 + 'YS4 = 2·9,.50

G = T1 + T2 + T3 + T4 + T s + T 6 + :T7 + T s = 529.74

p

SSB ET~/n ._G 2 /N
1.1 ~ ~
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= 7749.905 - (529.74)2 = 554.406
39

p nJ.

SST: E"£Y;j-G 2 /N
i.lj.l

= 7829.764 - (529,74)2

39
634.265

SSW : SST-SSB = 634.~65 - 554.406 = 79.859

S~ SSB/(p-1) = 554.406/(8-1) = 79.201

sa = SSW/(N-p) 79.859/(39-8) 2.576

17.13.3.7.3 Summarize these calculations in the' ANOVA table
(Table 1.8).

TABLE 18. ANOVA TABLE FOR THE t TEST WITH BONFERRONI'S
ADJUSTMENT EXAMPLE

Source df Sum of Squares Mean Square (MS)
(SS) (SS/df)

Between 7 554.406 79.201

Within 31 79.859 2.576

Total 38 634.265

17.13.3.7.4 To perform the individual comparisons, calculate the
t statistic for each concentration" and control combination as
follows:

t. :
~
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Where: Yi = mean length for concentration i

Y1 = mean length for the control

Sw = square root of the within mean square

n 1 = number of replicates for the control

n i = number of replicates for concentraltion i

17.13.3.7.5 Table 19 includes the ca~culated t:values for each
concentration and control combination. In this ,example,
comparing the 5.6 J.lg/L concentration with ,the control, the
calculation'is as follows:

(18.38 -17.04)
t 2 = '-:[--:1-.-=6-::05~J;:::(;:1I=;:,5;::)=+::;(;:::1::;:/:;:5=)-:-]

= 1.320.

TABLE 19. CALCULATED t VALUES

Concentration (/J.g/L) i t:;,

5.6 2, :1. 320
10.0 3 ,2.847
18.0 4 ,1.773
32.0 5 5.625
56.0 6 6.728

J.OO . 0' 7 9.891
280.0 8 J.0.836

17.13.3.7.6 Since the purpose of this test is to dete~t a
significant reduction in mean length, a one-sided test is .
appropriate. The critical value for this one-sided test is found
in Table 5, Appendix D. For an overall alpha lev:el of 0.05, 31
degrees of freedom for error and seven concentrations (excluding
the control) the approximate critical value is 2.597. The mean
weight for concentration "i" is considered significantly less
than the mean weight for the control if t i is greater than the
critical value. Therefore, the 10 ~ 0 IJ-g/L, 32 IJ-g/L, 56.'0 IJ-g/L,
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..

100.0 ~g/L, 180.0 ~g/L concentrations have significantly lower
mean length than the control. Because the 10.0 ~g/L

concentration shows signigicantly lower mean length than the
control while the higher 18.0~g/L concentration does not, these
test results are considered to have an anomalous dose-response
relationship and it is recommended that the test be repeated. If
an NOEC and LOEC must be determined for this test, the lowest
concentration with significant growth impairment versus the
control is considered to the LOEC for growth. Thus, for this
test, the NOEC and LOEC would be 5.6 ~g/L and 10.0 ~g/L,

respectively.

17.13.3.8 Calculation of the ICp

17.13.3.8.1 The growth data from Table 13 and Figure 3 are
utilized in this example. As can be seen in the figure, the
observed means are not monotonically non-increasing with respect
to concentration. Therefore, the means must be smoothed prior to
calculating the IC

17.13.3.8.2 Starting with the observed control mean, Y1 = 18.38
is greater than the observed mean for the lowest copper
concentration, Y2 = 17.044, so set M1 = 18.38. Likewise, Y2 is
greater than the observed mean for the next copper concentration,
Y3 = 15.488, so set M2 = 17.044.

17.13.3.8.3 Comparing Y3 to Y4 = 16.576, we see that Y3 is less
than Y4 •

17.13.3.8.4 Calculate the smoothed means: '

J.7.J.3.3.8.5 Since M4 > Ys = 12.672 > Y6 = 11.550 > Y7 = 8.338 > Ya

= 7.375, set Ms = 12.672, M6 = 11.550, M7 = 8.338 and Ma ,= 7.375.
Table 20 contains the smoothed means and Figure 7 gives a plot of
the smoothed response curve. .
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TABLE 20. GIANT KELP, MACROCYSTIS PYRIFERA, MEAN
GERM-TUBE LENGTHS AFTER SMOOTHING

Copper
Cone.
(j.Lg/L)

Control
5.6

10.0
18.0
32.0
56.0

100.0
180.0

i

1

2
3

4

5

6

7
8

Response
Means
Yi (mm)

18.380
17.044
15.488
16.576
12.672
11. 550

8.338
7.375

Smoclthed
Means

Mi (mm)

18.380
17.044
16. (132

16. Ci32

12.672
11. S50

8.3,38
7.3.75

17.13.3.8.7 Using the equation in Section 4.2 from Appendix L,
the estimate of the IC25 is calculated as follows:

IC25 = 18.0 + [18.380(1 - 25/100) - 16.032]

= 27.36 J1g/L.

(32 . 0 - 18. 0 )

!(12. 672' -16.032)

17.13.3.8.6 An IC25 can be estimated using the Linear
Interpolation Method. A 25~ reduction in length,: compared to the
controls, would result in a mean length of 13.785 mm, where M1 (1
p/100) = 18.380(1-25/100). Examining the smoothed means and
their associated concentrations (Table 20), the response, 13.785
mm, is bracketed by C4 = 18.0 J1g/L and Cs = 32.0 J1g/L.
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Figure 7. Plot of raw data, observed means, and smoothed means for the giant
Kelp, Macrocystis pyrifera, growth data from Tables 13 and 20.
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17.13.3.8.8 When the ICPIN program was used to analyze t1).is set
of data, requesting 80 resamples, the estimate ,of the TC25 was
27.3625 f.l.g/L. The empirical 95.0% confidence interval for the
true mean was 20.8734 f.l.g/Lto 42.3270 f.l.g/L. The computer program
output for the IC25 for this data set is shown in Figure 8.

17.14 PRECISION AND ACCURACY

17.14.1 PRECISION

.17.14.1.1 Single-Laboratory Precision

17.14.1.1.1 Single-laboratory precision data for the giant kelp
48-hour test method with the reference toxicants copper chloride
and sodium azide with natural seawater are provided in Tables 21-
22. The coefficient of variation (CV) of the germinatio.n EC50s
using copper was 38.8%; the CV of the germ-tube length IC40s
using copper was 32.9% (Table 21). The coefficient of variation
(CV) of the germination EC50s using azide was 3.6.7%; the CV of
the germ-tube length IC25s using azide was 30.8%, the CV of the
germ-tube length IC50s using azide was 28.4% (Table 22) .

17.14.1.2 Multi-laboratory Precision

17.14.1.2.1 Multi-laboratory precision data for the kelp 48.-:-hour
test method with the reference toxicant copper ,bhloride are
provided in Table 23. The coefficient of varia'tion of the IC50s
for the germ-tube length endpoint ranged.betweep 8.4% and 55.5%
using copper chloride. The coefficierit of variation of the IC50s
for the germination endpoint ranged between >1.1% and 67.6% using
copper chloride.

17.14.2 ACCURACY

17.14.2.1 The accuracy of toxicity tests cannot be determined.
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Cone. ID 1 2 3 4 5 .. 6 7 8

Cone. Tested o 5.6 10 18 32 56 100 180

Response
Response
Response
Response
Response

1 19.5818.2613.3118.5912.5411.44 7.92 6.49
2 18.7516.2518.9212.8810.6711.88 7.59 7;25
3 19.1416.3915.6216.2815.9511.88 8.25
4 16.5018.7014.3015.3812.5411.00 9.13 7.63
5 17.9315.6215.2919.7511.6611.55 8.80

*** Inhibition concentration Percentage Estimate ***
Toxicant/Effluent: Copper
Test Start Date: Test Ending Date:
Test Species: Giant kelp, Macrocystis pyrifera
Test Duration: 48 hours
DATA FILE: kelpgrow.icp
OUTPUT FILE: kelpgrow.i25

Cone.
ID

Number
Replicates

Concentration
ug/L

Resp~nse

Means
Std.
Dev.

Pooled
Response Means

1 5 0.000 18.380 1.214 18.380
2 5 5.600 17.044 1.352 17.044
3 5 10.000 15.488 2.121 16.032
4 5 18.000 16.576 2.707 16.032
5 5 32.000 12.672 1.988 12.672
6 5 56.000 11.550 0.365 11.550
7 5 100.000 8.338 0.629 8.338
8 4 180.000 7.375 0.691 ".375

The Linear Interpolation Estimate: 27.3625 Entered P Value: 25

27.5292
Lower:
Lower:

0.28

Number of Resamplings: 80
The Bootstrap Estimates Mean:
Original Confidence Limits:
Expanded Confidence Limits:
Resampling time in Seconds:

Standard Deviation: 4.7812
20.8734 Upper: 42.3270
17.6289 Upper: 49.8093

Random Seed: -35158431

Figure 8. ICPIN program output for the IC25.
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TABLE 21. SINGLE LABORATORY PRECISION OF THE GIANT KELP,
MACROCYSTIS PYRIFERA GERMINATION AND GERM-,TUBE LENGTH
TEST WITH COPPER (CO ~G/L) CHLORIDE AS THE REFERENCE
TOXICANT

Test Number Germ-Tube Length I, Germination
\

NOEC IC40 NOEC EC50

,1 <5.6 122.7 10.0 67.5
2 10.0 43.1 18.0 73.5
3 18.0 70.7 18.0, ' 124.3
4 5.6 88.0 56.0' 101.6
5 32.0 124.7 56.0, 122.9

Mean 89.8 1 90.7
CV 38.8% 32.9%,

Data from Anderson et al., 1994

TABLE 22.' S,INGLE LABORATORY PRECISION OF THE GI1lliT KELP,
MACROCYSTIS PYRIFERA GERMINATION AND GERM-TUBE LENGTH
TEST WITH SODIUM AZIDE (MG/L) .AS THE REFERENCE
TOXICANT

Test Date Germ-Tube Length 1 Germination
NOEC IC25 IC50 NOEC EC50'

2/11/92 18.0 39.5 133.7 18.0 52.3
2/18/92 18.0 34.1 96.5 32.0

' '

72.6"
6/29/92 32.0 57.5 142.2, ' 32.0 132.1
7/07/92 10.0 33.1 92.5 :LO.O 79;2
7/15/92 18.0 42.8 138.9 28.0 117.8
7/16/92 5.6 25.0 68.4 10.0 48.3
7/22/92 10.0 30.2 80.6 J,8 . 0 62.4
10/09/92 5.6 25.1 80.0 '5.6 60.3
7/02/92 10.0 24.8 80.1 18.0 84.0

Mean, 34.7 101.4 " 78.8
CV 30.8% 28.4% 36.7%

Data from Hunt et al., 1991

523

RB-AR25507



TABLE 23. MULTI-LABORATORY PRECISION OF THE GIANT KELP,
MACROCYSTIS PYRIFERA GERMINATION AND GERM-TUBE LENGTH
TEST PERFORMED WITH COPPER CHLORIDE (~G/L) AS THE
REFERENCE TOXICANT

Lab Germ-tube length Germination CV CV
NOEC IC40 NOEC EC50 Germ-tube Germi'nat

ion

,

March J.990 3. 5.6 122.7 10.0 46.9 8.4% >1.1%
2 32.0 117. 8 . 32.0 46.2
3 18.0 104.1 32.0 *

May 1990 1 10.0 43.1 18".0 112.0 39.9% 59.3%
2 <5.6 99.1 32.0 164.2
3 18.0 68.7 18.0 67.9

I May 1990 1 18.0 70.7 18.0 112.0 45.3% nc
I 2 18.0 91.3 56.0 64.5I

3 32.0 134.2 32.0 158.0

i December 1 5.6 88.0 56.0 77.7 45.3%" nc
J.990 2 5.6 45.3 18".0 *

September 1 32.0 124.7 56.0 127.4 55.5%" 7.4%"
J.990 2 18.0 54.4 56.0 114.8

September 1 <10.·0 89.3** 56.0 115.5 44.5% 67.6%
1989 2 <10.0 171. 8** 56.0 327.7

November 1 32.0 >180.0 <10.0 >180.0 nc nc
J.989 2 10.0 >180.0 18.0 >180.0

I:
May 1988 1 <56.0 232.0*** <56.0 211. 0 nc 50.0%

2 <56.0 * 56.0 100.7

* No ECSO calculated because response was less than SO%".
** Only concentration means available, therefore no IC40 values were

calculated.
nc Not calculated (Insufficient numbers to calculate the coefficient of

variation) . .
*** IC50 value, not IC40

Data from Hunt et al., 1991
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APPENDIX I. MACROCYSTIS TEST: STEP-BY-STEP SUMMARY

PREPARATION OF TEST SOLUTIONS

appropriate dilution water
and guidance from the

I

A. Determine test concentrations and
based on NPDES permit conditions
appropriate regulatory agency.

B.Prepare effluent test solutions by diluting well mixed
unfiltered effluent using volumetric flasks and pipettes.
Use hypersaline brine where necessary to maintain all test
solutions at 34 ± 2%0. Include brine contr<;>ls in tests that
use brine.

C. Prepare a copper reference toxicant stock solution (10,000
~g/L) by adding 0.0268 of copper chloride (CuC1202H20) to 1
liter of reagent water.

D. Prepare copper reference toxicant solution of 0 (control)
5.6, 10, 18, 32, 100 and 180 ~g/L by adding 0, 0.56, 1.0
1.8, 3.2, 10.0 and 18.0 mL of stock solution, respectively,
to a 1-L volumetric flask and fill'ing to 1:::L with dilution
water. . I

E. Sample ~ffluentandreferencetoxicant ~olutions for
physical/chemical analysis. Measuresalini:ty, pH ~nd

dissolved oxygen from each test concentrati:on.

F. Randomize numbers for test chambers arid record the chamber
numbers with their respective test concentrations on a
randomization data sheet. Store the· data sheet safely until
after the test samples have been analyzed. I '

G. Place test chambers in a water bath or environmental chamber
set to 15°C and allow temperature to equilibrate.

H. Measure the temperature daily" in one random replicate (or
separate 'chamber) of each test conce~tration. Monitor the
temperature of the water bath or environmental chamber
continuously.

I. At the end of the test, measure salinity, pH, and dissolved
oxygen concentration from each test concentration.
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PREPARATION AND ANALYSIS OF TEST ORGANISMS

A. Collect sporophylls and rinse in 0.2. ~m filtered seawater.
Store at 9-12°C for no more than 24 hours before zoospore
release.

B. Blot sporophylls and leave exposed to air for one hour.

C. Place 25-30 sporophylls one liter of 0.2 ~m filtered
seawater for no more than two hours. The presence of
zoospores is indicated by a slight cloudiness in the water.

D. Take a sample of the zoospore solution from the top 5
centimeters of the beaker and determine the spore density
using a hemacytometer. Determine the volume of water
necessary to give 7,500 spores/mL of test solution. This
volume should not exceed one percent of the test solution
volume.

E. Verify that the zoospores are swimming, then pipet the
volume of water necessary to give 7,500 spores/mL into each
of the test chambers. Take zoospores from the top 5
centimeters 'of the release beaker so that only swimming
zoospores are used.'

F. At 48 ± 3 hours, count the number of germinated and non
germinated spores of the first 10'0 spores' encountered in
each replicate of each concentration. Measure the'length of
10 randomly selected germination tubes (or preserve with
0.1% glutaraldehyde for later examination) .

G. Analyze the data.

H. Include standard reference toxicant point estimate values in
the standard quality control charts.
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Data Sheet for Kelp Toxicity Test

Test Start Date: Start Time:
Test End Date: End Time:
Reference Toxicant:

Kelp SpeCies :
Collection!Arrival Date:

Kelp Source:

Sample Source: Microscope Model:
Sample Type: Solid Ehitriate Pore Water Water Effluent RefTox Micrometer COl1lversion Factor:
Test Number Numoer
Cont. Station of Spores. of Spores . Length Measurements (in ocular micrometer undts) Notes

# Code Germ. Not Germ. Ll L'.l Lj L4 L:5 Lo L7 US VJ LlU

1
2
3

.

I I

1
1
:tu

1
~2

~3

:4
~5

'.lo
27
'.lIS
'.l'J

30
:H
32
jj
34
3:5

computer Data :storage
Disk:
File:

I
,

,,

i
,

I
!

I

I
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APPENDIX A

INDEPENDENCE, RANDOMIZATION, AND OUTLIERS

1. STATISTICAL INDEPENDENCE

1.1 Dunnett's Procedure and the t test with Bonferroni's
adjustment are parametric procedures based on the assumptions
that (1) the observations within treatments are independent and
normally distributed, and (2) that the variance of the
observations is homogeneous across all toxicant concentrations
and the control. Of the three possible departures from the
assumptions, non-normality, heterogeneity of variance, and lack'
of independence, those caused by lack of independence are the
most difficult to resolve (see Scheffe, 1959). For toxicity
data, statistical independence means that given knowledge of the
true mean for a given concentration or control, knowledge of the
error in anyone actual observation would provide no information
about the error in any other observation. Lack of independence
is difficult to assess and difficult to test for statis·ticallY.
It may also have serious effects on the true alpha or beta level.
Therefore, it is of utmost importance to be aware of the need for
statistical independence between observations and to be
constantly vigilant in avoiding any patterned experimental
procedure that might compromise independence. One of the best
ways to help insure independence is to follow proper
randomization procedures throughout the test.

2 • RANDOMIZATION

2.1 Randomization of the distribution of test organisms among
test chambers, and the arrangement of treatments and replicate
chambers is an important part of conducting a valid test. The
purpose of randomization is to avoid situations where 'test
organisms are placed serially into test chambers, or where all
replicates for a test concentration are located adjacent to one
another, which could introduce bias into the test results.

2.2 An example of randomization of the distribution of test
organisms among test chambers, ,and an example of randomization of
arrangement of treatments and replicate chambers are d~scribed

using the topsmelt, Atherinops affinis, Survival and Growth test.
For the purpose of the example, the test design is as follows:
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Five effluent concentrations ,are tested in addition to the
control. The effluent concentrations are as fbllows: 6.25%,
12.5%, 25.0%, 50.0%, and 100,~0%. There are five replicate
chambers per treatment. Each replicate chamber contains five
larvae.

2.3 RANDOMIZATION,OF FISH TO REPLICATE CHAMBERS EXAMPLE

2.3.1 Consider first the random assignment of the fish to the
replicate chambers. The first step is to label each of the
replicate chambers with the control or effluent concentration and
the replicate number. The next step is to assign each replicate
chamber three double-digit numbe~s. Anexqmple of this
assignment, is provided in Tab,leA.1. Note that the double digits
00 and 91 through 99 were not used,

2.3.2 The random numbers used to carry out the random assignment
of fish to replicate chambers are provided in Table A.2.
The third step is to choose a starting position in Table A.2, and
read the first double digit number. The first number read
identifies the replicate chamber for the first fish taken from
the tank. For the example, the first entry in row 2 was chosen
as the starting 'position. The first number in this row is 37.
According to Table A.l, this number corresponds to, replicate
chamber 2 of the 6.25% effluent concentration.· Thus, the first
fish taken from the ,tank is to be placed in replicate chamber 2
of the 6.25% effluent concentration~

I

2.3.3 The next step is to read the double digit number to the
right of the first one. The second number identifies the
replicate chamber for the second fish taken from the tank.
Continuing the example, the second number read in row 2 of Table
A.2 is 54. According to Table A;l" this number corresponds to
replicate chamber 4 of, the 50 . O,%efflueht concentration. Thus,
the second fish taken from the tank is to be placed in replicate
chamber 4 of the 50.0% effluent concentration.,

,

2.3.4 Contibue in this fashion until all the :fish have been
randomly assigned to a replicate chamber. In order to fill each
replicate chamber with ten fish, the assigned numbers will be
used more than once. ,If a number is read from the table that was
not assigned to a replicate chamber, then ignore it and continue
to the next number. If a replicate chamber becomes filled and a
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number is read from the table that corresponds to it, then ignore
that value and continue to the next number. The first ten random
summarized in Table A.3.2.3.5 Three double-digit numbers were
assigned to each replicate chamber (instead of one or two double
digit numbers) in order to make efficient use of the random
number table (Table A.2). To illustrate, consider the assignment
of only one double-digit number to each replicate chamber: the
first column of assigned numbers in Table A.1. Whenever the
numbers 00 and 31 through 99 are read from Table A.2, they will
be disregarded and the next number will be read.

TABLE A.1. RANDOM ASSIGNMENT OF FISH' TO REPLICATE CHAMBERS EXAMPLE
ASSIGNED NUMBERS FOR EACH REPLICATE CHAMBER

Assigned Numbers Replicate Chamber

01, 31, 61 Control, replicate chamber 1

02, 32, 62 Control, replicate chamber 2
03, 33, 63 Control, replicate chamber 3

04, 34, 64 Control, replicate chamber 4
OS, 35, 65 Control, replicate chamber 5
06, 36, 66 6.25% effluent, replicate chamber 1
07, 37, 67 6.25% effluent, replicate chamber 2
08, 38, 68 6.25% effluent, replicate chamber 3
09, 39, 69 6.25% effluent, replicate chamber 4
10, 40, 70 6.25% effluent, replicate chamber 5
11, 41, 71 12.5% effluent, replicate chamber 1
12, 42, 72 12.5% effluent, replicate chamber 2
13, 43, 73 12.5% effluent, replicate chamber ,3
14, 44, 74 J.2.5% effluent,- replicate chamber 4
15, 45, 75 12.5% effluent, replicate chamber 5
16, 46, 76 25.0% effluent, replicate chamber J.
17, 47, 77 25.0% effluent, replicate chamber 2
18, 48, 78 25.0% effluen,t, replicate chamber 3
19, 49, 79 25.0% effl~~" replicate chamber 4
20, 50, 80 25.0% effr't)le~" replicate chamber 5
2J., 51, 81 50.0% effluent, replicate chamber 1

22, 52, 82 50.0% effluent, replicate chamber 2
23, 53, 83 50.0% effluent, replicate chamber 3
24, 54, 84 50.0% effluent, replicate chamber 4
25, 55, 85 50.0% effluent, replicate chamber 5
26, 56, 86 100.0% effluent, replicate chamber 1
27, 57, 87 100.0% effluent, replicate chamber 2
28, 58, 88 100.0% effluent, replicate chamber 3
29, 59, 89 100.0% effluent, replicate chamber 4
30, 60, 90 100.0% effluent, replicate chamber 5
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TABLE A.2. TABLE OF RANDOM NUMBERS (Dixon and Massey, 1983)

10 09 73 25 33 76 52 01 35 86 34 67 35 43 76 80 95 90 91 17 39 29 27 49 45
37 54 20 48 05 64 89 47 42 96 24 80 52 40 37 20 63 61 04 02 00 82 29 .16 65
08 42 26 89 53 19 64 50 93 03 23 20 90 25 60 15 95 33 47 64 35 08 03 36 06
99 01 90 25 29 09 37 67 07 15 38 31 13 11 65 88 67 67 43 97 04 43 62 76 59
12 80 79 99 70 80 15 73 61 47 64 03 23 66 53 98 95 11 68 77 12 27 17 68 33
66 06 5747 17 34 07 27 68 50 36 69 73 61 70 65 81 33 98 85 11 19 92 91 70
31 06 01 08 05 45 57 18 24 06 35 30 34 26 14 86 79 90 74 39 23 40 30 97 32
85 26 97 76 02 02 05 16 56 92 68 66 5748 18 73 05 38 52 47 18 62 38 85 79
63 57 33 21 35 05 32 54 70 48 90 55 35 75 48 28 46 82 87 09 83 49 12 56 24
73 79 64 57 53 03 52 96 47 78 35 80 83 42 82 60 93 52 03 44 35 27 38 84 35
98 52 01 77 67 14 90 56 86 07 22 10 94 05 58 60 97 09 34 33 50 50 07 39 98
11 80 50 54 31 39 80 82 77 32 50 72 56 82 48 29 40 52 42 01 52 77 56 78 51
83 45 29 96 34 06 28 89 80 83 13 74 67 00 78 18 47 54 06 10 68 71 17 78 17
88 68 54 02 00 86 50 75 84 01 36 76 66 79 51 90 36 47 64 93 29 60 91 10 62
99 59 46 73 48 87 51 76 49 69 91 82 60 89 28 93 78 56 13 68 23 47 83 41 13
65 48 11 76 74 17 46 85 09 50 58 04 77 69 74 73 03 95 71 86 40 21 81 65 44
80 12 43 56 35 17 72 70 80 15 45 31 82 23 74 21 11 57 82 53 14 38 55 37 63
74 35 09 98 17 77 40 27 72 14 43 23 60 02 10 45 52 16 42 37 96 28 60 26 55
69 91 62 68 03 66 25 22 91 48 36 93 68 72 03 76 62 11 39 90 94 40 05 64 18
09 89 32 05 05 14 22 56 85 14 46 42 75 6788 96 29 7788 22 54 38 21 45 98
91 49 91 45 23 68 47 92 76 86 46 16 28 35 54 94 75 08 99 23 37 08 92 00 48
80 33 69 45 98 2694 036858 70 29 73 41 35 53 14 03 33 40 42 05 08 23 41
44 10 48 19 49 85 15 74 79 54 32 97 92 65 75 57 60 04 08 81 22 22 20 64 13
12 55 07 37 42 11 10 00 20 40 12 86 07 46 97 96 64 48 94 39 28 70 72 58 15
63 60 64 93 29 16 50 53 44 84 40 21 95 25 63 43 65 17 70 82 07 20 73 17 90
61 19 69 04 46 2645 74 77 74 51 92 43 37 29 65 39 45 95 93 42 58 26 05 27
15 47 44 52 66 95 27 07 99 53 59 36 78 38 48 82 39 61 01 18 33 21 15 94 66
94 55 72 85 73 67 89 75 43 87 54 62 24 44 31 91 19 04 25 92 92 92 74 59 73
42 48 11 62 13 97 34 40 87 21 1686 84 87 67 03 07 11 20 59 25 70 14 66 70
23 52 37 83 17 73 20 88 98 37 68 93 59 14 16 26 25 22 96 63 05 52 28 25 62
04 49 35 24 94 75 24 63 38 24 45 86 25 10 25 61 96 27 93 35 65 33 71 24 72
00 54 99 76 54 64 05 18 81 59 96 11 96 38 96 54 69 28 2391 23 28 72 95 29
35 96 31 53 07 26 89 80 93 45 33 35 13 54 62 77 97 45 00 24 90 10 33 93 33
59 80 80 83 91 45 42 72 68 42 83 60 94 97 00 13 02 12 48 92 78 56 52 01 06
46 05 88 52 36 01 39 09 22 86 77 28 14 40 77 93 91 08 36 47 70 61 74 29 41
32 1790 05 97 87 37 92 52 41 05 56 70 70 07 86 74 31 71 57 85 39 41 18 38
69 23 46 14 06 20 11 74 52 04 15 95 66 00 00 18 74 39 24 23 97 11 89 '63 38
19 56 54 14 30 01 75 87 53 79 40 41 92 15 85 66 67 43 68 06 84 96 28 52 07
45 15 51 49 38 19 47 60 72 46 43 66 79 45 43 59 04 79 00 33 20 82 66 95 41
94 86 43 19 94 36 16 81 08 51 34 88 88 15 53 01 54 03 54 56 05 01 45 11 76
98 08 62 48 26 45 24 02 84 04 44 99 90 88 96 39 09 4734 07 35 44 13 18 80
33 18 51 62 32 41 94 15 09 49 89 43 54 85 81 88 69 54 19 94 3754 87 30 43
80 95 10 04 06 96 38 27 07 74 20 15 12 33 87 25 01 62 52 98 94 62 46 11 71
79 75 24 91 40 71 96 12 82 96 69 86 10 25 91 74 85 22 05 39 00 38 75 95 79
18 63 33 25 37 98 14 50 65 71 31 01 02 46 74 05 45 56 14 27 77 93 89 1936
74 02 94 39 02 77 55 73 22 70 97 79 01 71 19 52 52 75 80 21 80 81 45 17 48
54 17 84 56 11 80 99 33 71 43 05 33 51 29 69 56 12 71 92 55 36 04 09 03 24
11 66 44 98 83 52 07 98 48 27 59 38 17 15 39 09 97 33 34 40 88 46 12 .33 56
48 32 47 79 28 31 24 96 47 10 02 29 53 68 70 32 30 75 75 46 15 02 00 99 94
69 07 49 41 38 8763 79 19 76 35 58 40 44 01 10 51 82 16 15 I 01 84 87 69 38
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2.4 RANDOMIZATION OF REPLICATE CHAMBERS TO POSITIONS EXAMPLE

2.4.1 Next consider the random assignment of the 30 replicate
chambers to positions within the water ba~h (or equivalent) .
Assume that the replicate chambers are to be positioned in a five
row by six column rectangular array. The first step is to label
the positions in the water bath. Table A.4 provides an example
layout. assignments of fish to replicate chambers for the 'example
are

TABLE A.3. EXAMPLE OF RANDOM ASSIGNMENT OF FIRST TEN FISH TO REPLICATE
CHAMBERS

Fish Assignment

First fish taken from tank 6.25% effluent, replicate chamber 2
Second fish taken from tank 50.0% effluent, replicate chamber 4

Third fish taken from tank 25.0% effluent, replicate chamber 5
Fourth fish taken from tank 25.0% effluent, replicate chamber 3
Fifth fish taken from tank Control', replicate chamber 5
Sixth fish taken from tank Control, replicate 'chamber 4
Seventh fish taken from tank 100.0% effluent, replicate chamber 4

Eighth fish taken from tank 25.0% effluent, replicate chamber 2
Ninth fish taken from tank 12.5% effluent, replicate chamber 2

Tenth fish taken from tank 50.0% effluent, replicate chamber 4

TABLE A.4. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS: EXAMPLE
LABELLING THE POSITIONS WITHIN THE WATER BATH

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

19 20, 21 22 23 24

25 26 27 28 29 30
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2.4.2 The second step is to
three double-digit numbers.
provided in Table A.5. Note
through 99 were not used.

assign each of the 30 positions
An example of this assignment is
that the double digits 00 and 91

2.4.3 The random numbers used to carry out the random assignment
of replicate chamb~rs to positions are provided in Table A.2.
The third step is to choose a starting positior~ in Table A. 2, and
read the first double-digit number. The first number. read
identifies the position for the first replicate chamber of the
control ~ For the example, the first entry in :r'ow 10 of Table A.2
was chosen as the starting position. The first. number in this
row was 73. According to Table A.5, this number corresponds to
position 13. Thus, the first replicate chamber for the control
will be placed in position 13.

2.4.4 The next step is to read the double-digit number to the
right of the first one. The second number identifies the
position for the sec~nd replicate chamber of the control.
Continuing the example, the second number read in row 10 of Table
A.2 is 79. According to Table A.5, this number corresponds to
position 19. Thus, the second replicate 'chamber for the control
will be placed in position 19.

2.4.5 Continue in this fashion until all the replicate chambers
have been assigned to a position. The first five numbers read
will identify the positions for the control replicate chambers,
the second five numbers read will identify the ]positions for the
lowest effluent concentration replicate chamberis, and so on. If
a number is read from the table that was not assigned to a
position, then ignore that val1..le and continue t(J the next number.
If a number is repeated in Table A.2, then ignore the repeats and
continue to the next number. The complete randomization of
replicate chambers to positions for the example is displayed in
Table A.6.

2.4.6 Three double-digit numbers were assigned to each position
(instead of one or two) in order to make effici~nt use of the
random number table (Table A.2). To illustrate, consider the
assignment of only ,one double-digit number to each position: the
first column of assigned numbers in Table A.5. Whenever the
numbers 00 and 31 through 99 are read from Table A.2, they will
be disregarded and the next number will be read.
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3. OUTL~ERS

3.1 An outlier is an inconsistent or question~ble data point
that appears unrepresentative of the general trend .exhibited by
the majority of the data. Outliers may be detecteq by tabulation
of the data, plotting, and by an analysis of the residuals. An

explanation should be sought for any questionable data points.
Without an explanation, data points should be discarded only with
extreme caution. If there is no explanation, the analysis should
be performed both with and without the outlier, and the results
of both analyses should be reported.

3.2 Gentleman-Wilkls A statistic gives a test for the condition
that the extreme observation may be considered an outlier. For a
discussion of this, and other techniques for evaluating outliers,
see Draper and John (1981).
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TABLE A.5. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS:
EXAMPLE ASSIGNED NUMBERS FOR EACH POSITION

Assigned Numbers Position

01. 31. 61 1
02. 32. 62 2
03. 33. 63 3
04. 34. 64 4
05.35. 65 5
06. 36. 66 6
07. 37. 67 7
08. 38. 68 8
09. 39. 69 9
10. 40. 70 10
11. 41. 71 11
12. 42. 72 12
13. 43. 73 13
14. 44, 74 14
15. 45. 75 15
16. 46.,76 16
17. 47. 77 I 17
18. 48. 78 18
19, 49. 79 19
20. 50. 80 20
21. 51. 81 21
22. 52. 82 I 22

~ 23. 53. 83 23
24. 54. 84 24
25. 55.' 85 25
26. 56. 86 : 26
27. 57, 87 I 27
28. 58. 88 i 28
29. 59. 89 29
30. 60. 90 I 30
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TABLE A.S. EXAMPLE OF RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO
POSITIONS:

ASSIGNMENT OF ALL 30 POSITIONS

25. o!I; 50.0% 6.25%- Control 6.25% 100.0~

25. o!I; 12.5% 50.0%- 25.0% 50.0% 12.5%

Control 12.5% 100.0% 100.0%- 6.25% 6.25%

Control 12.5% 100.0% 6.25% Control 25.0%

100.0% 25.0% Control 50.0% 50.0% 12.5%
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APPENDIX B

(

VALIDATING NORMALITY AND HOMOGENEITY OF VARIANCE ASSUMPTIONS

1. INTRODUCTION

1.1 Dunnett's Procedure and the t test with Bonferroni's
adjustment are parametric procedures based on the assumptions
that the observations within treatments are independent and
normally distrib~ted, and that the variance of the observations
is homogeneous across all toxicant concentrations and the
control. These assumptions should be checked prior to using
these tests, to determine if they have been met.. Tests for
validating the assumptions are provided in the following
discussion. If the tests fail (if the data do not meet the
assumptions), a nonparametric procedure such as Steel's Many-one
Rank Test may be more appropriate. However, the decision on
whether to use parametric or nonparametric tests may be a
judgement call, and a statistician should be consulted 'in
selecting the analysis.

2. TEST FOR NORMAL DISTRIBUTION OF DATA

2.1 SHAPIRO-WILK'S TEST

2.1.1 One formal test for normality is the Shapiro-WiLk's Test
(Conover, 1980). The test statistic is obtained by dividing the
square of an appropriate linear combination of the sample order
statistics by the usual sYmmetric estimate of variance. The
calculated W must be greater than zero and less than or equal to
one. This test is recommended for a sample size of 50 or less.
If the sample size is greater than 50, the Kolmogorov "D"
statistic (Stephens, 1974) is recommended. An example of the
Shapiro-Wilk's test is provided below.

2.2 The example uses growth data from the Mysid Larval Survival
and Growth Test. The same data are used later in the discussions
of the homogeneity of variance determination in: Section 3 of this
appendix and Dunnett's Procedure in Appendix C. The data, the
mean and variance of the observations at each concentration,
including the control, are listed in Table B.1 ..
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TABLE B.1. MYSID, HOLMESIMYSIS COSTATA, GROWTH DATA

Concentration (%)
Replicate Control 1.80 3.20 5.60

1 0.048 0.055 0.057 0.041
2 0.058 0.048 0.050 0.040
3 0.047 0.042 0.046 0.041
4 0.058 0.041 0.043 0.043
5 0.051 0.052 0.045 0.040

Mean (Yi) 0.052 0.048 0.048 0.041

Sf 0.0000283 0.0000373 0.0000307 0.0000015
i 1 2 3 4

•

2.3 The first step of the test for nbrmality is to center the
observations by subtracting the mean of all observations within a
concentration from each observation in that concentration. The
centered observations are listed in Table B.2.

TABLE B. 2. CENTERED OBSERVATIONS FOR SHAPIRO-WILK" S EXAMPLE

'Concentration (%)

Replicate Control 1.80 3.20 5.60

1 -0.004 0.007 0.009 0.000
2 0.006 0.000 0.002 -0.001
3 -0.005 -0.006 -0.002 0.000
4 0.006 -0.007 -0.005 0.002
5 -0.001 0.004 -0.003 -0.001

2.4 Calculate the denominator, D, of the statistic:

n
-2

D: E (X - X)
i.l i

Where: Xi = the ith centered observation
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X the overall mean of the centereid observations

n = the total number of centered observations

2.4.1 For this set of data, n = 20

x = _1_ (0.001)
20

D = 0.000393

=0.000
I
,

2.5 Order the centered observations from smallest to largest

where Xli) denotes the ith ordered observation. 'rhe ordered
observations for this example are listed in Table B.3.

TABLE B.3. ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

i Xli) i :x: (il

1 -0.007 11 0.000
2 -0.006 12 0.000
3 -0.005 13 Cl.OOO

4 -0.005 14 0.002
5 -0.004 15 0.002
6 -0.003 16 0.004
7 -0.002 17 0.006
8 -0.001 18 0.006
9 -0.001 19 0.007

10 -0.001 20 0.009

2.6 From Table B.4,
the coefficients all
(n-1)/2 if n is odd.
= 10. The ai values

for the number of observations, n, obtain
a 2 , ••• a k where k is n/2 if n is even and

For the data in this example, n = 20 and k
are listed in Table B.S.
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TABLE B.4. COEFFICIENTS FOR THE SHAPIRO-WILK'S TEST (Conover, 1980), '

;\n
Number of Observations

2 3 4 5 6 7 8 9 10
1 0.7071 0.7071 0.6872 0.6646 0.6431 0.6233 0.6052 0.5888 0.5739 '
2 0.0000 0.1667 0.2413 0.2806 0.3031 0.3164 0.3244 0.3291
3 0.0000 0.0875 0.1401 0.1743 0.1976 0.2141
4 0.0000 0.0561 0.0947 0.1224
5 0.0000 0.0399

;\ Number of.Dbservations

11 12 13 14 15 16 17 18 19 20
1 0.5601 0.5475 0.5359 0.5251 0.5150 0.5056 0.4968 0.4886 0.4808 0.4734
2 0.3315 0.3325 0.3325 0.3318 0.3306 0.3290 0.3273 0.3253 0.3232 0.3211
3 0.2260 0.2347 0.2412 0.2460 0.2495 0.2521 0.2540 0.2553 0.2561 0.2565
4 0.1429 0.1586 0.1707 0.. 1802 0.1878 0.1939 0.1988 0.2027 0.2059 0.2085
5 0.0695 0.0922 0.1099 0.1240 O~ 1353 0.1447 0.1524 0.1587 0.1641 0.1686
6 0.0000 0:0303 0.0539 0.0727 0.0880 0.1005 0.1109 0.1197 0.1271 ' 0.1334

7 0.0000 0.0240 0.0433 0.0$93 0.0725 0.0837 0.0932 0.1013
8 0.0000 0.0196 0.0359 0.Ol;96 0.0612 0.0711
9 0.0000 0.0163 0.0303 0.0422
10 0.0000 0.0140

;~n
Number of'Observations

21 22 23 24 25 '26 27 28 29 ' 30

1 0.4643 0.4590 0.4542 0.4493 0.4450 0.4407 0.4366· 0.4328 0.4291 0.4254
2 0.3185 0.3156 0.3126 0.3098 0.3069 0.3043 0.3018. 0.2992 0.2968 ' 0.2944

3 0.2578 0.2571 0.2563 0.2554 0.2543 0.2533 0.2522 ' 0.2510 0.2499 0.2487
4 0.2119 0.2131 0.2139 0.2145 . 0.2148 0.2151 0.2152 0.2151 0.2150 0.2148
5 0.1736 0.1764 0.1787 0.1807 0.1822 0.1836 0.1848 0.1857 0.1864 0.1870
6 0.1399 0.1443 0.1480 0.1512 0.1539 0.1563 0.1584 0.1601 0.1616 0.1630
7 0.1092 0.1150 0.1201 0.1245 0.1283 0.1316 0.1346 0.1372 0.1395 0.1415
8 0.0804 0.0878 0.0941 0.0997 0.1046 0.1089 0.1128 0.1162 0.1192 0.1219
9 0.0530 0.0618 0.0696 0.0764 0.0823 0.0876 0.0923 0.0965 . 0.1002 0.1036
10 0.0263 0.0368 0.0459 0.0539 0.0610 0.0672 0.0728 0.0778 0.0822 0.0862
11 0.0000 0.0122 0.0228 0.0321 0.0403 0.0476 0.0540 0.0598 0.0650 0.0697
12 0.0000 0.0107 0.0200 0.0284 0.0358 0.0424 0.0483 0.0537 '
13 0.0000 0.0094 0.0178 0.0253 0.0320 0.0381
14 0.0000 0.0084 0.0159 0.0227
15 0.0000 0.0076
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TABLE B.4. COEFFICIENTS FOR THE SHAPIRO-WILK'S TEST (CONTINUED)

i\ Number of Observations
31 32 33 34 35 36 37 38 39 40

1 0.4220 0.4188 0.4156 0.4127 0.4096 0.4068 0.4040 0.4015 0.3989 0.3964
2 0.2921 0.2898 0.2876 .0.2854 0.2834 0.2813 0.2794 . 0.2774 0.2755 0.2737
3 0.2475 0.2462 0.2451 0.2439 0.2427 0.2415 0.2403 0.2391 0.,2380 0.2368
4 0.2145 0.2141 0.2137 0.2132 0.2127 0.2121 0.2116 0.2110 0.:2104 0.2098
5 0.1874 0.1878 0.1880 0.1882 0.1883 0.1883 0.1883 0.1881 0.1880 0.1878
6 0.1641 0.1651 0.1660 0.1667 0.1673 0.1678 0.1683 0.1686 0.1689 0.1691'
7 0.1433 0.1449 0.1463 0.1475 0.1487 0.1496 0.1505 0.1513 0.'1520 0.1526
8 0.1243 0.1265 0.1284 0.1301 0.1317 0.1331 0.1344 0.1356 0.'1366 0.1376
9 0.1066 0.1093 0.1118 0.1140 0.1160 0.1179 ' 0.1196 0.1211 0.'1225 0.1237
10 0.0899 0.0931 0.0961 0.0988 0.1013 0.1036 0.1056 0.1075 0.'1092 0.1108
11 0.0739 0.0777 0.0812 0.0844 0.0873 0.0900 0.0924 0.0947 0.0967 0.0986
12 0.0585 0.0629 0.0669 0.0706 0.0739 0.0770 0.0798 0.0824 0.0848 0.0870
13 0.0435 0.0485 0.0530 0.0572 0.0610 0.0645 0.0677 0.0706 0.0733 0.0759
14 0.0289 0.0344 0.0395 0.0441 0.0484 0.0523 0.0559 0.0592 0.0622 0.0651
15 0.0144 0.0206 0.0262 0.0314 0.0361 0.0404 0.0444 0.0481 0.(1515 0.0546
16 0.0000 0.0068 0~0131 0.0187 0.0239, 0.0287 0.0331 0.0372 0.(1409 0.0444
17 0.0000 0.0062 0.0119 0.0172 0.0220 0.0264 0.()305 0.0343
18 0.0000 0.0057 0.0110 0.0158 0.()203 0.0244
19 0.0000 0.0053 0.C1101 0.0146
20 O.C<OOO 0.0049

j\ Number of Observations
41 42 43 44 45 46 47 48 49 50

1 0.3940 0.3917 0.3894 0.3872 0.3850 0.3830 0.3808 0.3789 0.3770 0.3751
2 0.2719 0.2701 0.2684 0.2667 0.2651 0.2635 0.2620 0.2604 0.2589 0.2574
3 0.2357 0.2345 0.2334 0.2323 0.2313 0.2302 0.2291 0.2281 0.2271 0.2260
4 0.2091 0.2085 0.2078 0.2072 0.2065 0.2058 0.2052 0.2045 0.2038 0.2032
5 0.1876 0.1874 0.1871 0.1868 0.1865 0.1862 0.1859 0.1855 0.1851 0.1847
6 0.1693 0.1694 0.1695 0.1695 0.1695 0.1695 0.1695 0.1693 0.1t~92 0.1691
7 0.1531 0.1535 0.1539 0.1542 0.1545 Q,.1548 0.1550 0.155l 0.1!553 0.1554
8 0.1384 0.1392 0.1398 0.1405 0.1410 0.1415 0.1420 . 0.1423 0.11~27 0.1430
9 0.1249 0.1259 0.1269 0.1278 0.1286 0.1293 0.1300 0.1306 0.1:512 0.1317
10 0.1123 0.1136 0.1149 0.1160 0.1170 0.1180 0.1189 0.1197 0."~05 0.1212
11 0.1004 0.1020 0.1035 0.1049 0.1062 0.1073 0.1085 0.1095 0."105 0.1113
12 0.0891 0.0909 0.0927 0.0943 0.0959 0.0972 0.0986 0.0998 0.1010 0.1020
13 0.0782 0.0804 0.0824 0.0842 0.0860 0.0876 0.0892 0.0906 0.0919 0.0932
14 0.0677 0.0701 . 0.0724 0.0745 0.0765 0.0783 0.0801 0.0817 0.01\32 0.0846
15 0.0575 0.0602 0.0628 0.0651 0.0673 0.0694 0.0713 0.0731 0.0i'48 0.0764
16 0.0476 0.0506 0.0534 0.0560 0.0584 0.0607 0.0628 0.0648 0.0£167 0.0685
17 0.0379 0.0411 0.0442 0.0471 0.0497 0.0522 0.0546 0.0568 0.0~i88 0.0608
18 0.0283 0.0318 0.0352 0.0383 0.0412 0.0439 0.0465 0.0489 0.0~j11 0.0532 ,r

19 0.0188 0.0227 0.0263 0.0296 0.0328 0.0357 0.0385 . 0.0411 0.0~,36 0.0459
20 0.0094 0.0136 0.0175 0:0211 0.0245 0.0277 0.0307 0.0335 0.m;61 0.0386
21 0.0000 0.0045 0.0087 0.0126 0.0163 0.0197 0.0229 0.0259 0.02!88 0.0314
22 0.0000 0.0042 0.0081 0.0118 0.0153 0.0185 0.02:15 0.0244
23 0.0000 0.0039 0.0076 0.0111 0.0143 0.0174
24 0.0000 0.0037 0.0071 0.0104
25 0.0000 0.0035
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2.7 Compute the test statistic, W; as follows:

, k 2

W : 2. [La (X (n-1+l1 -x (!l ) ]

D !.1 !

The differences XCn- i +1 ) - XCi) are listed in Table B. 5. For this
set of data:

w = 1 (0.0194)2
0.000393

0.958

TABLE B.5. COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE

i ai x(n-i+l) - Xli)

1 0.4734 0.016 X(20) - X (1 )

2 0.3211 0.013 X(19) - x C2l

3 0.2565 0.011 X(lS) - X(3)

4 0.2085 0.011 X I1?) - X(4)

5 0.1686 0.008 X C1.6 ) - xes)

6 0.1334 0.005 X(lS) - X(6l

7 0.1013 0.004 X (:l.4) - x(?)'
B 0.0711 0.001 X (13 ) XIS)

9 0.0422 0.001 X (:l.2) - X (9 )

10 0.0140 0.001 X(ll) - X(lO)

2.8 The decision rule for this test is to ,compare the computed W
to the critical value found in Table B.6. If the computed W is
less than the critical value, conclude that the data are not
normally distributed. For this set of qata, the critical value
at a significance level of 0.01 andn = 20 observations is 0.868.
Since W = 0.958 is greater than the crit~cal value, conclude that
the data are normally distributed.

2.9 In general, if the data fail the test for normality, a
transformation such as to log'values may normalize the data.
After transforming the data, repeat the Shapiro Wilk's Test for
normality.
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TABLE B.6. QUANTILES OF THE SHAPIRO WILK'S TEST STATISTIC (Conover. 1980)

n 0.01 0.02 0.05 ,0.10 0.50 0.90 0.95 0.98 0.99
./

3 0.753 0.756 0.767 0.789 0.959 0.998 0.999 1.000 1.000
4 0.687 0.707 0.748 0.792 0.935 0.987 0.992 0.996 0.997
5 0.686 0.715 0.762 0.806 0.927 0.979 0.986 0.991 0.993
6 0.713 0.743 0.788 0.826 0.927 0.974 0.981 0.986 0.989
7 0.730 0.760 0.803 0.838 0.928 0.972 0.979 0.985 0.988
8 0.749 0.778 0.818 0.851 0.932 0.972 0.978 0.984 0.987
9 0.764 0.791 0.829 0.859 0.935 0.972 0.978 '0.984 0.986
10 0.781 0.806 0.842 0.869 0.938 0.972 0.978 0.983 0.986
11 0.792 0.817 0.850 0.876 0.940 0.973 0.979 0.984 0.986
12 0.805 0.828 0.859 0.883 0.943 0.973 0.979 0.984 0.986
13 0.814 0.837 0.866 0.889 0.945 0.974 0.979 0.984 0.986
14 0.825 0.846 0.874 0.895 0.947 0.975 0.980 0.984 0.986
15 0.835 . 0.855 0.881 O~901 0.950 0.975 0.980 0.984 0.987
16 0.844 0.863 0.887 0.906 0.952 0.976 0.981 0.985 0.987
17 0.851 0.869 0.892 0.910 0.954 0.977 0.981 0.985 0.987
18 0.858 0.874 0.897 0.914 0.956 0.978 0.982 0.986 0.988
19 0.863 0.879 0.901 0.917 0.957 0.978 0.982 0.986 0.988
20 , 0.868 0.884 0.905 0.920 0.959 0.979 0.983 0.986 0.988
21 0.873 0.888 0.908 0.923 0.960 0.980 0.983 0.987 0.989
22 0.•878 0.892 0.911 0.926 0.961 0.980 0.984 0.987 0.989
23 0.881 0.895 0.914 0.928 0.962 0.981 0.984 0.987 0.989
24 0.884 0.898 0.916 0.930 0.963 0.981 0.984 0.987 0.989
25 0.888 0.901 0.918 0.931 0.964 0.981 0.985 0.988 0.989
26 0.891 0.904 0.920 0.933 0.965 0.982 0.985 '0.988 0.989
27 0.894 0.906 0.923 0.935 0.965 0.982 0.985 0.988 0.990
28 0.896 0.908 0.924 0.936 0.966 0.982 0.985 0.988 0.990
29 0.898 0.910 0.926 0.937 0.966 0.982 0.985 0.988 0.990
30 0.900 0.912 0.927 0.939 0.967 0.983 0.985 0.988 0.9'90
31 0.902 0.914 0.929 0.940 0.967 0.983 0.986 0.988 0.990
32 0.904 0.915 0.930 0.941 0.968 0.983 0.986 0.988 0.990
33 0.906 0.917 0.931 0.942 0.968 0.983 0.986 0.989 0.990
34 0.908 0.919 0.933 0.943 0.969 0.983 0.986 0.989 0.990
35 0.910 0.920 0.934 0.944 0.969 0.984 0.986 0.989 0.990
36 0.912 0.922 0.935 0.945 0.970 0.984 0.986 0.989 0.990
37 0.914 0.924 0.936 0.946 0.970 0.984 0.987 0.989 0.990
38 0.916 0.925 0.938 0.947 0.971 0.984 0.987 0.989 0.990
39 0.917 0.927 0.939 0.948 0.971 0.984 0.987 0.989 0.991
40 0.919 0.928 0.940 0.949 0.972. 0.985 0.987 p.989 0.9.91
41 0.920 0.929 0.94.1 0.950 0.972 0.985 0.987 0.989 0.991
42 0.922 0.930 0.942 0.951 0.972 0.985 0.987 0.989 0.991
43 0.923 0.932 0.943 0.951 0.973 0.985 0.987 0.990 0.991
44 0.924 0.933 0.944 0.952 0.973 0.985 0.987 0.990 0.991
45 0.926 0.934 0.945 0.953 0.973 0.985 0.988 ,0.990 0.991
46 0.927 0.935 0.945 0.953 0.974 0.985 0.988 ,0.990 0.991
47 0.928 0.936 0.946 0.954 0.974 0.985 . 0.988 10.990 0.991
48 0.929 0.937 0.947 0.954 0.974 0.985 0.988 la.990 0.991
49 0.929 0.937 0.947 0.955 0.974 0.98!: 0.988 1:1.990 0.991
50 0.930 0.938 0.947 0.955 0.974 0.985 0.988 1:1.990 0.991

'\
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3 • TEST FOR HOMOGENEITY OF VARIANCE

3.1 For Dunnett's Procedure and the t test with Bonferroni's
adjustment, the variances of the data obtained from each toxicant
concentration and the control are assumed to be equal.
Bartlett's Test is a formal test of this assumption. In using
this test, it is assumed that the data are normally distributed.

3.2 The data used in this example are growth data from a Mysid
Survival and Growth Test, and are the same data used in Appendix
C. These data are listed in Table B.7, together with the
calculated variance for the control and each toxicant
concentration.

TABLE B.7. MYSID, HOLMESIMYSIS COSTATA, GROWTH DATA,

Concentration (% )

Replicate Control 1.80 3.20 5.60

~ 0.048 0.055 0.057 0.04~

2 0.058 0.048 0.050 0.040
3 0.047 0.042 0.046 0.04~

4 0.058 0.04~ 0.043 0.043
5 0.05~ 0.052 0.045 0.040

Mean (Yi ) 0.052 0.048 0.048 0.041

Sf 0.0000283 0.0000373 0.0000307 0.0000015
i ~ 2 3 4

3.3 The test statistic for Bartlett's Test (Snedecor and
Cochran, 1980) is as follows:

B =

p p

[(Ev
i

) In Ef - EV
i

In S:l
i~ i~

c

Where: Vi = degrees of freedom for each effluent concentration
and control, (Vi = ni - 1)

p = number of levels of toxicant concentration
including the control
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ln = loge

i = 1, 2, ... , p where p is the number of
concentrations including the control

n i =the number of replicates for concentration i.

p

(LViS;)

82 = i·l

p

LV
1

1-1

p P

c=1+ [3 (p-1) r 1 [L.1/V _ (LV )-1]
i· i

1-1 i·l

3.4 Since B is approximately distributed as chi-square with p 
1 degrees of freedom when the variances are equal, the
appropriate critical value is obtained from a table of the
chi-square distribution for p - 1 degrees of freedom and a
significance level of 0.01. If B is less than the critical value
then the variances are assumed to be equal.

3.5 For the data in this example, all concentrations including
the control have the same number of replicates (ni - 5 for all
i). Thus, Vi = 4 for all i. For this data, p = ~h, 8 2 =
0.0000245, and C = 1.104. Bartlett's statistic is therefore:

P ,

B = [(16) 1n (0.0000245) -4L1n (S;) ] /1.104
i·1

= [16(-10.617) 4(-44.470)]/1.104

= [-169.872 - (-177.880)] /ll104 '

7.254

3.6 Since B is approximately distributed as chi-square with p 
1 degrees of freedom'when the variances are equal, the
appropriate critical value for the test is 9.21 for a
significance level of 0.01. Since B = 7.254 is less than 9.21,
conclude that the variances are not different.

\
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4 • TRANSFORMATIONS OF THE DATA

4.1 When the assumptions of normality and/or homogeneity of
variance are not met, transformations of the data may remedy the
problem, so that the data can be analyzed by parametric
procedures, rather than nonparametric technique such as Steel's
Many-one Rank Test or Wilcoxon's Rank Sum Test. Examples of
transformations include log, square root, arc sine square root,
and reciprocals. After the data have been transformed, the
Shapiro-Wilkls and Bartlett's tests should be performed on the
transformed observations to determine whether the assumptions of
normality and/or homogeneity of variance are met.

4.2 ARC SINE SQUARE ROOT TRANSFORMATION (USEPA, 1993).

4.2.1 For data consisting of proportions from a binomial
(response/no responsej live/dead) response variable, the variance
within the ith treatment is proportional to Pi (1 - Pi), where Pi
is the expected proportion for the treatment. This clearly
violates the homogeneity of variance assumption required by
parametric procedures such as Dunnett's Procedure or the t test
with Bonferroni1s adjustment, since the existence of a treatment
effect implies different values of Pi for different treatments,
i. Also, when the observed proportions are based on small
samples, or when Pi is close to zero or one, the normality
assumption may be invalid. The arc sine square root (arc sine
~ ) transformation is commonly used for such data to
stabilize the variance and satisfy the normality requirement.

4.2.2 Arc sine transformation consists of determining the angle
(in radians) represented by a sine value.. In the case of arc
sine square root transformation of mortality data, the organism
response proportion (proportion dead or affected; proportion
surviving) is taken as the sine value, the square root of the
sine value is determined, and the angle (in radians) for the
square root of the sine value is determined. Whenever the
response proportion is 0 or l,a special modification of the arc
sine square root transformation must be ~sed (Bartlett, 1937).
An explanation of the arc sine square root transformation and the
modification is provided below.

4.2.3 Calculate the response proportion (RP) at each effluent
concentration, in this case proportion surviving where:
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RP = (number of surviving or unaffected organif~ms)/ (number
exposed) . I

.
Example: If 12 of 20 animals in a given treatment .replicate

survive:

RP = 12/20

= 0.60

4.2.4 Transform each RP to its arc sine square root, as follows:

4.2.4.1 For RPs greater than zero or less than one:

Angle (radians) = JRP

Example: If RP = 0.60:

Angle arc sine

arc sine 0.7746

= 0.8861 radians

4.2.4.2 Modification of the arc sine square root when RP = O.

Angle (in radians) = arc sine VI/4N

Where: N = Number of animals/treatment replicate

Example: If 20 animals are used:

Angle = arc sine VI/SO

= arc sine 0.1118

= 0.1120 radians
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4.2.4.3 Modification of the arc'sine square root when RP = 0

Angle = 1.5708 radians - (radians for RP = 0)

Example: Using above value:

Angle = 1.5708 - 0.1120

= 1.4588 , radians
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.APPEND:IX C

DUNNETT'S PROCEDURE

L "l ~ .. _'. '.,'

1 . MANUAL CALCULAT:IONS

1.1 Dunnett's Procedure (Dunnett, 1955; Dunnett, 1964) is used
to compare each concentration mean with the cont:rol mean to
decide if any of the concent~ations differ from the control.
This test has an overall error rate of alpha,which accounts for
the multiple comparisons with the control. It is based on the
assumptions that the observations are independent and normally
distributed and that the variance of the observations is
homogeneous across all concentrations and control. (See Appendix
B for a discussion on validating the assumptions). Dunnett's
Procedure uses a pooled estimate of the varianCE!, which is equal
to the error value calculated in an analysis of variance.
Dunnett's Procedure can only be used when the same number of
replicate test vessels have been used at each concentration and
the control. When this condition is not met, the t test with
Bonferroni's adjustment is used (see Appendix D) .

1.2 The data used in this example are growth da.ta from a Mysid
Survival and Growth Test, and are the same data used in Appendix
B. These data are listed in Table C.1.

TABLE C.1. MYSID, HOLMESIMYSIS COSTATA, GROWTH DATA

Conc.entratioll (%)
Replicate Control 1.80 3.20 5.60

1 0.048 0.055 0.057 0.041
2 0.058 0.048 0.050 0.040·
3 0.047 0.042 0.046 0.041
4 0.058 0.041 0.043 0.043
5 0.051 0.052 0.045 0.040

Mean (Yd 0.052 0.048 0.048 0.041
Total (Td 0.262 0.238 0.241 0.205
i 1 2 3 4
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1.3 One way to obtain an estimate of the pooled variance is to
construct an ANOVA table including all sums of squares, as
described in Table C.2:

TABLE C. 2 • ANOVA TABLE

Source

Between

Within

Total

df

p - 1

N - P

N - 1

Sum of Squares
(SS)

SSB

SSW

SST

Mean Square(MS)
(SS/df)

2

Sa SSB/ (p-1)
2

Sw SSW/ (N-p)

Where: p = number of effluent concentrations including
the control:

N = the total sample size;
1

ni = the number of replicates for concentration "i"

SST=L Yl/-G2/N
J.j

SSB=LTJ.
2

/nJ.-G2 /N
1

SSW=SST-SSB

Total Sum of Squares

Between Sum of Squares

Within Sum·of Squares

G = the grand total of all sample

p

observations,· ~G=£.JT
1

the total of the replicate measurements for
concentration i
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N = the total sample size;

ni the number of ~eplicates for concentration i

Yij = the jth observation for concentration i

1.4 For the data in this example:

n1 = n 2 = n 3 = n4 = n5 5

N = 20

T1 = Yll + Y12 + Y13 + Y14 + Y15
T2 = Y21 + Y22 + Y23 + Y24 + 'Y25 =
T3 = Y31 + Y32 + Y33 + Y34 + Y35
T4 = Y41 + Y42 + Y43 + Y44 + Y45 ==

G = T1 + T2 + T3 + T4 = 0.946

p

SSB = LT:ln
i
-G

2
/N

i-I

_1_(0.225) - (0.946)2.
5 20

p n i

SST = L'L,Yi>G
2
/N

, i-lj-l

= 0.0455 - (0.946)2
20

0.262
0.238
0.24]:
0.20=;

0.000254

0.000754

SSW = SST-SSB = 0.000754 - 0.000254 = 0.000500

S~ SSB/(p-1) = 0.000254/(4-1) = 0.0000847

S~ SSW/(N-p) = 0.000500/(20-4) =0.0000313

1.5 Summarize these data in the ANOVA table, as shown in Table
C.3:
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TABLE C.3. COMPLETED ANOVA TABLE FOR D~TTIS PROCEDURE EXAMPLE

Source df Sum of Squares Mean Square (MS)
(S8) (SS/df)

Between 3 0.000254 0.0000847

Within J.6 0.000500 0.00003J.3

Total J.9 0.000754

1.6 To perform the individual comparisons, calculate the t
statistic for each concentration and control combination, as
follows:

t '=
i -s-.,-;-"'V;=(=l=/n=l=)=+==(=l/=n=i=)

Where: Y1 = mean for the control

Yi = mean for each concentratioon i

Sw = square root of the within mean square

n 1 = number of replicates in the control

ni = number of replicates for concentration i.

1.7 Table C.4 includes the calculated t values for each
concentration and control combination.
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TABLE C. 4 • CALCULATED t VALUES

Concentration (ppb)

1.80
3.20

5.60

i t i

2 1.131
,

3 1.131
4 3.111

1.8 Since the purpose of the test is only to detect a decrease
in growth from the control, a one-sided test is appropriate. The
critical value for theone-sided comparison is read from the
table of Dunnett's "t" values (Table C.5; this table assumes an
equal number of replicates in all treatment concentrations and
the control). For this set of data, with an overall alpha,level
of 0.05, 16 degrees of freedom and three concentrations excluding
the control, the critical value is 2.23. " The mean weight for
concentration "i" is considered significantly less than the mean
weight for the control if t i is greater than the critical value.
Comparing each of the calculated ~ values in Table C.4 with the
critical value, a significant decrease in growth from the control
is detected in the 5.60% concentration. Therefore, the" NOEC and
the LOEC for growth,are 3.20% and 5.60%, respectively.

591

RB-AR25575



TABLE C.S. DUNNETTIS "TII VALUES (Miller, 1981)

U1
U>
~

I. ,
-- --- - ..._..

(ODe-tailed) d"J<

a ••05 a.O.l

I
I 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

I

I

5 2.02 2.44 2.68 2.85 2.98 3.08 3.16 3.24 3.30 3.37 3.90 4.21 4.43 4.60 4.73 4.85 4.94 5.03

6 1.94 2.34 2.56 2.71 2.83 2.92 3.00 3.07 3.12 3.14 3.61 3.88 4.07 4.21 4.33 4.0 4.51 4.59

7 1.89 2.27 2.48 2.62 2.73 2.82 2.89 2.95 3.01 3.00 3.42 3.56 3.83 3.96 4.07 4.15 4.23 4.30 I

8 1.86 2.22 2.42 2.55 2.66 2.74 2.81 2.87 2.92 2.90 3.29 3.51 3.67 3.79 3.88 3.96 4.03 4.09

I

9 1.83 2.18 2.37 2.50 2.60 2.68 2.75 2.81 2.86 2.82 3.19 3.40 3.55 3.66 3.75 3.82 3.89 3.94

10 1.81 2.15 2.34 2.47 2.56 2.64 2.70 2.76 2.81 2.76 3.11 3.31 3.45 3.56 3.64 3.71 3.78 3.83 i

11 1.80 2.13 2.31 2.44 2.53 2.60 2.67 2.72 2.77 2.72 3.06 3.25" 3.38 3.48 3.56 3.63 3.69 3.74

12 1.78 2.11 2.29 2.41 2.50 2.58 2.64 2.69 2.74 2.68 3.01 3.19 3.32 3.42 3.50 3.56 3.62 3.67

13 1.77 2.09 2.27 2.39 2.48 2.55 _2.61 "2.66 2.71 2.65 2.97 3.15 3.27 3.37 3.44 3.91 3.56 3.61

14 1.76 2.08 2.25 2.37 2.46 2.53 2.59 2.64 2.69 2.62 2.94 3.11 3.23 3.32 3.40 3.46 3.51 3.56

15 1.75 2.07 2.24 2.36 2.44 2.51 2.57 2.62 2.67 2.60 2.91 3.08 3.20 3.29 3.36 3.42 3.47 3.52

16 1. 75 2.06 2.23 2.34 2.43 2.50 2.56 2.61 2.65 2.58 2.88 3.05 3.17 3.26 3.33 3.39 3.44 3.48

17 1. 74 2.05 2.22 2.33 2.42 2.49 2.54 2.59 2.64 2.57 2.86 3.03 3.14 3.23 3.30 3.36 3.41 3.45

18 1.73 2.04 2.21 2.32 2.41 2.48 2.53 2.58 2.62 2.55 2.84 3.01 3.12 3.21 3.27 3.33 3.38 3.42

19 1. 73 2.03 2.20 2.31 2.40 2.47 2.52 2.57 2.61 2.54 2.83 2.99 3.10 3.18 3.25 3.31 3.36 3.40

20 1.72 2.03 2.19 2.30 2.39 2.46 2.51 2.56 2.60 2.53 2.81 2.97 3.08 3.17 3.23 3.29 3.34 3.38

24 1.71 2.01 2.17 2.28 2.36 2.43 2.48 2.53 2.57 2.49 2.77 2.92 3.03 3.11 3.17 3.22" 3.27 3.31.
30 1. 70 1.99 2.15 2.25 2.~3 2.40 2.45 2.50 2.54 2.46 2.72 2.87 2.97 3.05 3.11- 3.16 3.21 3.24

40 1.68 1.97 2.13 2.23 2.31 2.37 2.42 2.47 2.51 2.42 2.68 2.82 2.92 2.99 3.05 3.10 3.14 3.18

60 1.67 1.95 2.10 2.21 2.28 2.35 2.39 2.44 2.48 2.39 2.64 2.78 2.87 2.94 3.00 3.04 3.08 3.12

120 1.66 1.93 2.08 2.18 2.26 2.32 2.3'7 2.41 2.45 2.36 2.60 2.73 2.82 2.90 2.94 2.99 3.03 3.06
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1.9 To quantify the sensitivity of the test, the minimum
significant differ~nce :(MSD) m~y be' calculated,; The formula is
as ,follows:

MSD=d S"V (lln1 ) + (lin),

Where:d critical value ,for the Dunnett's Procedure

Sw = the square root of the within mean square

n the number of replicates at each concentration"
assuming an equal number of replicates at all
treatment concentrations

n 1 number of replicates in the control

For example:

MSD = 2.23(O.00559)V,(l/S)+(1/5)

2.23 (0.00559) (0.632)
.:' '

= 0.00788

1.10 Therefore, for this set of data, the minitnum difference
between the control'mean and a concentration mean that can be
detected as statistically significant is .0.007813' mg. This
represents a 15.2% reduction in mean weight from the control.

1.11 If the data have not been transformed:, the MSD (and the'
percent decrease from the control 'mean that it represents) can be
reported as is.

1.11.1 In the case where the data have been transformed, 'the,MsD
would be in transformed units. In this case carry out the
following conversion to determine the MSD in unitraI;1sformed units.

1.11.2 Subtract the MSD from the transformed cohtrol mean. Call
this difference D. 'Next, obtain untransformed values for the'
control, mean and the difference, D. Finally, c~~~pute the
untransformed MSD as follows:

I·
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MSDu = controlu - Du

Where: MSDu = the minimum significant difference for
untransformed data

Controlu = the untransformed control mean

Du = the untransformed difference

1.11.3 Calculate the percent reduction from the control that
MSDu represents as:

Percent Reduction
Controlu

X 100

1.11.3.1 An example of a conversion of the MSD to untransformed
units, when the arc sine square root transformation was used on
the data, follows.

Step 1.

Step 2.

Subtract the MSD from the transformed control mean.
As an example, assume the data in Table C.1 were
transformed by the arc sine square root
transformation. Thus:

0.052 - 0.00788 = 0.04412

Obtain untransformed values for the control mean
(0.052) and the difference (0.04412) obtained in
Step 1, above.

I

[ Sine (0 . 052) ] 2

[ Sine (0.04412)]2

0.00270

0.00195

Step 3. The untransformed MSD (MSDu ) is determined by
subtracting the untransformed values obtained in
Step 2.

MSDu = 0.00270 - 0.00195 = 0.00075·

In this case, the MSD would represent a 1.4% decrease in survival
from the control [( 0.00075/0.052) (100)] .
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2 . COMPUTER CALCULATIONS

2.1 This computer program incorporates two analyses: an
analysis of variance (ANOVA)" and a multiple comparison of
treatment means with the control me~n '(Dunnett's Procedure). The
ANOVA is used to obtain the err~r value: Dunnett's Procedure
indicates which toxicant concentration means (if any) are
statistically different ,from the control mean at the 5% level of
significance. The program also provides 'the minimum difference
between the control and treatment means that could be detected as
statistically significant, and tests the validity of the
homogeneity of variance assumption by Bartlett's Test. The
multiple comparison is performed based on procedures described by
Dunnett (1955). I

2.2 The source code for the Dunnett's program is structured into
a series of subroutines, controlled by a driver routine. Each
subroutine has a specific function in the Dunne,tt' s Pro.cedure,
such as data input, transforming the data, testing for equality
of variances, computing p values, and calculating the one-way
analysis of variance. . .

2.3 The program compares ,up to seven toxicant concentrations
against the control, and can accommodate up to 50 replicates per
concentration.

2.4 If the number of replicates at each toxicant concentration
and control are not equal, a t test with the Bonferroni
adjustment is performed instead of Dunnett's Procedure (see
Appendix D) .

2.5 The program was written in IBM-PC FORTRAN by Computer
Sciences Corporation, 26 W. Martin Luther King Drive, Cincinnati,
Oll 45268. A compiled version of the program can be obtained from
EMSL-Cincinnati by sending a diskette with a written request.

2.6 DATA INPUT AND OUTPUT

2.6.1 The mysidgrowth data from Table C.1 are used to
illustrate the data input and output for this program..

2.6.2 Data ~nput
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2.6.2.1 When the program is entered, the user is asked to select
the type of data to be analyzed:

1. Response proportions, like survival or fertilization
proportions data. .

2. Counts and measurements, like offspring counts, cystocarp
and algal cell counts, weights, chlorophyll measurements
or turbidity measurements.

2.6.2.2 After the type of analysis for the data is chosen, the
user has the following options:

1. Create a data file
2. Edit a data file
3. Perform analysis on existing data set
4. Stop

2.6.2.3 When Option 1 (Create a data file) is selected for
response proportions, the program prompts the user for ·the
following information:

1. Number of concentrations, including control
2. For each concentration and replicate:

- number of organisms exposed per replicate
- number of organisms responding per replicate (organisms

surviving, eggs fertilized, etc.)

2.6.2.4 After the data have been entered, the user may save the
file on a disk, and the program returns to the main menu (see
below) .

2.6.2.5 Sample data input is shown in Figure C.1.

2.6.3. Program Output

2.6.3.1 When Option 3 (perform analysis on existing data set) is
selected from the menu, the user is asked to select the
transformation desired, and indicate whe~her they expect the
means of the test groups to be less or greater than the mean for
the control group (see Figure C.2) .
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EMSL Cincinnati Dunnett Software
Version 1.5

What type of data do you wish to analyze?

1) response proportions
(like survival data or fertility proportionda1:.a)
Note: The program calculates a proportion after. prompting for

number of exposed organisms and number of responding
organisms.

2) counts and measurements
(like offspring counts, cystocarps and algal cl~ll counts,
weight;s, chlorophyll measurements, or turbidity measurements)

Enter "1", "2", (or "g" to quit program): 2

Title? Appendix C, Dunnett's Procedure Example - Mysid Data

Output to printer or disk file ? P

1) Create a data file
2) Edit a data file
3) Analyze an existing data set
4) Stop

Your choice ? 1

Number of concentrations, including control ? 4

Number of observations for cone. 1 (the control) ? 5

Enter the data for cone. 1 (the control) one observation at a time.

NO.1? 0.048

NO.2? 0.058

NO.3? 0.047

NO.4? 0.058

NO.5? 0.051
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Enter the data for conc. 2 one observation at a t-ime.

NO.1? 0.055

NO.2? 0.048

NO.3? 0.042

NO.4? 0.041

NO.5? 0.052

Number of observations for conc. 3? 5

Enter the data for conc. 3 one observation at a time.

NO.1? 0.057

NO.2? 0.050

NO.3? 0.046

NO.4? 0.043

NO.5? 0.045

Number of observations for conc. 4? 5

Enter the data for conc. 4 one observation at a time. _-

NO.1? 0.041

NO.2? 0.040

NO.3? 0.041

NO.4? 0.043

NO.5? 0.040

Do You wish to save the data on disk ? Y

Disk file for output? c:\mysid.dat

598

RB-AR25582



EMSL Cincinnati Dunnett Software
Version J..5

J.) Create a data file
2) Edit a data file
3) Analyze an existing data set
4) Stop

Your choice ? 3

File name? c:\mysid.dat

Available Transformations
J.) no transform
2) square root
3) 10gJ.0

Your choice ? 1.

Dunnett's test as implemented in this program is
a one-sided test. You must specify the direction
the test is to be run; that is, do you expect the
means for the test concentrations to be less than
or greater than the mean for the control
concentration.

Direction for Dunnetts test L=less than, G=greater truin ? L

Figure C.2. Example of Choosing Option 3 from the Main I~enu of the Dunnett
Program.
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2.6.3.2 Summary statistics (Figure C.3) for the raw and
transformed data, if applicable, the ANOVA table, results of
Bartlett's Test, the results of the multiple comparison
procedure, and the minimum detectable difference are included in
the program output.
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EMSL Cincinnati Dunnett Software
Version 1.5

Appendix C, Dunnett's Procedure Example - Mysid Data

Summary Statistics and ANOVA

Transformation None

Conc. n Mean s.d.

1 control 5 .0524 .0053
2 5 .0476 .0061
3 5_ .0482 .0055
4* 5 .0410· .0012

cv%

10.2
12. El
11. ~i

3.0

*) the mean for this conc. is significantly less· than
the control mean at alpha = 0.05 (l-sided) by Dunnett's test

Minimum detectable difference for Dunnett's test -.006974
This difference corres:ponds to -13.31 percent of cOntrol

Between concentrations
sum of squares

Error mean square =

.000333 with 3 degrees of freedom.

.000024 with 16 degrees of freedom.

Bartlett's test p-value for equality of variances =

Do you wish to restart the program ?

.060

Figure C.3. Example of Program Output for the Dunnett's Program Using the
Data in Table C.1.
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APPENDIX D

t TEST WITH BONFERRONI'S ADJUSTMENT

1. The t test with Bonferroni's adjustment is used as. an
alternative to Dunnett's Procedure when the number of replicates
is not the same for all concentrations. This test sets an upper,
bound of alpha on the overall error ratei in contrast to
Dunnett's Procedure, for which the overall error rate is fixed at
alpha. Thus, Dunnett's, Procedure is a more powerful test.

2. The t test with Bonferroni's adjustment is .based on the same
assumptions of normality of distribution and homogeneity of
variance as Dunnett's Procedure (See Appendix B for testing these
assumptions), and, like Dunnett's Procedure, uses a pooled
estimate of the variance, which is equal to the error value
calculated in an analysis of variance.

3. An example of the use of the t test with Bonferroni's
adjustment is provided below. The data used in the example are a
set of red abalone growth data. Because there are only four
replicates in the highest concentration, Dunnett's Procedure
cannot be used. The length data are presenteq in Table D.l.

TABLE D.1. GIANT KELP, MACROCYSTIS PYRIFERA, GROWTH DATA

Copper Concentration ({J-g/L)

Rep Control 5.60 10.0 18.0 32.0 56.0 100.0 180.0

J. J.9.58 J.8.26 13.31 18.59 12.54 11.44 7.92 6.49
2 J.8.75 16.25 18.92 12.88 10.67 11. 88 7.59 7.25
3 J.9.J.4 16.39 J.5.62 16.28 15.95 11.88 8.25
4 J.6.50 18.70 14.30 15.38 12.54 11. 00 9.1.3 7.63
5 J.7.93 15.62 15.29 19.75 11.66 11.55 8.80 8.13

Yj. J.8.38 17.04 15.49 16.58 12.67 11.55 8.34 7.38

S~ 1.473 1.827 4.498 7.327 3.953 0.133 0.396 0.478
i 1 2 3 4 5 6' 7 8
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3.1 One way to obtain an estimate of the pooled variance is to
construct an ANOVA table including all sums of f;quares, as
described in Table D.2:

TABLE D. 2. ANOVA TABLE

Source df Sum of Squares Mean Square(MS)
(SS) (SS/df)

2
Between p - 1 SSB S8 = SSB/(p-l)

2
Within N - P SSW Sw = SSW/ (N-p)

Where: p = number of effluent concentrations including
the control

N = the total sample size;
i

ni the number of replicates for ,concentration 'i

SST=LYj,/-G
2
/N Total Sum of Squares

j,j

SSB=LTj,2/n j,-G
2/N Between Sum of Squares

i

SS~SS~SSB Within Sum of Squares

Where: G = The grand total of all sample

p

observations; G=LT
!
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Yij =

The total of the replicate
measurements for concentration i

The jth observation for
concentration i

3.2 For the data in this example:

n l :: n 2 = n 3 = n 4 = n s = n6 = n 7 = 5; n s 4

N = 39

T l = Yll + Y12 + Y13 + Y14 + Y1S = 91.90
T2 = Y21 + Y22 + Y23 + Y24 + Y2S = 85.22
T3 = Y31 + Y32 + Y33 + Y34 + Y3S = 77.44
T4 = Y41 + Y42 + Y43 + Y44 + Y4S = 82.88
Ts = YS1 + YS2 + 1S3 + YS4 + Yss = 63.36
T6 = Y61 + Y62 + Y63 + Y64 + Y6S = 57.75
T7 = Yn + Yn + Yn + Y74 + Y7S = 41.69
Ts :: YS1 + YS2 + YS3 + YS4 = 29.50

G = T1 + T2 + T3 + T4 + Ts + T6 + T7 + Ts = 529.74

p

SSB", L,T:ln
1
-G 2 IN

1-1

= 7749.905 - (529.74)2
39

P R1

SST", L,L,Y:j -G 2 IN
1-1j-1

= 7829.764 - (529.74)2
39

554.406

634.265

SSW. SST-SSB = 634.265 - 554.406 = 79.859

S~ = SSB/(p-1) = 554.406/(8-1) 79.201

S~ = SSW/(N-p) = 79.859/(39-8) = 2.576
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3.3 Summarize these calculations in the ANOVA table (Table D.3):

TABLE D.3. COMPLETED ANOVA TABLE FOR THE t TEST WITH BONFERRONI'S
ADJUSTMENT EXAMPLE

Source df Sum of Squares Mean Square (MS)
(SS) (SS/df)

Between 7 554.406 79.201

Within 31 79.859 2.576

Total 38 634.265

3.4 To perform the individual comparisons, calculate the t
statistic for each concentration and control combination, as
follows:

t =
i

Where: Yi ::::: mean for concentration i.

Y1 ::::: mean for the control

Sw ::::: square root of the within mean square

n 1 = number of replicates in the con1:'rol.

n i = number of replicates for concen1:ration· i.

3.5 Table D.4 includes the calculated t values for each
concentration and control combination.
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TABLE 0.4. CALCULATED t VALUES

Concentration (pg/L)

5.6
10.0
18.0
32.0
56.0

100.0
180.0

i

2
3
4
5
6
7
8

1.320
2.847
1.773
5.625
6.728
9.891

10.217

3.6 since the purpose of this test is to detect a'significant
reduction in mean length, a one-sided test is appropriate. The
critical value for this one~sided test is found in Table D.5.
For an overall alpha level of 0.05, 31 degrees of freedom for
error and seven concentrations (excluding the control) the
approximate critical value is 2.597. The mean length for
concentration lIi ll is considered significantly less than the mean
length for the control if t i is greater than the critical value.
Comparing each of the calculated t values in Table D.4 with the
critical value, the 10.0 ~g/L, 32 ~g/L, 56.0 ~g/L, 100.0 ~g/L,

180.0 ~g/L concentrations have significantly lower mean length
than the control. Because the 10.0 ~g/L concentration shows
signigicantly lower mean length that the control while the higher
18.0 ~g/L concentration does ,not, these test results are
considered to have an anomalous dose-res~onse relationship and it
is recommended that the test be repeated. If an NOEC and LOEC
must be determined for this test, the lowest concentration with
significant growth impairment versus the control is considered to
the LOEC for growth. Thus, for this test, the NOEC and LOEC
would be 5.6 ~g/L and 10.0 ~g/L, respectively.
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TABLE 0.5. CRITICAL VALUES FOR "t" FOR THE t TEST WITH BONFERRONI'S ADJUSTMENT P = 0.05
CRITICAL LEVEL, ONE TAILED

d.f. K= 1 K= 2 K= 3 K = 4 K=5 K=6 K = 7 K = 8 K = 9 K = 10

1 6.314 12.707 19.002 25.452 31.821 38.189 44.556 50.924 57.290 63.657
2 2.920 4.303 5.340 6.206 6.965 7.649 8.277 8.861 9.408 9.925
3 2.354 3.183 3:741 4.177 4.541 - 4~857 5.138 5.392 5.626 5.841
4 2.132 2.777 3.187 3.496 3.747 3.961 4.148 4.315 4.466 4.605
5 2.016 2.571 . 2.912 3.164 3.365 3.535 3.681 3.811 3.927 4.033

m 6 1.944 2.447 2.750 2.969 3.143 3.288 3.412 3.522 3.619 3.708
a 7 1.895 2.365 2.642 2.842 2.998 3.128 3.239 3.336 3.422 3.500
-..J

8 1.860 . 2.307 2.:567 2.752 2.897. 3.016 3.118 3.206 3.285 3.356
9 1.834 2.263 2.510 2.686 2.822 . 2.934 3.029 3.111 3.185 3.250

10 1.813 2.229 2.406 2.634 2.764 2.871 2.961 3.039 3.108 3.170
11 1·.796 2.201 2.432 2.594 2.719 2.821 2.907 2.981 3.047 3.106
12 1.783 2.179 2.404 2.561 2.681 2.778 2.863 . 2.935 2.998 3.055
13 1.771 2.161 2.380 ·2.533 2.651 2.746 2.827 2.897 2.958 3.013
14 1.762 2.145 2.360 2,510 2.625 2.718 2.797 2.864 2.924 2.977
15·· 1.754 2: 132-· 2.343 . 2.490 . 2. 603 ,- 2. 694 . 2.771 2.837 . 2.895- 2.947
16 1.746 2.120 2.329 2.473 \ 2.584 2.674 2.749 2.814 2.871 2:.921
17 1.740 2.110 2.-316 .2.459 2.567 2.655 2.729 2.793 2.849 2.899
18 1.735 2.101 2.305 .2.446 . 2.553 2.640 2.712 2.775 2.830 2.879
19 1.730 2.094 2.295 2.434 2.540 2.626 2.697 2.759 2.813 2.861
20 1.725 2:086 2.206 -2.424 . '2.528 . 2.613 2.684 2.745 2.798 2.846
21 1. 721 2.080 2.278 2.414 2.518 2.602 2.672 2.732 2.785 2.832
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TABLE 0.5. CRITICAL VALUES FOR "t" FOR THE t TEST WITH BONFERRONI'S ADJUSTMENT
P = 0.05 CRITICAL LEVEL, ONE TAILED (CONTINUED)

df K= 1 K= 2 K::: 3 K= 4 K:: 5 K:: 6 K= 7 K= 8 K= 9 K= 10

- --
29 1.700 2.046 2.235 2.364 2.463 2.541 2.607 2.664 2.713 2.757
30 1.698 2.043 2.231 2.360 2.458 2.536 2.602 2.658 2.707 2.750
31 1.696 2.040 2.228 2.356 2.453 2.531 2.597 2.652 2.701 2.745
32 1.694 2.037 2.224 2.352 2.449 .. 2.527 2.592 2.647 2.696 2.739
33 1.693 2.035 2.221 2.349 2.445 2.523 2.587 2.643 2.691 2.734
34 1.691 2.033 2.219 2.346 2.442 2.519 2.583 2.638 2.686 2.729
35 1.690 2.031 2.216 2.342 2.438 2.515 2.579 2.634 2.682 2.724
36 1.689 2.029 2.213 2.340 2.435 2.512 2.575 2.630 2.678 2.720

~
37 1.688 2.027 2.211 2.337 2.432 2.508 2.572 2.626 2.674 2.716

0 38 1.686 2.025 2.209 2.334 2.429 2.505 2.568 2.623 2.670 2.712
(X)

39 1.685 2.023 2.207 2.332 2.426 2.502 2.565 2.619 2.667 . 2.708
40 1.684 2.022 2.205 2.329 2.424 2.499 2.562 2.616 2.663 2.705
50 1.676 2.009 2.189 2.311 2.404 2.478 2.539 2.592 2.638 2.678
60 1.671 2:001 2.179 2·.300 2.391 2.463 2.324 2.576 2.621 2.661
70 1.667 1.995 2.171 2.291 2.381 2.453 2.513 2.564 2.609 2.648
80 1.665 1.991 2.166 2.285 2.374 2.446 2.505 2.556 2.600 2.639
90 1.662 1.987 2.162 2.280 2.369 2.440 2.499 2.549 2.593 2.632

100 1.661 1.984 2.158 2.276 2.365 2.435 2.494 2.544 2.588 2.626
110 1.659 1.982 2.156 2.273 2.361 2.432 2.490 2.540 2.583 2.622
120 1.658 1.980 2.153 2.270 . 2.358 2.429 2.487 2.536 2.580 2.618

Infinite 1.645 . 1. 960 2.12.9 2.242 2.327 2.394 2.450 2.498 2.540 2.576

d.f. = Degrees of freedom for MSE (Mean Square Error) from ANOVA.

RB-AR25592



APPENDIX E

STEELIS MANY-ONE RANK TEST

1. Steel's Many-one Rank Test is.a nonparametric test for
comparing treatments witq a control. This test is an alternative
to Dunnett's Procedure, and may be applied to data when the
normality assumption has not been met. Steel'S ITeSt re'quires
equal variances across the treatments and the ccintrol, but it is
thought to be fairly insensitive to deviations f:rom this
condition (Steel, 1959). The tables for Steel's Test require an
equal number of replicates at each concentratior.t. If this is not
the case, use Wilcoxon's Rank Sum Test, with Bonferroni's
adjustment (See Appendix F) .

2. For an analysis using $teel's Test, for each control and
concentration combination, combine the data and arrange the
observations in order of size from smallest to largest. Assign
the ranks to the ordered observations (1 to the 'smallest, 2 to
the next'smallest, etc.). If ties occur. in the ranking, assign
the average rank to the~observation. (Extensive ties would
invalidate this procedure). The sum of the ranks withi.n each
concentration is then calculated. To determine·if the response
in a concentration is signi~icantly less than the. response i? the
control, the rank sum for each concentration is compared to the
significant values of rank sums given later in the section. In
this table, k equals the number of treatments exclu.ding the
control and n equals the number of replicates for each
concentration and the control.

,
3. An example of the use of this test is provided below. The
test employs embryo-larval development data fronl a bivalve 48
hour chronic test. The data are listed in Table E.1.

4. For each control and concentration·combinati.on, combine the
data and arrange the observations in order of size from smalle~t

to largest. Assign the ranks (1, 2, 3, ... , 8) to the 'ordered
observations (1 to the smallest, 2 to the next smallest, etc.).
If ties occur in the ranking, assign the average.rank to ·each
tied observation.

5. An example of assigning ranks to the combined data for the
control and 0.13 Jlg/L copper concentration is gi.ven in Table,E.2.
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This ranking procedure is repeated for each control and
concentration combination. The com:plete set of rankings is
listed in Table B.3. The ranks are then summed for each toxicant
concentration, as shown in Table, B.4.

6. For this set of data, determine if the development in any of
the effluent concentrations is significantly lower ,than the
development of the control organisms. If this occurs, ,the rank
sum at that concentration would be significantly lower than the
rank sum of the control. Thus, compare the rank sums for the
development at each of the various effluent concentrations with
some II minimum II or critical rank sum, at or below which the
survival would be considered to be significantly lower than the
control. At a probability level of 0.05, the critical rank sum
in a test with five concentrations and four replicates per
concentration, is 10 (see Table F.4) .

7. Since the rank sums for the 0.50 ~g/L and 1.00 ~g/L

concentration levels are equal to the critical value, the
proportions of normal development in those concentrations are
considered significantly less than that in the control. Since no
other rank sum is less than or equal to the critical value, no
other concentration has a significantly lower proportion normal
than the control. Because the 0.50 ~g/L concentration shows
signigicantly lower normal development than the control while the
higher 2.00 ~g/L concentration does not, these test results are
considered to have an anomalous dose-response relationship and it
is recommended that the test be repeated. If an NOBC and LOBC
must be determined for this test, the lowest concent~ation with
significant impairment versus the control is considered to the
LOBe for growth. Thus, for this test, the NOBC and LOBC would be
0.25 ~g/L and 0.50 ~g/L, respectively.
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TABLE E.1. BIVALVE EMBRYO-LARVAL DEVELOPMENT DATA

Copper Concentration (ug!U

Replicate Control 0.13 0.25 0.50 1.00 . 2.00

A 1. 00 0.96 0.92 0.91 0.88 LOO
RAW B 0.96 0.97 0.95 0.93 0.83 0.67

C 1.00· 1. 00 0.90 0.88 0.88 0.75
D 0.97 0.96 0.96 0.93 0.82 0.60

ARC SINE A 1.571 1.369 1.284 1.266 I 1.217 1.571
SQUARE ROOT B 1.369 1.397 1.345 1.303 I 1.146 0.959
TRANSFORMED C 1.571 1.571 1.249 1.217 1.217 1.047

D 1.397 1.369 1.369 1.303 1.133 0.886

Mean (Yi ) 1.477 1.427 1.312 1.272 1.178 1.116
S? 0.01191 0.00945 0.00303 0.00166 0.00203 0.09644,
i 1 2 3 4 5 6
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TABLE E.2. ASSIGNING RANKS TO THE CONTROL AND 0.13 pg/L CONCENTRATION
LEVEL FOR STEEL'S MANY-ONE RANK TEST

Transformed
Proportion

Rank Normal Concentration

2 1.369 .0.13pg/L
2 1.369 0.13 pg/L
2 1.369 Control
4.5 1.397 0.13 pg/L
4.5 1.397 Control
7 1.571 0.13 pg/L
7 1.571 Control·
7 1.571 Control
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TABLE E.3. TABLE OF RANKS1

Copper Concentration (pg/l)

Replicate·

1
2
3
4

Control

1.571(7.7.5.7.5.7.5.7)
1.369(2.4.5.5.5.4)
1.571(7.7.5.7.5.7~5.71

1.397(4.5.6.6.6.5)

0.13

1. 369(2)
1.397(4.5)
1.571(7) ,
1. 369(2)i

0.25

1. 284(2)
1. 345(3)
1.249(1)
1.369(4.5)

Copper Concentrati on (P91/l) (Continued)

Replicate 0.50 1.00· 2.00

1 1. 266(2) 1.217(3.5) 1. 571(7)
2 1.303(3.5) 1.146(2) I 0.959(2)
3 1. 217 (1) 1.217(3.5); 1. 047 (3)
4 1.303(3.5) 1.133(1 ) 0.886(1)

,

lControl ranks are given in the order of the concentration with which
they were ranked.

TABLE E.4. RANK SUMS

Concentration
pg/L Copper)

0.13
0.25
0.50
1. 00
2.00
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Rank Sum

15.5
10.5
10.0
10.0
13.0
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TABLE E.5. SIGNIFICANT VALUES OF RANK SUMS: JOINT CONFIDENCE
COEFFICIENTS OF 0.95 (UPPER) and 0.99 (LOWER) FOR
ONE-SIDED ALTERNATIVES (Steel. 1959)

k = number of treatments (excluding control)

n 2 3 4 5 6 7 8 9

4 11 10 10 10 10

5 18 17 17 16 16 16 16 15
15 -- ,-,-

6 27 26 25 25 24 .24 24 23
23 22 21 21

7 37 36 35 35 34 34 33 33
32 31 30 30 29 29 29 29

8 49 48 47 46 46 45 45 44
43 42 41 40 40 40 39 39

9 63 62 61 60 59 59 58 58
56 55 54 53 52 52 51 51

10 79 77 76 75 74 74 73 72
71 69 68 67 66 66 65 65

11 97 95 93 92 91 90 90 89
87 85 84 83 82 81 81 80

12 116 114 112 III 110 109 108 108
105 103 102 100 99 99 98 98 .

13 138 135 133 132 130 129 129 128
125 123 121 120 119 118 117 117

14 161 158 155 154 153 152 151 150
147 144 142 141 140 139 138 137

15 186 182 180 178 177 176 175 174
170 167 165 164 162 161 160 1,60

16 213 209 206 204 203 201 200 199
196 192 190 188 187 186 185 184

17 241 237 234 232 231 229 228 227
223 219 217 215 213 212 211 210

18 272 267 264 262 260 259 257 256
252 248 245 243 241 240 239 238

19 304 299 296 294 292 290 288 287
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APPENDIX F

WILCOXON RANK SUM TEST

1. wilcoxon I s Rank Sum Test is a nonparametric 'test I to be used
as an alternative to Steel's Many":one Rank Test when the number
of replicates are not the same at each concentration. A
Bonferroni's adjustment of the pairwise error rate for comparison
of each concentration versus the control is used to set an upper
bound of alpha on the overall error rate, in contrast to Steel's
Many-one Rank Test, for which the overall error rate is fixed at
alpha. Thus, Steel's Test is a more powerful test.

2. The use of this test may be illustrated .with devlopment data
from the red abalone test in Table F.1. The control group has
four replicates while each of the concentration levels has five
replicates. Since there is 100% abnormality in all replicates
for the 5.6% and 10.0% concentrations, they are not included in
the statistical analysis and are considered qualitative
abnormality effects.

3. For each concentration and control combinati(~n, combine the
data and arrang~ the values in order of size, from smallest to
largest. Assign ranks to the ordered observations. (a rank of 1
to the smallest, 2 t6 the next smallest~ "etc.) .If ties in rank
occur, assign the average rank to each tied observation.

4. An example of assigning ranks to the combineOldata for the
control and effluent concentration 0.56% is given in Table F.2.
This ranking procedure is repeated for each of the three
remaining control versus test concentration combinations. The
complete set of ranks is listed in Table "F.3. The ranks.are then
summed for each effluent concentration, as shown '.in Table· F. 4.

5. For this set of data, determine if the development in any of
the test concentrations is significantly lower than the
development in the control. If this occurs ,. the rank sum at that
concentration would be significantly lower than the rank sum of
the control. Thus, compare the rank sums for fecundity of each
of the various effluent concentrations with some ~'minimum" or
critical rank sum, at or below which the fecundity would be
considered to be significantly lower than the control. At a

"
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probability level of 0.05, the critical rank in a test with four
concentrations (excluding the control), four control replicates,
and five concentration replicates is 15 (see Table F.5, for K =
4) •
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TABLE F.2. ASSIGNING RANKS TO THE CONTROL AND 0.56% CONCENTRATION LEVEL
FOR THE WILCOXON RANK SUM TEST WITH THE BONFERRONI ADJUSTMENT

Transformed
Proportion

Rank Normal Concentration

1 1.429 0.56 %
4 1.471 0.56 %
4 1.471 0.56 %
4 1.471 Control.
4 1.471 Control
4 1.471 C6ntrol
8 1.521 0.56 %
8 1.521 0.56 %
8 1.521 Control

TABLE F.3. TABLE OF RANKS l

Effluent Concentration (%)
Repli
cate Control 0.56 1. 00 1.80 3.20

1 1.471(4.3.5,5.5.7) 1.471(4) 1.471(3.5) 1.471(5.5) 0.674(1-)
2 1.471(4.3.5.5.5,7) 1.471(4) 1. 521(8) 1.471(5.5) 0.856(2)
3 1.471(4,3.5.5~5.7) 1.429(1) 1.471(3.5) 1.471(5.5) 0:896(3)
4 ·1.521(8.8.9.9) 1. 521(8) 1. 471(3 ..5) 1. 4,29(2) 0.93B(4)
5 1. 521(8) 1. 521(8) 1.397(1) 1.107(5)

lControl ranks are given in the order of the concentration with which
they were ranked.
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6. Comparing the rank sums in Table F.4 to the appropriate
critical rank, the rank sum for the· 3 •. 20% concentration level is
equal to the critical value, so the propo~ti6n normal in that
concentration is considered significantly less than that in the
control. Since no other rank sum is less than or equal to the
critical value; no other concentration has a significantly lower
proportion normal than the control. Hence, the NOEC and the LOEC
are ~.80% and 3.20%, respectively.

TABLE F.4.

Concentration
(% Effluent)

0.56
1. 00
1.80
3.20

6~8

RANK SUMS·

Rank Sum

25.0
26.5

, 19.5
15.0
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TABLE F.5.' CRITICAL VALUES fOR WILCOXON'S RANK SUM TIESTWITH .
BONFERRONI'S ADJUSTMENT OF ERROR RATE FOR COMPARISON OF "K"
TREATMENTS VERSU?'A CONTROL FIVE PERCENT CRITICAL LEVEL
(ONE-SIDED ALTERNATIVE: TREATMENT CONTROL~

K No. Replicates No. of Replicates' Per Effluent Concentration
in Control'

3 4 5 6' 7 8 9 10

1 3 6 10 16 23 30 ' '39 49 59
'4 6 11 17 24 ~2 41 51 62
5 7 12 19 26 34 44 54 66
6 8 13 20 28 36 :46 57 . 69
7 8 14 21 29 39 49 60 72
8 9 15 23 31 41 51 63 72
9 10 16 24 33 43 . 54 66 79

10 10 17 26 35 45 56 69 82

2 3 15 22 29 38 47 58
4 10 16 23 31 40 49 . 60
5 6 11 17 24 33 42 52 63
6 7 12 18 26 34 .44 55 66
7 7 13 20 27 36 46 57 69
8 8 14 21 29 38 .49 60 72
9 8 14 22 31 40 51 62 75

10 9 15 23 32 42 53 65 78

3 3 21 29 ,37 46 57
4 10 16 22 30 ,39 48 59
5 11 17 24 32 41 51 62
6 6 11 18 25 33 43 53 65
7. 7 12 19 26 35 45 56 68
8 7 13 20 28 37 47 58 70
9 7 13 21 29 39 49 61 ' 73

10 8 14 22 31 41 51 63 76

4 3 21 28 37 46 56
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH BONFERRONI'S
ADJUSTMENT OF ERROR RATE FOR COMPARISON OF "K" TREATMENTS
VERSUS ACONTROL FIVE PERCENT CRITICAL LEVEL (ONE-SIDED
ALTERNATIVE: TREATMENT CONTROL) (CONTINUED)

K No. Replicates 'No. of Replicates Per Effluent Concentration
in Control

3 4 5 6 7 8 9 10

5 3 28 36 46 56
4 15 22 29 38 48 58
5 10 16 23 31 40 50 61
6 11 17 24 32 42 52 63
7 6 11 18 25 34 43 54 66
8 6 12 19 27 35 45 56 68
9 7 13 20 28 37 , 47 59 71

10 7 ' 13 21 29 39 49 61 74

6 3 28 36 45 56
4 15 21 ' 29 38 47 ' 58
5 10 16 22 30 39 49 60
6 11 16 24 32 41 51 63
7 6 11 17 25 33 43 54 65
8 6 12 18 26 35 45 56 68
9 6 12 19 27 37 47 58 70

10 7 13 20 29 38 49 60 73

7 3 36 45 56
4 21 29 37 47 58
5 15 22 30 39 49 60
6 10 16 23 32 41 51 62
7 -- 11 17 25 33 43 53 65
8 6 11 18 26 35 44 55 67
9 6 12 19 27 36 46 58 , 70

10 7 13 20 28 38 48 60 72
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH BONFERRONI'S
ADJUSTMENT OF ERROR RATE FOR COMPARISON OF "K" TREATMENTS
VERSUS A CONTROL FIVE PERCENT CRITICAL LEVEL (ONE-SIDED
ALTERNATIVE: TREATMENT CONTROL) (CONTINUED)

K No. Replicates
in Control

No. of Replicates Per Effluent Concentration

3 4 5 6 7 : 8 9 10

9 3 45 55
4 2J 28 . 37 46 57
5 15 22 30 . 39 48 59
6 10 16 23 31 .40 50 62
7 10 17 24 33 42 52 64
8 11 18 25 34 - 44 55 . 66
9 6 11 18 26 35 ·46 57 69

10 6 12 19 28 37 ·47 59 71

10 3 - - 45 55
4 21 28 . 37 46 57
5 15 22 29 38 48 . 59
6 10 16 23 31 40 50 61
7 10 16 24 32 42 52 64
8 11 17 25 34 : 43 54 66
9 6 11 18 26 35 .45 56 68

10 6 12 19 27 37 47 58 71
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APPENDIX G

SINGLE CONCENTRATION TOXICITY TEST - COMPARISON OF CONTROL
WITH 100% EFFLUENT OR RECEIVING WATER OR COMPARISON OF

DILUTION AND BRINE CONTROLS

1. To statistically compare a control with one concentration,
such as 100% effluent or the instream waste concentration, a t
test is the recommended analysis. The t.test is based on the
assumptions that the observations are independent and normally
distributed and that the variances of the observations are equal
between the two groups.

2. Shapiro-Wilk's test may be used to test the normality
assumption (See Appendix B for details). For the two sample
case, the datasets must be tested for normality separately. If
either set of data does not meet the normality assumption, the
nonparametric test, Wilcoxon's Rank Sum Test, may be used to
analyze the data. An example of this test is given in ~ppendix

F. Since a control and one concentration are being compared, the
K = 1 section of Table F.S contains the needed critical values
for one-sided tests. An additional reference, such as Snedecor
and Cochran (1980) must be used to determine critical values for
two-sided tests, such as comparing brine ·and dilution controls.

3. The F test for equality of variances is used to test the
homogeneity of variance assumption. When conducting the F test,
the alternative hypothesis of interest is that the variances are
not equal.

4. To make the two-tailed F test at the .0.01 level of
significance, put the larger of the "two variances in the
numerator of F.

5. Compare F with the O. 005 level of a tabled F value with n 1 

1 and n 2 - 1 degrees of freedom, where n 1 and n 2 are the. number of
replicates for each of the two groups.
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6. A set of mysid growth data from'a single-concentration
effluent test will be used to illustrate the F t:est. The raw
data, mean and variance for the 'two controls' arElgiven in Table
G.1. The, data from each concentration meets the assumption of
normality. ' .

TABLE G.l. MYSID, HOLMESIMYSIS COSTATA, GROWTH DATA FROM A SINGLE
CONCENTATION EFFLUENT TEST

RAW

Mean CT;) .
S~
i

Replicate Control Effluent

A 0.048 0.041
B 0.058 0.0:33
C 0.047 0.044
D 0.055 0.040
E 0.051 0.0143

0.052 0.040
0.0000217 '0.0000187
1 2

7. Since the variability' of, the' control is grea.ter than the
variability of the effluent concentration, S2 for the control is
placed 'in the numerator of the F statistic and S? for the
effluent concentration control is placed in the denominator.

0.0000217
F = = 1.160

0.0000187

8. There are 5 replicates for the each groups, so the numerator
and denominator degrees of freedom, ni - i, are :both 4. For a
two-tailed test at the 0.01 level of significance, the critical F
value is obtained from a table of the F distribu.tion (8.nedecor
and Cochran, 1980). The critical F value for this test is 23.16.
Since 2.41 is not greater than 23.16, conclude that the variances
of the brine and dilution controls are homogeneous.

9 '. Equal Variance t Test.
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9.1 To perform the t test, calculate the following test
statistic:

t •

Where: Y1 = mean for the control

Y2 = mean for the effluent concentration

S a
p

Sf = estimate of the variance for the control

S~ :: estimate of the variance for the effluent
concentration

n 1 = number of replicates for the control

n 2 = number of replicates for tl1e effluent
concentration

9.2 Since we are concerned here with a decrease in response from
the control, a one-tailed test is appropriate. Thus, we will
compare the calculated t with a critical t, where the critical t
is at the 5% level of significance with n 1 + n 2 - 2 degrees of
freedom. If the calculated t exceeds the critical t, the mean
responses are declared different.

9.3 When comparing brine and dilution controls, the concern is
for any difference between the two cont~ol groups, and'a
two-tailed test is appropriate. In that case, the calculated t
would be compared with a critical t, where the critical t is a
two-tailed value at the 5% level of significance with n 1 + n 2 - 2
degrees of freedom. If the absolute value of the calculated t
exceeds the critical t, the mean responses are declared
different.
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9.4 Using the data from Table G.1 to illustratE~ the t ·test, the
calculation of t is as follows:

t =
0.052 - 0.040

Jf1.10.00449 - + 
5 5

= 4.226

5 =
p

( 5 - 1) 0.0000217 + (5 - 1) 0.0000187
= (). 00449

Where:
9.5 For a one-tailed test at the 0.05 level of significance and
8 degrees of freedom, the appropriate critical t value 'is 1.860.
Note: Table D.5 for K = 1 includes the critical t values for
corqpqrip.g two groups in a one-tailed test. Since t = 4.226 is
greater than 1.860, conclude that the growth in the effluent
concentration is significantly less than ,the control group
growth.

9.6 Critical t values for two-tailed tests, such as those needed
in comparing a brine control and a dilution cont:rol, can be found
in a table of the t distribution, such as the one in Snedecor and
Cochran, 1980. Note that the critical t for a t~wo-tailed test is
the upper-tail value at the d./2 leve~ of signifi.cance.

10. UNEQUAL VARIANCE t TEST.

10.1 If the F test for equality of variance fails, the t test is
still a valid test. Howe~er, the den6minator of the t statistic
is adjusted as follows:

Y1 - Y
2

t =
2 2

51 52
- +

n
1

n
2

Where: Y1 = mean for the control
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Y2 = mean for the effluent concentration

Sf estimate of the variance for the control

S~ = estimate of the variance for the effluent
concentration

n 1 = number of replicates for the control

n 2 number of replicates for the effluent
concentration

~0.2 Additionally, the degrees of freedom for the test are
adjusted using the following formula:

(n
1
-1) (n

2
-1)

df'----------
(n -1) c 2

+ (I-C) 2 (n -1)
2 1

Where:

C z
. n1

2 2
8 1 8 2
-+-
n

1
n

2

~0.3 The modified degrees of freedom is usually not an integer.
Common practice is to round down to the I!-earest integer.

10.4 The t test is then conducted as the .equal variance t test.
The calculated t is compared to the critical, t at the 0'.05
significance level with the modified degrees of freedom. If the
calculated t exceeds the critical t, the mean responses are found
to be statistically different.
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APPENDIX H

PROBIT ANALYSIS

1. This program calculates the EC1 and EC50 (or LC1 and LC50) ,
and the associated 95% confidence intervals.

2. The program is written in IBM PC Basic for the IBM compatible
PC by Computer Sciences Corporation, 26 W. Martin Luther King
Drive, Cincinnati, OR 45268. A compiled, executable version of
the program and supporting documentation can be.obtained from
EMSL-Cincinnati by sending a written request to EMSL at 3411
Church Street, Cincinnati, OR 45244.

2.1 A set of mortality data from a mysid survival and growth
test is given in Table R.1. The program's data input routine is
illustrated with this data in Figure R.1. The program begins
with a request for the following information:

1. Desired output of abbreviated (A) or full (F) output?
(Note: only abbreviated output is shown below.)

2. Output designation (P = printer, p = disk file) .
3. Title for the output.
4. The number of exposure concentrations.
5. Toxicant concentration data.

TABLE H.1. DATA FOR PROBIT ANALYSIS

Concentration (%)

No. Dead
No. Exposed

Control

1
25

1.80

o
25

3.20

3
25

5.60

9 '
25 ' .

10.0

24
25

18.0

25
25

2.2 The program output for the abbreviated output options, shown
in Figure R.2, includes the following:

627

RB-AR25611



·1. A table of the observed proportion responding and
the proportion responding adjusted for the
controls.

2. The calculated chi-square statistic for
heterogeneity and the tabular value. This test is
one indicator of how well the data fit the model.
The program will issue a warning when the test
indicates that the data do not fit the.model.

3. The estimated LCl and LC50 values and associated
95% confidence intervals.
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Do you wish abbreviated (A) or full (F) input/output? A I

Output to printer (P) or disk file (D)? P .
Titl~ ? Example of Probit Analysis for Appendix H

Number responding in the control group = ? 1
Number of animals exposed in the concurrent control group = ? 25
Number of exposure concentrations. exclusive of controls.? 5

Input data. starting with the lowest exposure concentrati()n

Concentration = ? 1.80
Number responding = ? 0
Number exposed = ? 25

Concentration = ? 3.20
Number responding = ? 3
Number exposed = ? 25

Concentration = ? 5.60
Number responding = ? 9
Number exposed = Z25

Concentration = ? 10.0
Number responding = ? 24
Number exposed = ? 25

Concentration = ? 18.0
Number responding = ? 25
Number exposed = ? 25

Number Number
Number Cone. Resp. Exposed

1 1.8000 0 25
2 3.2000 3 25
3 5.6000 9 25

. 4 10.0000 24 25
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Example of Probit Analysis for Appendix H

Proportion
Observed Responding

Number Number . Proportion Adjusted for
Cone. Exposed Resp. Responding Controls

Control 25 1 0.0400 0.0000
1.8000 25 0 0.0000 -.0306
3.2000 25 3 0.1200 0.0930
5.6000 25 9· 0.3600 0.3404

10.0000 25 24· 0.9600 0.9588
18.0000 25 25 1.0000 1.0000

Chi - Square for Heterogeneity (calculated)
Chi - Square for Heterogeneity

(tabular value at 0.05 level)

Example of Probit Analysis for Appendix H

= 3.004

= 7.815

Estimated LC/EC Values and Confidence Limits

Point
Exposure

Cone.
95% Confidence Limits

Lower Upper

LC/EC 1.00
LC/EC 50.00

2.642
5.973

1.384
4.998

3.519
6.920 .,

Figure H.2. USEPA Probit Analysis Program used for Calculating LC/EC
Values. Version 1.5. .
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APPENDIX I

SPEARMAN-KARBER METHOD

1. The Spearman-Karber Method is a nonparametric statistical
procedure for estimating' 'the LC50 and the associated 95%
confidence interval (Finney, 1978). The Spearman-Karber Method
estimates the mean of the distribution of<·the logloof the
tolerance. If the log tolerance distribution is sYmmetric, this
estimate of the mean is equivalent to an estimat.e of the median
of the log tolerance distribution.

2. If the response proportions are not monotonically non
decreasing with increasing concentration' (constant or steadily
increasing with concentration), the data must be smoothed.
Abbott's procedure is used to "adjust" the concentration response
proportions for mortality occurring in the control replicates.

3. Use of the Spearman-Karber Metho<;i is recommended when partial
mortalities occur in the test solutions, but the data do not fit
the Probit model.

4. To calculate the LCSO using the Spearman-Karber Method, the
following must be true: 1) the smoothed adjusted proportion
mortality for the lowest effluent concentration (not including
the control) must be zero, arid 2) the smoothed adjusted
proportion mortality for the highest effluent concentration must
be one.

5. To calculate the 95% confidence interval for the LC50
estimate, one or more of the smoothed adjusted proportion
mortalities must be between zero and one.

6. The Spearman-Karber Method is illustrated bE~low using a set
of mortality data from a Mysid Survival andGro,~th test. These
data are listed in Table I.1.
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TABLE 1.1. EXAMPLE OF SPEARMAN-KARBER METHOD: MORTALITY DATA FROM
AMYSIDSURVIVAL AND GROWTH TEST (25 ORGANISMS PER
CONCENTRATION) .

Effluent
Concentration

%'

Control
6.25

12.5
25.0
50.0

100.0

Number of
Mortalities

2
2
o
3

16
25

Mortal ity .
Proportion

0.08
0.08
0.00
0.12
0.64
1.00

7. Let POt Pl' ... , Pk denote the observed response proportion
mortalities for the control and k effluent concentrations. The
first step is to smooth the Pi if they do not satisfy Po ~ Pl ~

••• ~ Pk' The smoothing process replaces' any adjacent Pi'S that
do not conform to Po ~ Pl ~ ... ~ Pk with their average .. For
example, if Pi is less than Pi-l then:

Where: p7 the smoothed observed proportion
mortality for ef£luent
.concentration i.

7.1 For the data in this example, because the observed mortality
proportions for the control and the 6.25% effluent concentration
are greater than the observed response p~oportions for .the 12.5%
effluent concentration, the responses for these three groups must
be averaged:

• • • 0.08+0.08+0.00 = 0.16 = 0.053
Po -P1 "P2 -

3 3
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7.2 Since P3 = 0.12 is larger than p~, set p; = 0.12. Similarly,
P4 = Q.64 is larger than pI, so set P: = 0.64. Finally, Ps = 1.00
is larger than P:, so set p~ = 1.00. Additional smoothing is not
necessary. The smoothed observed proportion mortalities are
shown in Table 1.2.

TABLE 1.2. EXAMPLE OF SPEARMAN-KARBER METHOD: SMOOTHED. ADJUSTED
MORTALITY DATA FROM AMYSID SURVIVAL AND GROWTH TEST

Effluent'
Concentration

%

Control
6.25

12.5
25.0

Mortality
Proportion

0'.08
0.08
0.00
0.12 .

Smoothed
Mortality
Proportion

0.053
0.053
0.053
0.120

.Smoothed.
Adjusted
Mortality
Proportion

0.000
0.. 000
0.000
0.071

8. Adjust the smoothed observed proportion mortality in each
effluent concentration for mo:r:.tality in the control group using
Abbott's formula (Finney, 1971). The adjustment takes the form:

P! = (p~ - p~) / (1 - p~)

Where:
,-

p~ = the smoothed observed proportion mortality for the
control

p~ the smoothed observed proportion mortality for
effluent concentration i.

8.1 For the data in this.example, the data for each effluent
concentration must be adjusted for control mortality using .
~bott's formula, as follows:

0.053 - 0.053 =~_ = 0.0
1 - O. 053 O. 947
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0.120 - 0.053

1 - 0.053

0.067
--- = 0.071
0.947

0.587
= 0.620

0.947

0.640 - 0.053

1 - 0.053

II

p .. = ---

II

Ps =

s s
P s - Po 1. 000 - 0.053

1 - 0.053

0.947
= 1.000

0.947

The smoothed, adjusted response proportions for the effl~ent

concentrations are shown in Table I.2. A plot of the smoothed,
adjusted data is shown in Fig~re I.l.

9. Calculate the loglo of the estimated LC50, m, as foilows:

i-1 2

Where: pf = the smoothed adjusted proportion mortality at
concentration i

Xi = the loglo of concentration i

k = the number of effluent concentrations tested, not
including the control.

9.~ For this example, the loglo of the estimated LC50, m, is
calculated as follows:

m = [(0.000 
[(0.071 
[(0.620 
[(~.OOO

0.000)
0.000)
0.071)
0.620)

(0.7959 + 1.0969)]/2 +
(1.0969 + 1.3979)]/2 +
(1.3979 + 1.6990)]/2 +
(1.6990 + 2.0000)]/2

= 1.64~47
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10. Calculate the estimated variance of m as follow$:

Where: Xi = the loglo of· concentration i

ni = the number of organisms tested at effluent
concentration i

p~ = the smoothed adjusted observed proportion mortality
at effluent concentration i

k = the number of effluent concentrations tested, not
including the control.

10.1 For this example, the estimated variance of m, V(m), is
calculated as follows:

V(m) = (0.000) (1.000) (1.3979 - 0.7959)2/4(24) +
(0.071) (0.929) (1.6990 - 1.0969)2/4(24) +
(0.620) (0.380) (2.0000 - 1.3979)2/4(24)

= 0.0011388

11. Calculate the 95% confidence interval for m:

m ± 2.0 vv(m)

11.1 For this example, the 95% confidence interval for m is
calculated as follows:

1. 64147 ± 2 vo. 0011388 = (1. 57398, 1. 70896)

12. The estimated LC50 and a 95% confidence interval for the
estimated LCSO can be found by taking base10 antilogs of the
above values.
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12.1 For this example, the estimated LC50 is calculated as
follows:

LC50 = ant{log(m) = antilog(l.64147) = 43.8%.

12.2 The limits of the 95% confidence interval for the estimated
LC50 are calculated by taking the antilogs of tl~e upper and lower
limits of the 95% confidence in"terval for m as ":Eollows :

, '

lower limit:

upper limit:

antilog(l.57398)

'antilog(l.70896) =

637
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APPENDIX J

TRIMMED SPEARMAN-KARBER METHOD

~. The Trimmed Spearman-Karber Method is a modification of the
Spearman-Karber Method, ,a nonparametric statistical procedure for
estimating the LC50 and the associated 95% confidence interval
(Hamilton, et aI, 1977). The Trimmed Spearman-Karber Method
estimates the trimmed mean of the distribution of the loglo of
the tolerance. If the log tolerance distribution is symmetric,
this estimate of the trimmed mean is equivalent to an estimate of
the median of the log tolerance distribution.

2. If the response proportions are not monotonically non
decreasing with increasing concentration (constant or steadily
increasing with concentration), the data must be smoothed.
Abbott's procedure is used to lIadjustll the concentration,response
proportions for mortality occurring in the control replicates.

3. Use of the Trimmed Spearman-Karber Method is recommended only
when the requirements for the Probit Analysis and the Spearman
Karber Method are not met.

4. To calculate the LC50 using the Trimmed Spearman-Karber
Method, the smoothed, adjusted,' observed proportion mortalities
must bracket 0.5.

5. To calculate the 95% confidence inte~val for the LC50
estimate, one or more of the smoothed, adjusted, observed
proportion mortalities must be between zero and one.

6. Let POI Pl' ... , Pk denote the observed proportion mortalities
for the control and the k effluent concentrations. The first'
step is to smooth the Pi if they do not satisfy Po i!;; Pl ~ .:. ~ Pk.
The smoothing process replaces any adjacent Pi'S that do not
conform to Po ~ Pl ~ ... ~ Pk' with their average. For example,
if Pi is less than Pi-l then:

Where: p~ = the smoothed observed proportion mortality for
effluent concentration i.
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, ,

7. Adjust the smoothed observed proport~on mortality in each
effluent concentration for mortality in the control group using
Abbott's formula (Finney, 1971). The ,adjustment takes the form:

p! (p~ - p~ ) / (1 - p~ )

Where: p~ = the smoothed ,observed proportion mortality for the
control

= the smoothed observed proportion mortality for,
I

effluent concentration i.

8. Calculate the amount of trim to use in the estimation of the
LC50 as follows:

Trim = max (pr, ;L -p~)

Where: pr the smoothed, adjusted proportion mortality for
the lowest effluent concentration, exclusive of
the control

p~ = the smoothed, adjusted prqportion mortality for'
the highest effluent concentration

k the number of effluent concentrajt:ions, exclusive
of the control. I

The minimum trim should be calculated fo!? each. d(1ta se,t rather
than using a fixed amount of trim for each, data, se,t.

9. Due to the intensive nature of the calculation for'the
estimated LC50 and the calculp.tion of the associated 95.%
confidence interval' using the Trimmed Spearman-Karber Method, ,,it
is recommenqed that the data be analyzed by computer.

. ,

10. A, computer program which estimates the LC50 and associated
95% confidence interval using the Trimmed Spearman-Karber Method,
can be obtained through EMSL, 3411 Church Stree1:, Cincinnati, OH
45244. The program can be obtained ,from EMSL-C:Lncinnati by
sending a written request to the above address.
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11. The Trimmed Spearman-Karber program automatically performs
the following functions:

a. Styl0othing.
b. Adjustment for mortality in the control.
c. Calculation of the necessary trim.
d. Calculation of the LCSO.
e. Calculation of the associated 95% confidence interval.

12. To illustrate the Trimmed Spearman-Karber method using the
Trimmed Spearman-Karber computer program, a set of data from a
Topsmelt Larval Survival and Growth ,test will be used. The data
are listed in Table J.1.

TABLE J.1. EXAMPLE OF TRIMMED SPEARMAN-KARBER METHOD: MORTALITY
DATA FROM ATOPSMELT LARVAL SURVIVAL AND GROWTH TEST (25
ORGANISMS PER CONCENTRATION)

Effluent
Concentration

%

Control
6.25

12.5
25.0
50.0

100.0

Number of
Mortalities

o
2
1 .
.s

25
25

Mortality
Proporti'on

0.00
0.08
0.04
0.20
1.00 ,
1. 00

12.1 The program requests the following input (Figure J.l) :
a. Output destination (D = disk file or P = print~r) .
b. Control data.
c. Data for each toxicant concentration.

12.2 The program output includes the following (Figure J.2) :
a. A table of the concentrations tested, number of

organisms exposed, and the mortalities.
b. The amount of trim used in the calculation.
c. The estimated LCSO and the associated 9S% confidence

interval.
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I-

i

THE NUMBER OF MORTALITIES AT EACH EXPOSURE CONCENTRATION:
25 25
YOU LIKE THE AUTOMATIC TRIM CALCULATION(Y/N)?

A: >TSK

TRIMMED SPEARMAN-KARBER METHOD. VERSION 1.5
ENTER DATE OF TEST:
1

ENTER TEST NUMBER:
2
WHAT IS TO BE ESTIMATED?
(ENTER "L" FOR LC50 AND nEn FOR EC50)

L
ENTER TEST SPECIES NAME:
Topsmelt
ENTER TOXICANT NAME:
effluent
ENTER UNITS FOR EXPOSURE CONCENTRATION OF TOXICANT
%
ENTER THE NUMBER OF INDIVIDUALS IN THE CONTROL:
25
ENTER THE NUMBER OF MORTALITIES IN THE CONTROL:
o
ENTER THE NUMBER OF CONCENTRATIONS
(NOT INCLUDING THE CONTROL; MAX = 10) :
5

I

ENTER THE 5 EXPOSURE CONCENTRATIONS (IN INCREASING ORDER) :
6.25 12.5 25 50 100
ARE THE NUMBER OF INDIVIDUALS AT EACH EXPOSURE CONCENTRATION EQUAL (Y/N) ?

Y
ENTER THE NUMBER OF INDIVIDUALS AT EACH EXPOSURE CONCENTRATION:
25
ENTER UNITS FOR DURATION OF EXPERIMENT
(ENTER "H" FOR HOURS, "D" FOR DAYS, ETC.):
Days
ENTER DURATION OF TEST:
7
ENTER
2 1 5
WOULD

Y

Figure J.1. Example input for Trimmed Spearman-Karber Method.
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TRIMMED SPEARMAN-KARBER METHOD. VERSION 1.5

DATE: J.
TOXICANT:
SPECIES:

effluent
Topsmelt

TEST NUMBER: 2
;

DURATION: 7 Days

RAW DATA: Concentration
--- ---- (%)

.00
6.25

J.2.50
25.00
50.00

J.OO.OO

SPEARMAN-KARBER TRIM:

Number
Exposed

25
25
25
25
25
25

6.00%

Mortalities

o
2

J.
5

25
25

SPEARMAN-KARBER ESTIMATES: LC50:
95% LOWER CONFIDENCE:
95% UPPER CONFIDENCE:

30.98
27.J.7
3"5.32

NOTE: MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING.
ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION."

Figure J.2. Example output for Trimmed "Spearman-Karber Method.
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APPENDIX K

GRAPHICAL METHOD

1. The Graphical Method is used. to calculate the LCSO. It is a
mathematical procedure which estimates the LCSO by linearly
interpolating between points of a plot of observ~d percent
mortality versus the base 10 logarithm (loglO) of percent
effluent concentration. This method does not provide a
confidence interval for the LCSO estimate and its use is only
recommended when there are no partial mortalities after the data
is smoothed and adjusted for control mortality. The only
requirement for the Graphical Method is that the observed percent
mortalities bracket 50%.

2. For an analysis using the Graphical Method the data must
first be smoothed and adjusted for mortality in the control
replicates. The procedure ,for smoothing and adjusting the data
is detailed in the following steps.

3. The Graphical Method is illustrated below using, a set of
mortality data from a Topsmelt Larval Survival and Growth test.
These data are listed in Table K.l.

, TABLE K.1. EXAMPLE OF GRAPHICAL METHOD: MORTALITY DATA FROM A
,TOPSMELT LARVAL SURVIVAL AND GROWTH TEST (25
ORGANISMS PER CONCENTRATION)

Effluent
Concentration

%

Control
6.25

12.5
25.0
50.0

100.0

Number of
Mortalities

1
9
o
o

25
25

643

Mortal i.ty
I Proportion

0.04
0.00
0.00
0.00
1.00
1.00
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4. Let Po, Pl' •.• , Pk denote the observed proportion m?rtalities
for the control and the k effluent concentrations. The first
step is to smooth the Pi if they do not satisfy Po,;!: Pl ;!: ... ;!: Pk'
The smoothing process replaces any adjacent Pi'S that do not
conform to Po;!: Pl ;!: •.. ;!: Pk with their average. For example, if
Pi is less than Pi-l then:

Where: P~ = the smoothed observed proportion mortality for
effluent concentration i.

4.1 For the data in this example, because the obser-ved mortality
proportions for the 6.25%, 12.5%, and 25.0% effluent
concentrations are less than the observed response proportion for
the control, the values for these four groups must be averaged:

& S S s
Po z P 1 z Pz z P3

O. 04 + O. 00 + O. 00 + O. 00

4

0.04

4
0.01

4.2 Since P4 = Ps = 1.00 are larger then 0.01, set p~ = p~

1.00. Additional smoothing is not necessary. The smoothed
observed proportion mortalities are shown in Table K.2.

5. Adjust the smoothed observed proportion mortality in each
effluent concentration for mortality in the control group using
Abbott's formula (Finney, 1971). The adjustment takes the form:

Where: p8 = the smoothed observed proportion mortality for the
control

pr = the smoothed observed proportion mortality for
effluent concentration i.
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5.1 Because the smoothed observed proportion mortality for the
conj:rol group is greater than zero, the responses must be
adjusted using Abbott's formula, as follows:

0.01 - 0.01 = ~~ = 0.0
1 - 0.0125 0.99

1. 00 - 0.01 = 0.99 = ]~. 00
1 - 0.01 0.99

Ii a
P4 = P s = ---

A table of the smoothed, adjusted response propoJrtions for the
effluent concentrations is shown in Table K.2.

TABLE K.2. EXAMPLE OF GRAPHICAL METHOD: SMOOTHED. ADJUSTED
MORTALITY DATA FROM ATOPSMELT LARVAL SURVIVAL AND
GROWTH TEST

Smoothed.
Effluent Smoothed Adjusted

Concentration Mortality Mortality Mortality
% Proportion Proportion Proportion

Control 0.04 0.01 0.00
6.25 0.00 0.01 0.00

12.5 0.00 0.01 0.00
25.0 0.00 0.01 . O. 00
50.0 1.00 1. 00 1. 00

100.0 1. 00 1. 00 1. 00

5.2 Plot the smoothed, adjusted data on 2-cycle'semi-~oggraph
paper with the logarithmic axis (the y axis) used for percent
effluent concentration and the linear axis (the x axis)" used for
observed percent mortality. A plot of the smoothed, adjusted
data is shown in Figure K.1.
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6. Locate ~he two points on the graph which bracket 50%
mortality and connect them with a straight line.

7. On the scale for percent effluent concentration, read the
value for the point where the plotted line .and the 50% mortality
line intersect. This value is the estimated LC50expressed as a
percent effluent concentration.

7.1 For this example, the two points on the graph which bracket
the 50% mortality line (0% mortality at 25% effluE~nt, and 100%
mortality at 50% effluent) are connected with a sl:raight line;
The point at which the plotted line intersects the 50% mortality
line is the estimated LC50. The estimated LC50 = 35% effluent.
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APPENDIX L

LINEAR INTERPOLATioN METHOD

1. GENERAL PROCEDURE

1.1 The Linear Interpolation Method is used to calculate a point
estimate of the effluent or other toxicant concentration that
causes a given percent reduction (e.g., 25%, 50%, etc.) in the
reproduction or growth of the test organisms (Inhibition
Concentration, or IC). The procedure was designed for general
applicability in the analysis of data from short-term chronic
toxicity tests, and the generation of an endpoint from a
continuous model that allows a traditional quantitative
assessment of the precision of the endpoint, such as confidence
limits for the endpoint of a single test, and a mean and
coefficient of variation for the endpoints of multiple tests.

1.2 The Linear Interpolation Method assumes that the responses
(1) are monotonically non-increasing, where the mean response fo~

each higher concentration is less than or equal to the mean
response for the previous concentration, (2) follow a piecewise
linear response function, and (3) are from a random, independent,
and representative sample of test data. If the data are not
monotonically non-increasing, they are adjusted by smoothing
(averaging). In cases where the responses ,at the low toxicant
concentrations are much higher than in the controls, the
smoothing process may result in a large upward adjustment in the
control mean. Also, no 'assumption is made about the di.stribution
of the data except that the data within a group being resampled
are independent and identically distributed.

2 • DATA SUMMARY AND PLOTS

2.1 Calculate the mean responses for the control and each
toxicant concentration, construct a summary table, and plot the
data.

3 • MONOTONICITY

3.1 If the assumption of monotonicity o~ test results is met,
the observed response means (Y i ) should stay the same or decrease
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as the t9xicant concentration increases. If the means do not
decrease monotonically, the responses are "smoothed" by averaging
(pooling) adjacent means.

\

3.2 Observed means at each concentration are cbnsidered in' order
of increasing concentration, starting'with the control mean (Y1).

If the mean observed response at the lowest toxicant
concentration (Y2 ) 'is equal to or smaller tllan the control mean
(Y1 ), it is used as the response. If it is lar9'er than the
control mean, it is averaged with the control, and this average
is used for both the control response (M1 ) and t:he lowest
toxicant concentration response (M2 ). This mean is then compared
to the mean observed response for the next higher toxicant
concentration (Y3 ). Again, if the mean observed response for the
next higher toxicant concentration is smaller than the mean of
the control and the lowest toxicant concentration, it is used as
the responsj=. If it is higher than the mean of the first two, it
is averaged with the first two, and the mean is, used as the
response for the control and two lowest concentrations of
toxicant. This process is continued for data from the remaining
toxicant concentrations. A numerical example of smoothing the
data is provided below. (Note: Unusual 'patterns in the
deviations from monotonicity may require an additional step of
smoothing). Where Y i decrease monotonically, the Y i be~ome Mi

without smoothing.

4. LINEAR INTERPOLATION METHOD

4.1 The method assumes a linear response from one concentration
to the next. Thus, the ICp is estimated by linear interpolation
between two concentrations whose responses bracket the response
of interest, the (p) percent reduction from the controY.

4.2 To obtain the estimate, determine the-concentrations CJ and
CJ +1 which bracket the response M1 (1 - p/100), where M1 is the
smoothed control mean response and p is ~he percent reduction in
response relative to the control response. These calculations
can easily be done by hand or with a computer p;rogram as
described below. The linear interpolation estimate is
calculated as follows:
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ICp • Col + [ M
1

(1 - pl1DD) - Mol ]
(Cold-C)

(Mol. 1 - M)

Where:

p

ICp

=

=

=

=

=

=

=

tested concentration whose observed mean
response js greater th~n M1(1 - p/1DD).

tested concentration whose observed mean
response is less than M1(1 - p/lDO).

smoothed mean response for the control.

smoothed mean response for concentration
J.

smoothed mean response for concentration
J + 1.

percent reduction in response relative
to the control response.

estimated concentration at which there
is a percent reduction from the smoothed
mean control response. The ICp is
reported for the' test, together with the
95% confidence interval calculated by
the ICPIN.EXE program described below.

4.3 If the CJ is the highest concentration tested, the ICp would
be specified as greater than CJ • If the response at the lowest
concentration tested is used to extrapolate the ICp'value, the
ICp should be expressed as a less than the lowest test
concentration.

5. CONFIDENCE INTERVALS

5.1 Due to the use of a linear interpolation technique to
calculate an estimate of the ICp, standard statistical methods
for calculating confidence intervals are not applicable,for the
ICp. This li~itation is avoided by use a technique known as the
bootstrap method as proposed by Efron (1982) for deriving point
estimates and confidence intervals.
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5.2 In the Linear Interpolation Method, the smoothed response
means are used to obtain the ICp estimate reported for the test.
The bootstrap method is used to obtain the 95% confidence
interval for the ~rue mean. In the bootstrap method, the test
data Yji is randomly resampled with replacement t.O produce a new
set of data Yji*, that is. statistically equivalent to the
original data, but a new and slightly different 'estimate of the
ICp (ICp*) is obtained. This process ,is repeated at least 80
times (Mar<;:l..ls.and Holtzman, 1988) resulting in multiple "data"
sets, each with an associate ICp* estimate. The distribution of
the ICp* estimates derived from the sets of resampled data'
approximp.tes the sampling distribution of the Iep estimate. The
standard." error of the ICp is estimated' by the standard deviation
of the individual ICp* estimates.. Empirical confidence intervals
are d~rived'from the quantiles of the ICp* empirical
distribution. For example, if the test data are resampled a
minimum of 80 times, the empirical ,2.5% and the 197.5% c.onfidence
limits are approximately the second smallest and secorid largest
ICp* estimates (Marcus and Holtzman, 1988).

5.3 The wi.dth 'of the confidence intervals calcu.lated by the
bootstrap method is related to the variability of the data. When
confidence int~rvals are. wide, the reliability of the I,C estimate
is in question. However, narrow. intervals do not necessarily
indicate, that the estimate is highly reli~ble, because 'of
undet~cted violations ;.of as'sumptions, and the fact that the ._
confidence limits based on the empirical quantiles of a bootstrap
distribution, of 80 samples may be unstable.

5.4 Th,e bootstrapping method of calculating confidence intervals
is computationally intensive. For this reason, ,all. of the
calculations associated with. determining the confidence' ,intervals
for the ICp estimatt: have been incorporated intq a computer
program. Computations are most eas'ily done with a computer
program such as the revision of the BOOTSTRP prdgram (USEPA,
1988; USEPA, 1989) which is now called "ICPIN" Olnd is desc!ibed
below in ,subsection 7.

6 . MANUAL CALCULATIONS

6.1 DATA SUMMARY AND PLOTS
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6.1.1 The data used in this example are the mysid growth data
used in the example in Section 14. The data is presented as the
mean weight per surviving organism. Table L.1 includes the raw
data and the mean growth for each concentration. A plot of the
data is provided in Figure L.1.

6.2 MONOTONICITY

6.2.1. As seen in the table, the observed means are
monotonically non-increasing with respect to concentration.
Therefore, the smoothed means will be simply the corresponding
observed mean. The observed means are represented by Yi and the
smoothed means by Mi' Table L.2 contains the smoothed means and
Figure L.1 gives a plot of the smoothed response curve.

6.3 LINEAR INTERPOLATION

6.3.1 An estimates of the IC25 can be calculated using the
Linear Interpolation Method. A 25% reduction in mean weight,
compared to the controls, would result in a mean weight of 0.039,
where MJ. (1-p/100) = 0.052 (1-25/100). Examining the. smoothed
means and their associated concentrations (Table L.2), the
response, 0.039 mg, is bracketed by C4 = 5.60% and and Cs =
10.0%.

TABLE L.1. MYSID. HOLMESIMYSIS COSTATA. GROWTH DATA

Concentration (%)
Replicate Control 1.80 3.20 5.60 10.0

1 0.048 0·.055 0.057 0.041 0.033
2 0.058 0.048 0.050 0.040 0.000
3 0.047 0.042 0.046 0.041 0.000
4 0.058 0.041 0.043 0.043 0.000
5 0.051 0.052 0.045 0.040 0.000

MeaneVi ) 0.052 .0.048 0.048 0.041 0.007
i 1 2 3 4 5
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TABLE L.2. MYSID. HOLMESIMYSIS COSTATA. MEAN
GROWTH RESPONSE AFrER SMOOTHING

Toxicant Response Smoothed
Cone. Means Means

(%) i Yi (mg) Mi (mg)

Control 1 0.052 0.052
1.80 2 0.048 0.048
3.20 3 0.048 0.048
5.60 4 0.041 0.041

10.00 5 0.007 0.007
18.00 6 0.000 0.000

6.3.2 Using the equation from section 4.2, the estimate 9f the
IC25 is calculated as follows:

(C
J

• 1 - C)

(M;.l - M)

IC25.5.60+ [0.052 (1-25/100) -0.041]

= 5.86%

6.4 CONFIDENCE INTERVALS

(10.0 - 5.60)

(0.007 - 0.041)

6.4.1 Confidence intervals for the ICp are derived using the
bootstrap method. As described above, this method involves
randomly resampling the "individual observations and recalculating
the ICp at least 80 times, and determining the mean ICp, standard
deviation, and empirical 95% confidence ~ntervals. For this
reason, the confidence intervals are calculated using a computer
program called ICPIN. This program is descri~edbelow and is
available to carry out all 'the calculations of both the"
interpolation estimate (ICp) and the confidence intervals.
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7. COMPUTER CALCULATIONS

,
7.1 The computer program, ICPIN, prepared for the Linear
Interpolation Methods was written in TURBO PASC1~L for IBM
compatible PCs. The program (version 2.0) has been modified by
Computer Science Corpor'ation, Duluth, MN with fll,riding p'rovided 'by
the Environmental Research Laboratory, Duluth, ~1N (Norberg-King,
1993). The program was originally developed by Battelle
Laboratories, Columbus, OR through a government contract
supported by the Environmental Research Laboratory, Duluth, MN
(USEPA, 1988)'. A compiled, executable version of the program and
supporting documentation can be obtained by sending a written
request to EMSL-Cincinnati, 3411 Church Street, ,Cincinnati, OR
45244.

7.2 The ICPIN.EXE program performs the following functions: 1)
it calculates the observed response means (Y i ) (response means) ;
2) it calculates the standard, deviations; 3) checks the
responses for monotonicity; 4) calculates smoothed means (MJ
(pooled response means) if necessary; 5) uses the means, Mi , to
calculate the initial ICp of choice by linear interpolation; 6)

performs a user-specified number of bootstrap n~samples between
80 and 1000 (as multiples of 40) i 7) calculates the mean and
standard deviation of the bootstrapped'ICp estimates; and 8)
provides an original 95% confidence intervals tp be used with the
initial ICp when the number of replicates per concentration is
over six and provides both original and expanded confidence. ,

intervals when the number of replicates per concentration are
less than seven (Norberg-King, 1993).

7.3 For the ICp calculation, up to twelve treatments can be
input (which includes the control). There can be up to 40
replicates per concentration, and the program does not require an
equal number of replicates per concentration. ~he value of p can
range from 1% to 99%.

7.4 DATA INPUT

7.4.1 Data is entered directly into the ,program onscreen. A
sample data entry screen in shown in Figure L.2. The program
~ocumentation provides guidance on the entering and analysis of
data for the Linear Interpolation Method.
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rep Data Entry/Edit Screen
Cone. ID 1
Cone. Tested
Response 1
Response 2
Response 3
Response 4
Response 5
Response 6
Response 7
Response 8
Response 9
Response 10
Response 11
Response 12
Response 13
Response 14
Response 15
Response 16
Response 17
Response 18
Response 19
Response 20

2 3
Current File:

4 5 6

FlO for Command Menu Use Arrow Keys to Switch Fields

Figure L.2. ICp data entry/edit screen. Twelve concentration identifications can be
used. Data for concentrations are entered in columns 1 through 6. For
concentrations 7 through 12 and responses 21-40 the data is entered in
additional fields of the same screen.
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7.4.2 The user selects the lCp estimate desired_(e.g., lC25 or
le50) and the number of· resamples to be taken for the bootstrap
method of calculating the confidence intervals. The program has
the capability of performing any number of resamples from 80 to
1000 as multiples of 40. However, Marcus and Holtzman (1988)
recommend a minimum of 80 resamples for the bootstrap method be
used and at least 250 resamples are better (Norberg-I<;ing, 19.93).

7.5 DATA OUTPUT

7.5.1 The program output includes the. following (see Figure L.3)

1. A table of the. concentration identificat:ion, the
concentration tested and raw data response for each
replicate and concentration. . '

2. A table of test concentrations, number of replicates,
concentration (units), response means (YJ, standard
deviations for each re~ponse mean·, and t:he pooled
response means (smoothed means; Mi ).

3. The linear interpolation estimate Of the lep using the
means (Mi ). Use this value for the rep estimate.

4. The mean lep and standard deviation from the.bootstrap
resampling.

5. The confidence intervals calculated by t:he bootstrap
method for the lCp. Provides an original 95% confidence
intervals to be used with the initial rep when the number
of replicates per concentration is over six and. provides
both original and expanded confidence intervals when the
number of replicates per concentration are less than
seven.

7.6 lCPlN program output for the analysis of the mysid growth
data in Table L.1 is provided in Figure L.3.

7.6.1 ·When the lCPlN program was used to analyze this ·set of
data, requesting 80 resamples, the estimate of the lC25 was
5.8174%. The empirical 95% confiden~e intervals for the true
mean was 4.9440% to 6.2553%.
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Cone. ID

Cone. Tested

J.

o

2

1.80

3'

3.20

4

5.60

5

J.O.O

6

J.8.0

Response J. .048 .055 .057 .04J. .033 0
Response 2 .058 .048 .050 .040 0 0
Response 3 .047 .042 .046 .041 0 0
Response 4 .058 .041 .043 .043 0 0
Response 5 .05J. .052 .045 .040 0 0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Effluent
Test Start Date: Test Ending Date:
Test Species: mysid, Holmesimysis costata
Test Duration: 7 days
DATA FILE: mysid.icp
OUTPUT FILE: mysid.i25

Cone.
ID

Number
Replicates

Concentration
%

Response
Means

Std.
Dev.

Pooled
Respo.nse Means

---------------,--------------------------------------------------------
J. 5 0.000 0.052 0.005 0.052
2 5 1.800 0.048 0.006 0.048
3 5 3.200 0.048 0.006 0.048
4 5 5.600 0.041 O.OOJ. , 0.04J.

"

5 5 J.O.OOO 0.007 . 0.0J.5 0.007
6 5 ;L8.000 0.000 0.000 0.000

The Linear Interpolation Estimate: 5.8J.74 Entered P Value: ·.25

Number of Resamplings: 80
The Bootstrap Estimates Mean:
Original Confidence Limits:
Expanded Confidence Limits:
Resampling time in Seconds:

5.8205 Standard Deviation: 0.2673
Lower: 4.9440 Upper: 6.2553
Lower: 4.5073 Upper: 6.4743

0.22 Random Seed: 52680543,5

Figure L.3. Example of ICPIN program output for the'IC25.
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1This conversion is true for concentration values <8,000 mg/L.  The equivalent value in mg/L for 
concentrations ≥8,000 ppm can be calculated from table 1, American Society of Testing Material (2000), or by 
using the following equation:

 
where:
Cmg/L= sediment concentration, mg/L, and
Cppm= sediment concentration, ppm

Multiply SI units By

Length

Volume

Temperature

Flow

Concentration (Mass/Volume)

liter (L)
liter (L)
liter (L)
liter (L)

33.82
  2.113
  1.057
  0.2642

ounce fluid (fl. oz)
pint (pt)
quart (qt)
gallon (gal)

degree Celsius (ºC) F = 1.8 x°C + 32 degree Fahrenheit (ºF)

cubic meter per second (m3/s) 35.31 cubic foot per second (ft3/s)

inch (in)0.03937

1.0
0.0000334

millimeter (mm)

parts per million (ppm1)
ounces per quart (oz/qt)

milligrams per liter (mg/L)
milligrams per liter (mg/L)

Mass

0.03527
0.002205
1.102

ounce, avoirdupois (oz)
ounce, avoirdupois (oz)
ton, short

gram (g)
gram (g)
megagram (Mg)

To obtain inch-pound units

Cmg/L= Cppm/(1-Cppm(6.22 x 10-7)

CONVERSION FACTORS
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Comparability of Suspended-Sediment
Concentration and Total Suspended Solids Data
By John R. Gray, G. Douglas Glysson, Lisa M. Turcios, and Gregory E. Schwarz

ABSTRACT

 Two laboratory analytical methods — suspended-sedi-
ment concentration (SSC) and total suspended solids (TSS)
— are predominantly used to quantify concentrations of
suspended solid-phase material in surface waters of the
United States.  The analytical methods differ.  SSC data are
produced by measuring the dry weight of all the sediment
from a known volume of a water-sediment mixture.  TSS
data are produced by several methods, most of which entail
measuring the dry weight of sediment from a known vol-
ume of a subsample of the original.  An evaluation of 3,235
paired SSC and TSS data, of which 860 SSC values include
percentages of sand-size material, shows bias in the relation
between SSC and TSS —SSC values tend to increase at a
greater rate than their corresponding paired TSS values.  As
sand-size material in samples exceeds about a quarter of the
sediment dry weight, SSC values tend to exceed their corre-
sponding paired TSS values.  TSS analyses of three sets of
quality-control samples (35 samples) showed unexpectedly
small sediment recoveries and relatively large variances in
the TSS data.  Two quality-control data sets (18 samples)
that were analyzed for SSC showed both slightly deficient
sediment recoveries, and variances that are characteristic of
most other quality-control data compiled as part of the U.S.
Geological Survey’s National Sediment Laboratory Quality
Assurance Program.  The method for determining TSS,
which was originally designed for analyses of wastewater
samples, is shown to be fundamentally unreliable for the
analysis of natural-water samples.  In contrast, the method
for determining SSC produces relatively reliable results for
samples of natural water, regardless of the amount or per-
centage of sand-size material in the samples.  SSC and TSS
data collected from natural water are not comparable and
should not be used interchangeably.  The accuracy and
comparability of suspended solid-phase concentrations of
the Nation’s natural waters would be greatly enhanced if all
these data were produced by the SSC analytical method.

INTRODUCTION

The importance of fluvial sediment to the quality of
aquatic and riparian systems is well established. The U.S.
Environmental Protection Agency (1998) identifies sedi-
ment as the single most widespread cause of impairment of
the Nation’s rivers and streams, lakes, reservoirs, ponds,
and estuaries.

Reliable, quality-assured sediment and ancillary data
are the underpinnings for assessment and remediation of
sediment-impaired waters.  The U.S. Geological Survey
(USGS) has protocols for the collection of sediment data
(Edwards and Glysson, 1999) and for laboratory analysis
of suspended-sediment samples (Guy, 1969; Matthes and
others, 1991; Knott and others, 1992 and 1993; U.S. Geo-
logical Survey, 1998 and 1999a). Most of the laboratory
analytical methods were adapted or developed by the
Federal Interagency Sedimentation Project (1941), ap-
proved by the Technical Committee (Glysson and Gray,
1997), and used by most Federal agencies that analyze
fluvial-sediment data.

Data collected, processed, and analyzed using con-
sistent protocols are comparable in time and space.  Con-
versely, data obtained using different protocols may not
be comparable.  The focus of this study is the compara-
bility of suspended-sediment concentration (SSC) and to-
tal suspended solids (TSS) data.  The terms SSC and TSS
are often used interchangeably in the literature to de-
scribe the concentration of solid-phase material sus-
pended in a water-sediment mixture, usually expressed in
milligrams per liter (mg/L) (Gregory Granato, U.S. Geo-
logical Survey, oral commun., 1999; James, 1999).  How-
ever, given that all other factors are held constant (such as
particle density and shape), the analytical procedures for
SSC and TSS differ and may produce considerably differ-
ent results, particularly when sand-size material com-
poses a substantial percentage of the sediment in the
sample.

This report compares the SSC and TSS analytical
methods and derivative data, and demonstrates which of
the data types is the more accurate and reliable.  The
evaluation is based on historical SSC and TSS data
collected and analyzed by the USGS and selected coop-
erators.

The authors appreciate the assistance of:  Stephen S.
Anthony, Donna L. Belval, James G. Brown, Ronald D.
Evaldi, Herbert S. Garn, John D. Gordon, Stephen D.
Preston, Daniel J. Sullivan, Richard J. Wagner and Henry
Zajd, Jr. for providing the data used in this report.  The
formal reviews of Herbert S. Garn, Mary Ellen Ley, and
Henry Zajd, Jr., were most appreciated, as were informal
reviews by Anne Hoos and Harvey Jobson.  Kenneth
Pearsall’s insights and research significantly enhanced
the report.  Patricia Greene’s and Roger K. Chang’s sup-
port for developing the tables and figures was invaluable.
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FIELD TECHNIQUES AND LABORATORY METHODS

The paired SSC and TSS results used in this evaluation
were derived from analyses of natural-water samples col-
lected by the USGS and selected cooperators (table 1).
Analyses of all  SSC data from natural water were made by
USGS sediment laboratories, and analyses of the TSS data
were made by USGS and cooperating laboratories.  Addi-
tionally, 53 quality-control samples were prepared by the
USGS and analyzed by a laboratory that provides data to
the USGS.

Field Techniques

The large majority of water samples were collected using
either the equal-width-increment or the equal-discharge-incre-
ment method to obtain a composite sample that is representa-
tive of the discharge-weighted SSC (Edwards and Glysson,
1999).  Some samples, including those obtained by at least one
cooperating agency, were collected by dipping an open bottle
to obtain samples for subsequent TSS analysis.  Some of the
paired SSC and TSS samples were collected in-stream sequen-
tially and submitted to laboratories for analysis as whole
samples.  The remaining samples were split into subsamples
by using a churn splitter or cone splitter (Ward and Haar, 1990;
Capel and Larson, 1996; Capel and others, 1995).

Table 1.  State in which natural-water samples were collected, collecting organization, collection methods,
and devices for obtaining subsamples for suspended-sediment concentration (parameter code 80154) and
total suspended solids (parameter code 00530) analyses
[SSC, suspended-sediment concentration;  TSS, total suspended solids;  USGS, U.S. Geological Survey]

SSC
(80154)

TSS
(00530)

SSC
(80154) 

TSS
(00530)

SSC
(80154)

TSS
(00530)

Arizonaa USGS USGS USGS, 1999i USGS, 1999i Churn Splitter Churn Splitter

Hawaiib USGS USGS Automatic Sampler Automatic Sampler None Churn Splitter

Illinoisc USGS USGS USGS i,1999 ; USGS, 1999i Churn Splitter Churn Splitter

Kentuckyd USGS USGS

Open Bottle

Open Bottle None None

Marylande USGS USGS
Open Bottle 

USGS, 1999i; 
 Automatic Sampler

USGS, 1999i ; 
Automatic Sampler

Churn Splitter Churn Splitter

Virginiaf USGS and 
Cooperator

USGS and 
Cooperator

USGS, 1999i USGS, 1999i None Churn Splitter

Washingtong USGS USGS USGS, 1999i USGS, 1999i None Churn Splitter

Wisconsinh USGS Cooperator USGS, 1999i Open Bottle Cone Splitter Cone Splitter

Sample 

Collecting OrganizationState Sample Collection Method Subsampling Device

James G. Brown, U.S. Geological Survey, written commun. (1999).

Stephen S. Anthony, U.S. Geological Survey, written commun. (1999).

Daniel J. Sullivan, U.S. Geological Survey, written commun. (1999).

Ronald D. Evaldi, U.S. Geological Survey, written commun. (1999).

Stephen D. Preston, U.S. Geological Survey, written commun. (1999).

USGS

a

b

c

d

e

Donna L. Belval, U.S. Geological Survey, written commun. (1999).

Richard J. Wagner, U.S. Geological Survey, written commun. (1999).

Herbert S. Garn, U.S. Geological Survey, written commun. (1999).

See Edwards and Glysson (1999).  

f

g

h

i

Tests performed by the USGS demonstrate that the
churn splitter and cone splitter can provide unbiased and ac-
ceptably precise (generally within 10 percent of the known
value) SSC values as large as about 1,000 mg/L when the
mean diameter of sediment particles is less than about 0.25
mm.  At SSC values of 10,000 mg/L or more, the bias and
precision of SSC values in churn splitter subsamples are con-
sidered unacceptable (U.S. Geological Survey, 1997; Wilde
and others, 1999).

Cone splitters produce subsamples with SSC values that
are adequately representative of the original sample at 10,000
mg/L, but not at 100,000 mg/L.  The accuracy of the cone
splitter for SSC values between 10,000 mg/L and 100,000
mg/L is unknown and is considered unacceptable at concen-
trations larger than 100,000 mg/L (U.S. Geological Survey,
1997; Wilde and others, 1999).

Subsampling will typically increase the variance and (or)
create bias in the concentration and size distribution of solid-
phase material in a subsample.  Significant differences in the
amount of solid-phase material in some paired samples may
have occurred as a result of non-representative splitting of
the original samples, or by collecting consecutive in-stream
samples under conditions of rapidly varying SSC.  Similarly,
because the data were obtained by field personnel in eight
States as part of unrelated studies, significant differences
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may have resulted because of differences in data-collection
techniques.  However, the probability of significant bias re-
sulting from consistently selecting samples with larger con-
centrations of sediment for analyses by one of the methods
would be small based on the large number of paired data
used in the analysis.  There is no evidence indicating that
methods used for collecting, processing, or selecting
subsamples for subsequent analysis introduced bias in the re-
lations between SSC and TSS identified in this evaluation.

Laboratory Methods

Two standard methods are widely cited in the United
States for determining the total amount of suspended mate-
rial in a water sample. These are:
1.  Method D 3977-97, “Standard Test Method for Determin-

ing Sediment Concentration in Water Samples” of the
American Society for Testing and Materials (American
Society for Testing and Materials, 2000), and

2.  Method 2540 D, “Total Suspended Solids Dried at 103°–
105° C” (American Public Health Association, American
Water Works Association, and Water Pollution Control
Federation, 1995).

The differences in these analytical methods, and some
variations used to produce TSS data are described below.

Suspended-Sediment Concentration Analytical
Method.  ASTM Standard Test Method D 3977-97 lists three
methods that result in a determination of SSC values in water
and wastewater samples:
1.  Test Method A – Evaporation:  The evaporation method

may only be used on sediment that settles within the allot-
ted storage time, which can range from a few days to sev-
eral months. If the dissolved-solids concentration exceeds
about 10 percent of the SSC value, an appropriate correc-
tion factor must be applied to the SSC value.  The preci-
sion and bias of Method A are shown as follows:

2.  Test Method B- Filtration:  The filtration method is used
only on samples with concentrations of sand-size material
(diameters greater than 0.062 mm) less than about
10,000 mg/L and concentrations of clay-size material of
about 200 mg/L. No dissolved-solids correction is needed.
The precision and bias of Method B are shown as follows:

     3.  Test Method C - Wet-sieving filtration:  The wet-sieve-
filtration method also yields a SSC value, but the method
is not as direct as Methods A and B. Method C is used if
the percentage of material larger than sand-size particles is
desired. The method yields a concentration for the total
sample, a concentration of the sand-size particles, and a
concentration for the silt- and clay-size particles. A dis-
solved-solids correction may be needed, depending on the
type of analysis done on the fine fraction of the samples
and the dissolved-solids concentration of the sample.  The
precision and bias of Method C are shown as follows:

These three methods are virtually the same as those used
by USGS sediment laboratories and described by Guy
(1969).  Only the Whatman grade 934AH, 24-mm-diameter
filter is used for purposes of standardization.  Each method
includes retaining, drying at 103°C ±2°C, and weighing all of
the sediment in a known mass of a water-sediment mixture
(U.S. Geological Survey, 1999a).

Total Suspended Solids Analytical Method.   According
to the American Public Health Association, American Water
Works Association, and Water Pollution Control Federation
(1995), the TSS analytical method uses a predetermined
volume from the original water sample obtained while the
sample is being mixed with a magnetic stirrer.  An aliquot of
the sample — usually 0.1 L, but a smaller volume if more
than 200 mg of residue may collect on the filter — is with-
drawn by pipette.  The aliquot is passed through a filter, the
diameter of which usually ranges from 22 to 125 mm.  The
filter may be a Whatman grade 934AH, Gelman type A/E,
Millipore type AP40; E-D Scientific Specialties grade 161, or
another product that gives demonstrably equivalent results.
After filtering, the filter and contents are removed and dried
at 103° to 105° C, and weighed.  No dissolved-solids
correction is required. The percentages of sand-size and finer
material cannot be determined using the TSS method.

The American Public Health Association, American
Water Works Association, and Water Pollution Control Fed-
eration (1995) describe the precision for this method as fol-
lows:  “The standard deviation was 5.2 mg/L (coefficient of
variation 33 percent) at 15 mg/L, 24 mg/L (10 percent) at 242
mg/L, and 13 mg/L (0.76 percent) at 1,707 mg/L in studies
by two analysts of four sets of 10 determinations each.
Single-laboratory analyses of 50 samples of water and waste-
water were made with a standard deviation of differences of

Concentration
Added,
(mg/L)

Concentration
Recovered,

(mg/L)

Standard
Deviation of
Test Method

(mg/L)

Standard
Deviation of

Single Operator
(mg/L)

Bias, 
percent

10

1,000

100,000

  9.4

976   

100,294   

  2.5

36.8

532   

  2.3

15.9

360   

-6   

-2.4

0.3

Concentration
Added,
(mg/L)

Concentration
Recovered,

(mg/L)

Standard
Deviation of
Test Method

(mg/L)

Standard
Deviation of

Single Operator
(mg/L)

Bias, 
percent

10

100

1,000

8

91

961

  2.6

5.3

20.4

  2   

5.1

14.1

-20   

-9   

-3.9

Mixture
Number

Sieve
Diameter

(mm)

Concentration
Added
(mg/L)

Concentration
Recovered

(mg/L)
Bias, 

percent

1

1

2

2

3

3

>0.062

<0.062

>0.062

<0.062

>0.062

<0.062

  1

10

9

91

91

909

  3.4

8.7

5   

79   

107   

832   

240

-13

-44

-13

18

-8

Standard
Deviation

of Test
Method
(mg/L)

Standard
Deviation
of Single 
Operator

(mg/L)

  2.8

4.3

5.9

15.2

12.3

87.2

 2.4

2.9

1.9

11   

5.9

61   

[ mg/L, milligrams per liter]

[ mg/L, milligrams per liter]

[mm, millimeters; mg/L, milligrams per liter]
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2.8 mg/L.”  The standard provides no indication of the size of
particles used in the testing for the method.

In practice, TSS data are produced by a number of varia-
tions to the processing methods described in the American
Public Health Association, American Water Works Associa-
tion, and Water Pollution Control Federation (1995).  For ex-
ample:
•  For the collection of TSS samples as part of the Chesa-

peake Bay Program, field staff pump water from a speci-
fied depth into a plastic gallon container.   The container is
vigorously shaken, and 0.2 – 1.0 L of the water-sediment
mixture is poured for field filtering and subsequent analy-
sis.  (Mary Ley, Interstate Commission on the Potomac
River Basin, the State of Maryland and the Commonwealth
of Virginia, written commun., 2000).

•  One State government laboratory produces TSS data by
vigorously shaking the sample and pouring it into a cru-
cible for subsequent analysis.  All of the sample is poured
into the crucible unless “there is a lot of suspended mate-
rial,” in which case only part of the sample is poured (Lori
Sprague, U.S. Geological Survey, written commun., 1999).

•  Another laboratory analyzed quality-control samples by
using Method 2540D of the American Public Health Asso-
ciation, American Water Works Association, and Water
Pollution Control Federation (1995), with the following
variation:  The sample is shaken vigorously and a third of
the desired subsample volume is decanted to a secondary
vessel.  This process is repeated twice to obtain a single
subsample for subsequent filtration, drying and weighing.

The reduction in TSS data comparability is not limited to
lack of consistency in processing and analytical methods.
According to James (1999), there is generally no agreed
upon definition of TSS in regard to storm-water runoff, in
part because the settleable part of TSS is not reported in
most storm-water studies.

The problem extends to nomenclature.  The terms “SSC”
and “TSS”, or variations thereof, are sometimes attributed to
an incorrect data type.  For example, a proposed Total Maxi-
mum Daily Load for sediment in Stekoa Creek, Georgia
(U.S. Environmental Protection Agency, Region 4, written
commun., 2000) is based on regional TSS data, which are
compiled from U.S. Geological Survey records; the TSS data
referred to are actually SSC data.  Buchanan and Schoell-
hamer (1998) refer to “suspended-solids concentration data”
for San Francisco Bay.  Those data would more appropriately
be referred to as SSC, because the total water-sediment mass
and all sediment were measured in the analysis (Alan
Mlodnosky, USGS, oral commun., 1999).

Part of the problem may be attributable to the origin of
the TSS method and subsequent changes in the types of wa-
ter for which it is recommended for use.  Information avail-
able from the American Public Health Association and
American Water Works Association (1946) makes it clear
that the Suspended Solids Method was intended for use for
wastewater effluents (Kenneth Pearsall, U.S. Geological Sur-
vey, written commun., 2000).  This is more or less consistent
with the Total Suspended Matter Method, which was “in-

tended for use with wastewaters, effluents, and polluted
waters,” as listed in the American Public Health Association,
American Water Works Association, and Water Pollution
Control Federation (1971). A fundamental change took place
in 1976, when the Total Suspended Matter Method was
deemed suitable for “residue in potable, surface, and saline
waters, as well as domestic and industrial wastewaters in the
range up to 20,000 mg/L” by the American Public Health As-
sociation, American Water Works Association, and Water Pol-
lution Control Federation (1976).  The Suspended Solids and
Total Suspended Matter Methods described above are prede-
cessors of the “Total Suspended Solids Dried at 103°-105°C”
Method, which first appeared in 1985 by that title in the
American Public Health Association, American Water Works
Association, and Water Pollution Control Federation (1985).

In summary, the evidence indicates that the TSS method
was originally designed for wastewater analyses, presumably on
samples collected after a settling step at a wastewater treatment
facility (hence the term “suspended” in TSS).  The American
Public Health Association, American Water Works Association,
and Water Pollution Control Federation (1976) expanded the
TSS Method’s applicability in 1976 to include natural water.

Differences Between the SSC and TSS Analytical
Methods.  The fundamental difference between the SSC and
TSS analytical methods stems from preparation of the
sample for subsequent filtering, drying, and weighing.  A
TSS analysis normally entails withdrawal of an aliquot of the
original sample for subsequent analysis, although as previously
noted, there is evidence of inconsistencies in methods used
in the sample preparation phase of the TSS analyses. The
SSC analytical method measures all sediment and the mass
of the entire water-sediment mixture.  Additionally, the per-
centage of sand-size and finer material can be determined as
part of the SSC method, but not as part of the TSS method.

If a sample contains a substantial percentage of sand-
size material, then stirring, shaking, or otherwise agitating
the sample before obtaining a subsample will rarely produce
an aliquot representative of the SSC and particle-size distri-
bution of the original sample.  This is a by-product of the
rapid settling properties of sand-size material, compared to
those for silt- and clay-size material, given virtually uniform
densities and shapes as described by Stokes’ Law.  Aliquots
obtained by pipette might be withdrawn from the lower part
of the sample where the sand concentration tends to be en-
riched immediately after agitation, or from a higher part of
the sample where the sand concentration is rapidly depleted.

The physical characteristics of a pipette used to with-
draw an aliquot, or subsample, can introduce additional er-
rors in subsequent analytical results. The American Public
Health Association, American Water Works Association, and
Water Pollution Control Federation (1995) specifies use of
“wide-bore pipettes” to withdraw aliquots.  The tip opening
of those recommended for use is about 3 mm in diameter
(Kimble-Contes Inc., accessed May 1, 2000).  By definition,
the upper limit of sand-size material, which is expressed as
the median diameter, is 2 mm (Folk, 1980).  A natural sedi-
ment particle’s long axis is almost always larger than its me-
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dian axis and can be substantially larger.  Hence, a single
coarse-grained sand particle or multiple sand-size particles,
particularly when present in large concentrations, may clog
a 3-mm tip pipette under suction.

If the aforementioned lack of consistency in the TSS
analytical procedure extends to variability in diameters of
pipette tips used to withdraw TSS aliquots, the size of par-
ticles being excluded from the subsample could vary with
the type of pipette used.  Hence, use of a pipette may cause
concentration bias when subsampling if sand-size material
is present in the sample.

Based on Stokes’ Law, subsamples obtained by pouring
sand-rich water-sediment mixtures should be deficient in
sand-size material.  Because the fine material concentration
will not normally be altered by the removal of an aliquot,
the differences between the two methods will tend to be
more pronounced as the percentage of sand-size material
 in the sample increases.

Samples collected sequentially in-stream may have dif-
ferent concentrations and size characteristics of solid-phase
material.  This may be due to natural variations in the
amounts and composition of solid-phase material in trans-
port, and to variance and (or) bias that is introduced by
sampling procedures.  Likewise, a subsample may contain
an amount and size distribution of sediment atypical to that
of the original.  However, any differences in SSC and size-
distribution data from paired samples resulting from in-
stream variations or sampling procedures would likely occur
randomly among the 3,235 paired analyses used in this
evaluation.

DESCRIPTION OF DATA USED IN THE EVALUATION
Results of analyses of natural-water samples and of

quality-control samples prepared by the USGS were used
for this evaluation.  Natural-water samples for determination
of SSC (parameter code 80154) were collected and ana-
lyzed by the USGS (table 1).  Natural-water samples for de-
termination of TSS, (parameter code 00530) were collected
by the USGS and cooperating agencies, and analyzed by the
USGS and cooperating laboratories. A total of 3,235 pairs
of SSC and TSS data for natural water were obtained from
the files of USGS District offices.

The paired SSC and TSS data were collected at 65 sam-
pling sites in Arizona, Hawaii, Illinois, Kentucky, Maryland,
Virginia, Washington, and Wisconsin.  All but the 12 sam-
pling sites in Kentucky were at USGS streamflow-gaging
stations.  The percentage of sand-size material was available
for 860, or about 27 percent, of the SSC samples.  The SSC
and TSS natural-water data used in this evaluation were
augmented by analytical results of 53 quality-control
samples prepared by the USGS National Sediment Labora-
tory Quality Assurance Program (Gordon and others, 2000,
U.S. Geological Survey, 1998; 1999a; 1999b; 2000b).

Arizona.  A total of 122 SSC and TSS sample pairs
were collected at a USGS streamflow-gaging station on
Pinal Creek at Inspiration Dam near Globe (station number
09498400) in central Arizona from 1982-98.  The samples

were collected about monthly or bimonthly using techniques
described by Edwards and Glysson (1999).  A churn splitter
was used to obtain subsamples of the water-sediment mix-
ture. The USGS sediment laboratory in Iowa City, Iowa,
analyzed the subsamples for SSC and TSS (James G.
Brown, U.S. Geological Survey, written commun., 1999).

Hawaii.  According to Hill (1996), 13 SSC and TSS
sample pairs were collected at three streamflow-gaging sta-
tions in the Kamooalii drainage basin, Oahu, Hawaii, from
1985-89, as a component of a large-scale highway-construc-
tion study.  The SSC samples were collected by a US PS-69
automatic pumping sampler.  The TSS samples were col-
lected by a Manning automatic pumping sampler. A churn
splitter was used to obtain subsamples for TSS analyses.
The SSC samples were analyzed by the USGS sediment
laboratory in Oahu.  The TSS samples were analyzed by the
USGS National Water Quality Laboratory in Denver, Colo-
rado (Stephen S. Anthony, U.S. Geological Survey, written
commun., 1999).

Illinois.  A total of 223 SSC and TSS sample pairs were
collected at 8 USGS streamflow-gaging stations in the upper
Illinois River Basin from 1988-90 (Sullivan and Blanchard,
1994).  Samples were collected according to techniques de-
scribed by Edwards and Glysson (1999).   A churn splitter
was used to obtain subsamples for SSC and TSS analyses.
SSC samples were analyzed at the USGS sediment labora-
tory in Iowa City, Iowa, using the evaporation method.  TSS
samples were analyzed by an Illinois State laboratory using
the nonfilterable residue, gravimetric method (Daniel
Sullivan, U.S. Geological Survey, written commun., 1999).

Kentucky.  A total of 95 SSC and TSS sample pairs were
collected at 12 sampling locations in the Ohio River Basin in
May 1999.  SSC and TSS samples were collected at each site
for one day over several hours at about 1-hour intervals.
Samples were collected using an open-bottle sampler be-
cause of the low stream velocities.  No splitting devices were
used to obtain subsamples.  The USGS sediment laboratory
in Louisville, Kentucky, analyzed the SSC samples.  A con-
tract laboratory performed the TSS analyses (Ronald Evaldi,
U.S. Geological Survey, written commun., 1999).

Maryland.  A total of 1,561 SSC and TSS sample pairs
were collected at 6 streamflow-gaging stations in the
Patuxent River Basin, Maryland, as part of the USGS
Patuxent Nonpoint Source study during the years 1985-98
(Preston and Summers, 1997).  The sampling frequency was
monthly, with additional samples collected during periods of
storm runoff.  The monthly base-flow samples were col-
lected using the equal-width-increment method (Edwards
and Glysson, 1999), and the storm-runoff samples were col-
lected using an automatic sampler.  A churn splitter was
used for both monthly and storm samples of both SSC and
TSS.  The SSC samples were analyzed at USGS sediment
laboratories in Lemoyne, Pennsylvania, and Louisville,
Kentucky.  The TSS samples were analyzed using a pipette
and filtration method by a Maryland State laboratory
(Stephen D. Preston, U.S. Geological Survey, written
commun., 1999).
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100<SSC≤1,000

1,000<SSC≤10,000

SSC>10,000

1 value = 
25,600 mg/L87

742
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622

109

19

309

431

96

5n = 106

n = 1,051

n = 1,245

n = 718

n = 114

Number of SSC Values 
without Percent-Sand   

Virginia.  A total of 188 SSC and TSS sample pairs were
collected at 7 streamflow-gaging stations in Virginia during
the years 1975-95.  Paired SSC and TSS samples were col-
lected every other month by the USGS except during some
low-flow periods as part of the River Input Monitoring Pro-
gram (U.S. Geological  Survey, 2000a).  Techniques described
by Edwards and Glysson (1999) were used to collect all
samples.  A churn splitter was used to obtain subsamples for
TSS analyses.  The USGS collected most of the samples, ex-
cept during some low-flow periods when the Virginia Depart-
ment of Environmental Quality collected the samples.  SSC
analyses were performed by USGS sediment laboratories.  A
Virginia State laboratory performed the TSS analyses (Donna
L. Belval, U.S. Geological Survey, written commun., 1999).

Washington.  A total of 817 SSC and TSS sample pairs
were collected at 25 streamflow-gaging stations in Washing-
ton during the years 1973-98, as part of various projects.
Techniques described by Edwards and Glysson (1999) were
used to collect all SSC and TSS samples.  A churn splitter
was used to obtain subsamples for TSS analyses.  The SSC
and TSS samples were analyzed at a USGS sediment labora-
tory in Tacoma, Washington, through September 1982.
Thereafter, samples were analyzed at the USGS Cascades
Volcano Observatory Sediment Laboratory (Richard J.
Wagner, U.S. Geological Survey, written commun., 1999).

Wisconsin.  A total of 216 SSC and TSS sample pairs
were collected at 3 streamflow-gaging stations on streams in
the Lake Michigan watershed, Wisconsin, as part of an evalu-
ation of the differences in results of
water-quality monitoring caused by
differences in sample-collection
methods (Kammerer and others,
1998).  Low-flow samples were
collected in August and October
1993, and high-flow samples were
collected in April-July 1994.   The
SSC samples were collected using
techniques described by Edwards
and Glysson (1999).  The TSS
samples were collected concur-
rently with the SSC samples by the
Wisconsin Department of Natural
Resources using an open bottle.
Subsamples for SSC and TSS
analyses were obtained using a
cone splitter. SSC samples were
analyzed by the USGS sediment
laboratory in Iowa City, Iowa.  TSS
samples were analyzed by a Wis-
consin State laboratory (Herbert S.
Garn, U.S. Geological Survey,
written commun., 1999).

Quality-Control Data. The SSC
and TSS natural-water data used in
this evaluation were augmented by
analytical results of quality-control
samples from a cooperating labora-

tory.  Known amounts of water and sediment were used to
constitute quality-control samples as part of the USGS Na-
tional Sediment Laboratory Quality Assurance Program.  The
National Sediment Laboratory Quality Assurance  Program is
designed as an interlaboratory-comparison evaluation to pro-
vide a measure of bias and variance of suspended-sediment
data analyzed by laboratories operated or used by the USGS.
The quality-control samples received by the participating
laboratories were identified as such.

The quality-control samples were submitted in five
batches to a cooperating laboratory during 1997-99.  Of the
quality-control samples, the first 35 were shipped as batch
numbers 1997-1, 1997-2, and 1998-1 and were analyzed for
TSS.  Eighteen quality-control samples were shipped as batch
numbers 1998-2 and 1999-1 and analyzed for SSC using the
evaporation method (Kenneth Pearsall, U.S. Geological Sur-
vey, 1999, oral commun.).

COMPARABILITY OF SUSPENDED-SEDIMENT CON-
CENTRATION AND  TOTAL SUSPENDED SOLIDS DATA

Natural-Water Data

The relation between SSC and TSS data was evaluated by
comparing all available paired SSC and TSS natural-water data,
and subsets of those data for each State.  The number of paired
SSC and TSS values for selected SSC concentration ranges
with and without particle-size data are shown in figure 1.

 Of the 3,235 natural-water SSC samples used in this study,

Figure 1.  Number of paired suspended-sediment concentration (SSC) values
and total suspended solids (TSS) values of the 3,235 data pairs for selected
suspended-sediment concentration ranges, in milligrams per liter.
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74 percent had values less than or equal to 100 mg/L; only one
value (25,600 mg/L) exceeded 10,000 mg/L (figure 1).

Statistical characteristics of SSC and TSS paired data for
each State and for all paired data are given in table 2.  Sixty-
six percent of all TSS values are smaller than their
corresponding paired SSC values.  Eighty-three per-
cent of all TSS values are smaller than their paired
SSC value when SSC values exceed the 3rd quartile
value.  For each State except Kentucky (38 percent
for 24 paired samples), 61 to 100 percent of the TSS
values are smaller than their paired SSC value when
SSC values exceed the 3rd quartile value.  To summa-
rize, SSC values tend to exceed their corresponding
paired TSS values.  This tendency becomes stronger
at larger values of SSC.

Relations between all 3,235 paired TSS and SSC
measurements are shown in figures 2 and 3.  Accord-
ing to Glysson and others (2000), there is no simple,
straightforward way to adjust TSS data to estimate
SSC if paired samples are not available.  Relations
identified herein are not recommended for use in ad-
justing TSS data unless supported by additional re-
search.

The data shown in figure 2 are plotted without
transformation and include the two ordinary least
squares regression lines obtained by regressing TSS

on SSC (the lower line) and SSC on TSS (the upper line).
Because of measurement errors  associated with the collec-
tion processing, and analysis of the data, neither line can be
interpreted as an unbiased estimate of the true relation

Source of SSC
and TSS Paired

Data 
3rd

Quartile
mg/L 

Number
of values 

Number
of values
>0 mg/L 

Number of
values when
SSC value is

> 3rd Quartile
value  

Number of
values 

>0 mg/L when
SSC value is

> 3rd Quartile
value 

Percentage of
values 

>0 mg/L when
SSC value is

> 3rd Quartile
value 

 
 

Arizona

Hawaii

Illinois

Kentucky

Maryland

Virginia

Washington

Wisconsin

153.25

353.0  

48.5  

10.2  

324.0  

16.0  

30.0  

80.25

122

13

223

95

1,561
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Table 2.  Statistical characteristics of paired suspended-sediment concentration (SSC) and total suspended
solids (TSS) data for each of eight States, and for the combined data from all States
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between the two measurement methods. In fact, the existence
of measurement error implies the system of equations
describing the two measurements is insufficiently identified,
making estimation of an unbiased relation impossible
without additional information on the variance of the
measurement error for at least one of the measurements
(Klepper and Leamer, 1984).  However, the two least squares
regression lines can be used to bound the true slope and
intercept coefficients (Frisch, 1934). In the case of TSS and
SSC, the least squares intercepts are very small relative to the
range of the data. Consequently, the two regression lines
effectively form consistent upper and lower bounds on the
true relation between TSS and SSC. These bounds imply that
TSS is biased downward relative to SSC by a proportionate
amount of 25 to 34 percent. Given the large skew apparent in
the data, this finding is tentative and requires confirmation
using a statistical or functional transformation yielding
homoscedastic residuals.

The relation between SSC and TSS for all 3,235 pairs of
transformed data using the base-10 logarithm and the line of
equal value are shown in figure 3; the relations for each State
and lines of equal value are shown in figure 4.  Trends in the
scattergrams plotted for all data compared to those with data
that were segregated by State show some similarities,
including a tendency for the data to plot to the right of the
line of equal value, particularly at larger values of SSC.

As described previously, at least two factors associated
with the TSS analysis can result in subsamples obtained by
pipette or by pouring that are deficient in sand-size material.
Rapidly falling sand-size material can be difficult to with-
draw representatively, particularly if pipette subsamples are
obtained from near the surface and (or) if the subsample is
not withdrawn immediately after mixing.  Also, coarser sand
particles may plug the pipette intake, precluding withdrawal
of a representative mixture.  Subsamples obtained by

pouring are also unlikely to contain representative amounts
of sand-size material.  In contrast, the amount or percentage
of sand-size material in a SSC sample has no effect in bias
because all sediment in the original sample is used in the
SSC analysis.

The relation between sand-size material and TSS bias
was examined using the 860 paired SSC and TSS values for
which the amounts of material coarser and finer than 0.062
mm in the SSC sample are known.  Percent sand-size mate-
rial, percent finer material, and the total mass of sand-size
material were included in the analysis.  All but one of the
paired data associated with particle sizes are for streams in
Illinois, Virginia, and Washington.

The relation between percent sand-size material associ-
ated with the SSC sample, and the SSC minus TSS remain-
der is shown in figure 5.  No bias is apparent when sand-size
material composes less than about a quarter of the sample’s
sediment mass.  Above about a third sand-size material, the
large majority of the SSC values exceed their paired TSS val-
ues.  The increase in bias at larger SSC values as percent
sand-size values increase is consistent with the observation
that splitting original samples that contain a substantial per-
centage of sand-size material will rarely produce subsamples
with a SSC or particle-size distribution similar to those of the
original.

Splitting samples that contain small percentages of sand-
size material are more likely to produce subsamples with
concentrations and particle-size distributions similar to the
original.  The relation between TSS and the concentration of
material finer than 0.062 mm for 860 of the paired SSC and
TSS data with associated particle-size distribution data is
shown in figure 6.  The concentration of fine material was
calculated as follows:

At TSS values that exceed about 5 mg/L of fine ma-
terial, the SSC and TSS data are more or less evenly
distributed around the line of equal value (figure 6).
This suggests that the TSS method can provide rela-
tively unbiased results when the large majority of mate-
rial in a sample is finer than 0.062 mm.

The importance of bias in the relation between SSC
and TSS characterized in figure 3 can be magnified
when TSS data are used to compute sediment dis-
charges.  Sediment discharges increase when the prod-
uct of water discharge and SSC increases (Porterfield,
1972).  Additionally, the mobility of coarse material
tends to increase with larger flow velocities.  Because
of the strong tendency for SSC to exceed TSS at larger
values of SSC (see figures 3 and 4), calculating dis-
charges of TSS will usually result in underestimates of

Figure 3.  Relation between the base-10 logarithms of
suspended-sediment concentration (SSC) and total sus-
pended solids (TSS) for 3,235 data pairs in the scattergrams
plotted.  All SSC and TSS values less than 0.25 mg/L were
set equal to 0.25 mg/L to enable plotting the data on
logarithmic coordinates.

 C<0.062mm is the concentration of material finer than 
0.062 mm in diameter,
is suspended-sediment concentration, and
is percent sand-size material associated 
with the SSC value.

SSC
Percent≥ 0.062mm

C<0.062mm = SSC [1- (Percent≥0.062mm /100)]
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Figure 4.  Relation between the base-10 logarithms of suspended-sediment concentration (SSC) and total
suspended solids (TSS) for the data pairs from each State used in the analysis.  All SSC and TSS values less than
0.25 mg/L were set equal to 0.25 mg/L to enable plotting the data on logarithmic coordinates.
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the suspended solid-phase discharges compared to those esti-
mates that are computed from SSC data.   TSS discharge un-
derestimates may be negligible for streams conveying a pre-
dominantly fine material load over the range of discharges.
Substantial underestimates of TSS discharges can be ex-
pected for streams conveying sediment loads that exceed

about a third sand-size material in composition, and
with percentages and concentrations of sand-size mate-
rial that increase with discharge.

Figure 7 shows an example of the influence of bias
resulting from using TSS data to calculate instanta-
neous sediment discharges for a stream in the north-
eastern United States.  All the TSS and SSC samples
used to compute sediment discharges from October 15
through December 24, 1998 were collected by a coop-
erating agency using an open bottle and analyzed by
the cooperator’s laboratory.  The apparent order-of-
magnitude change in sediment discharges between No-
vember and December 1998 was not related to any in-
stream change in solid-phase transport, but to a change
in analytical procedures (Henry Zajd, Jr., U.S. Geo-
logical Survey, oral commun., 2000).  TSS analyses
were performed on all samples collected in October
and November 1998, and SSC analyses were used to
produce subsequent data.  The USGS did not publish
daily sediment discharges for the pre-December period
shown in figure 7 because the TSS data used in the
computations were considered unreliable.

Quality-Control Data

Box plots that show the results of quality-control
samples analyzed for SSC and TSS by a cooperating
laboratory participating in the USGS National Sedi-
ment Laboratory Quality Assurance Program are
shown in figure 8.  The samples were analyzed in five
sample sets.  Box plots for sample sets 1997-1, 1997-2,
and 1998-1 represent TSS analytical results.  Box plots
for study sample sets 1998-2 and 1999-1 represent
SSC analytical results.  This figure illustrates two im-
portant characteristics related to sediment-data quality.

First, both the SSC and TSS data tend to be nega-
tively biased.  The combined data for all samples ana-
lyzed as part of the Sediment Laboratory Quality As-
surance Program from 1996 through September 2000
have a median concentration bias of -1.83 percent; the
25th percentile is -4.39 percent; and the 75th percentile
is 0.00 percent.  The bias primarily reflects a loss of
some sediment, such as through a filter, or an inability
to weigh accurately very small amounts of fine mate-
rial in the SSC analytical procedure.  The SSC median
percent bias values for both study sets are about -2 and
-4 percent of the known sediment mass.  In contrast,
TSS median percent bias values for the three study sets
range from -6 to -23 percent from the known sediment
mass; the mean difference in TSS median percent bias
from the known sediment mass is -16 percent.  Only
for sample set 1997-2 does any quartile include the

TSS value for the known sediment mass.  The median percent
bias in TSS sample set 1997-1 and in 1998-1 exceeds three
F-pseudosigmas2 from the mean value of all measured sedi-
ment mass measurements reported in the USGS National

Figure 5.  Relation between percent sand-size material in the
sample analyzed for suspended-sediment concentration and the
remainder of suspended-sediment concentration minus total
suspended solids.

2The F-pseudosigma is a nonparametric statistic analogous to the standard devia-
tion that is calculated by using the 25th and 75th percentiles in a data set.  It is re-
sistant to the effect of extreme outliers.
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Sediment Laboratory Quality
Assurance Program. The
analytical method used by
the laboratory for determina-
tion of TSS in natural-water
samples was deemed unac-
ceptable by the U.S. Geo-
logical Survey (USGS,
1999b).

Second, the variances as-
sociated with the TSS qual-
ity-control data are large
compared to those for SSC
data (figure 8).  The least
variable data – those from
sample set 1997-1 – range
from -18 to -32 percent of
the known value, and the dif-
ference between the 1st and
3rd quartile values is 9 per-
cent.  In comparison, the
most variable SSC data –
those from sample set 1999-
1 – range from 0 to -5 per-
cent; the difference in the 1st
and 3rd quantile values is 4 percent.

In terms of bias and variance, the TSS results from two
of the first three sample sets – 1997-1 and 1998-1 – were
considered unacceptable by the U.S. Geological Survey (U.S.
Geological Survey, 1998; 1999a).  The SSC results from
study sample sets 1998-2 and 1999-1, which were produced
by the same laboratory, are considered among the most accu-
rate of all laboratories that participated in the USGS National
Sediment Laboratory Quality
Assessment Program (John
Gordon, U.S. Geological
Survey, oral commun.,
2000).

CONCLUSIONS

Of the two analytical
methods examined for mea-
suring the mass of solid-
phase material in natural-wa-
ter samples — suspended-
sediment concentrations
(SSC), and total suspended
solids (TSS), — data pro-
duced by the SSC technique
are the more reliable.  This is
particularly true when the
amount of sand in a sample
exceeds about a quarter of
the dry sediment mass.   This
conclusion is based on the
following observations:

1.  The SSC analytical

procedure entails measurement of the entire mass of sediment
and the net weight for the entire sample.  In contrast, only a
part of the water-sediment mixture is typically used in the TSS
analysis.  Difficulties in, and variations for methods associated
with obtaining TSS subsamples can result in determinations of
solid-phase characteristics that are substantially different from
those of the original sample.

Figure 8.  Variability in results of suspended-sediment concentrations and total sus-
pended solids analytical methods in quality-control water samples analyzed by a co-
operator laboratory.  (John D. Gordon, U.S. Geological Survey, written commun., 2000).
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2.  Subsampling by pipette or by pouring from an open
container will generally result in production of a sediment-
deficient subsample.  An analysis of 3,235 paired SSC and
TSS natural-water samples from eight States showed that
SSC values tend to exceed their paired TSS values, particu-
larly at larger values of SSC.  This is consistent with the as-
sumption that most subsamples used to determine the TSS
data were obtained by pipette or by pouring from an open
container.

3.  An analysis of 860 paired SSC and TSS natural-water
samples for which relative amounts of sand-size and finer
material are known for the SSC sample were used to deter-
mine the effect of sand-size particles on the TSS analysis.
SSC values tend to be larger than their paired TSS values as
the percentage of sand-size material exceeds about a quarter
of the mass of sediment in the sample.  Additionally, a rela-
tion between values of TSS and the paired SSC material finer
than 0.062 mm showed that for samples with TSS values ex-
ceeding about 5 mg/L, the paired SSC and TSS data are more
or less evenly distributed around the line of equal value.
Sand-size material is more difficult to subsample than finer
material due to the large fall velocity of sand-size material as
described by Stokes’ Law.

The tendency for SSC values to exceed their paired TSS
values has important ramifications for computations of sus-
pended solid-phase discharges; those computed using TSS
data will often underestimate solid-phase discharges.  This is
particularly true for sites when the percentages of sand-size
material in the water samples exceed about a third and where
concentrations and percentages of sand-size material in
transport increase with flow.

4.  Fifty-three quality-control samples from a
cooperator’s laboratory — three sample sets totaling 35 TSS
analyses of subsamples obtained by pouring from original
samples, and two sample sets totaling 18 SSC analyses —
were used to compare bias and variance introduced by use of
the TSS and SSC analytical methods.  Two of the three
sample sets analyzed for TSS had unacceptably large mean
negative bias.  Variances associated with all three TSS
sample sets were at least double those associated with the
SSC quality-control results from the same laboratory.  The
two SSC sample sets analyzed by the same laboratory had
small variances compared with those for the three TSS
sample sets.  The slight negative bias values associated with
the SSC sample sets were consistent with data analyzed by
most laboratories participating in the USGS National Sedi-
ment Laboratory Quality Assurance Program.

5.  Review of the literature indicates that the TSS
method originated as an analytical method for wastewater,
presumably for samples collected after a settling step at a
wastewater treatment facility.  The results of this evaluation
do not support use of  the TSS method to produce reliable
concentrations of solid-phase material in natural-water
samples.  The TSS method is being misapplied to samples
from natural water.

Some SSC and TSS data may be comparable, particu-
larly when the percentage or amount of sand-size material in

the sample is less than about 25 percent.  TSS values from
analyses of samples collected following a settling step for
coarser sediments, such as those obtained for compliance
purposes at sewage treatment plants and water treatment fa-
cilities, may be reliable.   However, because relatively few
TSS data are associated with the percent sand-size and finer
material from SSC samples, it is usually impossible to iden-
tify which if any TSS data may be biased.  Some of the TSS
data may reflect the mass of suspended solids in natural-wa-
ter samples, but there are currently no absolute means to
identify those data, nor a generally reliable procedure to cor-
rect biased TSS data.

The TSS method, which was originally designed for
analyses of wastewater samples, is shown to be fundamen-
tally unreliable for the analysis of natural-water samples.  In
contrast, the SSC method produces relatively reliable results
for samples of natural water, regardless of the amount or per-
centage of sand-size material in the samples.  SSC and TSS
data collected from natural water are not comparable and
should not be used interchangeably.  The accuracy and com-
parability of suspended solid-phase concentrations of the
Nation’s natural waters would be greatly enhanced if all
these data were produced by the SSC analytical method.
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EXECUTIVE SUMMARY 
 
The U.S. Environmental Protection Agency’s Pacific Southwest Region and Pacific Northwest 
Region (EPA Regions 9 and 10) have developed a Whole Effluent Toxicity (WET) Technical 
Training Tool for implementing WET in National Pollutant Discharge Elimination System 
(NPDES) permitting programs and Clean Water Act surface water quality monitoring programs. 
This training tool is designed for use with the EPA regional guidance document, Regions 9 and 
10 Guidance for Implementing Whole Effluent Toxicity (Denton and Narvaez 1996), and EPA’s 
national guidance document, Technical Support Document for Water Quality-based Toxics 
Control (USEPA 1991a). Since 1996, EPA has issued several important national guidance 
documents addressing WET implementation, and promulgated updated biological methods for 
acute and chronic toxicity at 40 CFR 136. These publications are described in the documentation 
for this training tool in order to provide a concise summary of current EPA program documents 
and regulations for WET. As such, this tool provides the basis for technical training on the topic 
of WET for EPA Regions 9 and 10. It is being made available for use by other EPA Regions and 
States (including Tribes and Territories) seeking basic training on the topic of WET for NPDES 
permitting and ambient water quality monitoring. This training tool is divided into seven topics 
with training slides and accompanying documentation (chapters and appendices). The training 
slides are provided in a Microsoft PowerPoint format. The topics covered are: 
 

• Introduction to WET 
• Developing WET Permit Conditions 
• Chronic and Acute Toxicity Testing 
• Test Review and Evaluation of Test Results 
• Toxicity Reduction Evaluations 
• Ambient Toxicity Testing and Watershed Assessment 
• Enforcement Procedures for WET 

 
This training tool is designed to assist EPA Regions and States implementing existing national 
policy on WET. It does not substitute for the Clean Water Act, or EPA or State regulations 
applicable to NPDES permits or WET testing; nor is this document a regulation, itself. This 
training tool does not impose legally binding requirements on EPA, States, or NPDES 
permittees, and may not apply in site-specific situations based upon the circumstances. EPA 
Regions 9 and 10 will change this training tool in the future, as appropriate. Those seeing more 
information on WET are referred to the documents referenced in this training tool, EPA’s 
webpage at http://www.epa.gov/ (Search: whole effluent toxicity, NPDES, etc.), and EPA’s 
national and regional WET Program staffs. 
 
References 
 
Denton DL, Narvaez M. 1996.  EPA Regions 9 and 10 guidance for implementing whole effluent 

toxicity testing programs. USEPA Regions 9 and 10.  
 
USEPA. 1991a. Technical support document for water quality-based toxics control. Office of 

Water. Washington, DC.  EPA/505/2-90-001. 

RB-AR25673



  LIST OF ACRONYMS AND ABBREVIATIONS 

Page 7 

LIST OF ACRONYMS AND ABBREVIATIONS 
 
‰ parts per thousand 

α alpha error 

β beta error 

AA atomic absorption 

ACR acute-to-chronic ratio 

AML average monthly limit 

ANOVA analysis of variance 

APC areas of probable concern 

APO administrative penalty order 

AO administrative order 

ASTM American Society for Testing and Materials 

AVS acid volatile sulfide 

AWL average weekly limit 

BMP best management practices 

BSAB Biomonitoring Science Advisory Board 

CABW California aquatic bioassessment workshop 

CAMLnet California Aquatic Macroinvertebrate Laboratory Network 

CCC criteria continuous concentration 

CDFG California Department of Fish and Game 

CFR Code of Federal Regulations 

CFS cubic feet per second 

CMC criteria maximum concentration 

CSBP California stream bioassessment protocol 

CV coefficient of variation 

CWA Clean Water Act 

DMR discharge monitoring report 

DO dissolved oxygen 

DOC dissolved organic carbon 

DQO data quality objective 
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EC effect concentration, e.g., EC25, EC50 

EDTA ethylenediamine tetraacetic acid 

EMS Enforcement Management System 

EPA U.S. Environmental Protection Agency (also, the Agency) 

FAQ frequently asked questions 

FIFRA Federal Insecticide, Fungicide, Rodenticide Act 

FR Federal Register 

GC gas chromatography 

H0 null hypothesis 

Ha alternative hypothesis 

HPLC high performance liquid chromatography 

IC inhibition concentration, e.g., IC25, IC50 

ICP ion-coupled plasma 

IWC instream waste concentration (sometimes referred to as receiving water 
concentration) 

IWS industrial waste surveys 

LC lethal concentration 

LOEC lowest observed effect concentration 

LSTE list of standard taxonomic effort 

LOV letter of violation 

LTA long-term average (LTAa = acute LTA; LTAc = chronic LTA;  
LTAa,c = acute-to-chronic LTA) 

MGD million gallons per day 

MDL maximum daily limit 

MML median monthly limit  

MQO measurement quality objective 

MS mass spectrometry 

MSD minimum significant difference 

MSE mean square error  

NOAEC no observed adverse effect concentration 

NOEC no observed effect concentration 
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NOV notice of violation 

NPDES National Pollutant Discharge Elimination System 

OWM Office of Wastewater Management 

OST Office of Science and Technology 

PBO piperonyl butoxide 

PMSD percent minimum significant difference 

POTW Publicly owned treatment works 

QA quality assurance 

QAPP quality assurance project plan 

QC quality control 

RBP rapid bioassessment protocol 

RP reasonable potential 

RWC receiving water concentration (sometimes referred to as instream waste 
concentration) 

RWQCB Regional Water Quality Control Board 

SEM simultaneously extracted metals 

SETAC Society of Environmental Toxicology and Chemistry 

SFEI San Francisco Estuary Institute 

SI stressor identification 

SMWP State Mussel Watch Program 

SOP standard operating procedure 

SWAMP Surface Water Ambient Monitoring Program 

SWRCB State Water Resources Control Board 

TAC test acceptability criteria 

TIE toxicity identification evaluation 

TDS total dissolved solids 

TMDL total maximum daily load 

TOC total organic carbon 

TRE toxicity reduction evaluation 

TSD EPA’s Technical Support Document for Water Quality-based Toxics 
Control  
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TU toxic unit (TUa = acute toxicity; TUc = chronic toxicity) 

USEPA United States Environmental Protection Agency 

USGS Unites States Geological Survey 

WET whole effluent toxicity 

WLA waste load allocation 

WQBEL water quality based effluent limit 

WQC water quality criteria 

WQS water quality standards 
 
 
Note: These acronyms and abbreviations may have other meanings in other EPA programs or 

documents. 
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DEFINITIONS 
 
Acute-to-Chronic Ratio (ACR) is the ratio of the acute toxicity of an effluent or a toxic to its 
chronic toxicity. It is used as a factor for estimating chronic toxicity on the basis of acute toxicity 
data, or for estimating acute toxicity on the basis of chronic toxicity data. 
 
Acute Toxicity Test is a test to determine the concentration of effluent or ambient waters that 
causes an adverse effect (usually death) on a group of test organisms during a short-term 
exposure (e.g., 24, 48, or 96 hours). Acute toxicity is measured using statistical procedures (e.g., 
point estimate techniques or a hypothesis test). 
 
Ambient Toxicity is measured by a toxicity test performed using solely receiving water. 
 
Average Monthly Limit (AML) is the highest allowable average of “daily discharges” over a 
calendar month, calculated as the sum of all “daily discharges” measured during a calendar 
month divided by the number of “daily discharges” measured during that month. 
 
Chronic Toxicity Test is a short-term test, usually 96 hours or longer in duration, in which 
sublethal effects (e.g., significantly reduced growth, reproduction) are usually measured in 
addition to lethality. Chronic toxicity is defined as TUc = 100/NOEC or TUc = 100/ECp or ICp. 
 
Coefficient of Variation (CV) is a standard statistical measure of the relative variation of a 
distribution or set of data, defined as the standard deviation divided by the mean. It is also called 
the relative standard deviation (RSD).  The CV can be used as a measure of precision within 
(within-laboratory) and between (between-laboratory) laboratories, or among replicates for each 
treatment concentration. 
 
Confidence Interval is the numerical interval constructed around a point estimate of a 
population parameter. 
 
Criterion Continuous Concentration (CCC) is the highest in-stream concentration of a toxic 
or an effluent to which organisms can be exposed indefinitely without causing unacceptable 
effects such as the exceedance of a chronic water quality criterion. 
 
Criterion Maximum Concentration (CMC) is the highest in-stream concentration of a toxic or 
an effluent to which organisms can be exposed for a brief period of time without causing an 
acute effect such as the exceedance of an acute water quality criterion. 
 
Daily Discharge is the discharge of a pollutant measured during a calendar day or any 24-hour 
period that reasonably represents the calendar day for purposes of sampling. 
 
Discharge Monitoring Report (DMR) is EPA’s standardized reporting form for the reporting 
of self-monitoring results by permittees. DMRs must be used by “NPDES-approved States,” as 
well as by EPA. States with NPDES programs may modify the EPA standardized forms to 
substitute the State agency’s name, address, logo, and other similar information, as appropriate, 
in place of EPA’s. 
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Effect Concentration (EC) is a point estimate of the toxicant concentration that would cause an 
observable adverse effect (e.g., death, immobilization, or serious incapacitation) in a given 
percent of the test organisms, calculated from a continuous model (e.g., Probit Model). EC25 is a 
point estimate of the toxicant concentration that would cause an observable adverse effect in 25 
percent of the test organisms. 
 
Effluent Flow (Qe) is the flow (in cubic feet per second or million gallons per day) of a 
wastewater discharge from a facility expressed in standard NPDES formulas used by permit 
writers as “Qe” to calculate water quality based effluent limits. 
 
Endpoint is a biological measurement used to quantify the results obtained from analytical 
methods such as whole effluent toxicity testing [e.g., lethal concentration (LC50); inhibition 
concentration (IC25); and no observed effect concentration (NOEC)]. Such endpoints are 
quantitative measurements of the responses of test organisms (e.g., survival, growth, mobility, 
reproduction, and weight gain or loss) in response to exposure to a serial dilution of effluent. 
 
Hypothesis Testing is a statistical technique (e.g., Dunnett’s test) for determining whether a 
tested concentration results in a statistically different response from that observed in the control. 
For the multi-concentration tests, the reported values determined by hypothesis testing are the 
“no observed effect concentration (NOEC)” and “lowest observed effect concentration (LOEC).” 
The two hypotheses commonly tested in WET are: 
 
 Null hypothesis (H0): The effluent is not toxic. 
 Alternative hypothesis (Ha): The effluent is toxic. 
 
Inhibition Concentration (IC) is a point estimate of the toxicant concentration that would cause 
a given percent reduction in a non-lethal biological measurement (e.g., reproduction or growth), 
calculated from a continuous model (i.e., Interpolation Method).  IC25 is a point estimate of the 
toxic concentration that would cause a 25-percent reduction in a non-lethal biological 
measurement. 
 
Instream Waste Concentration (IWC) is the concentration of a toxicant in the receiving water 
after mixing. It is also referred to as the receiving water concentration (RWC). 
 
Lethal Concentration, 50 Percent (LC50) is the toxic or effluent concentration that would cause 
death in 50 percent of the test organisms over a specified period of time. 
 
Long-term Average (LTA) of pollutant concentration or effluent toxicity is calculated from a 
wasteload allocation (WLA), typically assuming that the WLA is a 99th percentile value (or 
another upper bound value) based on the lognormal distribution. One LTA is calculated for each 
WLA (typically an acute LTA and a chronic LTA for aquatic life protection). The LTA 
represents expected long-term average performance from the permitted facility required to 
achieve the associated WLA. 
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Lowest Observed Effect Concentration (LOEC) is the lowest concentration of an effluent or 
test sample with an effect different from the control effect according to the statistical test used 
for analysis of toxicity that results in adverse effects on the test organisms (i.e., where the values 
for the observed endpoints statistically differ from the control). 
 
Maximum Daily Limit (MDL) is the highest allowable discharge measured during a calendar 
day or 24-hour period representing a calendar day. 
 
Median is the value of the middle score in the distribution. 
 
Median Monthly Limit (MML) is the highest allowable median of “daily discharges” over a 
calendar month, calculated as the middle value of all “daily dischargers” measured during a 
calendar month. 
 
Minimum Significant Difference (MSD) is a measure of test sensitivity that establishes the 
minimum difference required between a control and a test treatment in order for that difference 
to be considered statistically significant. 
 
Mixing Zone is an area where an effluent discharge undergoes initial dilution with water from 
upstream and is extended to cover the secondary mixing in the ambient waterbody; an allocated 
impact zone in which water quality criteria can be exceeded provided that acutely toxic 
conditions are prevented. States determine whether mixing zones are allowed. 
 
National Pollutant Discharge Elimination System (NPDES) is the EPA program that 
regulates discharges to the nation’s waters. Discharge permits issued under the NPDES program 
are required by EPA regulation to contain, where necessary, effluent limits based on water 
quality criteria for the protection of aquatic life and human health. 
 
No Observed Effect Concentration (NOEC) is the highest tested concentration of an effluent or 
toxicant that causes no observable adverse effect on the test organisms (i.e., the highest 
concentration of toxicant at which the values for the observed responses are not statistically different 
from the controls). 
 
Percent Minimum Significant Difference (PMSD) is the minimum significant difference 
divided by the control mean, expressed as a percent (see minimum significant difference). 
 
Point Estimate is a statistical inference that estimates the true value of a parameter by 
computing a single value of a statistic from a set of sample data. 
 
Power is the probability of correctly detecting an actual toxic effect (i.e., declaring an effluent toxic 
when, in fact, it is toxic). 
 
Precision is a measure of reproducibility within a data set.  Precision can be measured both within a 
laboratory (within-laboratory) and between laboratories (between-laboratory) using the same test 
method and toxicant. 
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Publicly Owned Treatment Works (POTWs) are facilities, operated by local communities or 
States or their contractors, that treat domestic wastewater or wastewater from indirect 
dischargers (e.g., industrial facilities). 
 
Quality Assurance (QA) is a practice in toxicity testing that addresses all activities affecting the 
quality of the final effluent toxicity data. QA includes evaluation of effluent sampling and 
handling, source and condition of test organisms, equipment condition, test conditions, 
instrument calibration, replication, use of reference toxics, record keeping, data, and other 
aspects of the test and testing procedures. 
 
Quality Control (QC) is the set of focused, routine, day-to-day activities carried out as part of 
an overall QA program. 
 
Reasonable Potential (RP) is the likelihood that an effluent will cause or contribute to an 
excursion above a water quality standard based on a number of factors, including the use of data 
(e.g., whole effluent toxicity test data). In the context of this document, references to RP and 
WET limits include both lethal and sublethal effects. 
 
Reasonable Potential Multiplier Factor (RPMF) is a numerical value that multiplies the 
maximum observed effluent value in an effluent data set. 
 
Receiving Water Concentration (RWC) is the concentration of a toxic in the receiving water 
after mixing, sometimes referred to as the in-stream waste concentration (IWC). 
 
Receiving Water Flow (Qs) is the flow of the water receiving the discharge expressed in cubic 
feet per second or millions gallon per day. 
 
Reference Toxicant Test is a check of the sensitivity of the test organisms and the suitability of 
the test methodology in a toxicity test. Reference toxicant data are part of a routine QA/QC 
program to evaluate the performance of laboratory personnel and the robustness and sensitivity 
of the test organisms. 
 
Significant Difference is defined as a statistically significant difference (e.g., 95 percent 
confidence level) in the means of two distributions of sampling results. 
 
Standard Deviation is a measure of the variability of a set of data, calculated as the square root 
of the variance. 
 
Statistic is a computed or estimated quantity, such as the mean, standard deviation, or 
coefficient of variation. 
 
Test Acceptability Criteria (TAC) are specific criteria for determining whether toxicity test 
results are acceptable, pursuant to EPA’s WET test methods in 40 CFR 136 (additional TAC 
may be established by a State Permitting Authority). The effluent and reference toxicant must 
meet specific criteria as defined in the test method (e.g., for the Ceriodaphnia dubia survival and 
reproduction test, the criteria are: 80% or greater survival of all control organisms and an 
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average of 15 or more young per surviving female in the control solution. Of the surviving 
control females, 60% must produce three broods.) 
 
Total Maximum Daily Load (TMDL) is the allocation of the pollutant load to each source, 
which is calculated by estimating the maximum amount of a pollutant that a waterbody can 
receive and still meet water quality standards. 
 
t-Test (formally Student's t-test) is a statistical analysis comparing two sets of replicate 
observations, in the case of WET, only two test concentrations (e.g., a control and 100% 
effluent).  The purpose of this test is to determine if the means of the two sets of observations are 
different [e.g., if the 100% effluent concentration differs from the control (i.e., the test pass or 
fails)]. 
 
Toxicity Test is a procedure using living organisms to determine whether a chemical or an 
effluent is toxic. A toxicity test measures the degree of the effect of a specific chemical or 
effluent on exposed test organisms. 
 
Toxic Unit (TU) is a measure of toxicity in an effluent as determined by the acute toxicity units 
(TUa) or chronic toxicity units (TUc) measured. The larger the TU, the greater the toxicity. 
 
Toxic Unit - Acute (TUa) is 100 times the reciprocal of the effluent concentration that causes 50 
percent of the organisms to die in an acute toxicity test (TUa = 100/LC50) (see LC50). 
 
Toxic Unit - Chronic (TUc) is 100 times the reciprocal of the effluent concentration that causes 
no observable effect on the test organisms in a chronic toxicity test (TUc = 100/NOEC or 
100/EC25) (see NOEC). 
 
Toxicity Identification Evaluation (TIE) is a set of site-specific procedures used to identify the 
specific chemical(s) causing effluent toxicity. 
 
Toxicity Reduction Evaluation (TRE) is a site-specific study conducted in a step-wise process 
to identify the causative agents of effluent toxicity, isolate the source of toxicity, evaluate the 
effectiveness of toxicity control options, and then confirm the reduction in effluent toxicity after 
the control measures are put in place. 
 
Type I Error (alpha) is the rejection of the null hypothesis (H0) when it is, in fact true (i.e., 
determining that the effluent is toxic when the effluent is not toxic). 
 
Type II Error (beta) is the acceptance of the null hypothesis (H0) when it is not true (i.e., 
determining that the effluent is not toxic when the effluent is toxic). Beta is related to the power 
of the test. 
 
Variance is a measure of the dispersion in a set of values, defined as the sum of the squared 
deviations from the mean divided by the total number of values in the set. 
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Wasteload Allocation (WLA) is the portion of a receiving water’s TMDL that is allocated to 
one of its existing or future point sources of pollution. 
 
Water Quality Criteria are numeric scientifically derived ambient concentrations developed by 
EPA or States for various pollutants of concern to protect human health and aquatic life. 
Narrative criteria typically are statements that describe the desired water quality goal. 
 
Water Quality-based Effluent Limit (WQBEL) is a NPDES permit limit established by either 
an EPA or a State permit writer that is developed to assure protection of aquatic life or human 
health consistent with applicable State or Tribal water quality standards, including the designated 
uses for a particular waterbody, the established criteria, and measured analytical data (e.g., 
chemical, WET or biosurvey), in accordance with the recommendations provided in EPA’s 1991 
Technical Support Document (TSD). 
 
Water Quality Standard (WQS) Water quality standards are provisions of State or Federal law 
which consist of a designated use or uses for the waters of the United States and water quality 
criteria for such waters based upon such uses. Water quality standards are to protect the public 
health or welfare, enhance the quality of water, and serve the purposes of the Act. States and 
authorized Tribes are required to develop and adopt a statewide antidegradation policy and 
identify the methods for implementing the policy. 
 
Whole Effluent Toxicity (WET) is the total toxic effect of an effluent measured directly with a 
toxicity test. 
 
WET Permit Limit is the water quality-based effluent limit for WET, established by either an 
EPA or State permit writer, that is used to trigger accelerated WET monitoring and TREs. 
 
WET Permit Trigger is a threshold level for WET in an NPDES permit, established by either 
an EPA or State permit writer, this is used to trigger accelerated WET monitoring and TREs 
when there is no reasonable potential for WET and no WET permit limit. 
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CHAPTER  1. INTRODUCTION 
 
1.1 Overview 

This chapter briefly describes the background and history of the whole effluent toxicity (WET) 
testing program and use of the integrated strategy to achieve and maintain water quality 
standards required by the U.S. Environmental Protection Agency (EPA). 
 
1.2 Background 

The Federal Water Pollution Control Act, commonly known as the Clean Water Act (CWA), was 
enacted in 1972 with the objective to “restore and maintain  the chemical, physical, and 
biological integrity of the Nation’s waters.”  In order to achieve this objective, goals and policies 
were established in the Act, including: 
 

• Eliminating the discharge of pollutants into navigable waters by 1985; 

• Wherever attainable, achieving an interim goal of water quality which provides for the 
protection and propagation of fish, shellfish, and wildlife, and provides for recreation in 
and on the water by July 1, 1983; and 

• Prohibiting the discharge of toxic pollutants in toxic amounts. 

 
In the 35 years since the CWA was enacted, the EPA and States authorized to administer EPA’s 
National Pollutant Discharge Elimination System (NPDES) permitting program have made 
significant progress toward achieving these goals and policies.  Under the EPA’s integrated 
water quality-based “standards to permits” approach for toxics control, NPDES permits are 
designed to achieve and maintain water quality standards.  A point source that discharges 
pollutants to surface waters of the United States must do so under the limitations and conditions 
of an NPDES permit.  In setting these limitations and conditions, the EPA and States protect 
aquatic life using three control approaches discussed in the Technical Support Document for 
Water Quality-based Toxics Control (USEPA 1991a, referred to as the TSD): 
 

• Chemical-specific control approach, 

• WET control approach, and 

• Biological criteria/bioassessment and biosurvey approach. 

 
A detailed discussion of the capabilities and limitations of these three approaches is provided in 
Section 1.5 of the TSD (USEPA 1991a).  Since each approach has unique as well as overlapping 
attributes, sensitivities, and program applications, no single approach for detecting impact should 
be considered uniformly superior to any other approach.  An integrated approach to water 
quality-based toxics control is essential for a strong toxics control program.   
 
The WET control approach to water quality protection is the primary subject of this document. 
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EPA defines whole effluent toxicity as “the aggregate toxic effect of an effluent measured 
directly by an aquatic toxicity test” [54 Federal Register (FR) 23868 at 23895, June 2, 1989].  
Aquatic toxicity tests are laboratory experiments that measure the biological effect (e.g., 
survival, growth, and reproduction) of effluents or receiving waters on aquatic organisms.  In 
aquatic toxicity tests, groups of organisms of a particular species are held in test chambers and 
exposed to different concentrations of an aqueous test sample (e.g., reference toxicant, effluent, 
or receiving water). Observations are made at predetermined exposure periods.  At the end of the 
test, the responses of test organisms are used to estimate the effects of the aqueous sample. 
 
Beginning in the 1980s, EPA published methods (USEPA 1985a, 1988, 1989a) for estimating 
the acute and chronic toxicity of effluents and receiving waters to freshwater and marine 
organisms.  WET data gathered in the 1980s indicated that approximately 40 percent of NPDES 
facilities nationwide discharged effluent with sufficient toxicity to cause water quality problems. 
  Further reductions in the toxicity of NPDES effluents were needed to comply with State 
narrative “free from toxics in toxic amounts” water quality criteria.  Responding to these 
findings, EPA implemented a national policy for assessing and controlling the discharge of toxic 
substances to ensure protection of water quality.  The Policy for the Development of Water 
Quality-Based Permit Limitations for Toxic Pollutants (49 FR 9016, March 9, 1984) introduced 
EPA’s integrated toxics control program and recommend both chemical-specific analyses and 
biological techniques to assess effluent discharges and express permit limitations.  To support 
this policy, EPA developed new regulations governing water quality-based permitting in the 
NPDES program (54 FR 23868, June 2, 1989) and the TSD (USEPA 1991a).  Originally 
published in 1985 and updated in 1991, the TSD provides national guidance to Permitting 
Authorities implementing WET testing in NPDES permits.   
 
On October 16, 1995, EPA promulgated WET test methods (USEPA 1993a, 1994a, 1994b, 
1999a) and added them to the list of EPA methods approved under Section 304(h) of the CWA 
(40 CFR 136) for use in the NPDES program.  These methods were subsequently challenged and 
under a settlement agreement, EPA conducted a round-robin study which evaluated 12 of the test 
methods (USEPA 2001a, 2001b).  EPA also prepared a WET test methods guidance document 
(USEPA 2000a) and a WET test method variability guidance document (USEPA 2000b).  On 
November 19, 2002, EPA promulgated revised WET test methods (USEPA 2002a, 2002b, 
2002c) [67 FR 69952, November 19, 2002].  These methods were also challenged and 
ultimately, the U.S. Court of Appeals upheld the validity of the WET test methods against a 
variety of constitutional, statutory, and administrative law challenges.  In Edison Electric 
Institute et al. v. EPA, 391 F.3d 1267 (D.C. Cir. 2004), the Court found that: 
 

• EPA reasonably validated the standardized testing procedures, including their precision 
and bias, as well as their high rates of successful test completion. 

• The methods did not produce unacceptably variable results. 

• The method procedures (i.e., replication and comparison to controls) adequately 
compensated for the inability to determine a method detection limit, and  

• The results produced with methods were representative of receiving water toxicity, 
including receiving waters of the arid West. 
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It is the position of EPA Regions 9 and 10 that WET test methods yield reproducible and precise 
results.  WET testing plays a vital role in water pollution control programs by regulating 
complex mixtures of chemicals and helping to identify toxicity in wastewater effluents, 
stormwater, and ambient waters.  We have summarized frequently asked questions (FAQs) to 
assist Permitting Authorities implementing WET programs (see Appendix A). 
 
1.3 EPA’s Integrated Strategy 

Based on the stated goals of the CWA, the EPA and individual States implement three 
approaches to protect water quality.  These approaches include chemical-specific control, 
toxicity testing control, and biological criteria/bioassessments (USEPA 1991a).  This document 
only addresses the protection of aquatic life, not human health.  Each of the three control 
approaches has advantages and limitations. 
 
The chemical-specific approach involves the development of water quality criteria (WQC) for 
chemicals as expressed in terms of the acute criterion and the chronic criterion.  These criteria 
are developed following EPA water quality guidelines (USEPA 1985b).  EPA has developed 
water quality criteria for the 126 priority pollutants as required under CWA Section 308.  These 
WQC are based on minimum data requirements that include both acute and chronic toxicity tests 
with the specified numbers and types of aquatic species.  WQC are intended to protect most of 
the tested species, most of the time.  The chemical-specific approach can allow prediction of 
ecological impacts before they occur.  It also considers bioaccumulation and human health 
impacts.  A limitation of the chemical-specific approach is that not all toxicants in wastewaters 
or aqueous samples may be known, and therefore, control requirements can only be established 
for those that are known.  For mixtures of chemicals with unknown interactions or for chemicals 
having no chemical-specific criteria, sole use of chemical-specific criteria to safeguard aquatic 
resources would not be protective.  Toxicity testing is needed because the chemical-specific 
approach only addresses individual chemicals and does not address chemical interactions or 
chemicals that are not known to be in the effluent.  In addition, criteria have been developed for 
only a limited universe of chemicals.  This is why the toxicity testing and bioassessment 
approaches for protecting aquatic life are also critical components for protection of aquatic 
resources.   
 
The primary advantage of using the toxicity testing approach is that this tool can be used to 
assess toxic effects (acute and chronic) of all the chemicals in aqueous samples of effluent, 
receiving water, or stormwater.  This allows the effect of the aqueous mixture to be evaluated, 
rather than the toxic responses to individual chemicals.  Some advantages of WET testing 
include the toxicity of effluent or ambient water is measured directly for the species tested; the 
aggregate toxicity of all constituents in a complex effluent is measured; and ecological impacts 
can be predicted before they occur.  Toxicity tests can be used to assess ambient waterbodies 
(i.e., receiving water) making these tools effective in the assessment of small and large 
watersheds (de Vlaming et al. 2000).  This has been demonstrated by the State of California 
which has successfully used an ambient toxicity testing approach to identify and regulate 
frequently occurring toxic chemicals.  This approach includes pinpointing critical sampling 
locations for collecting the ambient waters to be assessed using acute and chronic toxicity tests.  
If toxicity is detected, then additional samples are collected to determine the spatial and temporal 
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toxicity patterns. Subsequently, EPA’s Toxicity Identification Evaluation (TIE) procedures are 
used to identify the causative toxicant(s).  The goal of the TIE is to identify the chemical(s) 
causing toxicity in an aqueous sample.  This ambient toxicity testing approach has led to the 
303(d) listing of chemicals beyond the 126 priority pollutants commonly tested; one such listing 
is the pesticide diazinon, which is not a priority pollutant (SWRCB 2003).  In addition, the 
approach of toxicity testing in conjunction with TIE analysis may be used to determine chemical 
interactions.  These interactions can be additive, synergistic, or antagonistic. Lydy et al. (2004) 
provides a synthesis review of challenges in regulating pesticide mixtures and pesticide toxicity 
to aquatic organisms.  Limitations of WET are that it directly measures only the immediate 
bioavailability of a toxicant(s) in the aqueous sample, and the long-term cumulative toxicity of a 
compound is not measured. 
 
The bioassessment approach can directly assess the status of a waterbody, since biological 
communities reflect overall ecological integrity; it provides a holistic measure of the aggregate 
impact of pollutant stressors and can measure historical trends and fluctuating environmental 
conditions.  The primary advantage of the bioassessment approach is that it integrates both the 
physical and biological stressor effects on aquatic biota.  Biological assessments are based on the 
premise that the structure and function of an aquatic biological community can provide critical 
information about the quality of the surface water.  The waterbodies being evaluated are assessed 
and compared to predetermined criteria for impairment and non-attainment of a designated use.  
The stressor identification (SI) process is a method for identifying biological and physical 
stressors of the impaired waterbody (USEPA 2000c).  The bioassessment approach is limited in 
that bioassessments conducted at critical low flow conditions can be difficult to accomplish; data 
may not be sufficient to detect impacts without appropriate reference conditions or suitable 
biocriteria; the methods detect problems after they have occurred; and causes of impairment may 
not be assigned readily to any one permittee or other source.   
 
Based on the individual strengths of each of the three approaches (chemical-specific, toxicity 
testing, and biological criteria/bioassessment) protection of aquatic life will be most thorough if 
all three approaches are used.  If a waterbody is impaired, as measured by any of these three 
approaches (i.e., WQC are not attained) the CWA requires that impaired waterbodies be listed on 
the State’s 303(d) list and that a total maximum daily load (TMDL) be developed to address the 
pollutant(s) causing the impairment.  The TMDL provides the basis for actions to be taken to 
restore the water to its designated use.   
 
It is EPA's position that the concept of "independent application" be applied to water quality-
based situations (USEPA 1991b).  One aspect of the policy expresses that water quality 
standards are to be independently applied.  This means that any single assessment method 
(chemical criteria, toxicity testing, or biocriteria) can provide conclusive evidence that water 
quality standards are not attained.  Since each method has unique, as well as overlapping 
attributes, sensitivities, and program applications, no single approach for detecting impact should 
be considered superior to any other approach.  The most protective results from each assessment 
conducted should be used in the effluent characterization process.  EPA regulations at 40 CFR 
122.44(d)(1), in effect, require independent application of chemical-specific and whole effluent 
data and criteria when characterizing effluents and making water quality assessments.   
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1.4 SETAC Technical Workshop 

In September 1995, the Office of Wastewater Management (OWM) and Office of Science and 
Technology (OST) helped fund a Society of Environmental Toxicology and Chemistry (SETAC) 
technical workshop on WET.  The workshop explored the science involved in WET testing and 
published a peer-reviewed SETAC book, titled “Whole Effluent Toxicity Testing: An Evaluation 
of Methods and Prediction of Receiving System Impacts” edited by Grothe, Dickson, and Reed-
Judkins (1996).  The conclusions are highlighted in Attachment 1-1. 
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Attachment 1-1.  Pellston Workshop 

1. WET exposure methods are technically sound and require no immediate modifications. 

2. WET testing is an effective tool for predicting impact in lotic receiving systems.  Additional 
laboratory to field validation is not essential for the continued use of WET testing. 

3. The guidance provided in the U.S. EPA's Technical Support Document for Water Quality Based 
Toxics Control must be followed closely to meet the objectives of the WET testing program. 

4. A number of problems with WET tests are caused by misapplication of the tests, misinterpretation 
of data, quality of the WET test laboratory, and the lack of training and experience of laboratory 
personnel, regulators and permittees. 

5. Current WET permit limits have sufficient margins of safety so that episodic exceedances should 
not cause receiving water impacts.  The significance of an exceedance of WET limits depends on 
receiving water conditions, especially dilution at the time of the exceedance, and the duration of 
the toxic event. 

6. Variability in the use of both WET test methods and bioassessment techniques influences test 
interpretation and acceptability and the extrapolation of WET test results to field impacts. 

7. The largest sources of variability in WET testing are the level of analyst expertise and judgment 
and test organism condition/ health.  Deviation from established methods can be controlled by an 
effective QA/QC program. 

8. Currently used statistical methods are widely used and accepted.  However, improvements are 
available that should be considered. 

9.  Biological assessment approaches, when properly designed, can accurately assess environmental 
impact to aquatic biota. 

10. Bioassessments are needed to compensate for the limitations of WET tests to predict 
phytotoxicity, sediment toxicity, bioaccumulation, genotoxicity, indirect biotic effects, and 
effects of persistent chemicals. 

11. In addition to WET testing, results from in situ testing, ambient toxicity testing, and 
bioassessments are useful to evaluate WET limits and margins of safety. 

12. The relationship between WET tests and receiving water impacts is based largely on animal 
effects in streams.  Minimal data exist describing the effect of effluent toxicity exposure in 
wetlands, estuaries, and large rivers. 

13. Careful thought must be given to selecting appropriate reference conditions for field assessments. 
 Regional reference conditions strengthen assessments of receiving water impacts and facilitate 
characterization of natural variation. 

14. Effluent toxicity is one of several factors that can adversely impact biological communities and is 
not always the major cause of observed community impacts. 
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CHAPTER 2.  DEVELOPING WET PERMIT CONDITIONS 
 
2.1 Overview 

Chapter 2 discusses the development of WET permit conditions. The subjects covered in this 
chapter include: (1) mixing zones; (2) water quality criteria for WET; (3) reasonable potential 
determinations with and without facility-specific effluent data; (4) derivation and expression of 
WET permit limits; and (5) derivation and expression of WET permit triggers (WET permit 
triggers) used in conjunction with accelerated monitoring and TREs when there is no reasonable 
potential for WET and no WET permit limits. 
 
When determining reasonable potential and deriving and expressing water quality-based effluent 
limits (WQBELs) and permit conditions for WET, the Permitting Authority needs to examine the 
State’s water quality criteria for WET, mixing zone policy, and NPDES implementation 
procedures for determining reasonable potential and calculating WET permit limits or WET 
permit triggers for accelerated monitoring and TREs. We note that current State practices may 
differ from EPA’s recommended approach for WET implementation outlined in the TSD 
(USEPA 1991a) and described in this chapter. In all cases, State practices must meet 
requirements of the Clean Water Act (CWA) and federal NPDES regulations. 
 
Permitting Authorities determining reasonable potential and establishing WQBELs for WET 
must follow 40 CFR 122.44(d)(1) and should consider EPA guidance for water quality-based 
permitting in Chapters 3 and 5 of the TSD. For these types of calculations, EPA recommends 
that WET data be expressed using toxic units (TUs). Section 1.3.1 of the TSD defines TUs as 
100 divided by the measured effect concentration expressed as a percentage of whole effluent. 
Thus, TUa = 100/LC50 and TUc = 100/NOEC or 100/EC25. When statistically estimating effluent 
variability for determining WET reasonable potential procedures following TSD procedures, 
TUc data for an effluent should be based on point estimate results (e.g., EC25) rather than 
hypothesis testing results (e.g., NOEC), in order to obtain a better estimate of the effluent 
coefficient of variations (CV) used for WET permitting (USEPA 2000b). However, WET permit 
limits or WET permit triggers should continue to be expressed in accordance with State water 
quality standards and NPDES implementation procedures using either NOEC or EC25. 
 
2.2 Mixing Zones 

When deriving WET permit limits, or WET permit triggers for accelerated monitoring and 
TREs, mixing zones may be considered for an NPDES discharge based on available dilution and 
assimilative capacity, if authorized and allowed by State water quality standards (WQS). Section 
4.3 of the TSD provides background information on mixing zones and discusses EPA’s mixing 
zone policy and how this policy affects the allowable toxic load that can be discharged from a 
point source. Section 4.4 of the TSD discusses mixing zone analyses for situations in which the 
discharge does not mix completely with the receiving water within a short distance of the 
discharge. If complete mixing does not occur near the discharge point and the effluent plume is 
discernible downstream, then modeling techniques that simulate and predict mixing conditions 
are more appropriate. Section 4.5 of the TSD discusses the steady-state models most used by 
States and EPA Regions to calculate wasteload allocations (WLAs) for contaminants. An 
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example of a steady-state model is the mass balance equation, i.e., the continuity equation, 
described later in this chapter. Steady-state models assume that the effluent is completely mixed 
with the receiving water near the discharge point, such as in effluent-dominated streams. Steady-
state models require single constant inputs for effluent flow, effluent concentration, receiving 
water flow, and background receiving water concentration. The critical conditions for receiving 
stream design flows used in steady-state modeling should reflect water quality criteria durations 
and frequencies and the hydrologically- and biologically-based design flows generally specified 
in State WQS. EPA’s recommended receiving stream design flows for water quality criteria and 
their calculation are summarized in Appendix D of the TSD. Critical design flows recommended 
for use with EPA’s acute criterion for WET are the 1Q10 and 1B3. Critical design flows 
recommended for use with EPA’s chronic criterion for WET are the 7Q10 and 4B3. If mixing 
zones for acute or chronic WET are not authorized for an NPDES discharge, or not allowed by 
State WQS, then water quality criteria for WET must be applied at the end of the discharge pipe. 
  
2.3 Water Quality Criteria for WET 

Water quality standards are provisions of State (or federal) law or regulation which define the 
water quality goals of a waterbody, or portion thereof, by designating the uses of the waterbody 
and setting the water quality criteria necessary to protect those uses. States adopt WQS to protect 
public health or welfare, enhance the quality of water, and serve the purposes of the CWA. Such 
standards serve the dual purposes of establishing the water quality goals for a specific waterbody 
and serve as the regulatory basis for the establishment of water quality-based controls and 
strategies beyond the technology-based levels of treatment required by sections 301(b) and 306 
of the CWA. (40 CFR 131.2) 
 
Water quality criteria are elements of State WQS, expressed as constituent concentrations, 
levels, or narrative statements representing a quality of water that supports a particular use. 
When these criteria are met, water quality will generally protect the designated use. (40 
CFR 131.3) While States have adopted a variety of criteria expressed as constituent 
concentration levels (or numeric criteria) for various pollutants, all States have adopted criteria 
expressed as narrative statements (or narrative criteria). These narrative criteria, often referred to 
as “free-from” criteria (in the case of WET, “no toxics in toxic amounts”), are an effective tool 
for controlling the discharge of pollutants where numeric criteria are not available. Numeric or 
narrative criteria for WET serve as the basis for establishing WET controls in NPDES permits. 
(40 CFR 122.44(d)(1)) 
 
EPA’s national water quality criteria are developed under the requirements of CWA section 
304(a) and are published by EPA in individual criteria documents. The water quality criteria for 
aquatic life consider a wide range of toxic endpoints, including acute and chronic impacts, and 
consist of two values—a criterion maximum concentration (CMC) to protect against acute 
(short-term effects) and a criterion continuous concentration (CCC) to protect against chronic 
(long-term) effects. At present, EPA has no national criteria developed under CWA section 
304(a) for acute and chronic WET. In the absence of such criteria, EPA’s recommended 
magnitudes for WET are as follows. For acute protection, the CMC should be set at 0.3 acute 
toxic units (TUa) to the most sensitive of at least two test species. For chronic protection, the 
CCC should be set at 1.0 chronic toxic units (TUc) to the most sensitive of at least three test 
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species. Also, State procedures for implementing narrative criteria for WET should specify the 
testing procedure, the duration of the tests (acute or chronic), the test species, and the frequency 
of testing required. (TSD Section 2.3.3) 
  
2.4 Determining Reasonable Potential for WET 

This section follows 40 CFR 122.44(d)(1) and discusses the possible outcomes of a reasonable 
potential (RP) determination for WET, as described in Chapter 3 of the TSD. Where there is 
either a numeric or narrative water quality criterion for WET, Permitting Authorities need to 
characterize WET in NPDES discharges and implement WQBELs for WET, as required by 40 
CFR 122.44(d)(1). Following EPA’s recommendations in Chapter 3 of the TSD, there are two 
ways to characterize an effluent to determine the need for WET permit limits. First, an 
assessment may be conducted using facility-specific effluent data for WET, following 
procedures outlined in Section 3.3 of the TSD or other State NPDES implementation procedures. 
Second, an assessment may also be conducted without generating facility-specific effluent data 
for WET, using the factors described in Section 3.2 of the TSD. Following 40 CFR 
122.44(d)(1)(ii), in all situations when determining the need for a WET permit limit, the 
Permitting Authority is required to consider, at minimum, existing controls on point and 
nonpoint sources of pollution, the variability of the pollutant or pollutant parameter in the 
effluent, the sensitivity of the species to toxicity testing and, where appropriate, the dilution of 
the effluent in the receiving water. 
 
Section 3.3.3 of the TSD describes four possible outcomes of a reasonable potential 
determination for WET. These are:  
 

• Outcome 1. The discharge causes or contributes to an excursion above a numeric or 
narrative water quality criterion for WET and a WQBEL for WET is required; 

• Outcome 2. The discharge has the reasonable potential to cause or contribute to an 
excursion above a numeric or narrative water quality criterion for WET and a WQBEL 
for WET is required; 

• Outcome 3. The discharge does not [have the reasonable potential to] cause or contribute 
to an excursion above a numeric or narrative water quality criterion for WET and a 
WQBEL for WET is not required; however, WET permit triggers used in conjunction 
with accelerated monitoring and TREs are recommended by EPA; or 

• Outcome 4. There is inadequate information to determine whether or not the discharge 
causes, has the reasonable potential to cause, or contributes to an excursion above a 
numeric or narrative water quality criterion for WET and a WQBEL for WET is not 
required; however, WET permit triggers used in conjunction with accelerated monitoring 
and TREs are recommended by EPA. 

 
When determining the need for WQBELs for WET, Permitting Authorities should use all 
available effluent data, together with information like that discussed in the following sections, as 
a basis for this decision. The Permitting Authority may already have facility-specific WET data 
from NPDES self-monitoring reports, or may decide to require the discharger to generate WET 
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data prior to permit issuance or as a condition of the permit. NPDES application requirements at 
40 CFR 122.21 specify effluent monitoring requirements for WET, based on several factors, 
including the type of discharge. EPA recommends that WET data be generated prior to permit 
issuance for the following reasons: (1) the presence or absence of toxicity can be more clearly 
established or refuted, and (2) where toxicity is shown, effluent variability can be more clearly 
defined and addressed. (TSD Section 3.3.1) 
 
2.4.1 Determining the Need for Permit Limits with Facility WET Data  

As described in Section 3.3.2 of the TSD, for facilities with WET data, EPA recommends 
finding that a discharger has the “reasonable potential” to exceed a water quality criterion for 
WET if it is demonstrated with a high level of confidence that the upper bound of the lognormal 
distribution of effluent values for WET are above water quality criteria for WET, at specified 
critical flow conditions. EPA’s recommended statistical approach for determining reasonable 
potential is a sequential, tiered process that is shown in Box 3-2 of the TSD. First, for each test 
method and species, effluent data for WET are reviewed to determine the total number of sample 
observations (n) and identify the maximum observed effluent value. Second, if there is enough 
sample observations (n > 10), these data are used to calculate statistics—a mean, standard 
deviation and coefficient of variation (CV)—which characterize the variability of WET in the 
effluent. However, if fewer than ten sample observations are available (n < 10), then Section 
5.5.2 of the TSD recommends using the default CV of 0.6 to characterize the variability of WET 
in the effluent. Third, following the instructions in Section 3.3.2 of the TSD, the values for “n” 
and “CV” are used to calculate a reasonable potential multiplier factor. Fourth, the identified 
maximum observed effluent value for WET is multiplied by the reasonable potential multiplier 
factor to obtain a probability-based estimated maximum effluent value. Generally for WET, both 
the identified maximum observed effluent value and the probability-based maximum effluent 
value are used in the steady-state mass balance equation to project in-stream maximum values 
for WET, at specified critical flow conditions. Fifth, these projected in-stream maximum values 
are calculated and compared to the water quality criterion for WET (acute or chronic). If both 
projected in-stream maximum values are less than, or equal to, the water quality criterion for 
WET, then the Permitting Authority should exercise judgment as to whether reasonable potential 
exists. If either of these projected in-stream maximum values is greater than the water quality 
criterion for WET, then reasonable potential is established for the discharge and the permit must 
contain WQBELs for WET. Appendix B of this document provides an example of how the 
steady-state mass balance equation is used by EPA to calculate dilution and establish reasonable 
potential for acute and chronic WET. 
 
2.4.2 Determining the Need for Permit Limits without Facility WET Data 

As described in Section 3.2 of the TSD, the Permitting Authority may choose to develop and 
require WQBELs to control WET without facility-specify monitoring data, or prior to the 
generation of effluent data. In doing so, the Permitting Authority needs to follow the 
requirements in 40 CFR 122.44(d)(1) and clearly document these decisions in the record for the 
permit. When determining whether or not a discharge causes, has the reasonable potential to 
cause, or contributes to an excursion above a narrative or numeric water quality criterion for 
WET, the Permitting Authority can use a variety of factors and information where facility-
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specific effluent monitoring data are not available. Also, these factors should be considered 
when effluent monitoring data are available. Some of the factors described in the TSD include: 
 

• Dilution. Toxic impact is directly related to available dilution for the effluent. Dilution is 
related to the receiving water stream flow, the size of the discharge, whether or not there 
is an outfall diffuser, etc. The lower the available dilution, the higher the potential is for 
toxic effects. For example, as discussed in Section 3.3.3 of the TSD, if an effluent’s 
dilution (i.e., in-stream waste concentration; IWC) at the edge of a mixing zone 
authorized by the Permitting Authority is expected to reach one percent or higher during 
critical or worst-case design periods, then the effluent may require a WET limit. 

• Type of industry. Although NPDES discharges should be individually characterized 
because toxicity problems are site-specific, the “primary” industrial categories are of 
principal concern. Factors to consider can include the type and efficiency of treatment 
applied, general materials handling practices, and the functional target of the 
compound(s) produced. 

• Type of POTW. POTWs with loadings from indirect dischargers (particularly primary 
industries) may be candidates for WET limits. However, the absence of industrial input 
does not guarantee an absence of toxicity problems. Down-the-drain disposal of 
pesticides, detergents, and other toxicants can result in toxic concentrations in POTW 
effluents. The types of industrial users, their product lines, raw materials, potential and 
actual discharges, and control equipment should be evaluated. POTW effluents should be 
evaluated for potential toxicity due to ammonia and chlorine. 

• Existing data on toxic pollutants. Discharge monitoring reports (DMRs) and data from 
NPDES permit application forms may provide some indication of the presence of 
toxicants. The presence or absence of the 126 priority toxic pollutants (CWA section 
307(a) and 40 CFR 131.3(d)) may or may not be an indication of the presence or absence 
of WET. There are thousands of toxicants not on the list of 126 priority toxic pollutants 
which are by definition “nonconventional” pollutants that may cause toxicity. Also, 
combinations of toxicants can produce toxicity where individual toxicants would not. 
NPDES regulations at 40 CFR 122.21(j)(5) specify that POTWs with design flows equal 
to or greater than 1 mgd and POTWs required to operate pretreatment programs, must 
perform specified WET testing and submit these results with their permit applications. 
Also, for certain types of dischargers, 40 CFR 122.21 allows Permitting Authorities to 
request additional data, including WET data, at the time of permit application. Also, data 
may be obtained using CWA section 308, or similar State authority.  

• History of compliance problems and toxic impact. Permitting Authorities may consider 
particular dischargers that have had difficulty complying with limits on toxicants or that 
have a history of known toxicity impacts, as probable candidates for WET limits. 

• Type of receiving water and designated use. Data on water quality can include reports of 
fish kills, State lists of priority waterbodies, and State lists of waters that do not meet 
water quality standards. Sources of this information are the lists of waters generated 
under CWA section 304(l) and 40 CFR 130.10(d)(6). 
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The presence of a factor (or combination of factors) described above, such as low available 
dilution, high quality receiving waters, poor compliance record, and clustered industrial and 
municipal discharges, could constitute a high priority for WQBELs for WET. If the Permitting 
Authority chooses to require a WET limit without facility-specific effluent monitoring data, then 
adequate justification for the limit needs to be provided in the fact sheet or statement of basis for 
the permit. EPA recommends that the more information the Permitting Authority can acquire to 
support WET limits, the better a position the authority will be in to defend the limit, if necessary. 
 
2.4.3 Other State Regulations for Determining Reasonable Potential  

The Permitting Authorities needs to follow applicable State regulations and policies which 
govern how reasonable potential for WET is determined. These State requirements must be 
consistent with the Clean Water Act and EPA’s regulations for implementing WET in the 
NPDES permitting program (e.g., 40 CFR 136, 40 CFR 122.41(j), 40 CFR 122.44(d), 40 CFR 
122.21(j)). In the absence of detailed State regulations and policies, EPA recommends that 
Permitting Authorities follow the approaches and statistical procedure for determining 
reasonable potential recommended in Chapter 3 of the TSD. 
 
In the California Ocean Plan (SWRCB 2005), the California State Water Resources Control 
Board has adopted general reasonable potential language and specified statistical reasonable 
potential analysis procedures for both parametric effluent data sets and non-parametric effluent 
data sets. If there are three or more detected observations for the effluent and these observations 
are censored by 80% or less, then the parametric reasonable potential analysis procedure is used. 
This procedure assumes that effluent data are lognormally distributed and calculates an upper 
confidence bound (i.e., the one-sided, upper 95 percent confidence bound for the 95th percentile 
of the effluent distribution after complete mixing) for comparison with the water quality 
criterion. If the upper confidence bound is greater than the water quality criterion, then the 
California ocean discharge has reasonable potential to cause an excursion above the water 
quality criterion and a WQBEL is needed. Instructions for conducting a nonparametric 
reasonable potential analysis or a reasonable potential analysis based on best professional 
judgment are also given. To support these procedures, State Water Board staff have developed a 
stand-alone, Windows-based computer program called “RPcalc”, the California Ocean Plan 
Reasonable Potential Analysis Calculator (SWRCB 2005), to assist Permitting Authorities 
conducting reasonable potential analyses for discharges regulated under the California Ocean 
Plan. This approach is found at http://www.swrcb.ca.gov/ and an example is provided in 
Appendix B of this document. 
 
2.4.4 Reasonable Potential Determination Outcomes for WET 

Based on Outcomes 1 and 2, described in Section 2.4 of this document, if WET in an NPDES 
discharge is at levels that cause, have the reasonable potential to cause, or contribute to an 
excursion above State water quality standards, then the permit must contain WQBELs for WET. 
This conclusion can be based on one effluent sample observation for WET. Based on Outcome 3, 
described in Section 2.4 of this document, if WET in an NPDES discharge is below levels that 
cause, have the reasonable potential to cause, or contribute to an excursion above State water 
quality standards, then the permit need not contain WQBELs for WET. Based on Outcome 4, 
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described in Section 2.4 of this document, if there is inadequate information to determine 
whether WET in an NPDES discharge is below levels that cause, have the reasonable potential to 
cause, or contribute to an excursion above State water quality standards, then the permit need not 
contain WQBELs for WET. Although the Permitting Authority does not need to establish 
WQBELs for WET, there still may be a basis for concern under Outcomes 3 and 4. 
 
Consequently, under each of these four outcomes, EPA recommends that WET monitoring in 
permits be conducted at frequency sufficient to ascertain discharge compliance with WQBELs 
for WET, WET permit conditions and, ultimately, State water quality standards. Whether or not 
WET limits are included in a permit, WET monitoring conditions need to specify: (1) an 
accelerated monitoring schedule following the exceedance of either a WET permit limit or WET 
permit trigger; and (2) the number of WET test failures during this schedule that will 
automatically initiate a TRE. Also, permits should contain a WET reopener condition which 
allows the Permitting Authority to “reopen” the permit and establish additional WET permit 
conditions or effluent limits based on monitoring results or other factors indicating that the 
effluent causes, has the reasonable potential to cause, or contributes to an excursion above water 
quality standards. 
 
2.5 Deriving Permit Limits for WET 

When a Permitting Authority determines, using reasonable potential procedures, that a discharge 
causes, has the reasonable potential to cause, or contributes to an in-stream excursion above 
State numeric water quality criteria for WET, the permit must contain WQBELs for WET. (40 
CFR 122.44(d)(1)(iv)) If State WQS contain only narrative water quality criteria for WET and it 
is documented in the record for the permit (i.e., fact sheet or statement of basis) that chemical-
specific WQBELs are sufficient to attain and maintain the narrative water quality criteria, then 
WQBELs for WET are not necessary. This is only authorized when the causative toxicant(s) in 
the effluent have been identified and confirmed. (40 CFR 122.44(d)(1)(v)) 
 
As explained in Section 5.1.1 of the TSD, once the decision has been made to develop WQBELs, 
there is an element of judgment inherent in the specific permit limit derivation procedures used 
for an individual NPDES discharger. Case-specific considerations will usually dictate the most 
appropriate conditions in individual situations (e.g., chronic or acute toxicity test, freshwater or 
marine test organisms, monitoring frequency, etc.); however, the general assumptions used when 
developing WQBELs should be consistent with the assumptions and principles inherent in 
effluent characterization and exposure assessment steps preceding the development of WQBELs. 
The WQBEL derivation procedure used by Permitting Authorities should be fully enforceable 
and should adequately account for effluent variability, consider available receiving water 
dilution when appropriate, protect against acute and chronic impacts, account for compliance 
monitoring sampling frequency, and protect pollutant wasteload allocations (WLAs) and 
ultimately the WQS. 
 
Chapter 5 of the TSD explains the strengths and weaknesses of different approaches often used 
by Permitting Authorities to develop WQBELs, including permit limits for WET. This section 
discusses: 
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• The development of WLAs for WET using either steady-state models or dynamic models 
(TSD Chapter 4); 

• The “statistical approach” where WQBELs are statistically calculated from the more 
stringent acute or chronic WLA for WET (TSD Section 5.4.1); 

• The “direct application approach” where an acute or chronic WLA for WET is directly 
applied as a WQBEL (TSD Section 5.4.2); and 

• Other approaches used to develop WQBELs for WET based on State WQS and NPDES 
implementation procedures. 

 
As described in Section 5.2.2 of the TSD, WQBELs for NPDES discharges are established based 
on the need to maintain effluent quality for a pollutant at a level that will comply with WQS 
even during critical conditions in the receiving water. This level is determined by the WLA for 
the pollutant. The WLA, in turn, dictates the necessary level of treatment plant performance for 
the pollutant—or target long-term average (LTA)—discussed later in this chapter. 
 
2.5.1 Developing Wasteload Allocations for WET 

How are wasteload allocations (WLAs) developed for a pollutant in an effluent? There are two 
major types of water quality models used to develop WLAs for NPDES discharges: dynamic and 
steady-state. Dynamic models use estimates of effluent variability and the variability of 
receiving water assimilation factors to develop effluent requirements expressed in terms of the 
concentration of the pollutant and variability. As a result, the outputs of dynamic models can be 
used to base WQBELs on probability estimates of receiving water concentrations rather than 
worst-case assumptions. EPA only recommends using dynamic models to develop WLAs if 
adequate pollutant data for an effluent and receiving water flow are available to estimate 
frequency distributions. Traditional steady-state WLA models calculate WLAs at critical 
conditions, using worst-case assumptions for effluent and receiving water flows and pollutant 
levels. WQBELs derived from steady-state WLA models are designed to be protective of WQS 
during critical environmental conditions and all environmental conditions less than critical. 
Although steady-state WLA models tend to be more conservative than dynamic models because 
they rely on worst case assumptions, EPA recommends that steady-state WLA models generally 
be used by Permitting Authorities in most cases and especially where few or no WET data are 
available, or where daily receiving water flow records are not available. (TSD Section 5.3.2) 
 
When using steady-state models, WLA calculations are always made using critical conditions. 
To calculate acute and chronic WLAs for WET using a steady-state model, the Permitting 
Authority needs to choose values for: 
 

• Chronic criterion (CCC) for WET 

• Fraction of 7Q10 (or 4B3) receiving water flow available for dilution, as authorized 
by State mixing zone policy 

• Acute criterion for WET (CMC) 
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• Fraction of 1Q10 (or 1B3) receiving water flow available for dilution, as authorized 
by State mixing zone policy 

• Maximum background level for WET in the receiving water  

• Maximum effluent flow 

 
Where receiving water data for WET are not available, EPA recommends assuming a default 
maximum background value of 0 (zero) TUs when calculating WLAs for acute and chronic 
WET.  
 
Shown below, the mass balance equation, i.e., the continuity equation, is a simplified steady-
state model for calculating WLAs that is generally recommended by EPA for calculating WLAs 
for acute and chronic WET. 

 
Use of this steady-state mass balance equation for calculating dilution and WLAs for acute and 
chronic WET assumes that the NPDES discharge achieves complete mixing across the width of 
the stream near the point of discharge and the effluent plume is not discernible downstream. If 
this is not the case, then modeling techniques that can simulate and predict mixing conditions are 
more appropriate for defining the mixing zone and dilution for the discharge. If a mixing zone is 
allowed and actual background in-stream pollutant levels are considered, then the mass balance 
equation is: WLA = Ce = (Cr) [(Qe + Qs) / Qe] – [Cs × (Qs / Qe)], and water quality criteria are 
applied at the edge of the mixing zone. For WET, if a mixing zone is allowed and background 
in-stream toxicity is set equal to 0 TU, then the mass balance equation reduces to: WLA = Ce = 
(Cr) [(Qe + Qs) / Qe], and WET criteria are applied at the edge of the mixing zone. If a dilution 
model is used, e.g., UM3 from Visual Plumes (USEPA 2003a), and it is not necessary to 
consider the actual, nonzero, ambient concentration of a pollutant in the effluent, then the flux-
averaged volumetric dilution factor (Sa) can be used in the mass balance equation: WLA = Ce = 
Cr × Sa. If a mixing zone is not allowed, then the mass balance equation reduces to: WLA = Ce 
= Cr, and WET criteria are applied at the end of the pipe. Once both acute and chronic WLAs for 

 
Steady-State Model: Mass Balance Equation 

 
                                                               Cr Qr  =  Ce Qe  +  Cs Qs   , where 
 
 Cr =  Water quality criterion for WET, in TUs 
 
 Ce =  Wasteload allocation for WET, in TUs 
 
 Qe =  Effluent flow, in million gallons per day (MGD) or cubic feet per second (cfs) 
 
 Cs =  Background in-stream value for WET above the discharge point, in TUs 
 
 Qs =  Percent (%) in-stream critical flow allowed for dilution, in MGD or cfs 
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WET have been developed for an NPDES discharge, then WQBELs need to be calculated. 
Appendix C of this document provide detailed examples of how the steady-state mass balance 
equation is used by EPA to calculate dilution and WLAs for acute and chronic WET, and 
WQBELs for acute and chronic WET. 
 
[Note:  Where the volumetric dilution factor, Sa = [(Ve + Va) / Ve] = Ce / Cp, in Dilution 
Models for Effluent Discharges (USEPA 1994c). Thus, if Sa = 30 (which means one volume of 
effluent is diluted with 29 volumes of ambient water), then the concentration of any volumetric 
tracer or conservative pollutant in the effluent is one thirtieth the concentration in the effluent, 
only if the ambient concentration is zero. In this definition of Sa, the volumetric dilution factor is 
very nearly 1 in the region outside the discharge orifice. Following the mass-balance equation, 
i.e., the continuity equation in Visual Plumes, because the dilution ratio, D = Qs / Qe, then Sa = 
[(Qe + Qs) / Qe] = 1 + D. In other State documents, e.g., the California Ocean Plan (SWRCB 
2005), the volumetric dilution factor, Sa, is considered the dilution ratio, D. In the California 
Ocean Plan definition, the volumetric dilution factor approaches zero near the discharge orifice. 
Page 9 of the Visual Plumes manual (USEPA 1994c) notes that above a dilution value of 30, the 
difference between the two definitions is progressively less than 3%, an inconsequential amount 
for most regulatory purposes.] 
 
2.5.2 Statistical Approach for Developing WET Permit Limits 

The statistical approach for developing WQBELs from WLAs is described in Section 5.4.1 of 
the TSD. Because effluent quality varies over time, EPA recommends that the Permitting 
Authority establish WQBELs using this statistical derivation procedure, in conjunction with 
WLAs, to adequately account for the variability observed in pollutant levels in NPDES 
discharges. Using this statistical approach, a WLA value is first set at the 99th percentile of 
necessary treatment plant performance and then translated into the average treatment 
performance level—long-term average (LTA) and coefficient of variation (CV)—that will 
ensure the WLA is met under critical conditions over the long-term. When two-value, or three-
value steady-state WLAs have been developed for a pollutant (e.g., acute, chronic, and human 
health), the most stringent LTA is then translated into upper bound percentile values for effluent 
quality (i.e., 99th percentile and 95th percentile) and expressed as a maximum daily limit (MDL) 
and an average monthly limit (AML). (TSD Section 5.5.4) In making these translations for 
WET, the Permitting Authority needs to obtain values for: 
 

• Acute-to-chronic ratio (TSD Section 5.4.1) 

• Effluent variability expressed as CV (TSD Section 5.5.2) 

• Number of compliance monitoring samples required per month (TSD Section 5.5.3) 

 
Appendix C of this document provides detailed examples of EPA’s recommended statistical 
approach for calculating WET permit limits. 
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2.5.3 Direct Application Approach for Developing WET Permit Limits 

Several direct application approaches are described in Section 5.4.2 of the TSD. One type of 
direct application is when the Permitting Authority applies the WLA directly as a permit limit, 
generally a MDL. When a chronic WLA is set as a MDL, the MDL (1-day) should ensure 
protection of both acute (1-day) and chronic (4-day) water quality criteria. In the absence of 
additional information, permit writers may sometimes divide the MDL by 1.5 or 2.0 to derive an 
AML, depending on the expected range of effluent variability. Because this AML is derived 
without information about the variability of the effluent, this step may not ensure that the AML 
is protective of water quality criteria. Another type of direct application is when the acute WLA 
is applied as a MDL and the chronic WLA is applied as the AML; EPA discourages this 
approach since effluent variability has not been specifically addressed and compliance with the 
AML (30-day) during critical conditions could exceed the chronic (4-day) water quality 
criterion. 
 
2.5.4 Other State Regulations 

A State may have technology-based permit requirements for WET or use modified versions of 
the approaches described above to set WQBELs for WET. Permitting Authorities need to follow 
applicable State regulations and policies which govern how WET is implemented in NPDES 
permits. State requirements must be consistent with EPA’s regulations for implementing WET in 
the NPDES permitting program (e.g., 40 CFR 136, 40 CFR 122.41(j), 40 CFR 122.44(d), 40 
CFR 122.21(j)). 
 
2.6 Permit Limit Expression 

NPDES regulations at 40 CFR 122.45(d) require that all permit limits be expressed, unless 
impracticable, as both a MDL and an AML for all dischargers other than POTWs, and as an 
average weekly limit (AWL) and AML for POTWs. Following Section 5.2.3 of the TSD, the use 
of an AWL is not appropriate for WET. In lieu of an AWL for POTWs, EPA recommends 
establishing an MDL for toxic pollutants and pollutants in water quality permitting, including 
WET. This is appropriate for two reasons. The basis for the average weekly requirement for 
POTWs derives from secondary treatment regulations and is not related to the requirement to 
assure achievement of WQS. Moreover, an average weekly requirement comprising up to seven 
daily samples could average out daily peak toxic concentrations for WET and therefore, the 
discharge’s potential for causing acute and chronic effects would be missed. 
  
The MDL is the highest allowable value for the discharge measured during a calendar day or 24-
hour period representing a calendar day. The permit should contain a condition indicating that 
the MDL is interpreted as the maximum acute or chronic WET result for that calendar month 
unless otherwise specified by State requirements. The AML is the highest allowable value for 
the average of daily discharges obtained over a calendar month. For WET, this is the average of 
individual WET test results for that calendar month, unless otherwise specified by State 
requirements. 
 

RB-AR25702



  DEVELOPING WET PERMIT CONDITIONS 

Page 36 

In cases where an acute mixing zone is either not authorized, or authorized such that a critical 
instream waste concentration (IWC) for acute WET is set at a percent effluent value greater than 
100% effluent, EPA Regions 9 and 10 continue to recommend that the acute WET permit limit 
should be expressed as a Pass/Fail limit, as described below. In cases where a chronic mixing 
zone is not authorized, EPA Regions 9 and 10 continue to recommend that the AML for chronic 
WET should be expressed as a median monthly limit (MML), as described below.   
 
2.6.1 Acute WET Permit Limits for Low-Flow Situations 

The following procedure is recommended for monitoring and limiting acute WET in NPDES 
discharge situations when an acute mixing zone is either not authorized, or authorized such that a 
critical IWC is set at a percent effluent value greater than 100% effluent. In these situations, 
where the critical IWC is set at a percent effluent value greater than 100% effluent, calculated 
WLAs and WQBELs for acute WET—based on EPA’s recommended water quality criterion for 
acute toxicity (CMC) of 0.3 TUa = 100/LC50, and the steady-state mass balance equation—can 
range from 0.999 TUa down to 0.3 TUa. (TSD Section 5.4.1). For these discharge situations, 
EPA Regions 9 and 10 continue to recommend hypothesis testing (Denton and Narvaez 1996). 
This is because the point estimate techniques used to evaluate compliance with EPA’s 
recommended acute toxicity criterion of 0.3 TUa, i.e., “no acute toxicity”, cannot be used until 
the discharge-specific critical percent effluent concentration (LC50) is able to be set at (or 
below) 100% effluent. 
 
For these discharge situations, the acute WET permit limit should be “Pass” for any one test 
result. The determination of Pass or Fail from a single-effluent-concentration (paired) acute 
toxicity test is determined using a one-tailed hypothesis test called a t-test. The objective of a 
Pass or Fail test is to determine if survival in the single treatment (100% effluent) is significantly 
different from survival in the control (0% effluent). Following Section 11.3 in the acute test 
method manuals (USEPA 2002a), the t statistic for the single-effluent-concentration acute 
toxicity test is calculated and compared with the critical t set at the 5% level of significance. If 
the calculated t does not exceed the critical t, then the mean responses for the single treatment 
and control are declared “not statistically different” and the permittee reports “Pass” on the DMR 
form. If the calculated t does exceed the critical t, then the mean responses for the single 
treatment and control are declared “statistically different” and the permittee reports “Fail” on the 
DMR form. The permit should require additional toxicity testing and, ultimately, a TRE, if an 
acute WET permit limit or trigger is reported as “Fail”. 
 
2.6.2 Chronic WET Permit Limits for Low-Flow Situations 

When no mixing zone or dilution allowance is authorized, or an NPDES discharge is to a zero 
flow stream, EPA Regions 9 and 10 continue to recommend that Permitting Authorities establish 
a monthly median limit (MML) of 1.0 TUc for chronic WET (Denton and Narvaez 1996). Under 
these discharge situations, chronic WET test results showing no chronic toxicity in 100 percent 
effluent are reported as censored values at the most hazardous effluent concentration possible to 
test (i.e., RWC = <1.0 TUc in 100 percent effluent). Such results present unique issues for 
Permitting Authorities evaluating compliance with average monthly limits for chronic WET that 
are statistically calculated following EPA’s recommendations in Section 5.4.1 of the TSD, as 
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these calculated values are lower than 1.0 TUc (e.g., 0.8 TUc). While EPA Regions 9 and 10 
continue to recommend the use of statistically-calculated maximum daily limits for chronic WET 
using TSD procedures, discharges without a mixing zone or dilution allowance—where the 
governing magnitude for the monthly limit is set at 1.0 TUc in 100 percent effluent—differ from 
discharge situations where the governing magnitudes for WET are set at other effluent dilutions. 
This is because the 100 percent effluent dilution represents both the censoring level for the 
toxicity test and the most hazardous effluent concentration possible to test. 
 
Consequently, EPA Regions 9 and 10 continue to recommend direct application of 1.0 TUc as 
the monthly compliance level for NPDES discharges without a mixing zone or dilution 
allowance. In conjunction and limited to this discharge situation, because: (1) there are no values 
below 1.0 TUc and (2) an arithmetic average is sensitive to extremely large and small values, the 
median is favored as the better measure of central tendency for the monthly compliance level. 
EPA Regions 9 and 10 continue to believe that setting a median monthly limit at 1.0 TUc, rather 
than an average monthly limit at either 1.0 TUc or a statistically-calculated value lower than 1.0 
TUc, allows Permitting Authorities to: (1) make the best use of all monthly WET test results—
including those reported as censored values at the 100 percent effluent concentration—when 
evaluating compliance with monthly permit limits; and (2) continue to protect against short-term 
excursions above the 4-day average chronic criterion for WET of 1.0 TUc by establishing the 
traditional, statistically-calculated maximum daily limit for chronic WET recommended in the 
TSD. 
 
In summary, use of the MML of 1.0 TUc for chronic WET is recommended only in conjunction 
with the following permit conditions: 
 

• A statistically calculated MDL for chronic WET (TSD Section 5.4.1); and 

• Routine WET monitoring using the most sensitive test species identified through 
screening using species representing three different phyla (TSD Section 1.3.4). 

 
Appendix C of this document provides an example of EPA Region 9 and 10’s recommended 
approach for calculating chronic WET permit limits for low-flow situations. 
 
While continuing to affirm these recommendations for NPDES discharges when a mixing zone 
or dilution allowance is not authorized, EPA Regions 9 and 10 recognize that some Permitting 
Authorities may choose to establish only a maximum daily limit of 1.0 TUc for chronic WET, 
but no monthly limit. This alternative will protect against short-term excursions above the 4-day 
average chronic criterion for WET of 1.0 TUc and meet WQS, if used in lieu of the statistical 
procedure described in this document and in Section 5.4.1 of the TSD. 
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CHAPTER 3. CHRONIC AND ACUTE TOXICITY TESTING 
 
3.1 Overview 

Regardless of whether the permit requirement is a WET permit limit or monitoring trigger (MT), 
the permit writer will need to develop appropriate testing conditions such as test method/species, 
testing frequency, and steps to address toxicity (which we have termed “stepwise approach” to 
addressing toxicity).   In the 1996 document (Denton and Narvaez 1996), the EPA Regions 9 and 
10 recommended, and continue to recommend the stepwise approach of accelerated testing; if 
continued toxicity is demonstrated then the permittee needs to conduct a toxicity reduction 
evaluation (TRE). 
 
The first decision for a permit writer to make in selecting the appropriate toxicity tests is whether 
to conduct acute and/or chronic tests to address both the acute and chronic criteria.  The next 
question to answer is whether to test with freshwater or marine species. Once these decisions 
have been made, the following parameters need to be considered when selecting the appropriate 
test species:  taxonomic diversity; type of facility and toxicants; and seasonal and temporal 
effects.  See Appendix D for an example of WET permit language. 
 
3.2 Toxicity Test Methods 

3.2.1 Acute Tests 

Acute toxicity tests are used to determine the concentration of effluent or ambient water that 
results in mortality within a group of test organisms during a 24-, 48- or 96-hour exposure.  In an 
acute toxicity test, an effluent sample is collected, diluted, and placed in test chambers with the 
chosen test species. After 24, 48 or 96 hours, the number of live organisms remaining in each 
test concentration and in a control is recorded.  The acute test methods are listed in Attachment 
3-1. 
 
3.2.2 Chronic Tests 

A chronic toxicity test is defined as a short-term test in which sublethal effects, such as 
fertilization, growth or reproduction, are measured in addition to lethality (in some tests). 
Traditionally, chronic tests are full life-cycle tests or shortened tests (approximately 30 days) 
known as early life stage tests. Measuring the chronic toxicity of effluents is difficult because of 
the potential for effluent toxicity to change over time. Thus, even a shortened chronic early life 
stage test conducted in one month would have to be repeated at intervals to ensure that process 
or receiving water changes were not altering toxicity in ambient waters. In addition, toxicity 
spikes occurring during any one portion of a 30-day test could produce a different level of toxic 
response than an identical spike occurring during a different time of the test. The duration of 
chronic toxicity tests precludes the use of a single effluent sample due to probable reduction in 
toxicity with storage and requires extensive logistical arrangements for sampling and handling of 
effluent. Chronic toxicity test methods of 7 days duration require a minimum of three samples.   
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As a result of such considerations EPA has developed a suite of shorter toxicity tests (short-term 
chronic tests) that aim to detect toxicity at chemical concentrations near those that produce 
chronic toxicity in longer term tests. The short-term chronic tests were developed and selected 
based on characteristics such as sensitive species, sensitive life-stages and endpoints, taxonomic 
and ecological diversity, short duration, availability of organisms for testing, and low volume 
requirements for test solutions. These resulting tests have typical durations of 40 minutes to 7 
days, enabling tests to be run with effluent or receiving water samples at lower costs and 
increased test frequency.  The chronic test methods are listed in Attachment 3-2 and 3-3. 
 
EPA standardized the test procedures for conducting the approved acute and chronic WET test 
methods in the following three method manuals (USEPA 2002a, 2002b, 2002c), which were 
incorporated by reference into the WET final rule (67 Federal Register 69953).  See Attachment 
3-4 for a summary of WET method changes.  In addition, since first promulgating acute and 
chronic WET methods in 1995, EPA has continued to recommend that NPDES permitting 
authorities implement chronic WET in permits for West Coast facilities based on Short-Term 
Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to West Coast 
Marine and Estuarine Organisms (USEPA 1995b; West Coast manual) and other alternative 
guidance, as directed by State Permitting Authorities. This practice corresponds with the 2002 
Final WET Rule (67 Federal Register 69952, 69955). In the preamble to this rulemaking, EPA 
states: “Because test procedures for measuring toxicity to estuarine and marine organisms of the 
Pacific Ocean are not listed at 40 CFR part 136, permit writers may include (under 40 CFR 
122.41(j)(4) and 122.44[d](1)(iv)) requirements for the use of test procedures that are not 
approved at part 136, such as the Holmesimysis costata Acute Test and other West Coast WET 
methods (USEPA 1995b) on a permit-by-permit basis.”  Indeed, regulations for POTWs at 40 
CFR 122.21(j)(5)(viii) clarify that West Coast NPDES permit applicants, including those in 
Hawaii, are “exempted” from 40 CFR 136 chronic methods and must use alternative guidance as 
directed by the Permitting Authority. 
 
3.3 Selection of Freshwater or Estuarine/Marine Test Methods 

The decision of whether to use freshwater or estuarine/marine test methods is based on the 
salinity of the effluent and that of the receiving water. EPA provides technical discussion 
regarding the selection of test species (see TSD, Section 3.3.6).  A summary paper by 
Goodfellow et al. (2000) provides information on the role of ion imbalance (either excess or 
deficiency) in aquatic toxicity testing and provides various recommendations that could be 
considered in addressing these issues.  The Goodfellow et al. (2000) paper discusses procedures 
that use weight-of-evidence approaches to identify ion imbalance toxicity, including direct 
measurement, predictive toxicity models for freshwater, exchange resins, mock effluents and ion 
imbalance toxicity with tolerant/susceptible test species.  Toxicity associated with ion imbalance 
of the effluent occurs when the ion concentrations and molar ratios of the effluent exceed or do 
not meet the physiological tolerance range of the selected test organism.  States may have 
prescribed approaches which require toxicant characterization of the effluent to ascertain 
whether the toxicity is strictly due to ion imbalance and/or other toxicants within the effluent.   If 
the toxicity is strictly due to ion imbalance and has been demonstrated in the weight-of-evidence 
approach then, on a site-specific basis, an alternate test species may be substituted.   
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3.3.1 Freshwater organisms 

Freshwater organisms are used when the receiving water salinity is <1,000 mg/L (1‰).  Species 
selection for freshwater is straightforward since there are methods for only three species: a fish 
(fathead minnows), an invertebrate (water flea), and a plant (green algae).  
 
3.3.2 Estuarine/marine organisms 

Estuarine/marine test organisms are used when the receiving water salinity is ≥1,000 mg/L 
(1‰).  The EPA has test methods for test species resident to the East Coast and West Coast.  
There are two fish species (one East Coast and one West Coast), six invertebrate species (one 
East Coast and five West Coast), and one plant species (West Coast). 
 
The selection of test organism is based on effluent and receiving water characteristics insert, as 
shown in the decision tree below (Figure 3-1). 
 
Figure 3-1. Selection of Test Species Based on Effluent and Receiving Water Salinity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Saline Effluent Discharged to Estuarine/Marine Waters 
 
The dissolved salts in the effluent are possible toxicants because the type and/or proportion of 
dissolved salts in the effluent may be different from that of the dissolved salts in the receiving 
water. The toxicity test should determine if these salts contribute to receiving water toxicity. For 
this reason, estuarine/marine organisms are the preferred test species. 
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The dissolved salts in the effluent are possible toxicants that are not present in the receiving 
water. The toxicity test should determine whether the dissolved salts are contributing to 
receiving water toxicity. For this reason, freshwater organisms are the preferred test species. 
 
3.3.3 Freshwater Effluent Discharged to Estuarine/Marine Waters 

The lack of dissolved salts in the effluent can affect marine toxicity test organisms. In contrast to 
the scenarios presented above, the toxicity test does not need to measure this effect since lack of 
salts is not considered a toxic effect. The estuarine/marine toxicity test methods account for this 
by requiring the salinity of the effluent be adjusted to the protocol salinity using either dry salts 
or hypersaline brine. For this reason, estuarine/marine organisms are the preferred test 
species. 
 
3.3.4 Other Considerations 

Factors that may be considered in selecting a marine invertebrate are the types of organisms 
found at the discharge location, types of toxicants discharged by the facility, and the relative 
sensitivity of the test organisms to known toxicants in the discharge. If the discharge is located 
near the intertidal zone, then an intertidal test species may be important (e.g., red abalone or 
bivalves). If the pollutants will be discharged near a kelp forest, where mysids are commonly 
located, the mysid test method may be more appropriate. 
 
Sometimes, marine test species such as invertebrates and plants may not be amenable for testing 
at high effluent concentrations such as 100% effluent. For example, if the effluent salinity is 0‰ 
and hypersaline brine salinity is 100‰, then 66% effluent is the highest concentration that can 
be attained for tests with a salinity requirement of 34‰ when using only hypersaline brine 
(USEPA 1995a).  Therefore, a freshwater organism or a marine/estuarine organism that 
does not require hypersaline brine in the dilution water must be used if the permit limit or 
trigger is greater than the highest effluent concentration that can be tested.   However, the 
marine fish test methods, Menidia and Atherinops can be tested up to 100% effluent.  Thus, these 
fish species can be used for freshwater discharges to saltwater with 100% effluent because dry 
sea salts (artificial) can be used to attain the method-required salinity (5-36‰). 
 
3.4 Factors to Consider When Selecting Test Species 

The Permitting Authority should select the appropriate species to be tested based on taxonomic 
diversity, type of facility, types of potential toxicants, and effluent seasonal and temporal effects. 
 In addition, the Permitting Authority should evaluate any existing toxicity data provided by the 
permittee.   
 
3.4.1 Taxonomic Diversity 

In the selection of test species, EPA recommends the use of species from ecologically diverse 
taxa (see TSD, Section 1.3.4). The recommendation is to screen an effluent with at least three 
species (a fish, an invertebrate, and a plant) for chronic testing and two species (a fish and an 
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invertebrate) for acute testing. This recommendation is based upon the fact that there are species 
sensitivity differences among different groups of organisms to different toxicants.  The initial 
multiple species screening should be conducted at least three times before selecting the most 
sensitive species.  There are no acute test methods with plant species. 
 
After this screening period, monitoring should be conducted on the most sensitive test species 
(e.g., the species demonstrating the lowest NOEC or IC25 value). It is also recommended in the 
permit that the permittee shall also re-screen once every year with three species (or two species 
for acute testing).  If the same test species is the most sensitive, then the permittee shall continue 
to monitor with this test species. It is important to consider re-screening at a different time each 
year to evaluate effects of potentially different toxicants at different times of the year.  For 
example, POTWs may have pesticide usage from homeowners in the spring and not in the winter 
months.  Other factors to consider are the type of facility and seasonal and temporal effects from 
a facility. 
 
3.4.2 Type of Facility 

It is important to consider the type of toxicants that may be discharged from a facility and which 
species would be appropriate for such toxicants. For example, if a facility is discharging effluent 
that primarily consists of herbicides, a plant test method may be more appropriate.  Certain 
species have been found to be sensitive to certain toxicants. Invertebrates are more sensitive to 
organophosphate pesticides (e.g., diazinon) than fish.  Fish are more sensitive to ammonia than 
invertebrates.  In situations where multiple species screening is not practical (such as ambient 
toxicity testing programs) it may be appropriate to test with the species with known sensitivity to 
the toxicants of concern. 
 
3.4.3 Seasonal and Temporal Effects 

It may be necessary to consider potential seasonal or temporal changes in the effluent when 
selecting the appropriate testing species. For example, pesticides may be of concern after spring 
runoff or first fall flush, and typically invertebrates such as water fleas or mysids are typically 
more sensitive. 
 
Note: The Selenastrum capricornutum growth test (USEPA 2002b) now requires the addition of 
ethylenediamine tetraacetic acid (EDTA) to nutrient stock solutions when conducting this test 
under NPDES permits; Permitting Authorities are cautioned to consider this possibility when 
selecting test methods for monitoring effluents that are suspected to contain metals, as EDTA 
may interfere (i.e., mask) with the potential to ascertain the toxicity of metals. 
 
Note:  For controlling pathogen interference in the fathead minnow larval survival and growth 
test (USEPA 2002b), EPA recommends pathogen control techniques that do not modify the 
sample, such as the modified test-design technique. Upon approval by the Permitting Authority, 
however, analysts also may use various sample sterilization techniques that modify the sample to 
control pathogen interference, provided that parallel testing of unaltered samples further confines 
the presence of pathogen interference and demonstrates successful pathogen control (See chronic 
freshwater toxicity test methods manual, Sections 11.3.4.6.1 – 11.3.4.6.4). 
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3.5 Monitoring Frequency Recommendations 

Once the need for a WET limit or monitoring requirement has been determined, the frequency of 
WET testing needs to be determined. The frequency for monitoring pollutants or pollutant 
parameters such as WET should be determined on a case-by-case basis, and decisions for setting 
the monitoring frequency should be set forth in the permit fact sheet. Some states have their own 
recommended sampling guidelines that can help a permit writer determine an appropriate 
monitoring frequency. The intent is to establish a frequency of monitoring that will detect most 
events of noncompliance without requiring needless or burdensome monitoring (Table 3-1).   
 
Table 3-1 Likelihood of Detecting at Least One Toxic Event 

True Probability of Occurrence A Number of Tests  
(N) 

10% 20% 30% 

1 

2 

3 

4 

5 

6 

8 

10 

12 

16 

20 

0.10 

0.19 

0.27 

0.34 

0.41 

0.47 

0.57 

0.65 

0.72 

0.81 

0.88 

0.20 

0.36 

0.49 

0.59 

0.67 

0.75 

0.83 

0.89 

0.93 

0.97 

0.99 

0.30 

0.51 

0.66 

0.76 

0.83 

0.88 

0.94 

0.97 

0.99 

0.99 

0.99 
a Assumes negligible serial correlation among observations, and true rate of occurrence over time.  Probability of 

occurrence is stated as a percentage of the possible independent sampling events. 
 
3.5.1 Example of Probability of Detecting Toxicity 

For example, suppose the (unknown) probability is 0.20 (e.g., probability of occurrence is 20%) 
that the NOEC for a chronic Ceriodaphnia test will occur at or above the permitted TU value.  
Then, if testing is performed once per quarter (n=4), the probability that, in the course of one 
year, at least one of the four tests will demonstrate a toxicity at or above the permitted TU value 
is 0.59. The same would apply to monitoring once per year for four years (n=4). As another 
example using the same true probability of occurrence (20%), quarterly monitoring for three 
years (n=12) would be expected to exhibit at least one result exceeding the permitted TU value 
with high probability (0.93).  
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EPA recommends that the permit contain a monitoring schedule that increases or decreases in 
frequency depending on the results of WET testing after at least 20 tests have been completed 
under consistent treatment operations.  EPA Regions 9 and 10 recommend a minimum of 
monthly WET testing for majors (>1 MGD) and quarterly for minors (< 1 MGD).  The 
rationale for this is that majors, given such factors as type, size and variability of the discharge, 
as well as receiving waters, are generally expected to cause more receiving water impacts than 
minors.  However, a group of minors clustered together could have the same effect as a major.  
When establishing monitoring frequency for a given facility, the permit writer should consider 
all available information, and not rely only upon the “major” or “minor” classification. 
 
3.6 Sample Collection 

3.6.1 Effluent Sampling 

Effluents are usually collected as flow-proportional or time-weighted composite samples, except 
in instances where the residence time in the treatment plant is very short and the purpose of the 
sampling is to detect peaks (spikes) in toxicity.  The sampling site should be after the last 
treatment process (including disinfection and dechlorination) and at a location in the 
discharge stream as close to the actual discharge point as feasible.  There may be no removal 
of chlorine or any other constituent by chemical or physical means prior to testing without 
specific approval from the Permitting Authority.  See EPA test method manuals (USEPA 2002a, 
2002b, 2002c), Section 8, for discussion on selection of sample types and discussion of sample 
techniques and equipment.  Composite samples should be chilled to the specified temperature in 
the test method manuals as grab sample is being collected.  Grab samples should be chilled 
immediately following collection. 
 
As recommended in the test method manuals, EPA has not modifed the default maximum 36 
hour sample holding time (up to 72 hours with Permitting Authority approval), which must be 
met for the first use of the sample.  However, EPA has provided additional clarification and 
additional flexibility for use of samples for test renewals when the samples meet the initial 
sample holding times for first use. Sample holding times apply to “first use of the sample,” and 
samples may be used for renewal at 24, 48, and/or 72 hours after first use.  The test method 
manuals also now provide additional flexibility when shipment of renewal samples is delayed 
during an ongoing test.  If shipping problems (e.g. the unsuccessful Saturday delivery) are 
encountered with renewal samples after a test has been initiated, the Permitting Authority may 
allow the continued use of the most recently used sample for test renewal.  EPA also clarified 
that sample collection on days 1, 3, and 5 is the recommended (not required) sample collection 
scheme.  A minimum of three samples are required for seven-day chronic tests, but variations in 
the sampling scheme (i.e., the days on which new samples are collected) are also allowed. 
 
3.6.2 Sample Collection 

Grab samples should be collected beneath the surface in chemically clean, pre-labeled plastic or 
glass sample containers depending on the physical-chemical properties of the suspected target 
contaminants.  For example, polar constituents and metals can be collected in plastic containers, 
while non-polar (hydrophilic) constituents such as pesticides must be collected in glass 
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containers.  The container must be filled without head space to avoid loss of volatile 
constituents.  
 
Composite samples are typically collected using refrigerated programmable electronic samplers 
that deliver a selected volume of sample to a collection container at predetermined times.  Steps 
must be taken to assure that all collection system components are clean and free from 
contamination prior to use. 
 
3.6.3 Sample Transport and Storage 

Samples should be immediately placed in ice chests and covered with wet ice to assure that 
samples arrive at the test lab at the recommended range of 0–6 °C.  The single allowable 
exception is when a grab sample is delivered to the test laboratory within 4 hours of collection.  
Samples must be stored in the dark at 0-6 °C until tested within 36 hours.  Note that the 
composite sample holding time begins when the last volume in the 24-hour sample is collected. 
 
3.7 Dilution Water 

3.7.1 Selection of Dilution Water 

The use of dilution water is an important part of toxicity testing. Dilution water may be either 
standard laboratory water and/or receiving water. The type of dilution water used in effluent 
toxicity tests will depend largely on the objectives of the test. 
 

• If the objective of the test is to estimate the absolute acute or chronic toxicity of the 
effluent, which is the primary objective of NPDES permit-related toxicity testing, 
standard laboratory dilution water as defined in each test method is used.   

• If the objective of the test is to estimate the toxicity of the effluent in uncontaminated 
receiving water, the test may be conducted using dilution water consisting of a single 
grab sample of receiving water (if non-toxic), collected either upstream and outside the 
influence of the outfall, or with other uncontaminated natural water (ground or surface) 
or standard dilution water having approximately the same characteristics (hardness and/or 
salinity) as the receiving water.   

• If the objective of the test is to determine the additive or mitigating effects of the 
discharge on already contaminated receiving water, the test is performed using dilution 
water consisting of receiving water collected immediately upstream or outside the 
influence of the outfall. 

 
Note:  If the test organisms have been cultured in water which is different from the test dilution 
water, a second control, using culture water, should be included in the test. 
 
3.7.2 Criteria for Acceptable Dilution Water 

Acceptable dilution water for WET testing has the following properties: 
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• appropriate for the objectives of the test; 

• supports adequate performance of the test organisms with respect to survival, growth, 
reproduction, or other responses that may be measured in the test (i.e., consistently 
achieves test acceptability criteria for control responses); 

• consistent in quality; and 

• does not contain contaminants that could produce toxicity. 

 
In the test method manuals (USEPA 1995a, 2002a, 2002b, 2002c), Section 7 describes the types 
of dilution water that may be used for WET testing depending upon the objectives of the test.  
 
3.7.3 Selection of Dilution Series 

The selection of a dilution series (number and spacing of test concentrations) for WET tests is 
important in producing reliable and precise results. This is most obvious for effect concentrations 
such as NOEC and lowest-observable-effect-concentration (LOEC) values generated by 
hypothesis testing. These values are by definition limited to one of the effluent concentrations 
selected for the test. The precision of these values also is determined by the distance from the 
NOEC or LOEC to the next highest or lowest effluent concentration.  
 
The test method manuals (USEPA 1995a, 2002a, 2002b, 2002c) suggest, but do not require, a 
dilution series of 6.25%, 12.5%, 25%, 50%, and 100% effluent for most effluents. This dilution 
series should be used as a default when little information is known about the effluent being 
tested and when initial range finding indicates that the effect concentration of interest is within 
the 6.25% to 100% effluent range. In many situations, a more appropriate dilution series can be 
selected based on experience from repeated testing of a given effluent. The WET test method 
manuals do recommend a dilution factor of 0.5 for preparing test concentrations. This 
recommendation does not fix the dilution factor, but is provided to establish a lower limit on the 
dilution factor. The use of dilution factors greater than 0.5 is encouraged when historical testing 
indicates that an effluent is relatively consistent and effect concentrations generally fall within a 
given range. 
 
For effluent dominated waters, using a standard dilution series of 6.25%, 12.5%, 25%, 50%, and 
100% effluent, a measured NOEC value of 50% indicates that the transition from no observable 
effects to observable effects occurs somewhere between 50% and 100% effluent concentration 
(the NOEC-LOEC interval). Therefore, the following dilution series is recommended for 
effluent dominated (i.e., low dilution) waters: 12.5%, 25%, 50%, 62.5%, and 100%.   
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Attachment 3-1. Acute Test Methods 

Species 
Category 

Receiving 
Water Type Species Typical 

Toxicants 
Salinity Range of Effluent 

Dilutions 

Fathead minnow, 
Pimephales promelas 

ammonia, 
chlorine 

1-6‰ Freshwater 

Rainbow trout, 
Oncorhynchus mykiss 

ammonia, 
chlorine 

1-2‰ 

Silverside, Menidia 
beryllina 

ammonia, 
chlorine 

1-36‰ Note:  Can be used 
for end of pipe testing, if 
the effluent is ≥ 5‰  

Fish 
 
 
 
 

Marine 

Topsmelt, Atherinops 
affinis 

ammonia, 
chlorine 

5-36‰ Note:  Can be used 
for end of pipe testing, if 
the effluent is ≥ 5‰   

Water flea, 
Ceriodaphnia dubia 

pesticides 1-3‰ Freshwater 

Water flea, Daphnia 
pulex and Daphnia 
magna 

pesticides 1-6‰ 

Atlantic mysid, 
Mysidopsis bahia 

metals 15- 36‰ 

Invertebrate 
 
 
 
 

Marine 

Pacific mysid, 
Holmesimysis costata 

metals, 
insecticides 

32-36‰ 

Source: USEPA. 2002a. Methods for measuring the acute toxicity of effluents and receiving waters to freshwater 
and marine organisms.  Fifth Edition.  Office of Water, Washington, DC. EPA/821/R-02/012. 
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Attachment 3-2. Chronic Freshwater Test Methods 

Species 
Category 

Species Test Type Endpoints Type Toxicants 

Fish Fathead minnow, 
Pimephales promelas 

7-day renewal test survival, 
growth 

surfactants, ammonia 

Invertebrate Water flea, Ceriodaphnia 
dubia 

7-day renewal test Reproduction, 
survival 

pesticides, 
surfactants 

Plant Green alga,  
Selenastrum capricornutum 

96-hour non-
renewal 

growth metals, herbicides 

Source: USEPA. 2002b. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to 
freshwater organisms. Fourth Edition.  Office of Water, Washington, DC. EPA/ 821/R-02/013. 
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Attachment 3-3. Chronic East Coast and West Coast Estuarine/Marine Test Methods 

Category 
(Method) Species Test Type Test Endpoint Type of 

Toxicants 

Salinity Range 
of Effluent 
Dilutions 

Fish 
(West Coast)a 

Topsmelt, Atherinops 
affinis 

7-day 
renewal 

survival, 
growth 

ammonia, 
chlorine, 
surfactants 

10-36‰ 

Fish 
(East Coast)b 

Inland silverside, 
Menidia beryllina 

7-day 
renewal 
 

survival, 
growth 

surfactants,  
chlorine, 
ammonia 

5-36‰ 

Pacific mysid, 
Holmesimysis costata 

7-day 
renewal 

survival, 
growth, 
fecundity 

metals, 
insecticides 

32-36‰ 

Red abalone, Haliotis 
rufescens 

48-hr non-
renewal 

shell 
development 

metals, 
surfactants 

32-36‰ 

Mussels,  
Mytilus sp.,  
Oyster, Crassostrea 
gigas 

48-hr non-
renewal 

larval 
development 

metals, 
chlorine 

28-32‰ 

Invertebrate 
(West Coast) a 
 
 
 
 

Purple urchin,  
S. purpuratus, 
Sand dollar, Dendraster 
excentricus 

48-hr non-
renewal 

larval 
development; 
fertilization 
 

metals, 
chlorine 

32-36‰ 

Invertebrate 
(East Coast) b 

Atlantic Mysid, 
Mysidopsis bahia 

7-day 
renewal 

survival, 
growth, 
fecundity 

metals, 
ammonia, 
insecticides 

15-36‰ 

Plant 
(West Coast) a 

Giant kelp, Macrocystis 
pyrifera 

48-hr non-
renewal 

germination, 
germ-tube 
length 
(growth) 

metals 32-36‰ 

a USEPA. 1995a Short-term methods for estimating the chronic toxicity of effluents and receiving waters to West 
Coast marine and estuarine organisms. Office of Research and Development. Cincinnati, OH. 
EPA/600/R-95/136.   

b USEPA. 2002c. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to 
marine and estuarine organisms. Third Edition. Office of Water, Washington, DC. EPA/821/R-02/014. 
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Attachment 3-4. Wet Test Method Rule 
 
The EPA administrator signed the WET methods rule on November 19, 2002, and promulgated 
in the FR Notice (67 Federal Register 69952 et seq., November 19, 2002) test methods in 40 
CFR Part 136, which are further detailed in USEPA 2002a, 2002b, and 2002c.  This FR notice 
provides the statutory authority, background of WET, summary of final rule, changes from 
proposed rule, response to major comments, statutory and executive order reviews, and 
references, all of which are useful to permitting authorities implementing WET.  The following 
is a list of those method changes.  This document does not include the WET rule details that are 
specific to conducting a specific test method (e.g., blocking by known parentage) as that is 
necessary for the testing laboratory to understand and conduct properly.   
 
Summary of Final Rule 
 
WET Method Changes 
 

• Minor corrections and clarifications, 

• Incorporation of updated method precision data, 

• Requirement for “blocking” by known parentage in the Ceriodaphnia  dubia Survival 
and Reproduction test, 

• Specification of procedures to control pH drift that may occur during testing, 

• Review procedures for the evaluation of concentrations-response relationships, 

• Clarification of limitations in the generation of confidence intervals, 

• Guidance on dilution series selection, 

• Clarification of requirements regarding acceptable dilution waters, 

• Procedures for determining and minimizing the adverse impact of pathogens in the 
Fathead Minnow Survival and Growth Test, 

• Requirement for the use of ethylenediaminetetraacetic acid (EDTA) in the Selenastrum 
capricornutum Growth Test. 

 
Additional Revisions to WET Test Methods 
 

• Requirement to meet specific variability criteria when NPDES permits require sublethal 
WET testing endpoints expressed using hypothesis testing, 

• Increases in the required minimum number of replicates for several tests, 

• Clarification of required and recommended test conditions for the purposes of reviewing 
WET test data submitted under NPDES permits, 

• Additional clarification of sample holding times, 
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• Clarification of requirements for reference toxicant testing and additional guidance on 
evaluating reference toxicant test results, 

• Clarification of allowable sample holding temperatures, 

• Clarification of biomass as the measured endpoint in survival and growth tests, 

• Clarification of requirements for measuring total residual chlorine in WET samples, 

• Modification of the test terminations criteria for the Ceriodaphnia dubia Survival and 
Reproduction Test to exclude the counting of fourth brood neonates, 

• Additional minor corrections identified by commenters.  
 
References 
 
USEPA. 2002a. Methods for measuring the acute toxicity of effluents and receiving waters to 

freshwater and marine organisms. Fifth Edition. Office of Water, Washington, DC. 
EPA/821/R-02/012.   

 
USEPA. 2002b. Short-term methods for estimating the chronic toxicity of effluents and 

receiving waters to freshwater organisms. Fourth Edition. Office of Water, Washington, DC. 
EPA/821/R-02/013. 

 
USEPA. 2002c. Short-term methods for estimating the chronic toxicity of effluents and receiving 

waters to marine and estuarine organisms. Third Edition. Office of Water, Washington, DC. 
EPA/821/R-02/014. 

  

RB-AR25720



  TEST REVIEW AND EVALUATION OF TEST RESULTS 

Page 54 

CHAPTER 4. TEST REVIEW AND EVALUATION OF TEST RESULTS 
 
4.1 Overview 

This chapter is designed to provide the permit writer a background for evaluating and reviewing 
WET test results.  The statistics used to analyze WET test results are discussed, as well as the 
quality assurance procedures necessary to implement a successful WET testing program.  Test 
review is an important part of an overall quality assurance program (see Section 4 of test method 
manuals) and is necessary for ensuring that all test results are reported accurately. Test review 
should be conducted on each test by both the testing laboratory and the Permitting 
Authority. 
 
This chapter will describe the two statistical approaches typically used to generate the toxicity 
test effect concentrations.  Effect concentrations are concentrations of a test material (i.e., 
effluent, reference toxicant, receiving or stormwater) associated with the observed biological 
endpoints (e.g., mortality, growth) followed by data for which is analyzed using either 
hypothesis testing procedures or point estimate techniques.  This chapter will also discuss the 
test review process for Permitting Authorities which includes:  
 

• examination of the sample handling and collection,  

• review of test conditions,  

• review of test acceptability criteria (TAC),  

• review of concentration-responses and  

• evaluation of percent minimum significant differences (PMSDs; test variability)  

 
4.2 Terms and Definitions 

Effect concentrations are concentrations of the test material (e.g., effluent) that produce a 
specified degree of toxic response or effect (e g., the LC50 is the concentration that produces 50% 
mortality).  Effect concentrations are derived from the observed biological endpoints using either 
hypothesis testing procedures or point estimate techniques.   
 
Hypothesis testing is a statistical procedure (e.g., Dunnett's test) for determining whether a test 
concentration is statistically different from the control.  Endpoints determined from hypothesis 
testing in aquatic toxicity methods are NOECs and LOECs.    
 
Point estimate procedures are used to determine the toxic concentration that would cause an 
observable adverse effect (e.g., reduced growth, expressed as EC25) in a given percent of test 
organisms, calculated from a continuous model (e.g., Probit model).  Endpoints determined from 
point estimates include LC50 for acute and EC25 for chronic methods.  EC25 is a point estimate of 
the toxicant concentration that would cause an observable adverse effect in 25 percent of the test 
organisms. 
 
A flow chart of the test review and evaluation process is shown in Figure 4-1 below. 
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Figure 4-1. Test Review and Evaluation Process Flow Chart 

 

 
4.3 Statistical Approaches to Evaluate Multiple-Concentration Test Designs 

This section will highlight some of the statistical discussions covered in the EPA acute (USEPA 
2002a) and chronic test methods (USEPA 1995a, 2002b, 2002c). The objective of a toxicity test 
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is to estimate the highest "safe" or "no-effect concentration" of an effluent, stormwater or 
ambient water. When a single WET test is conducted, the observed toxicological measured 
biological endpoints (e.g., survival, reproduction, growth) are recorded. At the end of a test, the 
data are subjected to an array of statistical analyses to quantify the effects observed during the 
test. EPA test methods currently recommend two statistical approaches to estimate effect 
concentrations either hypothesis testing approaches and point estimate techniques both of which 
are applicable for acute and chronic testing.  A good review and discussion of pros and cons of 
these two statistical approaches is highlighted in Fox and Denton (2002). 
 
The statistical methods used for analyzing test data should be reviewed to verify that the 
recommended flowcharts for statistical analysis were followed. Any deviation from the 
recommended flowcharts for selection of statistical methods should be noted in the data report. 
In all cases (flowchart recommended statistical approaches or flowchart deviations), the 
data reviewers should verify that necessary assumptions are met for the statistical 
approach used.   
 
4.3.1 Hypothesis testing procedures 

Hypothesis testing procedures, such as the Dunnett’s test, are used to determine the NOEC. The 
NOEC is the highest concentration of toxicant to which organisms are exposed in a toxicity test 
that causes no observable adverse effects on the test organisms (i.e., the highest concentration of 
toxicant in which the values for the observed responses are not statistically significantly different 
from the controls). Determining the NOEC does not mean, though, that there was "no toxic 
effect", only that no statistically significant effect was observed.  
 
The procedures consist of an analysis of variance (ANOVA) to determine the error term, which 
is then used in a multiple comparison procedure for comparing each of the treatment means with 
the control mean, in a series of paired tests. The assumptions when using ANOVA are that the 
data are distributed normally when tested by Shapiro-Wilk's Test and that the group variances 
are homogenous when tested by Bartlett’s Test. In cases where the number of replicates for each 
concentration is not equal, a test may be performed with Bonferroni's adjustment for multiple 
comparisons, instead of using Dunnett's procedure. If either of the two statistical assumptions 
(normality or homogeneity of variance) fails, then one of the two non parametric tests should be 
used. The Steel’s Many-One Rank Test should be used if there are four replicates per test 
concentration. If the number of replicates is not equal, then Wilcoxon Rank Sum Test with 
Bonferroni’s adjustment should be used.  (See EPA test method manuals, Chapter on Data 
Analysis, USEPA 1995a, 2002a, 2002b, 2002c). 
 
Hypothesis tests provide comparisons between one or more effluent concentrations and an 
appropriate dilution water control. The benefits of hypothesis testing include the following: 
 

• the results can provide statistical information regarding test variability (e.g., minimum 
significant difference (MSD) 

• the results inform the regulator of the NOEC  
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• the researcher can use the same statistical methods for many different test methods and 
endpoints; 

• the researcher can test just the instream waste concentration (IWC) vs. the control (by 
using a standard t-test); and, 

• the researcher can use routine statistical analyses (USEPA 1995a, 2002a, 2002b). 

 
An important criticism of hypothesis tests is that they might have either poor or excessive 
statistical power since the majority of analyses do not constrain statistical beta error (see 
Attachment 4-1 for a discussion on defining false positives and false negatives).  In one case, a 
large effect size (e.g., significant biological effect) might not be statistically significant, but in 
another case a small effect size (e.g., small biological effect) might be statistically significant. 
Another criticism of hypothesis testing is that no true dose-response relationship can be derived 
using the hypothesis test, since the NOEC is dependent upon the selection of the dilution series.  
The true effect level might lie somewhere in between the NOEC and the LOEC. For example, 
with an NOEC of 25% and an LOEC of 50%, the actual NOEC might lie somewhere between 
these values. The inability to generate precision estimates with NOECs is also a criticism. 
 
To alleviate some of these concerns, the spacing of the dilution series should be carefully 
selected. Ideally the concentrations should bracket the IWC and include the IWC as one of the 
test concentrations. In addition, the within-test variability of individual tests should be reviewed 
(see discussion on PMSDs).  When NPDES permits require sublethal hypothesis testing 
endpoints, the within-test variability must be reviewed and variability criteria must be applied 
(see Attachment 4-2 on defining test precision). 
 
4.3.2 Point estimate techniques 

Point estimation technique is used to determine the toxicant concentration that would cause an 
observable adverse effect in a given percent "p" of the organisms. For point estimates, typically 
the results are reported as the effective concentration (EC) or the inhibition concentration (IC).  
ECp is generally used with quantal endpoints (e.g., survival or fertilization).   When survival is 
the quantal endpoint, the ECp is typically expressed as the LCp (lethal concentration).  The 
inhibition concentration, ICp, is generally used for tests where a nonquantal continuous 
endpoints (e.g., length, weight, or reproduction) are measured. 
 
Most point estimate endpoints, such as the LC, EC, or IC are derived from a mathematical model 
that assumes a continuous concentration-response relationship.  By definition, any LC, EC, or IC 
value is an estimate of some amount of adverse effect. Thus the assessment of a "safe" 
concentration must be made from a biological standpoint rather than with a statistical test. The 
biologist must determine some amount of adverse effect that is deemed to be "safe," in the sense 
that from a practical biological viewpoint it will not affect the normal propagation of fish and 
other aquatic life in receiving waters. 

 
The statistical models are highlighted in the EPA test method manuals flowchart. Probit analysis 
is used to estimate LC or EC values from 1 to 50 percent effect of the test organisms measuring 
quantal endpoints (e.g., survival, fertilization, germination, larval development). The analysis 
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consists of adjusting the data for mortality in the control, and then using a maximum likelihood 
technique to estimate the parameters of the underlying log tolerance distribution, which is 
assumed to have a particular shape. 
 
Probit analysis is contingent on the assumption of a normal distribution of log tolerances. If the 
normality assumption is not met, and at least two partial mortalities are not obtained, Probit 
analysis should not be used.  It is important to check the results of the Probit analysis to 
determine if use of this analysis is appropriate. The chi-square test for heterogeneity provides a 
good test of appropriateness of the analysis.  The computer program checks the chi-square 
statistic calculated for the data set against the tabular value, and provides an error message if the 
calculated value exceeds the tabular value. 
 
If an acute toxicity data does not fit the Probit model, then LC50 may be estimated by Spearman-
Karber method or the trimmed Spearman-Karber for acute toxicity only. If a test results in 100% 
survival and 100% mortality in adjacent treatments (all or nothing effect), the LC50 may be 
estimated using the Graphical method. If chronic toxicity endpoints, the Linear Interpolation 
method should be used when Probit analysis is not appropriate, since the effect 
concentration needed to be observed is less than a 25% effect. 
 
The Linear Interpolation method is a procedure to calculate a point estimate of the effluent or 
other toxicant concentration that causes a given percent reduction of the test organisms (e.g., 
≤25% effect) in continuous endpoints (e.g., reproduction or growth). Use of the Linear 
Interpolation method is based on the assumptions:  
 

• the responses are monotonically non-increasing (the mean response for each higher 
concentration is less than or equal to the mean response for the previous concentration) 

• the responses follow a piece-wise linear response function, and 

• the responses are from a random, independent, and representative sample of test data. 

 
4.3.3 Point estimate confidence intervals 

EPA acknowledges that some point estimation techniques do not generate confidence intervals, 
but this does not preclude the use of point estimates in compliance determinations. Confidence 
intervals are not currently reported in the Permit Compliance System (the national database 
tracking compliance with NPDES permits) nor are they used in compliance determinations.  
Compliance with permit requirements is based on the point estimate itself and not confidence 
intervals surrounding the estimate.  This approach is no different in WET testing than in 
chemical testing, where compliance is also based on the analytical result itself.  
4.4 Statistical Approaches to Evaluate 2 Sample-Concentration Test Designs 

Often in ambient and stormwater toxicity testing design, a laboratory control and a single 
concentration (e.g., 100% stormwater or ambient water) is tested. In these pass/fail tests, the 
objective is to determine if the survival in the single treatment (e.g., effluent, ambient, 
stormwater) is significantly different from the control survival.  In this testing design the 
determination of pass or fail from a single aqueous concentration is ascertained with a standard t-
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test (USEPA 2002a, see figure 12 of the acute toxicity “Data analysis section” or in the chronic 
test method manuals, the appendix on “Single-concentration toxicity test - comparison of control 
with 100% effluent or receiving water”).   First, after the data have been transformed, a test of 
the assumption of normality is conducted with the Shapiro Wilk's test. The F test for equality of 
variances is used to test the homogeneity of variance assumption. To perform the t-test, obtain 
values for the means and variances and use the one-tailed test at the 0.05 level of significance. If 
the calculated t is greater than the critical t, the conclusion is that the survival in the 100% 
ambient or stormwater test concentration is significantly less than the survival in the control (i.e., 
the sample is toxic). EPA Regions 9 and 10 recommend that the statistical significance (i.e., 
pass/fail) of a two-sample test design be determined with either a modified t-test (if 
homogeneity of variance is not achieved) or a standard t-test (if homogeneity of variance is 
achieved). 
 
4.5 Test Review Considerations 

Test review is an important part of an overall quality assurance program (see QA/QC chapter in 
the test methods manual). It is necessary to ensure that all test results are reported accurately.  
Test review should be conducted on each test by both the testing laboratory and the Permitting 
Authority.   The components of test review include: 
 

• review of sample handling and collection,  

• review of test acceptability criteria,  

• review of test conditions,  

• review of concentration-response relationships,  

• review of reference toxicant tests, and  

• review of test variability (i.e., examination of PMSD values).      

 
4.6 Review of Sampling and Handling 

The collection and handling of samples are reviewed to verify that the sampling and handling 
procedures (see Section 8 of the test method manuals) were followed. Chain-of-custody forms 
are reviewed to verify that samples were tested within allowable sample holding times. Any 
deviations from the procedures given in Section 8 of the test method manuals should be 
documented and described in the data report. 
4.7 Review of Test Acceptability Criteria 

Test acceptability criteria (TAC) set minimum requirements for performing toxicity tests. These 
minimum requirements are clearly identified in the test method manuals. Both effluent and 
reference toxicant tests must meet these TAC. As should be stated in the NPDES permit, if a test 
fails either the effluent or reference toxicant TAC, then the permittee must repeat the test as soon 
as possible. For example, the control for both the effluent test and the reference toxicant test 
must achieve 80% or greater survival and produce an average of 15 young per female for the 
chronic water flea survival and reproduction test method. These requirements are stated in the 
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summary of test conditions and test acceptability criteria table in each chapter for the test method 
manuals.  Note, for each test method there is a table in the manuals titled, “Summary of test 
conditions and test acceptability criteria” for each test species.  The Permitting Authority should 
be familiar with these summary test conditions and TAC. 
 
Test data are reviewed to verify that TAC requirements for a valid test have been met. Any test 
not meeting the minimum TAC is considered invalid. All invalid tests must be repeated 
with a newly collected sample, as soon as possible, but no later than 14 days. 
 
4.8 Review of Test Conditions 

Test conditions are reviewed and compared to the specifications listed in the summary of test 
condition tables provided for each method. Physical and chemical measurements taken during 
the test (e.g., temperature, pH, and dissolved oxygen) also are reviewed and compared to 
specified ranges. Any deviations from specifications should be documented and described in the 
data report. 
 
The summary of test condition tables presented for each method identifies test conditions as 
required or recommended. For WET test data submitted under NPDES permits, all “required” 
test conditions must be met or the test is considered invalid and must be repeated with a newly 
collected sample. Deviations from “recommended” test conditions must be evaluated on a case-
by-case basis to determine the validity of test results. Deviations from recommended test 
conditions may or may not invalidate a test result depending on the degree of the departure and 
the objective of the test. The reviewer should consider the degree of the deviation and the 
potential or observed impact of the deviation on the test result before rejecting or accepting a test 
result as valid. For example, if dissolved oxygen is measured below 4.0 mg/L in one test 
chamber, the reviewer should consider whether any observed mortality in that test chamber 
corresponded with the drop in dissolved oxygen. 
 
Also, an individual test may be conditionally acceptable if temperature, dissolved oxygen and 
other specified conditions fall outside specifications, depending on the degree of the departure 
and the objectives of the tests (see test conditions and test acceptability criteria specified for each 
test method). The acceptability of the test will depend on the experience and professional 
judgment of the laboratory investigator and the Permitting Authority (see section on data 
evaluation in the test method manuals).  Whereas slight deviations in test conditions may not 
invalidate an individual test result, test condition deviations that continue to occur frequently in a 
given laboratory may indicate the need for improved quality control in that laboratory. 
4.9 Review of Reference Toxicants 

The purpose of generating reference toxicant data is (1) to asses the health and sensitivity of test 
organisms over time, and 2) to document and demonstrate initially and ongoing acceptable 
laboratory performance.  Satisfactory laboratory performance is demonstrated by performing at 
least one acceptable test per month with a reference toxicant for each toxicity test method 
conducted in the laboratory during a month.  For a given test method, successive tests must be 
performed with the same reference toxicant, at the same concentrations in the same 
dilution water, using the same data analysis methods.  Regardless of the source of test 
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organisms (in-house cultures or purchased from external suppliers), the testing laboratory must 
perform at least one acceptable reference toxicant test per month for each type of toxicity test 
method conducted in that month.  If a test method is conducted only monthly, or less frequently, 
a reference toxicant test must be performed concurrently with each effluent toxicity test.  This 
requirement will document ongoing laboratory performance and assess organism sensitivity and 
consistency when organisms are cultured in-house.  When organisms are obtained from external 
suppliers, concurrent reference toxicant test must be performed with each effluent sample, unless 
the test organism supplier provides control chart data from at least the last five months of 
reference toxicant testing.  This requirement assesses organism sensitivity and health when 
organisms are obtained from external vendors. 
 
The test review of a given effluent or receiving water should include review of the associated 
reference toxicant test and current control chart.  The test reviewer should verify that a quality 
control reference toxicant test was conducted according to the specified frequency required by 
the Permitting Authority or recommended by the method.  The TAC, test conditions, 
concentration-response relationship, and test sensitivity of the reference toxicant tests are 
reviewed to verify that the reference toxicant tests conducted were valid.  The results of the 
reference toxicant tests are then plotted on a control chart and compared to the current control 
chart limits.  Reference toxicant tests that fall outside of the recommended control chart limits 
are evaluated to determine the validity of associated effluent and receiving water tests (see 
chapter on quality assurance of test method manuals). Reference toxicant tests should not be 
used as a de facto criterion for rejection of individual effluent or receiving water tests.  An out of 
control reference toxicant test does not necessarily invalidate the associated test results.  The 
reviewer should consider the degree to which the reference toxicant test fell outside of the 
control chart limits, the width of the limits, the direction of the deviation (toward increasing test 
organism sensitivity or toward decreasing test organism sensitivity), the test conditions of both 
the effluent and the reference toxicant tests, and the objective of the test.  More frequent and/or 
concurrent reference toxicant testing may be advantageous if recent problems (e.g. invalid tests, 
reference toxicant test results outside of control chart limits, reduced health of organism cultures, 
or increased within-test variability) have been identified in testing.   
 
4.10 Review of Concentration-Response Relationships 

In toxicology, it is conventional to plot the data in the form of a curve relating the dose of the 
chemical to cumulative percentage of test organism demonstrating a response such as death or 
reduced growth. Typically, as the toxicant increases in concentration a greater biological 
response is measured (e.g., increase in lethality, or decrease in growth or reproduction). 
 
The concept of a concentration-response or a dose-response relationship is “the most 
fundamental and pervasive one in toxicology” (Casarett and Doull 1975). Note, a concentration-
response relationship is analogous to the dose-response relationship employed in mammalian 
toxicity testing. This concept assumes that there is a causal relationship between the dose of a 
toxicant (or concentration for toxicants in solution) and a measured response. A response may be 
any measurable biochemical or biological parameter that is correlated with exposure to the 
toxicant. The classical concentration-response relationship is depicted as a sigmoidal-shaped 
curve, however, the particular shape of the concentration-response curve may differ for each 
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coupled toxicant and response pair. In general, more severe responses (such as acute effects) 
occur at higher concentrations of the toxicant, and less severe responses (such as chronic effects) 
occur at lower concentrations. A single toxicant also may produce multiple responses, each 
characterized by a concentration-response relationship. A corollary of the concentration-
response concept is that every toxicant should exhibit a concentration-response relationship, 
given that the appropriate response is measured and given that the concentration range evaluated 
is appropriate. Use of this concept can be helpful in determining whether an effluent is toxic and 
in identifying anomalous test results. 
 
The concentration-response relationship generated for each multi-concentration test must be 
reviewed to ensure that calculated test results are interpreted appropriately. EPA’s document 
(USEPA 2000a) provides guidance on evaluating concentration-response relationships to assist 
in determining the validity of WET test results. All WET test results (from multi-
concentration tests) reported under the NPDES program should be reviewed and reported 
according to EPA guidance on the evaluation of concentration-response relationships 
(USEPA 2000a). The EPA guidance (2000a) provides review steps for 10 different 
concentration-response patterns that may be encountered in WET test data.  Based on the review, 
the guidance provides one of three determinations:  
 

• that calculated effect concentrations are reliable and should be reported,  

• that calculated effect concentrations are anomalous and should be explained, or  

• that the test was inconclusive and should be repeated with a newly collected sample.  

 
It should be noted that the determination of a valid concentration-response relationship is not 
always clear cut. Data from some tests may suggest consultation with professional toxicologists 
and/or regulatory officials. Tests that exhibit unexpected concentration-response relationships 
also may indicate a need for further investigation and possible retesting.  
 
4.11 Review of Test Variability 

When NPDES permits require sublethal hypothesis testing endpoints for the chronic test 
methods USEPA 2002b, 2002c (e.g., growth or reproduction NOECs and LOECs), the 
within-test variability must be reviewed and variability criteria must be applied as 
described in this section.  When the methods are used for non-regulatory purposes, the 
variability criteria are recommended but are not required, and their use (or the use of alternative 
variability criteria) may depend upon the intended uses of the test results and the requirements of 
any applicable data quality objectives and quality assurance plan.  Good test precision or low 
within-test variability is a general measure of test quality (see Attachment 4-2).  Note: the 
Permitting Authority may always be more stringent than specified as above. 
 
To measure test variability, calculate the PMSD achieved in the test. The PMSD is the smallest 
percentage decrease in growth or reproduction from the control that could be determined as 
statistically significant in the test. The PMSD is calculated as 100 times the MSD divided by the 
control mean. The MSD equation is shown in Attachment 4-1. PMSD may be calculated 
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legitimately as a descriptive statistic for within-test variability, even when the hypothesis test is 
conducted using a non-parametric method. The PMSD bounds were based on a representative set 
of tests, including tests for which a non-parametric method was required for determining the 
NOEC or LOEC.  The hypothesis testing procedures to determine test results should follow the 
statistical flow charts provided for each method. That is, when test data fail to meet assumptions 
of normality or heterogeneity of variance, a nonparametric method (determined following the 
statistical flowchart for the method) should be used to calculate test results, but the PMSD may 
be calculated as described above (using parametric methods) to provide a measure of test 
variability. 
 
Compare the PMSD measured in the test with the upper PMSD bound variability criterion listed 
in Table 4-1. When the test PMSD exceeds the upper bound, the variability among replicates is 
unusually large for the test method. Such a test should be considered insufficiently sensitive to 
detect toxic effects on growth or reproduction of substantial magnitude. A finding of toxicity at a 
particular concentration may be regarded as trustworthy, but a finding of "no toxicity" or "no 
statistically significant toxicity" at a particular concentration should not be regarded as a reliable 
indication that there is no substantial toxic effect on growth or reproduction at that concentration. 
 
If the PMSD measured for the test is less than or equal to the upper PMSD bound variability 
criterion in Table 4-1, then the test's variability measure lies within normal bounds and the effect 
concentration estimate (e.g., NOEC or LOEC) would normally be accepted unless other test 
review steps raise serious doubts about its validity.  If the PMSD measured for the test exceeds 
the upper PMSD bound variability criterion in Table 4-1, then one of the following two cases 
applies. 
 
If toxicity is found at the permitted receiving water concentration (RWC) based upon the value 
of the effect concentration estimate (NOEC or LOEC), then the test shall be accepted and the 
effect concentration estimate may be reported, unless other test review steps raise serious doubts 
about its validity. 
 
If toxicity is not found at the permitted RWC based upon the value of the effect concentration 
estimate (NOEC or LOEC) and the PMSD measured for the test exceeds the upper PMSD 
bound, then the test shall not be accepted, and a new test must be conducted promptly on a newly 
collected sample (preferably within 14 days). 
 
To avoid penalizing laboratories that achieve unusually high precision, lower PMSD bounds 
shall also be applied when a hypothesis test result (e.g., NOEC or LOEC) is reported. Lower 
PMSD bounds, which are based on the 10th percentiles of national PMSD data, are presented in 
Table 4-1. The 10th percentile PMSD represents a practical limit to the sensitivity of the test 
method because few laboratories are able to achieve such precision on a regular basis and most 
do not achieve it even occasionally. In determining hypothesis test results (e.g., NOEC or 
LOEC), a test concentration shall not be considered toxic (i.e., significantly different from the 
control) if the relative difference from the control is less than the lower PMSD bounds in Table 
4-1.  
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If the permit specifies that self-monitoring data are to be generated using hypothesis testing 
approaches, then the analyst should report the NOEC as follows.  Find the smallest concentration 
for which (a) the treatment mean differs significantly from the control mean and (b) the relative 
difference (see example below) is not smaller than the 10th percentile in Table 4-2.  Therefore, 
the NOEC is the next smaller test concentration. In other words, concentrations having a very 
small relative difference from the control (smaller than the lower PMSD bound) would be treated 
as if they do not differ significantly from control (even if they do so), for the purpose of 
determining the NOEC. 
 
Table 4-1 Variability Criteria (Upper and Lower PMSD Bounds) for Sublethal 

Hypothesis Testing Endpoints Submitted Under NPDES Permitsa 

Test Method Endpoint Lower PMSD 
Bound 

Upper PMSD 
Bound 

Method 1000.0 Fathead Minnow 
Larval Survival and Growth Testb 

Growth 12 30 

Method 1002.0 Ceriodaphnia dubia 
Survival and Reproduction Testb 

Reproduction 13 47 

Method 1003.0 Selenastrum 
capricornutum Growth Testb 

Growth 9.1 29 

Method 1006.0, Inland Silverside 
Larval Survival and Growth Testc 

Growth 11 28 

Method 1007.0, Mysidopsis bahia 
Survival, Growth and Fecundity 
Testc 

Growth 11 37 

a Lower and upper PMSD bounds were determined from the 10th and 90th percentile, respectively, of 
PMSD data from EPA’s WET Interlaboratory Variability Study (USEPA 2001a; USEPA 2001b) 

b USEPA 2002b 
c USEPA 2002c 
 
Table 4-2 illustrates the application of the lower PMSD bound for the reproduction endpoint of a 
Ceriodaphnia chronic test.  In this example, the effluent test’s PMSD was 9.9, smaller than the 
10th percentile value of 13 (USEPA 2002b).  The IWC concentration differed significantly from 
the control.  The test falls under outcome number 5, a significant but very small difference at the 
IWC.  The first step is to calculate the relative differences from control (Table 4-1) as [(control 
mean - treatment mean) divided by (control mean)] × 100.  The next step is to determine which 
relative differences exceed the PMSD lower bound, 13 in this case (see the 3rd column of Table 
4-1).  Finally, the NOEC is determined as described above.  The NOEC is 12.5 percent effluent 
for this example. 
 
Table 4-2 Example of Applying the Lower PMSD Bound for the Chronic 

Ceriodaphnia dubia Test with the Reproduction Endpoint 

 
Concentration 

 
Reproduction 

 
Relative Difference 

 
Does Relative Difference 
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(Percent Effluent) (Mean Of Ten Replicates) From Control Exceed 13? 
 
100% 

 
5.08 * 

 
82 

 
Yes 

 
50% 

 
12.4 * 

 
56 

 
Yes 

 
25% 

 
23.4 * 

 
17 

 
Yes 

 
IWC = 12.5% 

 
25.3 * 

 
10 

 
No 

 
6.25% 

 
26.1 

 
7.4 

 
No 

 
Control 

 
28.2 

 
0 

 
No 

* Differs statistically from the control as determined by MSD = 2.8 neonates.  Thus, treatment means that 
are less than 28.2 - 2.8 = 25.4 would be statistically significant. These correspond to relative 
differences greater than 100 (2.8 / 28.2) = 9.9 percent.  

  
NOTE: The lower PMSD bound for this method and endpoint is 13.  In this example, the statistically 

determined NOEC is 6.25 percent effluent using the test’s (very small) PMSD of 9.9.  Therefore, 
the reported NOEC should be 12.5 percent effluent after applying the lower PMSD bound. 
 

To assist in reviewing within-test variability, EPA recommends maintaining control charts of 
PMSDs calculated for successive effluent tests (USEPA 2000b). A control chart of PMSD values 
characterizes the range of variability observed within a given laboratory, and allows comparison 
of individual test PMSDs with the laboratory’s typical range of variability. Control charts of 
other variability and test performance measures, such as the MSD, standard deviation or CV of 
control responses, or average control response, also may be useful for reviewing tests and 
minimizing variability.  
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Attachment 4-1. Background Statistics: Hypothesis Testing 
 
One objective of a toxicity test is to determine if the toxicological measurement endpoint in one 
treatment (an effluent dilution) differs from the endpoint in another treatment (a control). The 
null hypothesis (H0) is that there is no difference between the two treatments (i.e., the effluent or 
ambient water is not toxic). The alternative hypothesis (Ha) is that there is a statistical difference 
between the control and the treatment (i.e., the effluent or ambient water is toxic). The table 
below presents the possible outcomes and decisions that can be reached in hypothesis testing. 
 
Comparison of Type I and Type II Statistical Decision Errorsa 

Decision True Condition 
Treatment = Control 

True Condition 
Treatment > Control 

Treatment = Control 
 

Correct Decision 
(1 – α) 

False Negative 
Type II error (β) 

Treatment > Control False Positive 
Type I error (α) 

Correct Decision 
(1- β) (power) 

a The alpha, α, represents the probability of a type I statistical error (i.e., false positive) and beta, β, is the 
probability of making a type II statistical error (i.e., false negative). 

 
Hypothesis tests can be designed to control (minimize) the chances of making incorrect 
decisions.  A Type I error (alpha, α) results in the false conclusion that an effluent is toxic when 
the effluent is not toxic.  A Type II error (beta, β) results in the false conclusion that the effluent 
is not toxic, when the effluent is actually toxic.  Traditionally, acceptable values for α have 
ranged from 1 to 10% with 5% used most commonly.  This choice should depend upon the 
consequences of making a Type I error. Historically, having chosen α, environmental researchers 
have ignored β and the associated power of the test (l- β).  Power is the probability of correctly 
detecting a true toxic effect (i.e., declaring an effluent toxic when in fact it is toxic). 
 
α and β are dependent on each other (as α increases, β decreases), assuming that sample size 
(number of treatments, number of replicates), the amount of difference to detect and the 
variability are held fixed. Increasing α level of a statistical test increases the power of the test, if 
all other factors are held constant. Selection of the appropriate α level of a test is a function of 
the costs associated with making Type I errors. For a given α, β decreases (power increases) as 
the sample size increases and the variance decreases. The desired power of the statistical analysis 
should be considered in the study plan development. 
 
The use of the statistical tests can protect regulators from concluding the effluent is toxic when it 
is not. The statistical tests can control the risk of a Type I error, which is important when the 
results are shown to be toxic. Without a power analysis, the assurance that a sample is not toxic 
is questioned, and the possibility exists that a false negative has occurred. 
 
Although the EPA test method manuals (USEPA 1995a, 2002a, 2002b, 2002c) require an α of 
0.05 (5%), a level of β is not specified.  If β is not specified, then we might not detect toxicity 
when, in fact, an effluent is toxic. Without specifying the level of β, there is little incentive for a 
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testing laboratory to produce precise test results (i.e., limit test variability). Therefore, EPA 
requires the review of percent minimum significant difference (PMSDs) by testing laboratories 
and Permitting Authorities. Note, the EPA (2000b) discussed using an α level of 0.01 under 
specific conditions.  However, in the final WET methods rule, EPA recommended that only 
an α rate of 0.05 is to be used. 
 
Test sensitivity and minimum significant difference 
 
The MSD is a measure of the within-test variability and represents the amount of difference from 
the control that can be detected statistically.  
 
The following formula is used to calculate MSD (described by USEPA 1995a, 2002a, 2002b, 
2002c): 
 
 MSD = d sw )/1()/1( 1 nn +  
 
Where 
 

d = critical value for the Dunnett's procedure. 
sw = the square root of the within mean square error (MSE).  
n1 = number of experimental units in the control treatment. 
n = the number of experimental units per treatment, assuming an equal number at all 

other treatment. 
 
The MSD is often expressed as a percentage of the toxicological endpoint in the control response 
(%MSD = 100 x MSD/control mean).  The MSD, though, incorporates alpha (type I error) and 
experimental design (number replicates, treatments), in addition to an estimate of test variability 
(i.e., MSE). Distributions of the MSD values of multiple tests for a specific reference toxicant 
and test method can be used to determine the level of sensitivity that can be achieved by a certain 
percentage of the tests. The MSD should increase as the MSE increases when the number of 
replicates and treatments and alpha are constant. 
 
To summarize, the sensitivity of the toxicity test will depend in part on the number of replicates 
of experimental units per treatment, the alpha and beta (provided beta is used to determine the 
effect size desired), and the variability (e.g., MSE). The power to detect differences increases 
(i.e., MSD decreases) as the variability decreases and the effect size increases. These discussions 
demonstrate the importance of measuring test sensitivity and setting the power for toxicity test 
methods. The issue of false positive and false negative errors needs to be evaluated along with 
test power and sensitivity to decide the appropriate testing frequency for compliance purposes. 
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Attachment 4-2. Importance of Quality Control Procedures and Defining Test Precision 
 
Quality Control Procedures 

 
This quality assurance (QA) section will only highlight the general discussions from the test 
method manuals, such as the use of reference toxicants, and defining test precision with 
reference toxicants. Development and maintenance of a toxicity test laboratory QA program 
requires an ongoing commitment by laboratory management. As stated in the toxicity test 
method manuals each toxicity test laboratory should: 
 

• Appoint a QA officer with the responsibility and authority to develop and maintain a QA 
program; 

• Prepare a quality assurance plan with stated data quality objectives; 
• Prepare written descriptions of laboratory standard operating procedures for culturing, 

toxicity testing, instrument calibration, sample chain-of-custody procedures, laboratory 
sample tracking system, glassware cleaning, etc.; and  

• Provide an adequate, qualified technical staff for culturing and testing organisms, and 
suitable space and equipment to assure reliable data.  

 
The EPA acute and chronic toxicity test method manuals each contain a chapter on QA 
procedures. Topics covered in the chapter include handling of effluents and receiving waters, 
quality of test organisms, food quality, calibration and standardization, reference toxicant testing, 
and record keeping. Of particular importance is the requirement to conduct satisfactory reference 
toxicant tests in conjunction with effluent or ambient water tests. Reference toxicant tests 
confirm the sensitivity of the test organisms and demonstrate a laboratory's ability to obtain 
consistent results with WET test methods. Appropriate laboratory practices are essential in 
obtaining quality test data. QA practices for toxicity tests include all aspects of the test that affect 
the quality of the data such as: 
 

• Effluent/ambient water sampling and handling 

• source and condition of the test organisms  

• condition of equipment 

• test conditions 

• instrument calibration 

• replication 

• use of reference toxicants 

• record keeping 

• data evaluation 
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Test Precision 
 
Precision is a measure of test consistency or repeatability both within a laboratory 
(intralaboratory) and among several laboratories (interlaboratory). Precision is quantified by 
a variety of measures including the CV of point estimates (e.g., LC50 for acute endpoints and 
EC/IC25 for chronic endpoints) from multiple tests conducted with the same test method and 
reference toxicant.  EPA (2000b) analysis demonstrated and concluded that comparisons of 
WET method precision with method precision for analytes commonly limited in NPDES 
permits clearly demonstrate that the variability of the WET methods is within the range of 
variability experienced in other types of analyses.  In addition, several researchers (Grothe et 
al. 1996, Burton et al. 1996, DeGraeve et al. 1998) noted that method performance improves 
when prescribed methods are followed closely by experienced analysts. 
 
Test results will depend upon the species tested, source of the test organisms, water quality 
parameters (e.g., use of temperature as specified in the test method manuals) and food and 
dilution water quality. The repeatability or precision of toxicity tests is also a function of the 
number of test organisms used in each test concentration. 
 
Factors which can affect test success and precision include: 
 

• the experience and skill of the laboratory analyst 

• test organism condition and sensitivity; 

• dilution water quality; 

• chemical and physical water quality parameters (e.g., temperature, DO); and  

• quality and quantity of food provided. 

 
The EPA TSD (USEPA 1991a) contains the summarized intra- and interlaboratory precision data 
for the freshwater and east coast marine test methods. Grothe and Kimerle (1985), Rue et al. 
(1988), Morrison et al. (1989), Grothe et al. (1990) discussed the precision of select toxicity test 
methodologies and found them to be comparable to commonly accepted chemical analytical 
methodologies. Grothe and Kimerle (1985) concluded that the reproducibility of the D. magna 
toxicity test was as good as, if not better than, commonly accepted analytical methods. They 
postulated that one of the main reasons those low CVs were obtained in their study was because 
the method was clearly defined and uniformly followed by all laboratories. Anderson (1991) and 
the Biomonitoring Science Advisory Board (BSAB 1994) have examined the precision of test 
methods used on the west coast and generally found the tests had very good precision. Denton et 
al. (1992) also found the overall interlaboratory CVs for four west coast marine species ranged 
from 11.5% for Haliotis rufescens, the red abalone larval development test to 38.7% for 
Strongylocentrotus purpuratus, the purple urchin fertilization test. The BSAB report (1994) also 
concluded that toxicity tests should not be gauged by variability alone.  The report also 
concluded that other factors at least as important as precision included sensitivity, accuracy and 
ecological relevance. WET testing can be improved most usefully by decreasing intra-test 
variability.  
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Specific factors that affect variability in WET analyses have been described in several papers 
(Burton et al. 1996; Ausley 1996; Erickson et al. 1998; Davis et al. 1998).  The most important 
initial consideration in developing precise data is a laboratory’s experience and success in 
performing a specific analysis.  Most critical reviews of WET data precision emphasize this 
initial consideration.  Experienced professionals most likely will be able to develop the most 
consistent and reliable information and can interpret anomalous conditions in the testing or 
results.    
 
An additional factor in considering WET test method variability is whether the prescribed 
methods (e.g., see chapter on test review of the EPA test method manuals) are being followed 
appropriately.  Both the Permitting Authority and permittee should strive to ensure that such 
practices are in place for any program developing WET data, whether by national laboratory 
accreditation, State regulatory certification, direct permittee oversight, or specific contractual 
agreement with the laboratory. 
 
When the variability of WET analyses is viewed in the context of the NPDES program, these 
techniques produce data that are as precise as those from chemical analyses (USEPA 2000b).  As 
with any other analytical system, lack of experience in performing the analyses, lack of 
adherence to prescribed QA practices or failure to follow good laboratory practices will reduce 
the precision of the results.  Studies of these factors by independent researchers from both the 
regulatory and regulated communities support these conclusions.  While examples of poor-
quality, highly variable results from chemical analyses have also been publicized, these results 
are frequently influenced by the shortcomings mentioned above.  Permittees who must 
generate and use WET data should become well-educated in data quality interpretation, 
and permittees should require that QC practices be followed by laboratories generating the 
data.  See “Conclusions and Guidance to Laboratories, Permittees, and Regulatory Authorities” 
chapter of EPA (2000b) for more detailed discussion and approaches to address to minimize test 
method variability.   
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Attachment 4-3 Evaluation of Toxicity Data 
 
Permit Review 
 

1. Examine the test results to verify that the laboratory is using the test method and dilution 
series as required in the NPDES permit. The dilution series being tested should always 
include the receiving water concentration (RWC). Note: This may need to be performed 
only after a permit has been first issued. 

 
2. Evaluate the test results against the permit requirements for WET to assess whether the 

limit or numeric monitoring trigger is being achieved. For example, where a WET limit 
or numeric monitoring trigger is expressed in terms of TUs then the value is expressed as 
a value “not to be exceeded.” Where a WET limit or numeric monitoring trigger is 
expressed in terms of “% effluent at the RWC,” the value is expressed as a value that the 
% effluent must be at or above. 

 
Test Review 
 
Test review is an important part of the overall quality assurance program and is necessary for 
ensuring that all test results are reported accurately. Test review should be conducted on each 
test by both the testing laboratory and the Permitting Authority. Note, see the chapter on Test 
Review of the specified toxicity test methods manual. 
 

1. Examine the results to verify the sample was maintained at the proper temperature from 
time of collection to arrival at the testing laboratory. Also, does the sample meet the test 
initiation and renewal holding time requirements? 

 
2. Evaluate the test results for the effluent to verify that the laboratory met the TAC as 

specified in the test method. See the individual “Summary of Test Conditions and TAC” 
section for each test method (USEPA 1995a, 2002a, 2002b, 2002c). All invalid tests must 
be repeated with a newly collected sample, as specified in permit. 

 
3. Examine the “Summary of Test Conditions and TAC” section for the specific method to 

determine whether the required and recommended test conditions were met. Below is a 
single example for a required test condition and a recommended test condition that would 
be specific to the particular toxicity test method listed in the permit. 

 
a. Did the laboratory conduct the test using the required test conditions? Some of the 

test conditions listed which are specified as “required” and therefore the condition 
must be met. For example, did the test use the required minimum number of 
replicates, number of test organisms, test type, etc.? All required test conditions 
must be met or the test is considered invalid and must be repeated with a newly 
collected sample. 

 
b. Did the laboratory conduct the test using the recommended test conditions? Some 

of the listed test conditions are specified as “recommended” and therefore the 

RB-AR25742



  TEST REVIEW AND EVALUATION OF TEST RESULTS 

Page 76 

range should be obtained. For example, when the test method specifies number of 
test organisms per test chamber, the test condition will provide a recommended 
number of test organisms (e.g., 10 larvae) per test chamber. A testing laboratory 
can use more than the recommended number of test organisms per chamber as 
long as the loading capacity is maintained. 

 
4. Examine the statistical results to verify the recommended flowcharts for statistical 

analysis were followed.  Any deviation from the recommended flowcharts for selection 
of statistical methods should be noted in the data report. 

 
5. Examine the concentration-response relationships as these must be reviewed to ensure 

that calculated test results are interpreted appropriately. All WET test results (from multi-
concentration tests) reported under the NPDES program should be reviewed and reported 
according to EPA guidance on the evaluation of concentration-response relationship 
(USEPA 2000a). 

 
6. Test review of a given effluent or receiving water test should include review of the 

associated reference toxicant test and current control chart. Were out-of-control reference 
toxicant test results evaluated to determine appropriate corrective action? 

 
7. The within-test variability of individual tests should be reviewed. When NPDES permits 

require sublethal hypothesis testing endpoints from Methods 1000.0, 1002.0, 1003.0, 
1006.0, and 1007.0 (e.g., growth or reproduction NOECs and LOECs), within-test 
variability must be reviewed and variability criteria must be applied as described in the 
Method Manuals Section on Test Review.  See “Conclusions and Guidance to 
Laboratories, Permittees, and Regulatory Authorities” chapter of EPA (2000b) for more 
detailed discussion and approaches to address to minimize test method variability. 
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CHAPTER 5.  TOXICITY REDUCTION EVALUATIONS 
 
5.1 Overview 

When WET testing demonstrates that effluent toxicity exceeds the NPDES permit limit or 
monitoring trigger, the principal mechanism for bringing a permittee into compliance is a 
Toxicity Reduction Evaluation (TRE).  The TRE is a methodical, stepwise and iterative process 
that uses information generated in each step to identify the causative toxicant(s) of WET and 
either remove them at the source or implement in-plant treatment to reduce their concentration(s) 
below toxic levels, and then confirm the reduction in effluent toxicity through WET monitoring. 
 Ultimately, the goal of the TRE is to achieve compliance with permit WET requirements.  TREs 
can vary widely in complexity and expense, ranging from simply improving housekeeping 
procedures to conducting intensive Toxicity Identification Evaluations (TIEs). EPA and others 
have published extensive TRE/TIE technical guidance that is referenced at the end of this 
chapter.  In addition, numerous TIE papers and case studies have been published, which 
demonstrate the efficacy of the TIE process in identifying the cause(s) of WET. 
 
5.2 Approaches for Reducing Toxicity 

Toxicity may be reduced by implementing one of two approaches within the TRE: (1) a TIE, or 
(2) treatability studies.  The decision to pursue either the TIE or treatability approach depends on 
a number of site-specific and cost considerations.  Generally, the TIE approach is favored 
because it results in control of toxics at the source rather than modifying plant operations to treat 
or degrade the toxicity with subsequent discharge to the environment.  In practice, the TIE 
approach is usually implemented first, with the treatability option applied if the TIE approach is 
unsuccessful in identifying and controlling toxicity. Identification of the toxicant(s) and 
reduction at the source would likely lead to chemical-specific limits, whereas toxicity reduction 
using a treatability approach would generally result in a WET limit.  Regardless of which 
approach is used, toxicity must be reduced to levels that ensure compliance with permit 
requirements and attainment water quality standards as demonstrated by continued WET 
monitoring. 
 
5.3 TRE/TIE Work Plan 

EPA Regions 9 and 10 recommend that an initial TRE/TIE Work Plan be developed by the 
permittee within 60-90 days of the effective date of the permit.  The TRE Plan developed by the 
permittee is intended to be a written description of activities that will take place in the event of a 
WET exceedence.  The TRE Work Plan, at a minimum, has the following characteristics 
(Norberg-King et al. 2005, Chapter 3): 
 

• Identify the roles and responsibilities of the TRE team 

• Describe a complete list of data types to be reviewed 

• Provide an overview of proposed steps to address and resolve toxicity.  The plan should 
be detailed yet allow flexibility for inclusion of other approaches as additional TRE 
information is obtained. 
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• Include a schedule for conducting the TRE and reporting progress to the Permitting 
Authority. 

 
Because most TRE/TIE work plans are developed before any permit violation or monitoring 
trigger occurs, they initially must be fairly generic in nature.  However, the work plan should 
be updated with an implementation time schedule, as the TRE progresses, to incorporate 
site-specific information and altered TIE approaches suggested by results of the initial TIE 
activities.  Any alterations to the approaches or implementation schedule should be thoroughly 
justified and a rationale for the proposed course of action must be presented.  Reasonable time 
should be allowed for each aspect of the study.  The time it takes to conduct a TRE can vary 
considerably depending on the facility type, and complexity and characteristics of the effluent 
toxicity.  For example, an industrial facility with limited processes and waste streams should be 
easier to characterize than a large POTW with multiple influents from industrial and urban 
sources.  Other factors, such as multiple toxicants, qualitative and quantitative changes in 
toxicity, intermittent and/or non-persistent toxicity all tend to increase the time it takes to 
complete a TRE.  EPA indicates that most TREs are resolved within 28 months (Norberg-King 
et al. 2005).  Ausley et al. (2005) has suggested the following time frames for the various TRE 
components. 
 
Time Frame for Conducting a TRE 

Task Time Frame (Months) 

Data, process and housekeeping review 1 – 3 

Phase I TIE 1 – 6 

Phase II TIE 1 – 6 

Phase III TIE 1 – 3 

Toxicity Source Tracking 1 – 3 

Toxicity Treatability 1 – 3 

Total 6 – 30 months 

Source:  Adapted from Ausley et al. 2005 
 
Permittees should seek technical review and comment from their Permitting Authority when 
developing TRE plans that outline investigative and problem resolution techniques, including 
reasonable timelines and milestones, in order to avoid delays and maximize consideration of 
relevant factors that may affect toxicity.  The Permitting Authority should then approve the TRE 
schedule and completion date.  The Permitting Authority should either concur with the technical 
merit of the plan or recommend modifications that would improve its technical merit.  A close 
cooperative relationship should be established among the permittee (and, if applicable, the 
permittee’s technical consultant) and the Permitting Authority early in the TRE process.  This 
relationship should be maintained until the TRE is successfully completed and any controls 
necessary to prevent unacceptable levels of toxicity are fully implemented.  This process allows 
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all parties to understand the requirements and expectations, and encourages evolution of the plan 
toward the most effective resolution.  Collaboration among the parties throughout the TRE 
process will add to its effectiveness.  EPA describes a 7-step TRE process, which is shown in 
Figure 5-2 and briefly described below. 
 
Step 1:   Accelerated WET Monitoring 
 
The Permitting Authority should establish in the permit conditions under which the permittee 
must initiate accelerated monitoring and the TRE.  Generally, this will be when WET testing 
results obtained during routine WET monitoring indicate toxicity above either WET permit limit 
or monitoring trigger.  This document recommends that accelerated monitoring consist of 
six WET tests conducted at approximately 2-week intervals over a 12-week period.  During 
this accelerated monitoring phase, if more than one sample demonstrates an unacceptable level 
of toxicity, the permittee must initiate the TRE work plan.  When intermittent toxicity is found 
(i.e., when toxicity is not detected in every test event with each subsequent sampling event) the 
permittee should alter sampling procedures to obtain and store adequate sample volume such that 
WET testing and subsequent TIE procedures can be  conducted on the same sample (if the WET 
testing indicates toxicity). 
 
Step 2:   Information and Data Acquisition 
 
The first step in the TRE is the collection of information and analytical data pertaining to 
effluent toxicity.  This information includes data on the operation and performance of the 
treatment plant, including: 

• Industrial waste surveys (IWS) 
• Permit applications 
• Industrial user compliance reports 
• Plant design criteria 

 
The importance of this initial information gathering phase cannot be overstated in terms of 
optimizing a successful outcome of the TRE.  By carefully reviewing the information collected 
and comparing trends in flow patterns, treatment efficiency, wastewater loading and effluent 
constituents with toxicity patterns over time, permittees may be able to narrow the scope of 
further investigations and possibly even identify problem constituents. 
 
Step 3:   Facility Performance Evaluation 
 
POTW treatment deficiencies that cause poor pollutant removal can have an adverse effect in 
toxicity reduction.  As an initial step, effluent toxicity, operations and performance data should 
be carefully examined to identify treatment deficiencies or in-plant sources of toxicity.  In 
addition, the POTW pretreatment program data should be reviewed to indicate possible sources 
of toxicity.  The municipal TRE manual (USEPA 1999b) provides in-depth discussion of 
parameters to be evaluated in this part of the TRE. 
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If a treatment deficiency is identified, studies should be conducted to evaluate treatment 
modifications before proceeding with the TRE.  If plant performance is not a cause of toxicity, or 
treatment modifications do not reduce toxicity, the permittee should proceed with the TIE. 
 
Step 4:   Toxicity Identification Evaluation 
 
EPA has published TIE procedures to determine the causes of acute and chronic effluent toxicity 
to freshwater species (USEPA 1989b, 1989c, 1991c, 1992, 1993b, 1993c) and to 
estuarine/marine organisms (USEPA 1996a).  The generic TIE protocols are performed in three 
phases:  toxicity characterization (Phase I), toxicant identification (Phase II), and toxicant 
confirmation (Phase III).  A flow diagram of the TIE process is shown in Figure 5-2.   
 
The Phase I TIE manipulations are designed to sequester or remove toxicity caused by specific 
classes of chemicals, as shown in Table 5-1. 
 
Table 5-1. Purpose of Phase I TIE Treatments 

TIE Treatment Treatment Identifies 

Initial toxicity 
(unaltered effluent) 
 
Baseline toxicity 
(unaltered effluent tested simultaneously with 
other TIE manipulations) 
 

Initial toxicity test demonstrating toxicity of sample 
 
 
Results compared to TIE manipulations to assess 
effectiveness of TIE manipulations 

pH adjustment/filtration 
(pH 3 and pH 11) 
 

Particulate-bound toxicants 

pH adjustment/aeration 
(pH 3 and pH 11) 
 

Ammonia and volatile, oxidizable toxicant 

C18 (or C8) solid-phase extraction (SPE) at 
pH 3, pH 9, and pH i 
 

Polar and non-polar organic chemicals 

Sodium thiosulfate addition 
 

Oxidants and some cationic metalsa 

Ethylene diaminetetraacetic acid (EDTA) 
addition 
 

Cationic metals 

Graduated pH adjustments 
 

Ammonia and pH-sensitive toxicants 

Piperonyl butoxide (PBO) 
 

Organophosphate insecticides (decreases toxicity) 
Pyrethroid insecticides (increases toxicity) 
 

a Copper, silver and selenium  
 
Each of these TIE treatments are applied to the test sample and comparison of the level of 
baseline toxicity with the TIE treatments identify the physical/chemical characteristics of the 
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toxicants.  It is essential that proper controls and blanks be used with each TIE treatment, and 
that a high level of QA/QC is maintained throughout the TIE process.  EPA cautions that the 
investigator should approach the TIE without a preconceived notion as to the cause of toxicity 
and therefore all treatments should be conducted.  On the other hand, if one wants to know the 
role of a single chemical or class of chemicals, ammonia for example, the TIE can be designed to 
accomplish that goal.  If the standard suite of Phase I treatments are ineffective in identifying 
cause(s) of toxicity, other techniques can be used, including anion and cation ion exchange resins 
and activated charcoal molecular sieves (Burgess et al. 1997).   
 
Application of the TIE process over the years has demonstrated its applicability to virtually 
every test species used in WET, including marine species (Burgess et al. 1995), although the use 
of marine species require that test samples be adjusted (after the TIE treatment). Note, the 
samples need adjustment of the salinity before the TIE manipulations to insure salinity 
consistency between treatments and because some of the manipulations must be performed with 
salinity adjusted samples; for example, the graduated pH manipulation) to the appropriate 
salinity using dry sea salts or hypersaline brine (Ho et al. 1995; USEPA 1996a).  One other 
caveat in marine TIEs is that due to the strong carbonate buffering capacity of sea water, the only 
effective means of controlling pH is to use controlled atmospheric chambers. 
 
The EPA Phase I TIE manuals (USEPA 1991c, 1992, 1996a) describe a process where the 
sample is split into aliquots, each of which is subjected to a single TIE manipulation 
concurrently with the other treatments (“parallel” treatment approach).  However, EPA points 
out that the Phase I TIE characterization procedures are relatively broad and can indicate more 
than one class of toxicant.  Additional tests or an altered approach may be needed to 
delineate/confirm the role of a particular chemical class in the effluent toxicity, especially when 
multiple toxicants are present (USEPA 1993b, 1993c).  For example, when the primary toxicant 
is present in high concentrations, it may mask the other potential toxicant(s) in the sample – 
ammonia is a common example.  In these cases, sequential treatments (“stacked” treatment 
approach) can be used to evaluate the role of secondary toxicants; for example, removal of 
ammonia by zeolite followed by removal of non-polar organics by SPE treatment in cases where 
multiple toxicants are present at toxic concentrations. 
 
Results of Phase I can be compared with pretreatment program data and chemical-specific 
effluent data to identify potential toxicants.  However, chemical analysis conducted in the 
absence of Phase I TIE information (i.e., chemical class of toxicant(s), to guide the type of 
analysis) are usually wasted expenditures.  For this reason, EPA cautions that chemical-specific 
tracking should be conducted after the toxicant(s) are identified and confirmed in Phase II and 
Phase III TIEs, respectively (USEPA 1993b, 1993c). 
 
The Phase I TIE process should be repeated with multiple samples until a clear pattern of 
toxicity emerges. 
 
5.4 Interpretation of Phase I TIE Results 

Phase I characterization provides information on the chemical class(es) responsible for the 
effluent toxicity, and is applicable to both acute and chronic endpoints.  The following guidance 

RB-AR25749



 TOXICITY REDUCTION EVALUATIONS 

Page 83 

is given by EPA for interpreting Phase I TIE results for various classes of toxicants.  Note that 
the toxic response is assessed by comparing the results for each of the TIE treatments, against 
the toxicity measured in the baseline (pre-treatment) test. 
 
Ammonia 

• Ammonia toxicity can be assessed by zeolite removal or the graduated pH test.   

• Toxicity increases in the graduated pH test at higher pH 

• Toxicity decreases after zeolite treatment.  If the zeolite removal procedure is used, an 
ammonia add-back step (spiking the zeolite-treated sample with ammonia at the original 
concentration in the sample) is essential to ensure that the zeolite has not removed other 
constituents. 

• The effluent is more toxic to P. promelas than to C. dubia. 

Note:  If the concentration of total ammonia (as nitrogen) is 5 mg/L or more and chronic 
toxicity is a concern, the potential for ammonia toxicity should be evaluated. 

Drawing conclusions about ammonia toxicity based solely on observed concentrations can be 
misleading.  Ammonia is an example of a toxicant that acts independently of other toxicants in 
effluents.  Even through ammonia concentrations may appear to be sufficient to cause all of the 
effluent toxicity, other toxicants may be present and may contribute to toxicity when ammonia is 
removed.  Thus, it is important to ascertain if ammonia is masking other potential toxicant(s) in 
the test sample using the sequential TIE approach previously described. 
 
Oxidants 

• Toxicity is reduced or removed in the sodium thiosulfate addition test. 

• Toxicity is reduced or removed in the aeration test. 

• The sample is less toxic over time when held at 4 °C (and the type of container does not 
affect toxicity). 

• C. dubia are more sensitive to the effluent than P. promelas. 

 
Non-polar organic toxicants 

• Toxicity in the post C18 SPE column test is absent or reduced 

• Toxicity was recovered in the methanol eluate test (‘stronger’ solvents may be required to 
elute highly lipophilic chemicals from SPE columns) 

• Toxicity was dramatically changed by piperonyl butoxide (PBO) addition (PBO decreases 
toxicity of organophosphate insecticides and increases toxicity of pyrethroid insecticides) 

 

Cationic metals 

• Toxicity is removed or reduced in the EDTA addition test 
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• Toxicity is removed or reduced in the post-C18 SPE column test 

• Toxicity is removed or reduced in the filtration test, especially when pH adjustments are 
coupled with filtration 

• Toxicity is removed or reduced in the sodium thiosulfate addition test 

• Erratic dose response curves are observed 

None of these characteristics is definitive, with the possible exception of EDTA.  In addition, 
toxicity may be pH sensitive in the range at which the graduated pH test is performed, but may 
become more or less toxic at lower or higher pH depending on the particular metal involved. 

 
Surfactants 

• Toxicity is removed or reduced in the filtration test. 

• Toxicity is removed or reduced by the aeration test.  In some cases, toxicity may be 
recovered from the walls of the aeration vessel using a dilution water or methanol rinse. 

• Toxicity is removed or reduced in the post-C18 SPE column test.  The toxicity may or may 
not be recovered in the methanol eluate test.  If a series of methanol concentrations (e.g., 25, 
50, 75, 80, 85, 90, 95 and 100% in water) is used to elute the column, toxicity may be 
observed in multiple fractions. 

• Toxicity is removed or reduced in the post-C18 SPE column test using unfiltered effluent.  
Toxicity reduction/removal is similar to that observed in the filtration test and toxicity may 
or may not be recovered in the methanol eluate test or by extraction from the glass fiber filter 
used in the filtration test. 

• Toxicity degrades over time as the effluent sample is held in cold storage (4 °C).  
Degradation is slower when the effluent sample is stored in glass containers instead of plastic 
containers. 

 
Total Dissolved Solids (TDS) 

• pH adjustments do not remove or reduce toxicity and a precipitate is not visible in the pH 
adjustment test, pH adjustment and filtration test, or pH adjustment and aeration test. 

• There is no loss of toxicity in the post-C18 SPE column tests, or a partial loss of toxicity, but 
no change in conductivity measurement. 

• There is no change in toxicity with the EDTA addition test, sodium thiosulfate addition test, 
or the graduated pH test. 

• There is a greater sensitivity by C. dubia and D. pulex compared to D. magna, together with 
high conductivity readings. 

• A mock effluent prepared with the same ions as the effluent exhibits similar toxicity as the 
effluent (Goodfellow et al. 2000). 

• Toxicity is removed or reduced by ion exchange resin. 
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• Toxicity is not removed or reduced by passing the effluent over activated carbon. 

 
A list of toxicants identified in the TIE process is provided in Table 5-2 at the end of this 
chapter. 
 
5.5 Phase II TIE Procedures 

The Phase II guidance manual (USEPA 1993a) describes procedures for use in identification of 
specific classes of toxicants, including: 
 

• Ammonia 

• Cationic metals 

• Polar and non-polar organic chemicals 

• Chlorine 

• Filterable toxicants 

 
Phase II treatment techniques are similar to Phase I and are applicable to acute and chronic test 
methods with most WET test species.  Phase II incorporates chemical-specific analytical 
procedures, including gas-chromatography (GC), GC/mass spectrometry (GC/MS), high-
performance liquid chromatography (HPLC)/MS, atomic absorption (AA), and/or ion-coupled 
plasma (ICP)/MS to identify toxicants.  The reader is referred to the EPA Phase II manual 
(USEPA 1993b), Municipal TIE Guidance (USEPA 1999b) and the SETAC TRE/TIE book 
(Norberg-King et al. 2005) for a detailed description of Phase II TIE procedures and examples of 
TIE case studies. 
 
5.6 Phase III TIE Procedures 

A thorough confirmation of the cause(s) of toxicity is a key part of the TIE process, although it is 
often the most laborious and difficult aspect.  This confirmation must be performed over a 
considerable period to be certain that the cause(s) of toxicity is not changing over time.  This is 
particularly true for POTWs, where control over influent is not complete.  USEPA (1993c) 
emphasizes that sample integrity is particularly important in Phase III.  Field replicates, system 
blanks and controls should be used as appropriate to prevent interferences and toxicity artifacts. 
 
Suspect toxicant(s) identified in Phases I and Phase II are confirmed through application of one 
or more Phase III steps, including: 
 

• Correlation approach 

• Symptom approach 

• Species sensitivity approach 

• Spiking approach 
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• Mass balance approach 

 
These approaches are not discussed in detail here, but are fully explained along with specific 
examples in EPA TIE manuals (USEPA 1991c, 1992, 1993b, 1993c).  The reader is encouraged 
to review this material before reviewing TIE reports. 
 
Step 5:   Toxicity Source Evaluation 
 
Once the TIE has identified and confirmed the chemical(s) responsible for the toxicity, efforts 
are initiated to identify the source(s) of the chemical(s).  This process entails sampling of 
influent trunk lines from residential and industrial dischargers.  Two types of source 
identification studies may be performed:  chemical tracking or toxicity-based tracking.  In some 
circumstances, both approaches have been conducted concurrently. 
 
Chemical-specific tracking is recommended when the POTW effluent toxicant(s) have been 
identified and confirmed in the TIE, and can be readily traced to the responsible sewer 
dischargers.  Toxicity tracking is used when TIE data indicate the type of effluent toxicant, but 
the specific toxicant(s) is not identified.  Toxicity tracking involves treating the sewer samples in 
a bench-scale treatment simulation prior to toxicity measurements to account for the toxicity 
removal that is provided by the POTW. 
 
The sampling strategy for toxicity source evaluations involves two tiers.  Tier I focuses on 
sampling and analysis of the main sewer lines in the collection system.  Tier II involves testing 
sewer lines and indirect dischargers upstream of the main lines identified as being toxic in Tier I. 
 This tiered approach can be used to identify the contributors of toxicity and/or toxicants by 
eliminating segments of the collection system that do not contribute toxicity/toxicants. 
 
Step 6:   Toxicity Control Evaluation 
 
Using the results of each of the above TRE elements, alternatives for effluent toxicity reduction 
are evaluated and the most feasible option(s) is selected for implementation.  Effluent toxicity 
may be controlled either through pretreatment regulations or in-plant treatment modifications or 
additions.  In some cases, several control methods may be required to achieve the desired 
toxicity reduction.  Selection of control options is usually based on technical and cost criteria. 
 
If the toxicity source evaluation is successful in locating the sources that are contributing to the 
POTW effluent toxicants, local limits can be developed and implemented.  If in-plant control 
appears to be a feasible approach, treatability testing may be used to evaluate methods for 
optimizing existing treatment processes and to assess options for additional treatment.  A 
description of treatability approaches can be found in the municipal TRE manual (USEPA 
1999b). 
 
Step 7:   Toxicity Control Implementation and Follow-Up Monitoring 
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The toxicity control method or technology is implemented and follow-up WET testing is 
conducted at increased frequency to ensure that the control method achieves the TRE objectives 
and meets permit limits. 
 
5.7 Inconclusive TRE/TIEs 

TIEs that fail to characterize toxicants effectively frequently do so for one of two reasons.  The 
first is the inability of inexperienced individuals to properly conduct and/or interpret results of 
TIE steps and obtain unambiguous identification of the toxicant(s).  The second is difficulty in 
applying TIE techniques to samples with intermittent toxicity, toxicity caused by changing 
toxicants, and/or unstable effluent toxicity (Ausley et al. 1998; USEPA 2001c; SETAC 2005).  
Effluents with one or more of these characteristics pose significant challenges for even 
experienced analysts.  EPA (USEPA 2001c) states that under conditions where the permittee has 
implemented an exhaustive TRE plan and all other permit requirements, but is still unable to 
attain or maintain compliance with toxicity-based limits, special technical evaluation may be 
warranted and civil relief granted.  Solutions to these cases are pursued jointly with TIE experts 
at Regional or State offices or the EPA Duluth laboratory. 
 
5.8 Conclusions 

• The TRE/TIE process has been well described and updated in numerous documents 
published by EPA and others. 

• A key aspect to successful TRE/TIEs is the development of a detailed TRE study plan early 
in the process. 

• Application of these methods has generally resulted in toxicant(s) identification and 
mitigation of effluent toxicity problems, allowing the permittee to return to compliance. 

• Enforcement decisions should be guided on a case- and site-specific basis considering 
existing and historical toxicity, including magnitude, frequency and duration of toxicity and 
importantly, the permittee’s diligence in resolving and preventing WET non-compliance. 

• Finally, permittees and regulatory authorities should establish early in the TRE process a 
cooperative and communicative relationship that would be maintained until the TRE is 
successfully completed and controls fully implemented.  Good communication and a well-
conceived TRE plan will assure that all parties understand the requirements and expectations 
that will result in a more effective and faster resolution of the effluent toxicity. 
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Figure 5-1. Summary of the TRE Process 
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Figure 5-2. Flow Diagram of a Toxicity Identification Evaluation 
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Table 5-2 Toxicants Identified in POTW Effluents 

Toxicant Type Level of Concern Potential Source Information Need References and Case 
Studies 

Chlorine 0.5-1 mg/L POTW disinfection Temp, pH during test; Cl- 
conc.  Phase I TIE oxidant test 

 

Ammonia 5 mg/L as NH3-N Domestic and industrial 
sources; POTW 
sludges; dewatering 
streams 

NH3-N conc, pH, temp, 
salinity, cond, at receipt and 
during the test.  Phase I TIE 
graduated pH and zeolite 
treatment 

USEPA 1999, Appendix G 
SETAC Case Study 6.5 

Non-Polar Organics;  
OP insecticides (e.g., 
diazinon and 
chlorpyrifos) 

Effluent concentrations ≥EC25; 
Diazinon 0.12-0.58 µg/L; 
Chlorpyrifos 0.03 µg/L 

Lawn pest control, pet 
care, veterinary, food 
vendors 

High resolution analysis 
(GC/MS).  Phase I TIE SPE 
test and SPE eluate add-back 

USEPA 1999, Appendices 
A,B,F,G and H 
SETAC Case Studies 6.10, 
6.11, 6.13, 6.14, 6.16, 6.17, 
6.25, 6.29, 6.35, 6.36, 6.37 

Metals: cadmium, 
copper, lead, nickel, 
zinc 

Various depending on water 
quality parameters and test 
species 

POTW treatment 
additives; industrial 
users 

Dissolved metals, hardness, 
alkalinity, and pH.  Phase I 
TIE EDTA test 

USEPA 1999, Appendix G 
SETAC Case Studies 6.6 
and 6.22 

Treatment additives; 
dechlorination 
chemicals; polymers, 
biocides 

Varies Disinfection, 
dechlorination, sludge 
processing solid 
clarification 

Information on toxicity of 
products; Use rates Phase I and 
II TIE results 

SETAC Case studies 6.15, 
6.18 

Surfactants Varies Industrial users Methylene blue active 
substances (MBAS) Phase I 
and II TIE results 

SETAC Case Study 6.19 

Ions and Total 
Dissolved Solids 
(TDS) 

1,000-6,000 µmhos depending 
on test species, endpoint and 
TDS constituents 

Industrial users; sludge 
processors; reverse-
osmosis dischargers 

TDS, ion analysis, anion, 
cation balance Phase I and II 
TIE results 

SETAC Case studies 6.4, 
6.5, 6.7, 6.8, 6.24, 6.28 
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CHAPTER 6.  AMBIENT TOXICITY TESTING AND WATERSHED ASSESSMENT 
 
6.1 Overview 

This chapter provides guidance to permit writers who are including stormwater or ambient 
conditions in permits.  Although, WET tests are used as the primary tool for stormwater and 
ambient monitoring, the conditions under which they are used are generally different from 
monitoring continuous effluent discharges.  Procedures which should be considered include:  
 

• Experimental design – sample collection location, single vs. multiple concentrations 
• Sampling – frequency, volume, container material, holding time 
• Toxicity test method – organism selection, renewal frequency 

 
Additionally, this chapter provides a broad overview of tools to be considered for stormwater 
and ambient monitoring, and provide examples of programs that have utilized tools including 
sediment toxicity testing, bioassessments, and in situ testing. 
 
6.2 Introduction 

Permitting authorities are, by the very nature of what they do, stewards of the nation’s water 
resources. As such, their ultimate goal is to maintain those resources in a condition that, “meets 
the needs of the present without compromising the ability of future generations to meet their 
needs” (Bruntland 1987). The Clean Water Act (CWA) states, “The objective of this act is to 
restore, and maintain the chemical, physical, and biological integrity of the nation’s waters.”  It 
is no longer sufficient to think about aquatic ecosystems from a single perspective like point 
sources, non-point sources, sediment, stormwater, or the air/water interface.  A holistic approach, 
using the watershed as the integrating unit, has clearly been recognized by EPA as the focal 
point for measuring how well the objectives of the CWA are being met.   
 
According to the Watershed Information Network (www.epa.gov/owow/watershed/), a 
watershed is an area of land that drains to a common place, such as a stream, lake, estuary, 
wetland, aquifer, or the ocean.  Since the goal of permitting authorities is to maintain healthy 
water resources, they are increasingly not only required to monitor effluent discharges, but 
potential watershed pollution in the form of stormwater discharges and non-point source toxicity 
to receiving waters, or ambient waters.  Much like effluent outfalls are monitored with toxicity 
and chemistry, stormwater outfalls and receiving waters can be monitored with similar tools, but 
with specific considerations for their use.   
 
Once, the Permitting Authority identifies the questions to be addressed, the development of the 
Quality Assurance Project Plan (QAPP) integrates all technical and data quality aspects of a 
project including planning, implementation, and assessment.  EPA requires that all 
environmental data used in decision-making be supported by an approved QAPP.  EPA 
requirements for QAPPs can be found at http://www.epa.gov/quality/qs-docs/rsfinal.pdf.  
Ambient water quality monitoring conducted in California using state funds must be compatible 
with the State’s Surface Water Ambient Monitoring Program (SWAMP). The objective of 
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SWAMP is to provide high quality data that is comparable and accessible. The current 
requirements necessary to be considered SWAMP-compatible are detailed in the links found at 
www.swrcb.ca.gov/swamp.  Before any study is undertaken, there are certain common steps, 
regardless of the study, that should be performed. These steps are outlined in Figure 6-1. 
  
Figure 6-1. Recommended Steps in Development and Implementation of Environmental 

Monitoring Studies 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Develop a Problem Statement

Review all relevant historical information
Define spatial and temporal boundaries
Identify collaborators to maximize benefit of limited funding

Identify a Study Approach

Define approach, purpose and objectives
Include a conceptual model (if appropriate)
Optimize sampling design - consult a statistician

Develop a QAPP and Monitoring Plan

Establish measurement quality objectives (MQOs)
Develop a rigorous QA/QC program
Include SOPs for all toxicity testing and chemical analyses

Collect and Analyze Data

Collect and analyze data according to the QAPP and Monitoring Plan
Review data frequently and alter approach, if appropriate
Identify stressor(s) using Stressor Identification Procedures and/or TIEs
Include discussion of BMPs

Synthesize and Report Data

Make draft report available for review by stakeholders
Provide responses to all comments
Publish report, preferably in peer-reviewed journal
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6.3 Use of WET Testing in Stormwater and Ambient Monitoring  

Toxicity testing procedures that are typically used in WET testing compliance, coupled with 
other biological assessments, have become increasingly important tools for identification of 
waterbodies which fail to meet goals of the CWA.  In general the same organisms, testing 
protocols and sampling methods used in WET testing can be used in stormwater and ambient 
water monitoring.  However, stormwater and ambient water study designs may need to 
incorporate different test organisms and sampling strategies to meet the goals of the study.   
 
Monitoring in freshwater ecosystems typically employs EPA three-species toxicity tests with 
freshwater algae (Selenastrum capricornutum), the cladoceran (Ceriodaphnia dubia), and the 
fathead minnow (Pimephales promelas) (USEPA 2002a, 2002b).  There are numerous 
advantages in using established WET test species for ambient monitoring including well 
understood life history and husbandry of the test organism, and established test protocols with a 
robust statistical basis for endpoint interpretation.  Depending on site-specific water quality 
conditions, it may be appropriate to utilize other species. For example, standard WET species 
may not tolerate high TDS waters characteristic of some ambient and storm waters.  In cases 
where water quality characteristics are not compatible with standard test species, the permitting 
authority should use best scientific judgment within local and state agencies and EPA to select 
alternate species and/or testing approaches.   
 
For testing of estuarine environments, EPA has published short-term chronic toxicity test 
methods for several West Coast species which could be used for environmental monitoring in 
estuarine and marine environments (USEPA 1995a).  The estuarine species include topsmelt 
(Atherinops affinis) and mysid (Holmesimysis costata).  For testing marine waters, protocols for 
Pacific oyster (Crassostrea gigas), mussel (Mytilus sp.), red abalone (Haliotis rufescens), giant 
kelp (Macrocystis pyrifera), sea urchin (Strongylocentrotus purpuratus), and sand dollar 
(Dendraster excentricus) are available.  Monitoring programs may be conducted in areas that 
contain species of special concern.  EPA has provided guidance on selection of standard test 
organisms that would predict responses of species that are threatened or endangered (USEPA 
2003b).       
 
6.4 Stormwater Monitoring 

Stormwater monitoring for toxicity is really a special case of effluent monitoring, the main 
difference being that stormwater is episodic.  There are special conditions associated with 
stormwater monitoring in cities and towns where collected stormwater is conveyed through 
separate storm sewer systems or through combined sewers to a treatment plant prior to 
discharge. In most cases, stormwater is directly discharged to the receiving system without 
treatment.  Ultimately, a successful stormwater program minimizes the level of contaminants in 
the stormwater. The most severe receiving water problems due to wet weather flows are likely 
associated with chronic exposures to contaminated sediment and to habitat destruction.   
 
Since 1990, EPA has developed Phase I of the NPDES Stormwater Program 
(http://cfpub.epa.gov/npdes/home.cfm?program_id=6).  Most stormwater discharges are 
considered point sources and require coverage by an NPDES permit.  The Phase I program 
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addressed sources of stormwater runoff that had the greatest potential to negatively impact water 
quality.  Under Phase I, EPA required NPDES permit coverage for stormwater discharges from 
medium and large separate stormwater systems, eleven categories of industrial activity, and 
construction activity that disturb five or more acres of land. Phase II of the program requires 
NPDES coverage for stormwater from certain regulated small municipal separate storm sewer 
systems and construction activity disturbing between 1 and 5 acres of land.   
 
The “quality” of the wet weather flow is dependent in large part on the use designations of the 
land it flows over. There are differences between constituents in wet weather flows originating in 
high mountain forested areas and those originating in fully developed urban areas.  According to 
Pitt (2003) urban receiving waters may have many beneficial goals, including:  
 

• stormwater conveyance (flood protection), 

• biological uses (warm water fishery, biological integrity, etc.), 

• noncontact recreation (linear parks, aesthetics, boating, etc.), 

• contact recreation (swimming), and 

• water supply. 

 
However, with full-scale development and lack of stormwater controls, severely degraded 
streams will be commonplace in highly urbanized areas. Some studies have shown significant 
aquatic life impacts even in watersheds that are less than 10% urbanized (Pitt 2003; Booth and 
Jackson 1997).  In the Pacific Northwest, Horner et al. (1997) found that when imperviousness 
reached about 8% in the watershed, there was a rapid decline in the biological conditions in the 
receiving water.  Severe problems were found when imperviousness reached 30%.  Claytor 
(1996) found that when only conventional water quality measures are used to evaluate the status 
of non-tidal streams, 87% supported their designated biological uses. However, when biological 
assessments were included, only 13% of the streams supported their designated biological uses.  
According to the EPA Stormwater website designed to provide guidance for reducing 
contaminant input into receiving waters, the primary method to control stormwater discharges is 
through the use of Best Management Practices (BMPs).  EPA maintains a web site 
http://www.bmpdatabase.org/index.htm that contains a database of roughly 200 BMPs.  
 
6.5 Ambient Monitoring 

The receiving waters of either an effluent or stormwater discharge are monitored to achieve a 
greater understanding of the potential effects of the discharge.  Standard effluent monitoring 
tools, such as toxicity testing and water chemistry are used gather data on receiving water 
impacts, but other tools include in situ toxicity tests, bioassessments, and sediment toxicity 
testing.  The experimental design of the ambient monitoring study will be based on the study 
questions and the tools that are chosen.  Water column toxicity tests will pick up more ephemeral 
toxicity, and therefore should be used in fewer places, but perhaps more often.  In situ water 
column toxicity tests can integrate toxicity over time, and could probably be used more 
sparingly, at least temporally.  Sediment acts as a sink for many chemicals, particularly 
hydrophobic contaminants, and sediment toxicity testing tends to monitor the potential for longer 
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term effects.  Sediment toxicity tests could be used less often temporally, but over a wider spatial 
range.  Bioassessment also monitors long term trends, and is not generally considered a 
diagnostic tool, but could be used to assess long term impacts. 
 
Several studies in California have successfully used ambient toxicity testing to identify and 
regulate frequently occurring toxic chemicals (Foe and Sheipline 1993; Kuivila and Foe 1995; de 
Vlaming et al. 2000). In these studies integral sampling locations were selected and ambient 
waters were collected to be assessed acute and chronic toxicity   If toxicity was detected, 
additional samples were collected for testing to determine spatial and temporal patterns, as well 
as for conducting toxicity identification evaluations (TIEs) to identify the causative agents.  This 
approach has led to the listing of chemicals broader than the 126 priority pollutants commonly 
tested.  For example, diazinon was identified as causing water quality impairments and lead to 
303(d) listings in several watersheds in California. 
 
6.6 Special Considerations 

Unlike effluents, where the constituents in the discharge remain fairly consistent, the constituents 
in stormwater and ambient samples can be ephemeral.  Storm events are episodic, and depending 
on land use, a variety of contaminants can be present in the runoff.  Receiving waters are 
similarly dynamic depending on inputs from point and non-point sources.  Because of their 
inherent differences from effluents, toxicity testing of stormwater and receiving water have some 
specific method considerations. Areas which need to be considered differently for stormwater or 
ambient testing than the effluent testing program include:  (1) sampling location and sample 
type, (2) sample containers, (3) sample initiation test, (4) sample renewals, and (5) experimental 
test design (single vs. multiple concentration testing). 
 
6.6.1 Sampling Location 

Selection of appropriate sample sites and sampling regimes are critical to the success of 
environmental monitoring studies.  Sampling design in environmental monitoring programs is 
inevitably a compromise between cost/effort and accurately reproducing the regimen to which 
the organisms are actually exposed in the environment. Many sampling scenarios involve the use 
of integrator sites where multiple discharges and/or tributary flows combine.  The United States 
Geological Survey’s (USGS) “Seamless Data Distribution System” (http://seamless.usgs.gov) 
enables a user to view and download many geospatial layers, such as the National Evaluation 
Data set, National Land Cover Data set, and High Resolution Orthoimagery.  If toxicity is 
detected at the integrator site, each of the contributing sources is tested to determine the source 
of the toxicity.  Although this seems intuitive, care must be taken to assure that the samples are 
taken in such a way that takes into account the hydrology of the system being studied.  USGS 
maintains a web site (http://water.usgs.gov/waterwatch) that reports in real time flows in 
mainstem rivers and major tributaries.  In addition, real-time stream flows for California are 
posted the California Department of Water Resources website (http://cdec.water.ca.gov), which 
is useful in developing sampling plans.  Land use information is critical for designing monitoring 
studies when it is important to know the contribution of flows from agricultural and urban areas. 
 In addition, for agricultural areas, knowledge of crop type (http://gis.ca.gov) and pesticide use in 
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specific areas (http://calpip.cdpr.ca.gov) can be useful in tracing sources of toxicity from 
agricultural chemicals. 
 
6.6.2 Timing of Sample Collection 

Monitoring stormwater for toxicity requires a special understanding of what needs to be 
monitored (Herricks and Milone 1998) although the methods used to test stormwater may not be 
any different from those used to test ambient/receiving waters.  The challenge associated with 
stormwater testing is in developing sampling strategies that incorporate realistic exposure 
scenarios.  Routine stormwater monitoring can differ from a “first flush” event that is generally 
more toxic because of contaminant buildup on impervious surfaces during the dry season.  
Similarly, first flush events from agricultural settings can occur after winter dormant spraying 
and pesticide applications in the spring. The greater the period between rainfall events, the 
greater is the potential for build-up of contaminants.  
 
Timing of sampling of stormwater discharge depend on the intensity of the storm as well as 
preexisting conditions surrounding the site such as amount of impervious surfaces, 
characteristics of the collection system and soil saturation.  The effect of these factors on 
discharge volume can be monitored using a hydrograph plot (flow vs. time).  Contaminants will 
usually move into the receiving water as the storm hydrograph increases (Burton and Pitt 2001). 
 Depending on the purpose of the study, multiple samples can be collected and tested throughout 
the runoff event to assess short-term effects and contaminant loading. 
 
If a study objective was to monitor the toxicity associated with a particular storm event in a 
particular watershed at a particular site, or multiple sites, then samples collected over the period 
of the storm, based on the watershed characteristics and hydrograph would provide the most 
realistic time-scale for exposure. Herricks and Milone (1998) discuss a variety of approaches for 
determining the appropriate time scale of exposure for a given watershed.  Miller et al. 2005 
present results of flow-through toxicity studies for studying stormwater in an urban creek using 
C. dubia. 
 
At the other extreme of exposure would be water column organisms that are picked up and 
carried for an extended, but unknown, period of time with the first flush of water that enters the 
receiving system. In this case, samples of the first flush of water can be used to expose 
organisms in the laboratory using WET test methods with or without renewals, depending on 
what the investigator is attempting to mimic. 
 
For ambient sampling, knowledge of land use, pesticide application patterns and timing, and 
system hydrology is required to select sample site locations and timing.  For both stormwater and 
ambient samples, sites that demonstrate adverse effects, timely collection of additional site 
samples is essential to establish the frequency, magnitude, and duration of the toxicity at the site. 
 
6.6.3 Sample Collection 

Effluent monitoring generally utilizes composite sampling to collect water during a discreet 
period of discharge.  Depending on the objectives of the study, composite sampling can also be 
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used for stormwater and ambient monitoring, but grab samples are used most often.  The use of 
grab samples, the episodic nature of storm events, and the level of effort involved in the 
collection of receiving water samples can often lead to difficulties in adhering to a 36-hour 
sample holding time and the ability to collect multiple samples for renewals in an individual test. 
 All tests should be conducted as soon as possible following sample collection.  EPA has allowed 
exceptions to the 36-hour holding time, for example, when effluents are shipped overseas for 
testing (Denton and Narvaez 1996). The primary reason for an extension of the holding time 
would be the consideration of the sampling and laboratory technicians safety (Burton and Pitt 
2001; see page 255), and logistics of coordinating collection and transport of multiple samples 
within a short period. Since, storm events are not pre-determined and typically are occurring 
rapidly throughout a watershed; therefore, many site samples must be coordinated with short 
notification. The 36-hour holding time for test initiation should be targeted, but no more than 72 
hours should elapse before initial use of a sample.  Typically, environmental monitoring 
programs use a single sample for all toxicity test renewals.  For acute studies (typically 96 
hours), a single test sample is usually collected and used to renew test solutions daily or at 48 
hrs.  EPA specifies the use of a minimum of 3 samples for chronic toxicity studies with fish and 
invertebrates (USEPA 1995a, 2002b, 2002c), but depending on the study question, sampling for 
storm events, might occur only once, or several times throughout the hydrograph.  Another 
solution is to renew the test solutions with a mixture of ambient waters and stormwaters, if such 
waters could be collected following test initiation while meeting WET test holding time 
specifications (Katznelson and Mumley 1997).   
 
During sample collection, it is critical to confirm and record the site location using GPS 
coordinates, note site characteristics, measure basic water chemistry (temperature, dissolved 
oxygen, conductivity), and estimate flow velocity and volume.  The latter information may be 
challenging to obtain but is critical for estimating toxicant loading.  Generally, glass sample 
containers are recommended for ambient and stormwater samples.  Samples must be 
immediately placed on wet ice and transported to the testing lab, where testing should be 
initiated as soon as possible.  Even assuming that all conditions of sample holding (36 hrs 
maximum at ≤ 6° C) are met, significant quantities of some chemical classes of constituents 
(e.g., organophosphates, pyrethroid insecticides and surfactants) may sorb to sample containers 
during the holding period. Vigorous shaking of sample containers prior to distributing to test 
containers to re-dissolve sorbed constituents is recommended (Wheelock et al. 2005).   
 
6.6.4 Data Analysis 

Initially, samples are tested at without dilution such as 100% concentration. The test endpoint 
data is analyzed using a standard t-test approach as described in the test methods manual (see 
USEPA 2002a, page 86).  Many sampling plans specify that if toxicity is detected, the site shall 
be re-sampled and retested using a dilution series to determine the duration, frequency and 
magnitude of the toxicity.  Toxic samples should immediately be subjected to TIE procedures to 
attempt to identify the toxic chemical(s).   
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6.6.5 Stormwater In Situ vs. First Flush 

There are potentially two entirely different kinds of exposure from stormwater events. For sessile 
organisms (e.g., organisms which do not move with the discharge flow), the exposure is the 
culmination of all the water and constituents that pass over them during an event. In this case, in 
situ monitoring, using methods that can withstand the changes in the flow regime, can 
characterize that exposure.  The effects of that exposure may be more difficult to predict, as they 
may not occur until some time after the exposure. One way to address this is to remove the in 
situ systems after the storm event and monitor their responses in clean water.  Herricks and 
Milone (1998) studied time-varying exposures in the laboratory using the cladoceran C. dubia, 
the fish P. promelas, and the amphipod H. azteca.  Their work showed the need for appropriate 
time-scales of exposure.  Organisms that reside in the water column would move with the 
stormwater flows. Therefore, exposing C. dubia to the first flush sample in a storm event would 
probably not represent the exposure most of these sorts of organisms would receive. 
 
6.7 Additional Monitoring Tools 

There are additional tools that can be utilized for monitoring of stormwater and ambient water.  
Three of these tools are discussed below: in situ toxicity testing, sediment toxicity testing, and 
bioassessments.  The use of these tools, and others, can either lead to the identification of an 
impairment, or monitor a currently impaired waterbody.  Once impairment has been identified, 
identification of the primary stressors is pursued through the EPA stressor identification process 
(USEPA 2000c).  This process was developed to identify any type of stressor or combination of 
stressors that cause biological impairment.  The Stressor Identification (SI) process entails 
critically reviewing the available environmental information, analyzing potential exposure 
scenarios, and developing monitoring programs to fill in data gaps.  The reader is encouraged to 
review the SI document prior to developing or reviewing environmental monitoring programs.  
Some types of monitoring approaches and their applications are shown in Table 6-1.         
 
Table 6-1.  Types of Monitoring Approaches and Their Applications 

Type Approach Applications 

Chemical 
Condition 

Water quality 
sampling 

Screen for impairment; identify specific pollutants of concern; 
identify water quality trends; determine support of designated 
contact recreation uses; identify potential pollution sources. 

Watershed survey Determine land use patterns; determine presence of current and 
historical pollution sources; identify gross pollution problems; 
identify water uses, users, diversions, and stream obstructions 

Physical 
Condition 

Habitat 
assessment 

Determine and isolate impacts of pollution sources, particularly land 
use activities; interpret biological data; screen for impairments 

Biological 
Condition 

Macroinvertebrate 
sampling 

Screen for impairment; identify impacts of pollution and pollution 
control activities; determine the severity of the pollution problem 
and rank stream sites; identify water quality trends; determine 
support of designated aquatic life uses. 

Source:  USEPA 1997a.   
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6.7.1 In-Situ Testing 

Toxicity tests using standard WET organisms and performed on ambient water samples are 
considered surrogate exposures for environmental realism.  Exposing these organisms in situ can 
increase the environmental relevance.  The test organisms used for in situ biomonitoring range 
from the same organisms used in WET toxicity testing to a wide array of other organisms. The 
list of references that follow are only a small number of articles on in situ toxicity testing: WET 
test organisms (Anderson 2002; Dickson et al. 1996; Hemming et al. 2001) amphipods (Maltby 
et al. 2003; Rainbow and Kwan 1995; Gerhardt et al. 1998); algae (Twist et al. 1997); real-time 
biomonitors (Allen et al. 1996; Waller et al. 1995; Kuster et al. 2004; Gerhardt et al. 1998; Kieu 
et al. 2001; Charoy et al. 1995). 
 
Organisms can also be exposed in situ for bioaccumulation studies.  Freshwater and marine 
mussels bioaccumulate both metals and organics and have been used extensively to evaluate 
sources of environmental pollution . Mussels can be placed in the field for varying periods and 
have the additional endpoints of growth and survival.  Strategically located mussels can identify 
chemical inputs.  
 
Several large monitoring programs have used mussels to monitor contaminants and determine 
contaminant bioavailability in the water column.  The San Francisco Estuary Institute (SFEI) has 
a long history of using bivalves (resident clams and transplanted oysters and mussels) as sentinel 
species.  Davis and Taberski (2002) reported on the use of mussels as part of a regional 
monitoring program of water quality in San Francisco Bay.  California's Department of Fish and 
Game State Mussel Watch Program (SMWP) has been in effect since 1976. The Mussel Watch 
program is part of a worldwide monitoring effort designed to detect the presence and 
concentration of toxic pollutants in estuarine and marine waters (Martin and Severeid 1984).  
California has also employed mussels in the freshwater toxic substances monitoring program 
(SWRCB 1990).   
 
6.7.2 Sediments 

Because sediments can be sinks for many contaminants, they are potentially impacted by 
discharges to a receiving waters. The Contaminated Sediment Management Plan (USEPA 1998) 
has as its goal, “to reduce fragmentation, duplication, and increase more holistic approaches to 
pollution prevention.”  For example, NPDES permitted facilities may be meeting all their 
chemical-specific, parameter-specific, and WET requirements and yet sediment contamination 
could result from releases from these facilities.  There are more than ten Federal statutes that 
provide authority to EPA program offices to address the problem of contaminated sediment.  The 
EPA (1998) studied data from 1,372 of 2,111 watersheds in the continental United States and, 
based on the approach discussed below, identified 96 watersheds that contain “areas of probable 
concern” (APC).  Four goals have been established to address the problem of contaminated 
sediment (USEPA 1998). These goals are: 
 

• prevent the volume of sediment from increasing, 

• reduce the volume of existing contaminated sediment, 
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• ensure that sediment dredging and dredged material disposal are managed in an 
environmentally sound manner, and  

• develop scientifically sound sediment management tools for use in pollution prevention, 
source control, and dredged material management.  

 
It is important to note that these 96 watersheds have been identified from existing databases and 
do not represent all the watersheds or portions of watersheds that might meet the criteria for 
APCs.  A complete inventory of contaminated sediments in the United States has not as yet been 
established (USEPA 1997b).  It is also important to note that the time span covered by the 
database from which these 96 APC watersheds were developed was 1980 to 1993. An updated 
report that is in draft form (USEPA 2001d) will provide new estimates for data up to and 
including 1999 as to the number and distribution of APCs.  
 
Through the Federal Insecticide, Fungicide, Rodenticide Act (FIFRA), EPA has the authority to 
ban or restrict the use of pesticides that have the potential to contaminate sediments if the risk is 
judged to be unreasonable. However, sediment toxicity has not been a part of routine test 
procedures and risk assessments for pesticide registration, re-registration or special review, even 
though prevention is clearly a better strategy than remediation.  
 
Sediment has been functionally defined as all of the detrital, organic and inorganic particles that 
settle to the bottom of a body of water.  In many sediment types (depositional sediments), water 
is found between the particles in the sediment and is termed interstitial or porewater. This water 
becomes very important in consideration of toxicity of contaminated sediment. Power and 
Chapman et al. (1992) divide sediment into four main compartments: interstitial water, organic, 
inorganic, and anthropogenically derived materials, including contaminants and eroded topsoil.  
According to their classification scheme, the largest volume is occupied by interstitial water that 
may occupy over 50% by volume of surface sediments.  The inorganic phase includes the rock 
and shell fragments and mineral grains that originate from natural erosion of terrestrial materials. 
Organic matter is a variable, but small, fraction that occupies a low volume but is an important 
component because it can regulate the sorption and bioavailability of many contaminants.   
 
Sediment toxicity tests are utilized much like WET tests, but their focus is on evaluating ambient 
sediment conditions.  Freshwater and marine sediment testing protocols are described fully by 
the EPA (USEPA 1994d, 1994e, 2000d).  The objective of sediment toxicity testing is to 
determine if chemicals in the sediment are harmful to, or accumulated by, benthic organisms. 
Sediment toxicity tests can be used to (1) determine the relationship between toxic effects and 
bioavailability, (2) investigate interactions among chemicals, (3) compare the sensitivities of 
different organisms, (4) determine spatial and temporal distribution of contamination, (5) 
evaluate dredge material, (6) measure toxicity as part of product licensing or safety testing or 
chemical approval, (7) rank areas for cleanup, and (8) set cleanup goals and estimate the 
effectiveness of remediation or management practices (USEPA 2000d). In addition to the 
methods in EPA 2000d, standard methods for assessing the toxicity of contaminants associated 
with sediments have been developed using amphipods, midges, polychaetes, oligochaetes, 
mayflies, and cladocerans (ASTM 1999a, 1999b, ASTM 1999c; USEPA 1994d, 1994e; 
Environment Canada 1997a, 1997b).  
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The sediment quality triad is an integrative approach for evaluating sediments (Chapman et al. 
1992). This process is defined as any three-component integrative assessment that includes 
sediment toxicity, sediment chemistry and some measure of in situ bioeffects (often benthic 
infaunal community structure).  The sediment quality triad is based on a weight of evidence 
approach for determining impact.  For example, if chemistry indicates a potential impact, and 
toxicity tests show adverse effects, then the weight of evidence is strong that contaminants are 
impacting the sediment.  Multiple toxicity tests on a variety of species do not substitute for other 
part of the triad, but do increase the strength of the toxicity leg.  Detection of resident 
community alterations through bioassessments also reinforces the possibility of an impact.  
 
Often, when information is gathered for assessing impacts, a tiered approach is used.  By starting 
with the least complex and least expensive testing methodologies, a weight-of-evidence can be 
built over multiple metrics. If the metrics of the triad provide mixed results, then additional 
information may be needed to resolve the conflicts.  However, some conclusions from mixed 
effect results can guide additional studies (Table 6-2). As with most assessments of 
environmental quality, the more quality information that is available, the greater is the likelihood 
that the assessment will be accurate. 
 
Table 6-2. Information Provided by Differential Triad Response  

Contamination Toxicity Alteration Possible Conclusions 
+ + + Strong evidence for pollution-induced degradation 

- - - Strong evidence that there is no pollution-induced 
degradation 

+ - - Contaminants are not bioavailable 

- + - Unmeasured chemicals or conditions exist with the 
potential to cause degradation 

- - + Alteration is not due to toxic chemicals 

+ + - Toxic chemicals are stressing the system 

- + + Unmeasured toxic chemicals are causing 
degradation 

+ - + Chemicals are not bioavailable or alteration is not 
due to toxic chemicals 

Source:  Chapman et al. 1992 
 
6.7.3 Sediment Collection 

Procedures for collecting, storing, and manipulating sediments for chemical and toxicological 
analyses are well documented (USEPA 2001d; ASTM 2000).  The EPA test methods manual 
represents a compilation of information from governmental documents to peer-reviewed 
literature and is an important source of information regarding the sediment phase of the aqueous 

RB-AR25770



 
AMBIENT TOXICITY TESTING AND WATERSHED ASSESSMENT 

Page 104 

environment.  ASTM has also published a guide for the collection, storage, characterization and 
manipulation of sediments for toxicological testing (ASTM 2000).   
 
The goal of any sediment sampling program should be to collect sediment in a manner that 
produces minimally disturbed sediment. The methods used to sample, transport, handle, and 
store and manipulate sediments and interstitial waters can influence the physicochemical 
properties and the results of chemical, toxicity and bioaccumulation analyses (USEPA 2001d).  
Many of the areas covered in EPA’s technical manual are subjects of active research programs 
and, while the intent of the manual is to provide methodologies that minimize sampling impact, 
the authors recognize that methods are likely to evolve and that new additions of the technical 
guidance will reflect those advances.  To keep pace with the changes visit www.epa.gov and 
search on sediment sampling and sediment testing.   
 
There are many devices that have been used to collect whole sediments. The choice of sampling 
method is dependent to a large degree on what the sample is to be used for.  The EPA sediment 
technical manual (USEPA 2001d) has a good discussion of the various collection methods and 
their strengths and weaknesses.  Sampling sediments to determine the average concentration of 
chemical contaminants can be problematic.  For monitoring and assessment studies, the upper 
10-15 cm of sediment is normally collected because this is the area where most of the epibenthic 
and benthic organisms and the most recently deposited sediments are found. These samples can 
be used for physical and chemical analyses, benthic community analysis, and toxicity tests.  In 
many instances, sub-samples of equal size from sediment samples can eliminate or reduce the 
influence of unequal sized grab samples.  
 
Interstitial water, or pore water, is the liquid contained within every sediment sample.  This 
water is may occupy up to 50% by volume in silt and depositional sediments (Sarda and Burton 
1995; USEPA 2001d).  Because interstitial water is in intimate contact with the sediment, it is 
assumed to be in thermodynamic equilibrium with contaminants in the sediment, and is generally 
to be considered the route of exposure for many sediment contaminants.  In addition, 
contaminants in interstitial water can be transported to overlying waters through diffusion, 
bioturbation and re-suspension (Sarda and Burton 1995).   
 
Interstitial water can be used to evaluate sediment toxicity with organisms that are normally used 
in aquatic toxicity tests (Carr and Nipper 2003).  To evaluate interstitial water it must be 
separated from the sediment matrix.  It should be noted that extraction of interstitial water can 
alter the chemistry of the sample (Sarda and Burton 1995).  There are several methods used to 
isolate interstitial water from sediment including centrifugation, pressurization, or suction. In 
situ sampling devices for interstitial water have also been used.  The most commonly used 
methods are “peepers” and suction devices.  Peepers are samplers that have a rigid body with 
openings covered with permeable membranes. Prior to deployment, the openings are filled with a 
medium consistent with sample objectives. The peeper is then placed in the sediment and the 
medium in the openings is allowed to come into equilibrium with the surrounding interstitial 
water. The equilibration time varies, but multiple-week exposures are not unusual (USEPA 
2001d; Sarda and Burton 1995). These methods generally produce smaller volumes of water 
(<500 mL) compared to centrifugation and pressurization and are often limited to shallower 
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water depths.  A variety of peeper designs along with diffusion samplers, vapor diffusion 
samplers, and semi-permeable membrane devices are discussed on the EPA website  
(http://clu-in.org/programs/21m2/sediment/).  Regardless of the method of collection porewater 
samples should be processed as soon as possible after collection. 
  
6.7.4 Freshwater Sediment Test Organisms 

The EPA sediment test methods manual (USEPA 2000d) describes five methods for three 
organisms to measure the toxicity and bioaccumulation of contaminants from freshwater 
sediments. Two of the methods, one for the amphipod Hyalella azteca and one for the insect 
Chironomus tentans, measure survival and growth over a 10-day exposure period. One of the 
methods measures survival, growth and reproduction of H. azteca over a 42-day test, and one 
measures effects on C. tentans over the life-cycle of the insect. A bioaccumulation test with 
Lumbriculus variegatus is also presented. 
 
Recently, sediment toxicity has been documented in urban waterways (Amweg et al. 2006) and 
agriculturally dominated waterways (Weston et al. 2004).  The reader is encouraged to consult 
these published studies prior to designing or reviewing sediment toxicity.  Phillips et al. (2006) 
and Anderson et al. (2006) describe TIE procedures for identification of the causes of toxicity in 
sediments from agriculturally dominated watersheds in California. 
 
6.7.5 Bioassessments 

Benthic infauna surveys can be accurate indicators of ecosystem health, and benthic surveys are 
frequently used as biocriteria to assess ecological integrity (Gibson et al. 2000; Borja 2005).  
Benthic data can be evaluated against historical data, reference conditions, models and indices, 
and with consensus professional judgment.  Although standard benthic evaluation tools exist, the 
interpretation of benthic data is often subjective and based on best professional judgment 
(SCCWRP 2006).  Moreover, because the presence of resident biota is region-specific, 
interpretation of bioassessment data must be based on the ecoregion.   
 
Rapid Bioassessment Protocols (RBPs) were developed for freshwater environments as 
inexpensive screening tools for determining if a stream was supporting its designated aquatic life 
use (Plafkin et al. 1989).  EPA guidance for marine bioassessments is provided in Gibson et al. 
(2000), but there are also a number of published marine bioassessment studies (e.g. Thompson 
and Lowe 2004; Weisberg et al. 1997; Smith et al. 2001).  As these protocols were applied and 
modified, the areas in which the protocols provided useful information expanded to include: 
 

• Characterizing the existence and severity of impairment to the water resource 

• Helping to identify sources and causes of impairment 

• Evaluating the effectiveness of control actions and restoration activities 

• Supporting use attainability studies and cumulative impact assessments 

• Characterizing regional biotic attributes of reference conditions.  
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The revised RBPs have been adopted and modified by various states to meet their monitoring 
needs (Barbour et al. 1999). Once adapted to the characteristics of a state, consistent 
reproducible procedures can be used to evaluate the status of a wadeable river or stream. One of 
the goals of the application of RBPs is to develop biocriteria that can be tailored to reflect the 
kind of biological system that should be found in waters that have a particular designated use 
(public water supply, for protection of fish, shellfish, and wildlife, and for recreational, 
agricultural, industrial, and navigational purposes). Once biocriteria are developed, a biosurvey 
of a receiving system with a particular designated use can be performed to determine if that 
system meets the requirements for that designated use. There are only a few places in the country 
that have developed biocriteria.  
 
Implementing biocriteria in California is the responsibility of the State Water Resources Control 
Board and the Regional Water Quality Control Boards. In California, there is not one single 
entity responsible for developing statewide bioassessment protocols. As a consequence, five 
candidate programs exist in California that could provide the framework for the implementation 
of statewide bioassessment methods (SWRCB 2003). Bioassessments have been conducted at 
over 3000 sites in California by a variety of agencies. The California Department of Fish and 
Game (CDFG) bioassessment methodology has been used the most, with over 2500 sites 
sampled (SWRCB 2003).  The more recent organization of California’s Surface Water Ambient 
Monitoring Program (SWAMP) should provide the impetus to implement a better organized and 
standardized biological and assessment program (SWRCB 2003).    
 
The California DFG is a leader in establishing taxonomic standards for statewide bioassessment 
efforts, an immense undertaking, given the size and diversity of ecoregions in California. The 
CABW was established as a forum for researchers, agency personnel and private consultants 
working in the field of freshwater biology. In 1995 the California Aquatic Macroinvertebrate 
Laboratory Network (CAMLnet http://www.dfg.ca.gov/cabw/camlnetste.pdf) workgroup was 
started to develop consistent, sound methodological approaches to aquatic bioassessment, to 
provide mentoring and support, and to facilitate communication by promoting discussion of 
findings and bioassessment programs. 
 
In 1999, CAMLnet produced the first edition of the CAMLnet List of Standard Taxonomic 
Effort (LSTE). This document defines the basic level of taxonomic resolution to be used by all 
CSBP data analyses. To conform to the CSBP standard effort levels, taxa may be identified to 
more, but not less precise, levels than those listed in the LSTE. The latest version (2003) of the 
list can be found at www.dfg.ca.gov/cabw/camlnetste.pdf. These protocols fit the essentials of 
the wadeable protocol to these specialized habitats.   
 
An important and difficult step that is being pursued is the establishment of reference conditions 
for each of the types of waterbodies. The reference sites are, in theory, pristine sites for that 
waterbody type. Once the bioassessments of the reference conditions are in place, all streams of 
the same physical attributes (e.g., wadeable steams in a particular hydrologic unit) should have 
conditions equal to the reference site’s conditions. In practice, it is difficult to find pristine sites 
for any given waterbody type, so the use of “least impacted” sites are often used instead.  
Regardless of the final choice of bioassessment protocols chosen for use, they will become an 
important tool in the arsenal of tools water quality managers have at their disposal.  
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CHAPTER 7.  ENFORCEMENT PROCEDURES FOR WET 
 
7.1 Overview 

The following discussion provides guidance on determining appropriate enforcement responses 
to violations of WET limits and conditions.  This guidance incorporates the two main goals of 
EPA’s NPDES compliance and enforcement program which are (1) to compel or require the 
permittee to expeditiously achieve and maintain compliance, and (2) to serve as a deterrent.   
 
7.2 Background 

CWA Section 309(a) states that any violation of a permit condition or limitation is subject to 
enforcement.  Through EPA’s 1989 national NPDES enforcement guidance, Enforcement 
Management System (EMS) guidance, the EPA Regional or State enforcement authority is 
encouraged to initiate an appropriate enforcement response to all permit violations.  EPA’s 
overall approach to enforcement applies to all parameters, including WET.  Once a facility has 
been identified as having an apparent permit violation(s), the Permitting Authority reviews all 
available data on the seriousness of the violation, the compliance history of the facility, and other 
relevant facts to determine whether to initiate an enforcement action and the type of action that is 
appropriate.  The EMS recommends an escalating response to continuing violations of any 
parameter.   Regions 9 and 10's enforcement follows the EMS. 
 
In a joint memorandum issued by EPA Headquarters Office of Regulatory Enforcement and 
Office of Wastewater Management (USEPA 1995b) EPA clarified National policy with regard to 
the two most common issues raised by the regulated community involving the enforcement of 
WET requirements in NPDES permits: 1) single exceedance of WET limits, and 2) inconclusive 
toxicity reduction evaluations (TREs). 
 
EPA does not recommend that the initial response to a single exceedance of a WET limit, 
causing no known harm, be a formal enforcement action with a civil penalty.  The regulated 
community has expressed concern about the potential for third party lawsuits for single 
exceedance of WET.  Citizens cannot sue a permittee on the basis of a single violation of a 
permit limit.  Under section 505(a) of the CWA, citizens are allowed to take a civil action 
against anyone who is alleged to “be in violation” of any standard or limit under the CWA.  In 
Gwaltney of Smithfield, Ltd., v. Chesapeake Bay Foundation, Inc., 484 U.S. 49, 1008 S.Ct. 376, 
98 L.Ed.2d 306 (1987), the Supreme Court held that the most natural reading of “to be in 
violation” is “a requirement that citizen-plaintiffs allege a state of either continuous or 
intermittent violation--that is, a likelihood that a past polluter will continue to pollute in the 
future.” A State may have its own enforcement policy which may be more stringent. 
 
In the case of inconclusive TREs, EPA recommends that solutions in these cases be pursued 
jointly with expertise from EPA and/or the States as well as the permittee.  Solutions may 
involve special technical evaluation, as well as relief of civil penalties.  The primary corrective 
action required for violations of WET limits is completion of a TRE, including, if necessary, a 
TIE.  This requirement is incorporated into the Regions' NPDES permits.  The permit language 
addressed in this document contains provisions requiring the permittee to: implement the generic 
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TRE plan; increase the testing frequency following a violation or monitoring trigger if necessary; 
and, if also necessary, initiate a facility-specific TRE and a TIE following additional toxic 
sample(s) during the accelerated monitoring period.  The permits require permittees to develop 
and submit a generic TRE workplan within 90 days of permit issuance.   
 
Table 7-1 summarizes the Regions' WET enforcement responses.  The following sections discuss 
the types of noncompliance and the appropriate enforcement responses in more detail.  
Appropriate federal or State laws, policy and enforcement personnel need to be consulted prior 
to a determination of noncompliance or initiation of enforcement actions. 
 
Table 7-1. Enforcement Response Summary   

Noncompliance  
Initial Response 

 
Elevated Response Following 

Repeated or Sustained Violations 
Limit Violations Phone call, LOV or NOV NOV/AO; AO/APO; judicial referral 

Failure to Conduct TRE, TIE, or 
Accelerate Testing 

NOV/AO  AO/APO; judicial referral 

Failure to Test  NOV/AO AO/APO  

Invalid Results  
- Good Faith Effort 
- Lack of Good Faith 
- Failure to Re-Test 

 
Tech. Assist. 
NOV/AO 
NOV/AO 

 
NOV/AO; APO 
AO/APO 
AO/APO 

Failure to Comply with Narrative 
Conditions of 

NOV/AO AO/APO 

LOV = Letter of Violation  NOV = Notice of Violation 
AO = Administrative Order APO = Administrative Penalty Order 
 
7.3 Types of Noncompliance 

Noncompliance with the NPDES permit and the CWA includes:  
(a) violation of WET permit limit(s), 

(b) failure to conduct WET tests, 

(c) failure to provide valid test results (i.e., meet all test acceptability criteria) or otherwise 
comply with the permit's test and quality assurance procedures, including failure to re-
test within 14 days following the failure to meet test acceptability criteria,    

(d) failure to comply with any other WET NPDES permit conditions, including the 
conditions requiring:  

(1) an increase in the testing frequency following a violation or monitoring trigger 
requirement, 
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(2) an initiation of a TRE within 15 days of a violation as described in AO or permit 

(3) initiation of a TIE following a subsequent violation during the accelerated 
monitoring period, 

(4) a submittal of a generic TRE work plan within 90 days of permit issuance, 

(5) initial screening, or annual re-screening, for the most sensitive species,       

(e) failure to comply with the permit's reporting requirements and, 

(f) failure to comply with the terms and conditions of an Administrative Order (AO) or 
consent decree. 

 
7.4 Types of Enforcement Actions 

EPA or an appropriate State has discretion to determine that enforcement action is warranted and 
the type of action that is appropriate.  EPA's EMS recommends an escalating response to 
continuing violations.  There are three major categories of potential responses: no action, 
informal enforcement action and formal enforcement action.  In ascending order of severity, the 
enforcement actions available to EPA include Notice of Violations (NOVs) and Administrative 
Orders (AOs), Administrative Penalty Orders (APOs), Civil judicial action, and criminal 
prosecution.  EPA Region 9 generally issues an AO along with all NOVs (with the exception of 
NOVs issued to Federal Facilities).  Other EPA Regions and States may issue NOVs without an 
accompanying AO.  Similar State actions are available to each authorized State.  Determination 
of the appropriate enforcement response for WET violations will be based on the same factors 
used to determine the appropriate response for chemical-specific violations, that is, the need to 
compel or expedite a permittee's return to compliance, and the deterrent value of a particular 
enforcement response.  EPA/State should consider such factors as:  
 

(a) the duration of noncompliance or number of violations;  

(b) the severity or significance of the violations, and the resultant environmental harm;  

(c) the cause or source of the violations and a permittee's degree of control over the causative 
agent of toxicity; 

(d) a permittee's history of violations/recalcitrance; and, 

(e) the economic benefit gained from noncompliance. 

 
7.4.1 Notice of Violation and Administrative Order for Compliance 

An AO, or its equivalent, issued in conjunction with a NOV, should require the permittee to 
comply with WET limits and conditions by specified dates.  Required compliance with most 
narrative permit conditions should be immediate.  The AO should specify the required corrective 
actions, or require the permittee to develop, submit for approval, and implement a corrective 
action plan.  Generally, EPA/State should issue an NOV/AO or the equivalent under the 
following scenarios: 
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(a) a permittee failed to conduct the required WET tests on one or more occasions; 

(b) after a WET limit violation, a permittee failed to initiate a TRE and/or TIE, or failed to 
increase the testing frequency;  

(c) a permittee failed to comply with any narrative WET permit condition on one or more 
occasions including conditions addressing reporting requirements, species screening 
requirements, or submittal of a TRE workplan; 

(d) a permittee failed to provide valid test results, or otherwise failed to comply with permit 
conditions regarding test procedures or quality assurance, including the requirement to 
re-test within 14 days following the failure to meet test acceptability criteria;  

(e) a permittee's TRE efforts are inadequate, the corrective actions are inadequate, or the 
time frames for completing corrective actions are unacceptable; 

 (f) a permittee may need some additional incentive to complete the necessary corrective 
actions (e.g., when corrective actions require long construction schedules, or are 
expensive, or a permittee has a history of recalcitrance);  

(g) WET violations resulted in documented environmental impacts;   

(h) the permittee has not eliminated or reduced the toxicity within a reasonable amount of 
time, and the violations are ongoing, whether continuously or sporadically.   

 
7.4.2 Administrative Penalty Order (APO) 

Issuance of an APO would be appropriate if the permittee has demonstrated recalcitrance; if 
violations have continued over an extended time period or have repeatedly reoccurred; if the 
violations are especially serious; or if the violations could have reasonably been avoided.  APOs 
only penalize permittees for past violations.  Therefore, if additional corrective action is 
necessary, an AO should also be issued, or a civil judicial referral should be considered.  
EPA/State should consider issuing an APO, or its equivalent, for the following situations:  
 

(a) a permittee failed to initiate a TRE and/or TIE, or failed to increase the testing frequency, 
on several occasions or after an extended period of noncompliance; 

(b) a permittee repeatedly failed to comply with any narrative WET condition or repeatedly 
failed to provide valid test results;  

(c) a permittee repeatedly failed to conduct WET tests; 

(d) the WET limit violation(s) was caused by negligence, poor operation and maintenance 
practices, a poor pretreatment program, or other circumstances within the control of the 
permittee which could have reasonably been avoided. [Note:  Certain types of negligence 
may be dealt with more appropriately through criminal prosecution.  These cases should 
be referred to EPA's criminal investigations division, or to the appropriate State agency.];  

(e) the WET violation(s) resulted in, or contributed to, significant adverse environmental 
impacts;   

(f) the permittee gained significant economic benefit from noncompliance;  
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(g) the permittee demonstrated recalcitrance in initiating or completing corrective actions; 
and, 

(h) the penalty calculation, which is based on economic benefit and gravity, is less than 
$157,000. 

 
7.4.3 Civil Judicial Action 

A civil judicial action is appropriate under circumstances similar to an AO with an APO, but 
where the severity of violations or degree of recalcitrance is greater; additional corrective actions 
are required; or the economic benefit derived from noncompliance is greater.  EPA and the State 
should consider a civil referral in response to the following:  
 

(a) a permittee's repeated failure to conduct a TRE or increase the testing frequency during 
an extended period of noncompliance or recurring periods of noncompliance despite 
previous enforcement actions or other direction from EPA or the State;  

(b) a permittee's repeated failure to conduct a TRE in an aggressive or good faith manner, or 
to otherwise eliminate or reduce toxicity;  

(c) a permittee's failure to adequately comply with an AO; 

(d) situations where extensive corrective action is required, especially extensive 
construction, or where a permittee may need extra incentive to complete corrective 
actions due to time, cost or potential recalcitrance; 

(e) situations where corrective actions are costly and allowed the permittee to gain 
significant economic benefit from delayed compliance;  

(f) situations where the violations resulted in or contributed to significant environmental 
impacts; and 

(g) the penalty calculation, based on economic benefit and gravity, exceeds $157,000. 

 
7.4.4 Criminal Prosecution 

For willful, knowing, or negligent violations of the NPDES permit or CWA, the permittee can be 
subject to criminal penalties.  These cases should be referred to the Criminal Investigations 
Division of EPA, or the appropriate State office. 
 
7.5 Other Factors to Consider When Deciding an Appropriate Response:   

In comparison to chemical-specific effluent limit violations, it can be more difficult to identify 
the causative agents of WET violations and to isolate the sources of toxicity.  In addition, once 
the toxic agents and sources are identified, it can be more difficult to control these sources, 
especially without costly technological solutions.  This is especially true for municipal treatment 
facilities where the public, commercial establishments and industry can all contribute to toxicity. 
Although these factors should not deter EPA or the State from taking enforcement action, they 

RB-AR25784



 
ENFORCEMENT PROCEDURES FOR WET 

Page 118 

should be considered when assessing the appropriate enforcement response and determining 
reasonable compliance dates. 
 
In general, the EPA Regions or the State may decide enforcement action is not necessary 
following a violation of WET limitations if the permittee adequately complies with its NPDES 
permit requirements for accelerating testing and conducting a TRE.  Enforcement action would 
be appropriate if the permittee failed to aggressively conduct a TRE or was otherwise recalcitrant 
in addressing the toxicity. 
 
Exceptions to this general guideline include situations where the WET violation(s) are of large 
magnitude, or contributed to significant environmental impacts (there may be violations of 
chemical-specific effluent limits as well); the permittee may need additional incentive to 
complete corrective actions identified by the TRE; the permittee failed to eliminate/reduce 
toxicity within a reasonable time frame; or, the WET violations were caused by circumstances 
within the control of the permittee and could have been reasonably avoided.  In cases like these, 
EPA/State should consider enforcement action even if the permittee did initiate a timely TRE.    
 
7.6 Invalid Test Results 

When a permittee is experiencing difficulty in meeting test acceptability criteria, EPA/State's 
initial response should be technical assistance (provided the permittee is making a good faith 
effort).  If this proves unsuccessful, or the permittee is not making a good faith effort, EPA/State 
should then consider enforcement action.  The initial enforcement action will typically be a 
Notice of Violation and Administrative Order (NOV/AO), or its equivalent, which would require 
the permittee to take appropriate measures to ensure the tests are properly conducted, such as 
finding a contract lab that is able to conduct the tests.  In addition, if the permittee fails to re-test 
within 14 days following one or more failures to meet test acceptability criteria, EPA/State 
should issue an enforcement order.    
 
7.7 Noncompliance with Other Narrative WET Permit Conditions 

A permittee's failure to comply with any other narrative WET permit condition, such as the 
requirement to develop a TRE workplan, screen for the most sensitive species, or comply with 
reporting requirements, should also result in enforcement action.  Initially, EPA or the State 
should issue an NOV/AO (or its equivalent) which requires immediate compliance.   An 
exception could be made for first time or infrequent offenders who generally appear to be acting 
in good faith.  In these cases, EPA/State could resolve issues of noncompliance through a verbal 
notice of violation, or a simple written NOV without an AO. 
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FREQUENTLY ASKED QUESTIONS 

 
Permitting: 
 
Q: Are WET tests reliable and accurate to be used in the NPDES permitting program? 
 
A: While some permittees may still contend that WET tests are inherently unreliable and 

inaccurate, the U.S. Court of Appeals recently rejected arguments that the variability 
observed in WET test methods (i.e., method variability) is excessive, concluding “. . . EPA 
has demonstrated that it is not.” (See Edison Electric Institute, et al., v. Environmental 
Protection Agency, et al., 391 F. 3d 1267, 1272 (D.C. Cir. 2004)).  In this case, the Court 
determined that EPA had “gone far enough” to minimize the effect of organic idiosyncrasy 
(the use of living specimens) by taking experimental and statistical precautions in designing 
and refining the WET test methods, denying the petitioners’ complaint that EPA had not 
gone far enough to minimize the potential for variability between and within-tests. 

 
Q:  Can a State use either point estimate or hypothesis testing techniques for analyzing toxicity 

test data? 
 
A:  EPA allows State Permitting Authorities the choice of either hypothesis testing or point-

estimation techniques for developing permit conditions and determining compliance. While 
several important drawbacks of the NOEC have been identified, hypothesis testing, per se, 
with safeguards is acceptable (Fox and Denton 2002). Such safeguards can include: testing a 
series of concentrations to verify and quantify a concentration-response relationship; 
increasing power (i.e., decreasing the type II error rate); closely bracketing the IWC by 
adjacent concentrations; applying an percent minimum significant difference (PMSD) as a 
test sensitivity criterion.  Note, that for reasonable potential determination EPA has 
recommended using point estimate procedures in NPDES testing even when NPDES self-
monitoring data are required to be determined using hypothesis testing techniques (USEPA 
2000b). However, the permit limit can be still expressed and reported using hypothesis 
testing techniques, while also requiring reporting of specified point estimates for calculating 
facility-specific CVs for determing reasonable potential of toxicity. 

 
Q:  Should detection or quantitation limits be set if toxicity limits are established? 
  
 A: EPA has stated that method detection limit concepts are not applicable to WET test methods 

and have not been applied historically to toxicity testing methods developed by EPA or other 
scientific entities. EPA also believes that the test design employed in WET testing including 
controls, replication, and hypothesis testing or point estimation techniques, all provide an 
adequate protection from false positives. Detection limits are applicable only to tests that rely 
on instrumental measurements; the detection limits represent the sensitivity thresholds of the 
technology below which measurements become unreliable or impossible. Because WET 
testing is a biological and experimental method, rather than an instrumental method, 
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detection limit concepts are not applicable. In the Edison electric Institute et al v EPA (D.C. 
Cir. 2004, pg 10 - 11), it was decided that the described safeguards in EPA’s WET methods 
addressed the petitioners’ concerns and that EPA had offered a reasoned, thorough 
explanation of its decision on this subject without further requirement by law. 

 
Q: Is the use of a numeric limit justifiable? 
 
A: Yes, EPA emphasizes that the Clean Water Act (CWA), NPDES regulations, EPA’s 

Technical Support Document for Water Quality-based Toxics Control (TSD, USEPA 1991a) 
all clearly envision that effluent limits should be expressed numerically. (See CWA 
301(b)(1)(C) and 502(11); 40 CFR 122.44(d)(1)(iv) and (k) and 122.2).  

a. By definition, 40 CFR 122.2 describes an effluent limitation as a restriction imposed . . . on 
quantities, discharge rates, and concentrations of ‘pollutants’; 

 
b. According to 40 CFR 122.44(d)(v), limits on whole effluent toxicity are necessary when 

chemical-specific limits are not sufficient to attain and maintain applicable numeric or 
narrative water quality; 

 
c. See chapter 5 of the TSD (USEPA 1991a), which describes the methodology to be used for 

calculating a statistical numeric limit for pollutants, including chronic toxicity; 
 
d. Appendix B of the TSD, Basic Principals for Whole Effluent Toxicity, describes EPA’s 

intent to have numeric limits for chronic toxicity, “Final whole effluent toxicity limits must 
be included in permits where necessary to ensure that State Water Quality standards are met. 
 These limits must properly account for effluent variability, available dilution, and species 
sensitivity.”  This does not fit the description of a numeric effluent limit, because a narrative 
effluent limit cannot account for variability or available dilution.  A numeric limit, on the 
other hand, can be calculated in such a way as to account for variability or available dilution; 
and, 

 
e. In this document and (Denton and Narvaez 1996), both describe establishing limitations for 

chronic toxicity in the form of a daily maximum and a monthly median. 
 
Q: When writing a permit for a discharge which only occurs intermittently throughout the year.  

What type of WET requirements should be incorporated into the permit? 
 
A: Permit conditions describing the appropriate limits and monitoring triggers, test methods and 

species should clearly be defined in any permit.   However in the situations of intermittent 
discharges it would be identified in the permit that during those periods of no discharge, the 
monitoring and testing conditions would not apply. 
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Q:  What does that mean when it says that “permittees must certify on DMR statements that 
these are accurate”? 

 
A: EPA clarified in its March 3, 2000 memorandum to EPA Regional Water Management 

Division Directors and Enforcement Division Directors that the purpose and meaning of the 
DMR certification was to certify only that all WET test results had been submitted and not 
tampered with or inappropriately modified prior to reporting on the DMR.  The 
memorandum sought to resolve the confusion over the term accuracy which is sometimes 
used as a term to describe performance characteristic of a measurement system. In the 
context of DMR certification, the term accuracy is a certification of information submission, 
namely that information provided is accurate as a layperson uses the term, rather than 
accurate as the term is used to describe quantifiable performance of a measurement system.  
Therefore, the DMR certification is not intended to certify the WET test results are accurate 
including whether or not the WET test results are valid from a toxicity test standpoint (e.g., 
quality assurance/quality control on the tests was done properly by the analytical laboratory). 
 Rather when a person certifies that the submission of WET testing information is accurate to 
the best of his/her knowledge and belief, the person certifies that the results obtained using 
the WET test procedures are faithfully and truthfully transcribed on the information 
submission, and the results were in fact results obtained using the specified test procedures. 

 
Q: Is WET appropriate for circumstances of effluent dominated streams, and storm and ambient 

water applications? 
 
A: The Permitting Authority, at the time of permit issuance, makes a determination as to 

whether WET testing, permit limitations for WET, or other requirements are appropriate and 
necessary to protect the receiving stream from potential toxic impacts from the permit to 
discharges.  This determination is made on a case-by-case basis after considering the existing 
controls on points and non-point sources of pollution, the variability of the pollutant or 
plume parameters in the effluent, the sensitivity of the species to toxicity testing, and the 
dilution of the effluent in the receiving water (40 CFR 122.44(d)(1)(ii)).  

 
Q: What is EPA's guidance to States in regards to a single exceedance of a WET limit? 
 
A: EPA points to the August 15, 1995 national policy memo regarding WET enforcement and it 

specifies that the initial enforcement response to a single exceedance of a WET limit, causing 
no known harm, should not be a formal enforcement action with a civil penalty, but that any 
violation of a WET limit is of concern and should receive an immediate, professional review 
by the Permitting Authority (USEPA 1995b).   EPA’s recommended response to an isolated 
or infrequent violation of a WET limit, causing no known harm, is issuance of a letter of 
violation or Administrative Order which does not include a penalty.  EPA policy suggests 
that additional testing is an appropriate initial response to a single WET limit violation and 
an escalated enforcement response to repeated violations.  
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Q: Are mixing zones applicable for WET permit limits? 
 
A: This depends on the authorization of mixing zones for toxicity under a States’ water quality 

standards.  However, mixing zones even if allowable in a State’s water standards plan may 
not be appropriate for a specific discharge location. This depends on the receiving water 
habitat.  For example, if there are threatened and endangered species to be protected or 
sensitive spawning grounds, then a mixing zone may not be appropriate.   

 
Q:  Do Permitting Authorities have discretion to evaluate and, if necessary, reject 

unrepresentative or invalid WET data before use them in making a reasonable potential 
determination? 

 
A:  Yes, however this does not mean that Permitting Authorities have the right to determine that 

valid and representative WET data that demonstrate effluent toxicity are to be considered 
irrelevant and disregarded when determining whether a WET limit is needed in a NPDES 
permit.   

 
Q:  How should potential ionic imbalance toxicity to be evaluated? 
 
A: Ion imbalances can cause toxicity in effluents.  When toxicity effluent limits or monitoring 

triggers are exceeded, the permittee shall implement a TRE as described in their TRE work 
plan.  Where TDS is a suspected toxicant, the permittee should utilize EPA’s TIE 
procedures, in conjunction with recommendations prescribed by Goodfellow et al. (2000) to 
identify the specific ions contributing to TDS toxicity; regulatory or technical solutions may 
be possible if ions are identified as the only responsible effluent toxicant.  In situations where 
ions and another toxicant are identified, the initial responsibility is to effectively address the 
other toxicant.  After that toxicant is dealt with, then ion-specific toxicity in the discharge 
can be appropriately addressed and potential management and regulatory options considered 
by the Permitting Authority. 

 
Testing Issues: 
 
Q:   Are toxicity test methods as precise as analytical test methods? 
 
A:  EPA found that WET test methods are as precise as chemical methods (USEPA 2000b).  

WET test method variability can be minimized by focusing on strict adherence to the EPA 
WET test method procedures; by using additional test acceptability criteria (TAC); by 
ensuring that laboratory personnel are properly trained to perform the tests correctly; and 
other preventive measures such as proper sample collection and storage. 

 
Q:  How is precision calculated for a test method? 
 
A:  Coefficient of variation (CV) is the descriptive statistics for quantifying test method 

precision.  CV is the ratio of the standard derivation to mean.  The precision of the effect 
concentrations is quantified by obtaining multiple test results under similar test conditions 
using the same test material.  For example, the standard deviation and mean for EC25 
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obtained for a specific test method from multiple monthly reference toxicant tests conducted 
at one laboratory would quantify “within-laboratory” precision for that laboratory.   

 
Q:  How are the types of test method variability defined? 
 
A: There are several measures of variability related to WET tests included are within-test 

variability, within-laboratory variability, and between-laboratory variability. Within-test 
(intra-test) variability is the variability in test organism response within a concentration 
averaged across all concentrations of the test material in a single test. Within-laboratory 
(intra-laboratory) variability is the variability that is measured when reference toxicant tests 
are conducted using specific methods under reasonably constant conditions in the same 
laboratory.  Within-laboratory variability includes within-test variability.  Between-
laboratory (inter-laboratory) variability is the variability between laboratories.  It is measured 
by obtaining results from different laboratories using the same test method and the same test 
material (e.g., reference toxicant).   

 
Q: Define the applicability of method detection limit to WET test methods? 
 
A: EPA established the method detection limit concept specifically for chemical methods, where 

results generally consist of a single measurement of the pollutant of interest by an analytical 
instrument.  The method detection limit concept uses information about the variability of the 
measurement system to determine a response level at which the measurement can be reliably 
distinguished from background noise, thus providing protection from false positive results.  
In WET testing, the final result is not based on a single measurement, but is the product of a 
series of replicated measurements on a range of effluent concentrations.  The additional 
measurements, controls, replication, and statistical approaches included in WET test method 
measurement system ensure that measured responses can be reliably distinguished from 
background noise.   

 
Q: Are laboratories routinely able to achieve the required test acceptability criteria on a routine 

basis?  
 
A: EPA conducted a national interlaboratory study (USEPA 2001a, 2001b) of toxicity test 

methods; EPA confirmed that the methods are adaptable to a wide variety of laboratories and 
that the methods generate reproducible results in laboratories. 

  
Q: Are the chronic tests for NPDES effluent testing required to use multi-concentrations rather 

than a single concentration vs control? 
 
A:   The decision to use a multi-concentration or single-concentration tests approach is typically 

defined in a State’s water quality standard control plan or policy.  The November 2002 WET 
methods rule did not address or change any EPA policy concerning multi-concentration 
versus single concentration testing.  With regards to the method manuals, they do not 
definitively say that multi-concentration testing is required for NPDES effluent tests.  In fact, 
Section 8.10.1 says "the tests recommended for use in determining discharge permit 
compliance in the NPDES program are multi-concentration, or definitive, tests which 
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provide...".  Often a State will utilize the single-concentration testing approach for assessing 
the toxicity of ambient or stormwaters. EPA recommends using multi-concentration testing 
for NPDES testing of effluents, but it is not required. 

 
Q: Does EPA or its test method manuals require a specific dilution series to be used? 
 
A: EPA has not required a specific dilution series or procedure for selecting dilution series.  

EPA recommends that test concentrations be selected independently for each test based on 
the objective of the study, the expected range of toxicity, the receiving water concentration, 
and any available historical testing information on the effluent. 

 
Q: When there is no mixing zone allowed for toxicity, what dilution series should be used? 
 
A: The following is suggested 100%, 62.5%, 50%, 25%, and 12.5%. This is following the basic 

suggestion of using the 0.5 dilution series.  However, it is encouraged to include an 
additional concentration between 50 and 100% effluent especially since compliance would 
be based at the 100 percent effluent. The 62.5% effluent concentration is suggested 
especially if compliance is assessed at both 1.0 TU as a monthly median and 1.6 TU (e.g., 
62.5% effluent) as a monthly average.   

 
Q:  What is the interpretation of the terms of “required” (using the term “must”) and those that 

are “recommended” (using the term “should”) when following the EPA test method 
manuals? 

 
A: When EPA promulgated the 2002 WET methods (USEPA 2002a, 2002b, 2002c), these test 

method manuals clearly distinguish between required and recommended test conditions for 
the purposes of reviewing WET test data submitted under NPDES permits.  EPA defined in 
the manual tables on summary of test conditions and test acceptability criteria for each 
method, such that each test condition is identified as required or recommended to be clear.  
In addition, EPA clarified the section on test review to each test method manuals.  This 
section of the test methods manual provide technical guidance on the review of sampling and 
handling procedures, test acceptability criteria, test conditions, statistical methods, 
concentration-response relationships, reference toxicant testing, and within-test variability.  
This section clarifies that for WET test data submitted under NPDES permits, all required 
test conditions must be met or the test is considered invalid and must be repeated with a 
newly collected sample.  Deviations from recommended test conditions must be evaluated on 
a case-by-case basis to determine the validity of test results.  Deviations from recommended 
test conditions may or may not invalidate the test results depending on the degree of the 
departure and the objective of the test.  The data reviewer should consider the degree of the 
deviation and the potential or observed impact of the deviation on the test result before 
rejecting or excepting a test results.  For example, if dissolved oxygen is measured below 4.0 
mg/L in one test chamber, the reviewer should consider whether any observed mortality in 
that test chamber corresponded with the drop in dissolved oxygen. 

 
Q:  What effluent pH should be used? 
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A: If the objective of the WET test is to determine the toxicity of the effluent and the receiving 
water, the pH should be maintained at the pH of the receiving water (measured at the edge of 
the regulatory mixing zone).  If the objective of the WET tests is to determine the absolute 
toxicity of the effluent, the pH should be maintained at the pH of the sample on completion 
of collection (for freshwater testing) or after adjusting the sample salinity (for marine 
testing). The objective of testing is to determine the absolute toxicity of the effluent, so the 
effluent pH should be the target. The target pH should not be an average or median of the 
effluent pH. The target for each WET test should be the pH of the individual sample when 
sample collection is complete (e.g., if the sample is a 24 hr composite, use the measured pH 
of the composite after the compositing is completed).  An average or median effluent pH 
should not be used, because WET test results are snapshots and should not try to be 
otherwise.    

 
Reference Toxicant Testing: 
 
Q: What is the purpose of reference toxicant testing? 
 
A: The purpose of reference toxicant testing is:  1) to assess the health and sensitivity of test 

organisms over time, and 2) to document and demonstrate initially and ongoing acceptable 
laboratory performance.  These purposes of reference toxicant testing are reflected in the 
reference toxicant testing requirements under quality of test organisms in the test method 
manuals. For a given test method, successive tests must be performed with the same 
reference toxicant, at the same test conditions, in the same dilution water type, using the 
same data analysis methods. 

 
Q: At what frequency should reference toxicant tests be required? 
 
A: The test method manuals specify that, regardless of the source of test organisms (in-house 

cultures or purchased from external suppliers), the testing laboratory must perform at least 
one acceptable reference toxicant test per month for each toxicity test method conducted in 
that month.  If the test method is conducted only monthly, or less frequently, a reference 
toxicant test must be performed concurrently with each effluent toxicity test.  Reference 
toxicant tests performed by organism suppliers cannot substitute for this requirement, 
because in addition to assessing the sensitivity of test organisms, reference toxicant testing is 
used to document ongoing laboratory performance.  The manuals do allow reference toxicant 
control charts from organism suppliers as a substitute for concurrent reference toxicant 
testing with each effluent test. While the method manuals require the conduct of reference 
toxicant tests, it is the responsibility of the Permitting Authority to determine the 
requirements for reporting test results and associated data and a State can always be more 
stringent than minimum requirements of the test method manuals.   

 
Q: How should a failed reference toxicant test result be evaluated and how should it impact 

effluent testing? 
 
A: EPA test method manuals include the added a caution that “reference toxicant test results 

should not be used as a de facto criterion for rejection of individual effluent or receiving 
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water tests. Reference toxicant tests do provide information on trends in organism sensitivity 
and laboratory performance that can be useful in evaluating and interpreting effluent and 
receiving water tests results.  For this reason, EPA has recommended evaluating the 
following elements of reference toxicant test results in the review of effluent and receiving 
water test data: the degree to which the reference toxicant tests result is outside of control 
chart limits, the width of the limits, the direction of a deviation (toward increased test 
organism sensitivity or toward decreased test organism sensitivity), the test conditions of 
both the effluent tests and the reference toxicant tests, and the objective of the test. .”  In 
addition, EPA added recommendations to track the ongoing performance of individual QC 
measures such as PMSD, average control response, and CV of control response. 

  
Sample Handling, Collection Issues: 
 
Q: Should effluent samples only be collected as composite samples? 
 
A:  Composite and grab samples are allowed for WET testing depending on the objectives of the 

tests.  Both sampling techniques have advantages and disadvantages that are described in the 
manuals.  Permitting Authority should evaluate these advantages and disadvantages in light 
of the test objectives when selecting a sample type.   

 
Q: Are the stipulations on filtration of effluents described in Section 9.1.2 of EPA/821/R-02/012 

(USEPA 2002a) recommendations or requirements? 
 
A:  According to Section 9.1.2 of the acute test methods manual, filtering the sample through a 

60 um mesh is only a requirement when the sample contains indigenous organisms that will 
interfere with the test.  For example, some predatory invertebrates could eat the test 
organisms.  If these interfering organisms are not present, the sample does not have to be 
filtered. 

 
Q:  What is the sample temperature range that is specified in the test methods manual? 
 
A: According to the test method manuals the storage and shipping temperature of samples is in 

the range of 0-6 degree C.  This modification provides greater consistency with national 
environmental laboratory accreditation conference (NELAC) standards.   

 
Q: When should total residual chlorine be measured in the test methods? 
 
A: If total residual chlorine is not detected in effluent or dilution water at test initiation, it is 

unnecessary to measure total residual chlorine at test solution renewal or at test termination.  
If total residual chlorine is detected at test initiation, then measurement of total residual 
chlorine at test solution renewal and test termination would continue to be required.  It is not 
necessary to measure total residual chlorine in the laboratory prepared synthetic dilution 
water. 

 
Q: Should treatment plant effluents be dechlorinated prior to toxicity testing?   
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A:  The goal of the WET test is to determine the potential toxicity of the final effluent; therefore, 
if the final effluent has been treated with chlorine and dechlorinated, then that is what is to be 
tested.  Dechlorination using anhydrous sodium thiosulfate to reduce chlorine would only be 
allowed at the discretion of the Permitting Authority.  For example, if the effluent is toxic 
and the suspected toxicant is total residual chlorine (TRC), then the Permitting Authority 
could suggest having the permittee conduct a side by side test (minimum of three tests) of 
final effluent (w/o dechlorination) and with dechlorination to assist in determining whether 
TRC is causing toxicity.  In addition, the permittee would need to conduct a definitive TIEs 
to determine that TRC is the sole toxicant.  If so, then the Permitting Authority needs to 
address whether there is an appropriate TRC limit for the effluent and facility. 

 
 Note language in paragraph, 8.8.5 the chronic toxicity test method manuals, states, “At a 

minimum, pH, conductivity, and TRC are measured in the undiluted effluent or receiving 
water, and pH, and conductivity are measured in the dilution water.    Therefore, an effluent 
sample at test initiation that has TRC concentrations above the toxic effect level (see TIE 
procedures to obtain toxic effect levels) would be causing toxicity to the test species, which 
is not allowed.   

 
Q:  What is the holding time requirement for first-use effluent sample? 
 
A: The holding time requirements for first use of a sample have not changed. This requirement 

continues to state that the lapsed time from collection to first use of the sample must not 
exceed 36 hours.  The allowance for Permitting Authorities to issue a variance for up to 72 
hours also remains in the test method manuals.  However, EPA clarified in the 2002 test 
method manuals, that samples can be used for test renewal at 24, 48, and/or 72 hours after 
first use. In the previous version of the freshwater chronic test methods manual, it stated that 
samples can be used for renewal at "24 and 48 hours after test initiation."  This statement was 
modified to add "72 hours" based on comments that were received on the proposed rule.  For 
example, when conducting the chronic Ceriodaphnia test over the duration of six to eight 
days (the maximum test duration is 8 days) with samples collected as recommended on days 
one, three, and five, the third sample must be used at 72 hours after first use in order to make 
the final renewal of the test.  Otherwise, a fourth sample would need to be collected for 
renewal on the final day.  This fourth sample would also need to be collected whether it was 
used or not because the decision to extend the test to an eighth day is not made until renewal 
on the seventh day, when it is generally too late to collect and ship another sample.  For this 
reason, the holding time requirement was modified to allow use of samples at 72 hours after 
first use. 

 
 The second modification that was made (to both the freshwater chronic and marine chronic 

manuals) was to add an allowance for the use of existing samples for renewal when shipping 
problems are encountered.  This allowance states: "If shipping problems (e.g., unsuccessful 
Saturday delivery) are encountered with renewal samples after a test has been initiated, the 
Permitting Authority may allow the continued use of the most recently used sample for test 
renewal."  This modification was also added in response to comments on the proposed rule. 
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 Based on these holding time requirements, a sample could be 108 hours old when last used 
(36 hours from collection to first use plus 72 hours from first use to last use).  It should be 
noted, however, that these represent maximum allowable times and should not represent 
standard practice.  EPA still recommends the collection of three samples on days 1, 3, and 5. 
 Using this regime, sample holding times will be well below the maximums unless test 
durations are extended to 8 days or shipping problems are encountered. 

 
Q:  Do the test method manuals allow flexibility in determining the sample renewal collection 

schedule? 
 
A: Yes, the test method manuals specify that sample collection on days 1, 3, and 5 is an example 

and not required sample collection scheme.  For example, if shipping problems (e.g., 
unsuccessful Saturday delivery) are encountered with renewal samples after a test has been 
initiated, the Permitting Authority may allow the continued use of the most recently used 
sample for test renewal.”  This means that if the shipment of a renewal effluent sample is not 
received on the precise day, this does not necessitate the termination of the test.   

 
pH Adjustments: 
 
Q: What is pH shock and is it real? 
 
A:  EPA believes that pH drift alone is not considered a test interference if pH stays within the 

organism’s tolerance range.  The degree of pH drift typically observed in effluent samples 
should generally only interfere with test results if the sample contains a compound with 
toxicity that is pH dependent and at a concentration that is nearer the toxicity threshold.  EPA 
does not have evidence to suggest that pH shock resulting from transferring organisms from 
culture water pH to test solution pH produces toxicity, provided the changes in pH or within 
the organism tolerance range (pH 6-9).  Belanger and Cherry (1990) showed that 
Ceriodaphnia dubia survival and reproduction did not differ significantly in tests conducted 
at pH values ranging from 6 to 9, regardless of pH acclimation history.  Acclimating 
organisms to test pH (for four weeks) only affected test performance when testing at pH 5.0 
and 10.0 (beyond the normal organism tolerance range 

 
Q: Are pH adjustments allowed for the chronic test methods? 
 
A:  The use of pH control is a modification to the tests and procedures that affects the measure 

toxicity of the sample, so Permitting Approval of this modification is required.  The 
procedure is intended to control for pH drift that could produce artifactual toxicity, however, 
the procedure could be misused to artificially reduce sample toxicity when pH control is 
unwarranted.  Approval of the procedure by the Permitting Authority will ensure that pH 
control is warranted in the test procedure.  Permitting Authority approval in this instance is 
consistent with other method modifications, such as modification of sample holding times.  
The issue is not pH adjustment; it is control of pH drift during the test when the drift itself 
(not adjustments) is responsible for artifactual toxicity.  There needs to be more side-by-side 
testing (minimum of 3 side-side tests) to confirm that pH drift is responsible for artifactual 
toxicity.  This side-by-side testing does not mean testing the effluent at two different pHs.  It 
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means testing a split sample, where pH is uncontrolled in one treatment and controlled 
(avoiding drift) in the other treatment.  For example, if the collected sample is pH 6.5, then 
both of the side-by-side treatments start the test at 6.5.  The uncontrolled treatment may drift 
to 7.5 during the test, but the controlled treatment is maintained at 6.5.  Then, assess whether 
the tests differ in toxicity, and if so what is causing toxicity? 

 
Q:  Is pH adjustments allowed for the acute test methods? 
 
A:  EPA has not provided additional techniques that include modification of the sample to 

control pH drift in acute test methods because the current acute methods provide adequate 
remedies for pH drift without modifying the sample.  pH drift in acute tests may be remedied 
by more frequent test renewals or the use of flow-through testing.   

 
Q:  What is the optional treatment for controlling pH drift? 
 
A: EPA believes that the CO2 controlled atmosphere technique provides the best pH control 

with least amount of sample modification.  This technique uses the existing carbonate 
buffering system in the sample to control pH.  While the method modification provides 
guidance on using this technique, a particular method for ministering the technique is not 
prescribed.  The manual describes two methods for using the CO2 controlled atmosphere 
technique: injecting a predetermined volume of CO2 into closed test containers, and; 
flushing a chamber containing the test vessels with a mixture of CO2 and air.  Another 
technique for pH control is to eliminate airspace in the test vessel with a lid.  This is effective 
when the partial pressure of CO2 in the test solution is higher than that in the atmosphere, 
since it prevents CO2 from escaping and allowing pH to rise.  This technique would be 
allowable provided that is capable of adequately controlling pH. 

 
Q: Is the use of pH buffers or addition of chemical acceptable? 
 
A: EPA has not recommended the use of organic buffers for controlling test pH because this 

technique represents a greater modification of the sample than the CO2 controlled 
atmosphere technique.  The use of organic buffers means adding a foreign substance to the 
sample that could potentially produce unknown interactions that may modify sample toxicity. 
 EPA agrees that the addition of any foreign chemical to the sample is not ideal; however, 
atmospheric CO2 alone is not always sufficient to adjust and maintain pH.  EPA adds in the 
manual the following caution:  “the addition of acids and bases should be minimized to 
reduce the amount of additional ions (Na or Cl) added to the sample.” 
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Specific Method Issues: 
 
Acute Test Methods: 
 
Q:  Are the rainbow and brook trout approved test methods in Part 136? 
 
A: Yes, these methods are approved in Part 136, and included as summary of test conditions and 

TAC as Table 15 of EPA (2002a). 
 
Q: When conducting a 96-hour acute test method are renewal(s) required? 
 
A: At 48-hour a renewal is required minimum for the 96-hour acute toxicity test methods. 
 
Q: Explain the change in the growth endpoints (dividing by the number of surviving organisms) 

to the biomass endpoint (dividing by the number of original organisms) used in the fish test 
methods.  

 
A:  In the 1995 WET final rule, EPA changed the test endpoint from the growth endpoint that 

was based on the number of surviving organisms, to the biomass endpoint that combines 
growth and survival and is based on the number of initial organisms.  EPA made this change: 
1) to provide consistency with other methods (e.g., C dubia survival and reproduction tests) 
that incorporate survival along with sublethal effects, and; 2) because the combined survival 
and growth (or biomass) endpoint is a more sensitive measure than the growth endpoint 
alone.  Data from Markle et al. (2000) support this conclusion by showing that point 
estimates calculated using the biomass endpoint were always lower (i.e., more biologically 
sensitive) than point estimates calculated using the growth endpoint.  While the 1995 WET 
final rule changed the test endpoint to a combined survival and growth endpoint, test method 
manuals continue to refer to the endpoint as a "growth" endpoint.  In fact, a combined 
survival and growth endpoint is more accurately termed biomass. 

 
Q: What is blocking by known parentage? 
 
A: It is a block randomization procedure that distributes offspring from a single parent evenly 

among the test treatments.  For a given replicate, one neonate from the same parent is 
distributed to each test treatment.  Process is repeated for each replicate using a new parent. 

 
Q: Are 4th brood neonates for the chronic Ceriodaphnia dubia test method in the 4th edition 

manual? 
 
A: In the C. dubia test, offspring from 4th or higher broods should not be counted and should not 

be included in the total number of neonates produced during the test. 
 
Q: When using the Mysidopsis bahia chronic toxicity test method is the fecundity endpoint 

required (i.e., mandatory)? 
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A: The WET methods clearly state that achievement of the fecundity endpoint is not required 
for an acceptable Mysidopsis bahia chronic test.  The tests acceptability criteria for this 
method state that “the minimum requirements for an acceptable test are 80% survival and an 
average weight of the lease 0.20 mg/mysid in the controls.  If fecundity in the controls is 
adequate (egg production by 50% of the females), fecundity should be used as the criterion 
of effect in addition to survival and growth.”  The fecundity endpoint therefore is an optional 
endpoint in this test method, and the failure to generate this endpoint does not affect the 
validity or acceptability of the test. 

 
Stormwater and Ambient Testing Issues: 
 
Q: Have the toxicity test methods been used to assess agricultural, urban, and industrial 

stormwater runoff toxicity?  If so, what toxicant(s) have been identified? 
 
A: Toxicity testing of stormwaters has been used as a monitoring tool for urban and agricultural 

stormwater assessments in California.  For example, researchers have identified the 
pesticides diazinon and chlorpyrifos in urban stormwaters (Katznelson and Mumley 1997; 
Bailey et al. 2000; Fong et al. 2000; Larsen et al. 2000; Larsen and List 2002; SRWP 2000).  
Toxicity testing of stormwaters from agricultural settings has identified rice pesticides, 
diazinon, chlorpyrifos, carbofuran, and carbaryl as toxicants (SRWP 1998; Foe et al. 1998; 
Reyes et al. 2000; Werner et al. 2000). 

 
Q: Are acute and/or chronic test method(s) used to assess storm and ambient waters?  
 
A: Typically, acute tests (96 hours or less) are primarily being used to initially assess the 

toxicity of storm and ambient waters. This is for several reasons, including the short-term 
nature of most storm events, the fact that renewals may not be necessary (except for the 96-
hour test with a renewal at 48-hours), and the need to target and prioritize survival impacts 
first. 

  
Q: What testing factors may need to be considered differently for stormwater testing compared 

to testing effluent from a continuous discharge?   
 
A: The main factors include (1) sample collection and sample initiation holding time, (2) sample 

renewals, and (3) test design - single vs. multiple concentration testing (see below). 
 
Q:  Can an exception to the 36-hour holding time for initiation of the test be allowed for storm 

and ambient water testing? 
 
A: All tests should be conducted as soon as possible following sample collection. EPA has 

allowed exceptions to the 36-hour holding time, for example, when effluents are shipped 
overseas for testing (Denton and Narvaez 1996). The primary reason for an extension of the 
holding time would be the consideration of the sampling, laboratory technician safety 
(Burton and Pitt 2001; see page 255), and logistics of coordinating collection and transport of 
multiple stormwater samples within a short period of time. Storm events are not pre-
determined events and typically occur rapidly throughout a watershed; therefore, many site 
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samples must be coordinated and processed with short notification to the toxicity testing 
laboratories. It is encouraged that the 36-hour holding time for test initiation be targeted; 
however, the Permitting Authorities may allow an exception beyond the 36-hours.  However, 
no more than 72 hours should elapse before initial use of a sample. 

 
Q: How is the standard test renewal practices specified in the test method manuals followed, 

given that storm events may be of short duration?   
 
A: EPA 5th edition acute test methods specify that test solutions be renewed after 48 hours for a 

96-hour test.  However, for storm events in short duration, this is not always feasible.  A 
more realistic option, in cases when a second stormwater sample may not be available, would 
be to renew the test solutions with a mixture of ambient waters and stormwaters if such 
waters could be collected following test initiation while meeting WET test holding time 
specifications (Katznelson and Mumley 1997).  Another option would be to collect sufficient 
volume during the storm event to use for the start of the test and at the 48-hour renewal.   

 
Q: Are single concentrations (100% storm or ambient water) compared to a control in WET 

stormwater tests or are multiple dilutions of the stormwater or ambient water being tested?  
 
A: Either testing approach may be applied, depending on the purpose of the testing and the 

discharge setting.  For example, if the receiving stream is small and stormwater-dominated 
during storm events, “screening” tests of undiluted stormwater (100% stormwater or ambient 
water) discharges may be appropriate.  Multiple-dilution WET tests would be needed to 
determine the magnitude of effect and to generate LC50s (acute) or NOECs (chronic).  

 
Q: When would a multiple dilution test be performed if a single concentration test is initially 

conducted?  
 
A:  A single concentration is typically compared to a control to determine the effect in 100% 

stormwater and ambient water exposures as a first tier to assess stormwaters and ambient 
water with a standard t-test approach as described in the test methods manual (see USEPA 
2002a, page 86).  A multiple concentration test could be considered for the next sampling 
event if toxicity is of significant magnitude in the 100% stormwater (e.g., 100% mortality 
within 24 to 48 hours). The testing facility may consider testing the original sample 
(assuming sufficient volume collected) with a dilution series to more fully characterize the 
sample, for those samples which demonstrate high mortality within a short timeframe.  

 
Q: What is meant by the term “first flush” when referring to collection of stormwater samples?  
 
A: “First flush” refers to the first waters released from a discharge point as a result of a storm 

event or runoff associated with ice and snow melt. Typically, constituent concentrations are 
highest in this “first flush” sample. “First flush” is operationally defined by a time-period in 
some states (e.g., waters discharged within the first 15 or first 30 minutes of a discharge 
event).  However, the “first flush” may not always contain the highest concentrations of 
pollutants as this depends on the rain intensity, type of pollutant, and size of the watershed.  
The first flush phenomenon is more prevalent for rains with relatively constant intensities 
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and small watershed size (Burton and Pitt 2001).  Therefore, it is important to understand the 
watershed in order to determine if sampling of first flush in a storm event is critical. Another 
consideration is to capture the first seasonal flush (e.g., after an extended dry period) in arid 
areas. 

 
Q: Is capturing the first flush important? 
 
A:  The precedent has been established for chemical-specific stormwater sampling to sample 

first-flush discharges suggests the potential for higher chemical-specific toxicity in first-flush 
samples. This “first flush” effect depends on the nature and form of the pollutant (Ward and 
Elliot 1995).  The chemograph peak slightly precedes that of the hydrograph for sediments or 
sediment-bound pollutants (e.g., chlorpyrifos, phosphorus) entrained in the water column.   
However, for dissolved pollutants like diazinon, the chemograph peak follows that of the 
hydrograph.  

 
Q:  Is timing of sample collection to a flow measurement important? 
 
A: A measurement of flow should coincide with the collection of stormwater samples for WET 

testing. This typically entails measuring flow discharge from the site, in addition to the 
amount of rainfall causing the discharge event. It is important to establish when sampling 
occurred relative to the streamflow hydrograph (and subsequent chemograph) (Ward and 
Elliot 1995).  Scientists must consider the magnitude of a toxic response in relation to flow 
of receiving waters when making chemical or toxicity assessments of receiving or 
stormwaters in the regulatory arena (permitting and TMDL development) and when 
developing study designs. Therefore, if assessment and quantification of the mass loadings 
are of interest, then concurrent flow measurements from a US Geological Survey gauging 
station located near the point of interest and within the same watershed should be collected 
(USGS 1999, 2000).  Measurement of flow concurrent with sample collection should be 
considered if a nearby and representative gauging station is not available. 

 
Test Review and Data Analysis: 
 
Q: What steps should the Permitting Authority take to review the test result in determining 

whether the test is reliable? 
 
A: See Attachment 4-3, Evaluation of Toxicity Data of this document and the test method 

manuals chapter on “Report Preparation and Test Review”. 
 
Q: Should concentration-response curves be evaluated? 
 
A: Yes, the test method manuals (see chapter on test review) requires the laboratory and the 

Permitting Authority to review concentration-response curves.  The EPA guidance (USEPA 
2000a) assists the data reviewer through a stepwise process to determine the cause for non-
ideal concentration-response relationships, and determine whether the test result is reliable, 
anomalous, and/or whether a new sample and toxicity test is required.  This standardization 
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of concentration-response relationship review will decrease discrepancies in data 
interpretation amongst Permitting Authorities. 

 
Q: How should Permitting Authorities address variability? 
 
A: EPA is aware that there has been concern about the variability of the WET test method. EPA 

undertook an evaluation of an extensive toxicity dataset and published the document that 
examines the issue of test variability entitled “Understanding and Accounting for Method 
Variability in Whole Effluent Toxicity Applications under the National Pollutant Discharge 
Elimination System Program” (USEPA 2000b).  This document outlines approaches for 
Permitting Authorities to consider in the context of within-test variability. 

 
Q: What is percent minimum significant difference (PMSD)? 
 
A:  PMSD is the minimum significant difference (MSD) divided by the control mean, expressed 

as a percent. MSD is a measure of test sensitivity that establishes the minimum difference 
required between a control and a test treatment in order for that difference to be considered 
statistically significant. 

 
Q:  How should a test with a PMSD greater than the upper PMSD bound (according to the 

chapter on test review in the test methods manual) be evaluated? 
 
A: According to the chapter on test review, which includes a discussion on test variability, “The 

within-test variability of individual test should be reviewed.”  Excessive within-test 
variability may invalidate a test result and warrant further testing.  For additional guidance 
on evaluating within-test variability as measured by PMSD, reviewer should consult EPA 
(2000b).  If the PMSD measured for the test exceeds the upper PMSD bound variability 
criterion as defined in the test methods manual, then one of the two following cases applies:  
1) if toxicity is found at the permitted receiving water concentration (RWC) based upon the 
value of the effect concentration estimate (NOEC), then the test should be accepted and the 
effect concentration estimate may be reported, unless other test review steps raise serious 
doubts about its validity, or 2) if toxicity is not found at the permitted RWC based upon the 
value of the effect concentration estimate (NOEC) and the PMSD measured for the test 
exceeds the upper PMSD bound, then the test shall not be accepted, and a new test must be 
conducted promptly on a newly collected sample. 

 
Q:  How should a test with a PMSD less than the upper PMSD bound (according to the chapter 

on test review of the test methods manual) to be evaluated? 
 
 A: Lower PMSD bounds shall also be applied when a hypothesis test result (NOEC) is reported. 

 In determining hypothesis test results (NOEC), a test concentration shall not be considered 
toxic (i.e., significantly different from the control) if the relative difference from the control 
is less than the lower PMSD bound (see pertinent table for values in test methods manual, 
chapter on report preparation and test review).  See EPA (2000b) for specific examples of 
implementing lower PMSD bounds and Table 4-2 of this document. 
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Q: What is the advantage to implementing a PMSD bound versus a control CV that should be 
achieved? 

 
A: In the chronic test method manuals, EPA has required variability criteria (i.e., PMSD) when 

NPDES permits require sublethal endpoints expressed using hypothesis testing.  EPA chose 
to implement variability criteria based on the PMSD, rather than control CV, because the 
PMSD is most directly applied to the determination of hypothesis testing results. The PMSD 
includes exactly the variability affecting the NOEC determination, while the CV for the 
control or any one treatment represents only a portion of the variability affecting the NOEC 
determination.  Permitting Authorities are free to continue the use of variability control 
strategies adopted within their jurisdiction, but when NPDES permits require sublethal WET 
testing endpoints expressed using hypothesis testing, the variability criteria must be 
implemented as well.    

 
Q: Should the laboratory maintain control charts for PMSDs? 
 
A: EPA recommends that laboratories track PMSD values over time so that the testing 

laboratory may assess the normal operating ranges of this parameter in the laboratory and 
identify periods of decreased consistency.  This information is useful in quickly identifying 
and correcting potential problems and sources of variability.  The tracking of PMSD values 
also is useful for evaluating whether a laboratory needs to increase test replication to 
consistently achieve the variability criteria.   

 
Q: Can chronic tests be used to determine acute toxicity without needing to conduct a separate 

acute toxicity test?  For example, if permit requires acute testing (48 or 96 hour) for the water 
flea, and the fathead minnow and chronic testing for the water flea, fathead minnow, and 
green algae can the chronic tests, be assessed for both acute and chronic toxicity results?   

 
A: Currently, the acute test methods manual does not include an acute toxicity test method for 

algae or plants.  For example, the 7-day chronic fathead minnow survival and growth test 
method both acute and chronic toxicity can be assessed concurrently.   At the end of the 
toxicity test, statistical values can be determined for 7-day survival and growth with either 
NOECs or EC/IC25s.  In addition, any of the following acute assessments can be determined: 
 24-hr, 48-hr, 72-hr, or 96-hr for either LC50s or NOAEC (no observed adverse effect 
concentrations) values.  For the 7-day chronic C. dubia survival and reproduction test 
method both acute and chronic toxicity can be assessed concurrently.  At the end of the 
toxicity test, statistical values can be determined for the 7-day survival with NOEC only (i.e., 
no LC50s can be assessed based on experimental design) and reproduction with either 
NOECs or IC25s.  In addition, any of the following acute assessments can be determined:  24-
hr, 48-hr, 72-hr, or 96-hr NOAEC (NOEC) values.  Since, the experimental design for the 
chronic C. dubia is 10 replicates of one water flea/replicate, no point estimates can be 
determined.  So, if the acute toxicity standard is based on LC50 determination, then a separate 
acute C. dubia test would need to be conducted. 

 
Q. What is the measured rate of false positives for WET test methods? 
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A: EPA evaluated and assessed the false positive rate in their WET interlaboratory variability 
study and conclusively showed that measured false positive rates were below the theoretical 
rate of 5% estimated for the methods.   

 
Q: What are alpha and beta errors? 
 
A: A type I (alpha) error (i.e., false positive) results in the false conclusion that an effluent is 

toxic when it is not toxic.  A type II (beta) error (i.e., false negative) results in the false 
conclusion that an effluent is not toxic when it actually is toxic.  Power (1 - beta) is the 
probability of correctly detecting a true toxic effect (i.e., declaring an effluent toxic when it is 
in fact toxic).  The EPA test method manuals recommend an alpha rate of 0.05 or 5 percent 
in the toxicity test method manuals.  The risks of a high rate of type II errors is the risk to the 
environment that toxicity is occurring however it is not detected for various reasons, such as 
infrequent sampling, and/or lack of test sensitivity (high within-test variability).  The risk of 
a test producing a false positive result is that the permittee may need to conduct additional 
tests (i.e., accelerated testing).  

 
Q: How are alpha and beta related? 
 
A: Alpha and beta are related (i.e., as alpha increases, beta decreases), assuming that the sample 

size (number of treatments, number of replicates), size of difference to be detected, and 
variance are held constant.   

 
Q: What alpha rate should be used for data analysis? 
 
A: The recommended alpha rate to be used according to the test method manuals is 0.05.  Note, 

the WET Methods Guidance document (USEPA 2000a) does discuss using an alternate alpha 
rate of 0.10 under very specific conditions, however this was not recommended in EPA's 
final WET methods rule action.  Therefore, the alpha rate to be used is the rate of 0.05. 

 
Q: Can a sample be deemed a false positive? 
 
A:  No.  If a test is properly conducted and correctly interpreted, identifying any particular 

outcome as a "false positive" is impossible.  An effluent that is deemed toxic should require 
that the permittee conduct additional toxicity tests to determine if toxicity is reoccurring.  
Even if no toxicity is demonstrated in follow-up test result, this does not rule out that the 
original toxic event was a true toxic spike in the effluent.  

 
 Chapter 5 of the variability document (USEPA 2000b) specifically addresses “false 

positives.” The hypothesis test procedures prescribed in the WET methods should provide 
adequate protection against incorrectly concluding that an effluent is toxic when it is not.  
EPA strongly recommends that WET testing laboratories carefully review the statistical 
procedures used to produce WET test results and other factors (i.e., biological and statistical 
quality assurance), and verify that test conditions and test acceptability criteria were 
achieved. If a test is properly conducted and correctly interpreted, identifying any particular 
outcome as a “false positive” should not happen. 
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APPENDIX B 

 
DETERMINING REASONABLE POTENTIAL FOR WET 

 
 

Table B-1. Effluent-specific Coefficient of Variation (CV) Equations for Lognormal 
Distribution  

 
 

 xi  = daily pollutant measurement i (in effluent) 
 
 yi  = ln ( xi ) 
 
 n   = sample size of effluent data set 
 
 μy *  = Σ ( yi ) / n    1 ≤ i ≤ n 
 
 σy

2 *  = Σ [ ( yi – μy )2 ] / ( n – 1 )  1 ≤ i ≤ n 
 
 σy *  = √ σy

2 *     1 ≤ i ≤ n 
 
 E(X) *  = exp ( μy + 0.5 σy

2 ) 
 
 V(X) *  = [ exp ( 2 μy + σy

2 ) ] [ exp ( σy
2 ) – 1 ] 

 
 CV(X) * = [ exp ( σy

2 ) – 1 ]½ 
 
 
Note: Formulas are based on the lognormal distribution. “*” means “estimator”. 
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Table B-2. Reasonable Potential Multiplier Factor Equations 
 
 
 n  = sample size of effluent data set 

 
 Pn  = ( 1 – confidence level )1/n 
   = ( 1 – 0.99 )1/n 
 
 C95 (or 99)  exp [ z95 (or 99) σy * – 0.5 σy

2 * ] 
               =                                                                                                
                                                       
 CPn   exp ( zPn σy * – 0.5 σy

2 * ) 
 
   = exp [ ( z95 (or 99) – zPn ) σy * ] 
 
   = reasonable potential multiplier factor (RPMF), 
    where σy

2 * = ln ( CV2 + 1 ) 
 
 
Note: Formulas are based on the lognormal distribution. “*” means “estimator”. 
  
 z95   = 1.645 
 z99   = 2.326 
 zPn   = 4.91 [ Pn

0.14 – ( 1 – Pn )0.14 ] 
 

“zPn” can be obtained from this formula, for 3 < n < 50, with relative error less  
than 0.5%. “zPn” can also be obtained from the table of the Standard Normal 
distribution by linear interpolation, and it can be obtained from any statistical 
program, spreadsheet, or calculator that reports quantiles for the Standard Normal 
distribution. 
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Table B-3. Reasonable Potential Multiplier Factors: 
 0.95 “confidence level” and 95% percentile (rounded to one digit after the decimal) 
 
 
  CV 
 
n  0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 
 
1  1.4 1.9 2.6 3.6 4.7 6.2 8.0 10.1 12.6 15.5 18.7 22.4 26.4 30.8 35.6 40.7 46.3 52.1 58.4 64.9 
2  1.3 1.6 2.0 2.5 3.1 3.8 4.6 5.4 6.4 7.4 8.5 9.7 10.9 12.2 13.6 15.0 16.5 18.0 19.6 21.1 
3  1.2 1.5 1.8 2.1 2.5 3.0 3.5 4.0 4.6 5.2 5.8 6.5 7.2 7.9 8.6 9.3 10.1 10.8 11.6 12.3 
4  1.2 1.4 1.7 1.9 2.2 2.6 2.9 3.3 3.7 4.2 4.6 5.0 5.5 6.0 6.4 6.9 7.4 7.8 8.3 8.8 
5  1.2 1.4 1.6 1.8 2.1 2.3 2.6 2.9 3.2 3.5 3.9 4.2 4.5 4.9 5.2 5.6 5.9 6.2 6.6 6.9 
 
6  1.1 1.3 1.5 1.7 1.9 2.1 2.4 2.6 2.9 3.1 3.4 3.7 3.9 4.2 4.4  4.7 5.0 5.2 5.5 5.7 
7  1.1 1.3 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.1 3.3 3.5  3.7 3.9 4.1 4.3 4.5 4.7 4.9 
8  1.1 1.3 1.4 1.6 1.7 1.9 2.1 2.3 2.4 2.6 2.8 3.0 3.2 3.3 3.5 3.7 3.8 4.0 4.2 4.3 
9  1.1 1.2 1.4 1.5 1.7 1.8 2.0 2.1 2.3 2.4 2.6 2.8 2.9 3.1 3.2 3.3 3.5 3.6 3.8 3.9 
10  1.1 1.2 1.3 1.5 1.6 1.7 1.9 2.0 2.2 2.3 2.4 2.6 2.7 2.8 3.0 3.1 3.2 3.3 3.4 3.5 
 
11  1.1 1.2 1.3 1.4 1.6 1.7 1.8  1.9 2.1 2.2 2.3 2.4 2.5 2.6 2.8 2.9 3.0 3.1 3.2 3.3 
12  1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0 3.0 
13  1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.4 2.5 2.6 2.7 2.8 2.8 
14  1.1 1.2 1.3 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.2 2.3 2.4 2.5 2.5 2.6 2.7 
15  1.1 1.2 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.8 1.9 2.0 2.1 2.1 2.2 2.3 2.4 2.4 2.5 2.5 
 
16  1.1 1.1 1.2 1.3 1.4 1.5 1.5 1.6 1.7 1.8 1.9 1.9 2.0 2.1 2.1 2.2 2.2 2.3 2.4 2.4 
17  1.1 1.1 1.2 1.3 1.4 1.4 1.5 1.6 1.7 1.7 1.8 1.9 1.9 2.0 2.0 2.1 2.2 2.2 2.3 2.3 
18  1.1 1.1 1.2 1.3 1.3 1.4 1.5 1.5 1.6 1.7 1.7 1.8 1.9 1.9 2.0 2.0 2.1 2.1 2.2 2.2 
19  1.1 1.1 1.2 1.3 1.3 1.4 1.5 1.5 1.6 1.6 1.7 1.7 1.8 1.8 1.9 1.9 2.0 2.0 2.1 2.1 
20  1.1 1.1 1.2 1.2 1.3 1.4 1.4 1.5 1.5 1.6 1.6 1.7 1.7 1.8 1.8 1.9 1.9 2.0 2.0 2.0 
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Table B-4. Reasonable Potential Multiplier Factors: 
   0.99 “confidence level” and 99% percentile (rounded to one digit after the decimal) 
 
                                                                                    
  CV 
 
n  0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0  
 
1  1.6 2.5 3.9 6.0 9.0 13.2 18.9 26.4 36.0 48.1 63.0 81.0 102.3 127.3 156.2 189.2 226.5 268.3 314.7 366.0 
2  1.4 2.0 2.9 4.0 5.5 7.4 9.8 12.6 16.1 20.2 24.8 30.2 36.2 42.9 50.2 58.3 67.0 76.4 86.5 97.2 
3  1.4 1.9 2.5 3.3 4.4 5.6 7.1 8.9 11.0 13.4 16.0 18.9 22.1 25.6 29.4 33.4 37.7 42.2 47.0 52.0 
4  1.3 1.7 2.3 2.9 3.8 4.7 5.9 7.2 8.7 10.3 12.2 14.1 16.3 18.6 21.0 23.6 26.3 29.1 32.0 35.1 
5  1.3 1.7 2.1 2.7 3.4 4.2 5.1 6.2 7.3 8.6 10.0 11.5 13.1 14.8 16.5 18.4 20.3 22.3 24.4 26.5 
 
6  1.3 1.6 2.0 2.5 3.1 3.8 4.6 5.5 6.4 7.5 8.6 9.8 11.1 12.4 13.8 15.2 16.7 18.2 19.8 21.4 
7  1.3 1.6 2.0 2.4 2.9 3. 4.2 5.0 5.8 6.7 7.6 8.6 9.7 10.8 11.9 13.1 14.3 15.5 16.8 18.1 
8  1.2 1.5 1.9 2.3 2.8 3.3 3.9 4.6 5.3 6.1 6.9 7.8 8.7 9.6 10.5 11.5 12.5 13.6 14.6 15.7 
9  1.2 1.5 1.8 2.2 2.7 3.2 3.7 4.3 4.9 5.6 6.3 7.1 7.9 8.7 9.5 10.4 11.2 12.1 13.0 13.9 
10  1.2 1.5 1.8 2.2 2.6 3.0 3.5 4.1 4.6 5.3 5.9 6.6 7.3 8.0 8.7 9.4 10.2 11.0 11.7 12.5 
 
11  1.2 1.5 1.8 2.1 2.5 2.9 3.4 3.9 4.4 4.9 5.5 6.1 6.7 7.4 8.0 8.7 9.4 10.0 10.7 11.4 
12  1.2 1.4 1.7 2.0 2.4 2.8 3.2 3.7 4.2 4.7 5.2 5.8 6.3 6.9 7.5 8.1 8.7 9.3 9.9 10.5 
13  1.2 1.4 1.7 2.0 2.3 2.7 3.1 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.6 8.1 8.7 9.2 9.8 
14  1.2 1.4 1.7 2.0 2.3 2.6 3.0 3.4 3.8 4.3 4.7 5.2 5.7 6.2 6.6 7.1 7.6 8.1 8.6 9.1 
15  1.2 1.4 1.6 1.9 2.2 2.6 2.9 3.3 3.7 4.1 4.5 5.0 5.4 5.9 6.3 6.8 7.2 7.7 8.1 8.6 
 
16  1.2 1.4 1.6 1.9 2.2 2.5 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.4 6.9 7.3 7.7 8.1 
17  1.2 1.4 1.6 1.9 2.1 2.4 2.8 3.1 3.5 3.8 4.2 4.6 5.0 5.4 5.8 6.1 6.5 6.9 7.3 7.7 
18  1.2 1.4 1.6 1.8 2.1 2.4 2.7 3.0 3.4 3.7 4.1 4.4 4.8 5.2 5.5 5.9 6.3 6.6 7.0 7.4 
19  1.2 1.4 1.6 1.8 2.1 2.3 2.6 2.9 3.3 3.6 3.9 4.3 4.6 5.0 5.3 5.7 6.0 6.4 6.7 7.0 
20  1.2 1.3 1.6 1.8 2.0 2.3 2.6 2.9 3.2 3.5 3.8 4.1 4.5 4.8 5.1 5.5 5.8 6.1 6.4 6.7 
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Table B-5. Example Numerical Calculation for Reasonable Potential Determination 
 
   

The following equations are recommended in Chapter 3 and Appendix E of the TSD 
(USEPA 1991a) for determining reasonable potential in accordance with 40 CFR 
122.44(d)(1). These equations are based on the lognormal distribution and are suitable for 
WET data expressed in units of TUc = 100 / NOEC (or IC25), or units of TUa = 100 / 
LC50. Note that “*” means “estimator”. This example uses three significant figures and 
the final result is expressed using two significant figures. The example assumes that 
WET data (in TUc) have, at most, two significant figures. 

 
Step 1 
 
In this example, chronic toxicity effluent data for compliance monitoring are reported in 
units of TUc = 100 / NOEC. No acute toxicity effluent data are available. The chronic 
WET data are reviewed and both the observed maximum effluent value (maxCe) and 
total sample size of effluent data set (n) are identified. 

 
TUc   = { 8, 4, 4, 4, 2, >16, 8, 8, 16, >16, 8, 4, >16, 2, 16, 8, 4, 2, 

>16, 2 } in units of TUc = 100 / NOEC 
 
maxCe  = observed maximum effluent value 
   = >16 TUc 
 
n   = total sample size of effluent data set 
   = 20 

 
Following Section 5.5.2 of the TSD, if n is <10, then effluent variability (CV) is 
estimated using 0.6; proceed to Step 4. If n is ≥10, then proceed to Step 2 in order to 
estimate effluent-specific variability. In this example, n is ≥10; proceed to Step 2. 
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Step 2 
 
In order to better estimate effluent variability, chronic toxicity effluent data are also 
reported in units of TUc = 100 / IC25. These data are used to calculate estimates for 
sigma (σy *) and CV. 
 

TUc   = { 4.3, 1.9, 2.0, 1.9, 1.9, 33.2, 5.6, 5.2, 9.1, 29.4, 9.3, 2.0, 
38.5, 1.7, 6.4, 6.1, 2, 1.5, 28.6, 2.4 } in units of TUc = 100 / 
 IC25 

 
xi   = { 4.3, 1.9, 2.0, 1.9, 1.9, 33.2, 5.6, 5.2, 9.1, 29.4, 9.3, 2.0, 

38.5, 1.7, 6.4, 6.1, 2, 1.5, 28.6, 2.4 } in units of TUc = 100 / 
IC25 

 
yi   = log base e of daily pollutant measurement i 
   = ln ( xi ) 
   = { 1.45, 0.641, 0.693, 0.641, 0.641, 3.50, 1.72, 1.64, 2.20, 

3.38, 2.23, 0.693, 3.65, 0.530, 1.85, 1.80, 0.693, 0.405, 
3.35, 0.875 } 

 
n   = sample size of effluent data set 
   = 20 
 
μy *   = mean of logarithms 
   = Σ ( yi ) / n      1 ≤ i ≤ n 
   = 32.5 / 20 
   = 1.62 
 
σy

2 *   = variance of logarithms 
   = Σ [ ( yi – μy )2 ] / ( n – 1 )   1 ≤ i ≤ n 
   = 23.2 / 19 
   = 1.22 
 
σy *   = standard deviation of logarithms  1 ≤ i ≤ n 
   = √ σy

2 * 
   = √ 1.22 
   = 1.10  
 
E(X) *  = exp ( μy + 0.5 σy

2 ) 
   = exp [ 1.62 + ( 0.5 ) ( 1.22 ) ] 
   = 9.29 
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V(X) *  = [ exp ( 2 μy + σy
2 ) ] [ exp ( σy

2 ) – 1 ] 
   = { exp [ ( 2 ) ( 1.62 ) + 1.22 ] } [ exp ( 1.22 ) – 1 ]  
   = [ 86.4 ] [ 2.38 ] 
   = 205 

 
 CV(X) * = [ exp ( σy

2 ) – 1 ]½ 
   = [ exp ( 1.22 ) – 1 ]½ 

     = 1.54 
 
Proceed to Step 3. 
 
Step 3 
 
The reasonable potential multiplier factor is calculated using estimates for sigma (σy *) 
and CV from Step 2. 
 
  Pn   = ( 1 – confidence level )1/n 

     = ( 1 – 0.99 )1/20 
     = 0.794 
 

zPn    = 0.8205  “zPn” is found from a table of the Standard Normal 
distribution, by linear interpolation between 
tabled values z0.7939 = +0.82 and z0.7967 = +0.83. 

 
Reasonable potential  C95 (or 99)   
multiplier factor =                                                                                              
(RPMF)                   
     CPn  
 
    exp [ z95 (or 99) σy * – 0.5 σy

2 * ] 
   =                                                                                                
                                                       
       exp ( zPn σy * – 0.5 σy

2 * ) 
 

   = exp [ ( z95 (or 99) – zPn ) σy * ] 
   = exp [ ( 2.326 – 0.8205 ) ( 1.10 ) ] 

   = exp ( 1.66 ) 
   = 5.26   , 
 
 where σy * = √ σy

2 * 
   = √ 1.22 
   = 1.10 
 
Note: Using Table B-4 for the reasonable potential multiplier factor, at n = 20 for a CV 

= 1.5, the reasonable potential multiplier factor is 5.1; at n = 20 for a CV = 1.6, 
the reasonable potential multiplier factor is 5.5. Using linear interpolation to the 
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CV = 1.54 gives a reasonable potential multiplier factor of 5.26. This sometimes 
differs from the exact reasonable potential multiplier factor calculated above 
because the numbers in Table B-4 have been rounded. 

 
Proceed to Step 4. 

 
Step 4 

 
The statistically estimated maximum effluent value (maxCeRP) is calculated using the 
reasonable potential multiplier factor (RPMF) from Step 3 and the observed maximum 
effluent value (maxCe) from Step 1.  

 
maxCe  = observed maximum effluent value 
   = { 8, 4, 4, 4, 2, >16, 8, 8, 16, >16, 8, 4, >16, 2, 16, 8, 4, 2, 

>16, 2 } in units of TUc = 100 / NOEC  
   = >16 TUc 

 
 maxCeRP = statistically estimated maximum effluent value 

  = ( RPMF ) ( maxCe ) 
  = ( 5.26 ) ( >16 ) 
  = 84 TUc 
 

In addition, because no acute toxicity effluent data are available to evaluate the 
reasonable potential to exceed the water quality criterion for acute toxicity, a default 
acute-to-chronic ratio is recommended in Section 1.3.4 of the TSD in order to estimate 
effluent levels for acute toxicity. 

 
ACR  = acute-to-chronic ratio in TSD Section 1.3.4 
  = LC50 / NOEC 
  = TUc / TUa 
  = 10 
TUc,a  = TUc / 10    , where chronic toxicity is expressed 
     in acute toxic units (TUc,a) 
 
maxCe  = observed maximum effluent value in units of TUc,a 
   = ( maxCe in units of TUc ) / 10  
   = >16 / 10 
   = >1.6 TUc,a 

 
maxCeRP = statistically estimated maximum effluent value in units of 

TUc,a 
  = ( RPMF ) ( maxCe in units of TUc,a ) 
  = ( 5.26 ) ( >1.6 ) 
  = 8.4 TUc,a 
 

Proceed to Step 5. 
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Step 5 
 
The resultant magnitudes of chronic and acute toxicity in the receiving water after 
effluent discharge (Cr) are calculated using the mass balance equation, a steady-state 
model, and compared with water quality criteria for chronic and acute toxicity. If a 
resultant magnitude for toxicity (Cr) is greater than a water quality criterion for toxicity, 
then reasonable potential is established and a WQBEL is needed, in accordance with 40 
CFR 122.44(d)(1). 
 

Cr Qr  = Ce Qe + Cs Qs   , 
 
where C = critical value for WET (in units of TUc, TUa) 

 Q = critical value for flow (in units of cfs or MGD) 
 r =  effluent plus upstream after discharge 
 e = effluent discharge 
 s = upstream before discharge 
 
 Sa  = critical dilution factor authorized by Permitting Authority 

  = ( 1 + Qs / Qe ) or output from dilution model 
 

Cr  = resultant magnitude for toxicity in the receiving water after 
effluent discharge 

 
   Ce + [ Cs ( Qs / Qe ) ] 
  =                                                                     
        1 + ( Qs /Qe ) 
 
   Ce + [ Cs ( Sa – 1 ) ] 
  =                                                                   
      Sa 

 
In this example, the resultant magnitude of chronic WET in the receiving water after 
effluent discharge (Cr) to compare with water quality criterion for chronic toxicity 
(CCC). 
 

CCC  = criterion continuous concentration to protect against 
chronic effects 

  = 1.0 TUc 
  

 Sac  = chronic critical dilution factor 
   = ( 1 + Qs7Q10 (or 4B3) / Qe ) 

  = 8 
 

 Cs  = critical value for WET upstream before discharge 
  = 0 TU 
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Ce  = most critical value for WET in the effluent discharge in 

units of TUc 
  = maximum ( maxCe or maxCeRP ) 
  = maximum ( >16 or 84 ) 
  = 84 TUc 
 
   Ce + [ Cs ( Sa – 1 ) ] 
Cr  =                                                                   
      Sa 
 
   84 + [ 0 ( 8 – 1 ) ] 
  =                                                                   
      8 
 
  =  11 TUc 
 

 Reasonable = Cr > CCC 
 Potential = 11 TUc > 1 TUc 

  = Yes, permit needs a WQBEL. 
 

In this example, the resultant magnitude of acute WET in the receiving water after 
effluent discharge (Cr) to compare with water quality criterion for acute toxicity (CMC). 
 

CMC  = criterion maximum concentration to protect against acute 
effects 

  = 0.3 TUa 
 

 Saa  = acute critical dilution factor 
   = ( 1 + Qs1Q10 (or 1B3) / Qe ) 

  = 1 
 

 Cs  = critical value for WET upstream before discharge 
  = 0 TU 
 
Ce  = most critical value for WET in the effluent discharge in 

units of TUc,a 
  = maximum ( maxCe or maxCeRP ) 
  = maximum ( >1.6 or 8.4 ) 
  = 8.4 TUc,a 
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   Ce + [ Cs ( Sa – 1 ) ] 
Cr  =                                                                   
      Sa 
 
   8.4 + [ 0 ( 1 – 1 ) ] 
  =                                                                   
      1 
 
  = 8.4 TUc,a 
 

 Reasonable = Cr > CMC 
 Potential = 8.4 TUc,a > 0.3 TUa 

  = Yes, permit needs a WQBEL.  
   

 
References 

USEPA. 1991a. Technical support document for water quality-based toxics control. Office of 
Water. Washington, DC. EPA/505/2-90/001. 
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APPENDIX  C 
 

DERIVING PERMIT LIMITS FOR WET 
 
 

Table C-1. Example Calculations for Developing Permit Limits from Two-value, Steady-
state Wasteload Allocations for WET 

 
The following equations are recommended in Chapter 5 and Appendix E of the TSD (USEPA 
1991a) for calculating water quality-based effluent limits (WQBELs) for WET. These equations 
are based on the lognormal distribution and are suitable for WET data expressed in units of TUc 
= 100 / NOEC (or IC25), or units of TUa = 100 / LC50. Note that “*” means “estimator”. This 
example uses three significant figures and the final result is expressed using two significant 
figures. The example assumes that WET data (in TUc) have, at most, two significant figures. 
 
Generally, wasteload allocations for WET in effluent discharge are calculated using the mass 
balance equation, a steady-state model. 

 
Cr Qr  = Ce Qe + Cs Qs   , 
 
where C = critical value for WET (in units of TUc or TUa) 

 Q = critical value for flow (in units of cfs or MGD) 
 r =  effluent plus upstream after discharge 
 e = effluent discharge 
 s = upstream before discharge 
 
 Sa  = critical dilution factor authorized by Permitting Authority 

  = ( 1 + Qs / Qe ) or output from dilution model 
 
Ce  = wasteload allocation (WLA) in units of TUc, TUa, or 

TUa,c 
  = Cr + [ ( Qs / Qe ) ( Cr – Cs ) ] 
  = Cr + [ ( Sa – 1 ) ( Cr – Cs ) ] 
 

RB-AR25820



 
APPENDIX C 

Deriving Permit Limits for WET 

C-2 

 

The wasteload allocation (WLAc) for chronic toxicity in the effluent discharge is calculated 
using the mass-balance equation. 

 
Cr  = criterion continuous concentration (CCC) to protect against 

chronic effects 
  = 1.0 TUc 
 

 Cs  = critical value for WET upstream before discharge 
  = 0 TU 
  

 Sac  = chronic critical dilution factor 
   = ( 1 + Qs7Q10 (or 4B3) / Qe ) 

  = 8 
 

Ce  = WLA in units of TUc 
  = Cr + ( Sa – 1 ) ( Cr – Cs ) 
  = 1 + ( 8 – 1 ) ( 1 – 0 ) 
  = 8 TUc 
 

The wasteload allocation for acute toxicity in the effluent discharge is expressed in chronic toxic 
units (WLAa,c) and calculated using the mass-balance equation and an acute-to-chronic ratio.  

 
ACR  = acute-to-chronic ratio in TSD Section 1.3.4 
  = LC50 / NOEC 
  = TUc / TUa 
  = 10 
TUa,c  = 10 × TUa , where acute toxicity is expressed 
     in chronic toxic units (TUa,c) 

 
Cr  = criterion maximum concentration (CMC) to protect against 

acute effects 
  = 0.3 TUa 
 

 Cs  = critical value for WET upstream before discharge 
  = 0 TU 
  

 Saa  = acute critical dilution factor 
   = ( 1 + Qs1Q10 (or 1B3) / Qe ) 

  = 1 
 

Ce  = WLA in units of TUa,c 
  = [ Cr +  ( Sa – 1 ) ( Cr – Cs ) ] × ACR   
  = [ 0.3 + ( 1 – 1 ) ( 1 – 0 ) ] × 10  
  = 3 TUa,c 
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After both acute and chronic wasteload allocations are determined, the critical treatment 
performance level (coefficient of variation, CV, and long term average, LTA) that will allow the 
effluent to meet the wasteload allocations is calculated. Following Section 5.5.2 of the TSD, if k 
is <10, then effluent variability (CV) is estimated using 0.6. If k is ≥10, then the following 
equations are used to estimate effluent-specific variability.  

 
xi   = daily pollutant measurement i (in effluent) in units of TUc 

= 100 / IC25, or TUa = 100 / LC50 
   = { 4.3, 1.9, 2.0, 1.9, 1.9, 33.2, 5.6, 5.2, 9.1, 29.4, 9.3, 2.0, 

38.5, 1.7, 6.4, 6.1, 2, 1.5, 28.6, 2.4 } in units of TUc = 100 / 
IC25 

 
yi   = log base e of daily pollutant measurement i 
   = ln ( xi ) 
   = { 1.45, 0.641, 0.693, 0.641, 0.641, 3.50, 1.72, 1.64, 2.20, 

3.38, 2.23, 0.693, 3.65, 0.530, 1.85, 1.80, 0.693, 0.405, 
3.35, 0.875 } 

 
k   = sample size of effluent data set 
   = 20 
 
μy *   = mean of logarithms 
   = Σ ( yi ) / k      1 ≤ i ≤ k 
   = 32.5 / 20 
   = 1.62 
 
σy

2 *   = variance of logarithms 
   = Σ [ ( yi – μy )2 ] / ( k – 1 )   1 ≤ i ≤ k 
   = 23.2 / 19 
   = 1.22 
 
σy *   = standard deviation of logarithms  1 ≤ i ≤ k   
   = √ σy

2 * 
   = √ 1.22 
   = 1.10  
 
E(X) *  = exp ( μy + 0.5 σy

2 ) 
   = exp [ 1.62 + ( 0.5 ) ( 1.22 ) ] 
   = 9.29 
 
V(X) *  = [ exp ( 2 μy + σy

2 ) ] [ exp ( σy
2 ) – 1 ] 

   = { exp [ ( 2 ) ( 1.62 ) + 1.22 ] } [ exp ( 1.22 ) – 1 ]  
   = [ 86.4 ] [ 2.38 ] 
   = 205 

  
 CV(X) * = [ exp ( σy

2 ) – 1 ]½ 
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   = [ exp ( 1.22 ) – 1 ]½ 
     = 1.54 
 

The long-term average for chronic toxicity (LTAc) and the long-term average for acute toxicity 
(LTAa,c) in the effluent discharge are calculated using the following equations. Knowing CV(X) 
*, these long-term average values may be determined using the pre-calculated “WLA 
multipliers” in TSD Table 5-1.  
 

 LTAc   = chronic (4-day average) long term average in units of TUc 
   = WLAc × exp ( 0.5 σ4

2 – z0.99 σ4 ) 
   = 8 × exp [ ( 0.5 ) ( 0.466 ) – ( 2.326 ) ( 0.683 ) ] 
   = 8 × 0.258 
   = 2.06   , or 
  

  = WLAc × chronic WLA multiplier from TSD Table 5-1 for 
CV and 99th percentile 

   = 8 × 0.258 
   = 2.06 
 LTAa,c = acute (1-day average) long term average in units of TUa,c 
   = WLAa,c × exp ( 0.5 σ2 – z0.99 σ ) 
   = 3 × exp [ ( 0.5 ) ( 1.22 ) – ( 2.326 ) ( 1.10 ) ] 
   = 3 × 0.142 
   = 0.426   , or 
  

  = WLAc × acute WLA multiplier from TSD Table 5-1 for 
CV and 99th percentile 

   = 3 × 0.141 
   = 0.423 

 
 where CV = CV(X) * 
    = 1.54 

  σ4
2 = ln [ ( CV2 / 4 ) + 1 ] 

   = 0.466 
  σ2 = ln ( CV2 + 1 ) 
   = 1.22 

 z0.99  = 2.326 is recommended for WLA in TSD Section 5.5.4 
 

Permit limits are calculated using the lower (more limiting) LTA discharge condition. 
 
 LTA = minimum ( LTAc or LTA,a,c ) 
  = minimum ( 2.06 or 0.426 ) 
  = 0.426 
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A maximum daily limit (MDL) and average monthly limit (AML) are calculated using the more 
limiting discharge condition—defined by the LTA and CV—using the following equations. 
Knowing CV(X) *, the maximum daily limit and average monthly limit may be determined 
using the pre-calculated “LTA multipliers” in TSD Table 5-2. 

 
  MDL  = maximum daily limit 
   = LTA × exp ( z0.99 σ – 0.5 σ2 ) 
   = 0.426 × exp [ ( 2.326 ) ( 1.10 ) – ( 0.5 ) ( 1.22 ) ] 
   = 0.426 × 7.02 
   = 3.0 TUa,c   , or 
  

  = LTA × maximum daily limit LTA multiplier from TSD 
Table 5-2 for CV and 99th percentile 

   = 0.426 × 7.07 
   = 3.0 TUa,c 
 
 AML  = average monthly limit 
   = LTA × exp ( z0.95 σn – 0.5 σn

2 ) 
   = LTA × exp ( z0.95 σ4 – 0.5 σ4

2 ) 
   = 0.426 × exp [ ( 1.645 ) ( 0.683 ) – ( 0.5 ) ( 0.466 ) ] 
   = 0.426 × 2.44 
   = 1.0 TUa,c   , or 
  

  = LTA × average monthly limit LTA multiplier from TSD 
Table 5-2 for CV, 95th percentile, and n ≥ 4 

   = 0.426 × 2.43 
   = 1.0 TUa,c 

 
 where CV = CV(X) * 
    = 1.54 

  σ2 = ln ( CV2 + 1 ) 
   = 1.22 
  z0.99  = 2.326 is recommended for MDL in TSD Section 5.5.4 
  n = number of samples per month ≥ 4 
   = 4 

  σn
2 = ln [ ( CV2 / n ) + 1 ] 

  σ4
2 = ln [ ( CV2 / 4 ) + 1 ] 

   = 0.466 
 z0.95  = 1.645 is recommended for AML in TSD Section 5.5.4 
 
MDL  = 3.0 TUa,c 
AML  = 1.0 TUa,c 
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Following Section 2.6.2 in Chapter 2 of this document, EPA Regions 9 and 10 continue 
recommend that Permitting Authorities establish a monthly median limit (MML) of 1.0 TUc for 
chronic WET, when the statistically-calculated AML is at or less than 1.0 TUc. As a result, in 
this example where the acute-to-chronic ratio is 10, the recommended permit limits for chronic 
WET are: 

 
 MDL  = maximum daily limit 
    3.0 TUa,c 
 MML  = median monthly limit 
   1.0 TUa,c 
 

In addition, because these permit limits have been developed using a default acute-to-chronic 
ratio of 10, the permit should include: (1) side-by-side acute and chronic WET monitoring in 
order to develop an effluent-specific acute-to-chronic ratio, and (2) a permit reopener condition 
authorizing revisions to these WQBELs, if appropriate, based on this new information. 
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Table C-2. Example Calculations for Developing Permit Limits from Two-value, 
Steady-state Wasteload Allocations for WET under Low Flow Conditions 

 
 

The following equations are recommended in Chapter 5 and Appendix E of the TSD (USEPA 
1991a) for calculating water quality-based effluent limits (WQBELs) for WET. These equations 
are based on the lognormal distribution and are suitable for WET data expressed in units of TUc 
= 100 / NOEC (or IC25), or units of TUa = 100 / LC50. Note that “*” means “estimator”. This 
example uses three significant figures and the final result is expressed using two significant 
figures. The example assumes that WET data (in TUc) have, at most, two significant figures. 
 
Generally, wasteload allocations for WET in effluent discharge are calculated using the mass 
balance equation, a steady-state model. 

 
Cr Qr  = Ce Qe + Cs Qs   , 
 
where C = critical value for WET (in units of TUc or TUa) 

 Q = critical value for flow (in units of cfs or MGD) 
 r =  effluent plus upstream after discharge 
 e = effluent discharge 
 s = upstream before discharge 
 
 Sa  = critical dilution factor authorized by Permitting Authority 

  = ( 1 + Qs / Qe ) or output from dilution model 
 
Ce  = wasteload allocation (WLA) in units of TUc, TUa, or 

TUa,c 
  = Cr + [ ( Qs / Qe ) ( Cr – Cs ) ] 
  = Cr + [ ( Sa – 1 ) ( Cr – Cs ) ] 
 

The wasteload allocation (WLAc) for chronic toxicity in the effluent discharge is calculated 
using the mass-balance equation. 

 
Cr  = criterion continuous concentration (CCC) to protect against 

chronic effects 
  = 1.0 TUc 
 

 Cs  = critical value for WET upstream before discharge 
  = 0 TU 
  

 Sac  = chronic critical dilution factor 
   = ( 1 + Qs7Q10 (or 4B3) / Qe ) 

  = 1 
 

Ce  = WLA in units of TUc 
  = Cr + ( Sa – 1 ) ( Cr – Cs ) 
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  = 1 + ( 1 – 1 ) ( 1 – 0 ) 
  = 1 TUc 
 

The wasteload allocation for acute toxicity in the effluent discharge is expressed in chronic toxic 
units (WLAa,c) and calculated using the mass-balance equation and an acute-to-chronic ratio.  

 
ACR  = acute-to-chronic ratio in TSD Section 1.3.4 
  = LC50 / NOEC 
  = TUc / TUa 
  = 10 
TUa,c  = 10 × TUa , where acute toxicity is expressed 
     in chronic toxic units (TUa,c) 

 
Cr  = criterion maximum concentration (CMC) to protect against 

acute effects 
  = 0.3 TUa 
 

 Cs  = critical value for WET upstream before discharge 
  = 0 TU 
  

 Saa  = acute critical dilution factor 
   = ( 1 + Qs1Q10 (or 1B3) / Qe ) 

  = 1 
 

Ce  = WLA in units of TUa,c 
  = [ Cr +  ( Sa – 1 ) ( Cr – Cs ) ] × ACR   
  = [ 0.3 + ( 1 – 1 ) ( 1 – 0 ) ] × 10  
  = 3 TUa,c 
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After both acute and chronic wasteload allocations are determined, the critical treatment 
performance level (coefficient of variation, CV, and long term average, LTA) that will allow the 
effluent to meet the wasteload allocations is calculated. If k is ≥10, then the equations in Table 
C-1 are used to estimate effluent-specific variability. In this example, following Section 5.5.2 of 
the TSD, k is <10 and effluent variability (CV) is estimated using 0.6. 

 
xi   = daily pollutant measurement i (in effluent) in units of TUc 

= 100 / IC25, or TUa = 100 / LC50 
   = { 1, 1, 1, 1.8, <1 } in units of TUc = 100 / IC25 
 
k   = sample size of effluent data set 
   = 5 
 

 CV(X) * = [ exp ( σy
2 ) – 1 ]½ 

   = 0.6 
 

The long-term average for chronic toxicity (LTAc) and the long-term average for acute toxicity 
(LTAa,c) in the effluent discharge are calculated using the following equations. Knowing CV(X) 
*, these long-term average values may be determined using the pre-calculated “WLA 
multipliers” in TSD Table 5-1.  
 

 LTAc   = chronic (4-day average) long term average in units of TUc 
   = WLAc × exp ( 0.5 σ4

2 – z0.99 σ4 ) 
   = 1 × exp [ ( 0.5 ) ( 0.0862 ) – ( 2.326 ) ( 0.294 ) ] 
   = 1 × 0.527 
   = 0.527   , or 
  

  = WLAc × chronic WLA multiplier from TSD Table 5-1 for 
CV and 99th percentile 

   = 1 × 0.527 
   = 0.527 
 
 LTAa,c = acute (1-day average) long term average in units of TUa,c 
   = WLAa,c × exp ( 0.5 σ2 – z0.99 σ ) 
   = 3 × exp [ ( 0.5 ) ( 0.307 ) – ( 2.326 ) ( 0.554 ) ] 
   = 3 × 0.321 
   = 0.963   , or 
  

  = WLAc × acute WLA multiplier from TSD Table 5-1 for 
CV and 99th percentile 

   = 3 × 0.321 
   = 0.963 
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 where CV = CV(X) * 
    = 0.6 

  σ4
2 = ln [ ( CV2 / 4 ) + 1 ] 

   = 0.0862 
  σ2 = ln ( CV2 + 1 ) 
   = 0.307 

 z0.99  = 2.326 is recommended for WLA in TSD Section 5.5.4 
 

Permit limits are calculated using the lower (more limiting) LTA discharge condition. 
 
 LTA = minimum ( LTAc or LTA,a,c ) 
  = minimum ( 0.527 or 0.963 ) 
  = 0.527 
 

A maximum daily limit (MDL) and average monthly limit (AML) are calculated using the more 
limiting discharge condition—defined by the LTA and CV—using the following equations. 
Knowing CV(X) *, the maximum daily limit and average monthly limit may be determined 
using the pre-calculated “LTA multipliers” in TSD Table 5-2. 

 
  MDL  = maximum daily limit 
   = LTA × exp ( z0.99 σ – 0.5 σ2 ) 
   = 0.527 × exp [ ( 2.326 ) ( 0.554 ) – ( 0.5 ) ( 0.307 ) ] 
   = 0.527 × 3.11 
   = 1.6 TUc   , or 
  

  = LTA × maximum daily limit LTA multiplier from TSD 
Table 5-2 for CV and 99th percentile 

   = 0.527 × 3.11 
   = 1.6 TUc 
 
 AML  = average monthly limit 
   = LTA × exp ( z0.95 σn – 0.5 σn

2 ) 
   = LTA × exp ( z0.95 σ4 – 0.5 σ4

2 ) 
   = 0.527 × exp [ ( 1.645 ) ( 0.294 ) – ( 0.5 ) ( 0.0862 ) ] 
   = 0.527 × 1.55 
   = 0.82 TUc   , or 
  

  = LTA × average monthly limit LTA multiplier from TSD 
Table 5-2 for CV, 95th percentile, and n ≥ 4 

   = 0.527 × 1.55 
   = 0.82 TUc 
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 where CV = CV(X) * 
    = 0.6 

  σ2 = ln ( CV2 + 1 ) 
   = 0.307 
  z0.99  = 2.326 is recommended for MDL in TSD Section 5.5.4 
  n = number of samples per month ≥ 4 
   = 4 

  σn
2 = ln [ ( CV2 / n ) + 1 ] 

  σ4
2 = ln [ ( CV2 / 4 ) + 1 ] 

   = 0.0862 
 z0.95  = 1.645 is recommended for AML in TSD Section 5.5.4 
 

Following Section 2.6.2 in Chapter 2 of this document, EPA Regions 9 and 10 continue 
recommend that Permitting Authorities establish a monthly median limit (MML) of 1.0 TUc for 
chronic WET, when no mixing zone is authorized or an NPDES discharge is to a zero flow 
stream and the statistically-calculated AML is at or less than 1.0 TUc. As a result, in this 
example, the recommended permit limits for chronic WET are: 

 
 MDL  = maximum daily limit 
    1.6 TUc 
 MML  = median monthly limit 
    1.0 TUc 
 

 
References: 
 
USEPA. 1991a. Technical support document for water quality-based toxics control. Office of 

Water. Washington, DC. EPA/505/2-90/001. 
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APPENDIX D 
 

ACUTE WET PERMIT LANGUAGE 
 
xx. Acute Whole Effluent Toxicity Requirements 

 
For routine monitoring frequency (i.e., monthly, quarterly, semi-annual or annual), and 
permit years for split sampling of WET and other monitored parameters (i.e., 1, 2, 3, 4 and 5), 
select proper paragraph 1, as described in Chapter 3 of this document. 

 
1. Monitoring Frequency 
 

The permittee shall conduct monthly/quarterly/semi-annual acute toxicity tests on 24-
hour composite effluent samples. Once each calendar year, at a different time of year 
from the previous years, the permittee shall split a 24-hour composite effluent sample and 
concurrently conduct two toxicity tests using a fish and an invertebrate species; the 
permittee shall then continue to conduct routine monthly/quarterly/semi-annual toxicity 
testing using the single, most sensitive species. 
 
Acute toxicity test samples shall be collected for each point of discharge at the designated 
NPDES sampling station for the effluent (i.e., downstream from the last treatment 
process and any in-plant return flows where a representative effluent sample can be 
obtained). During years 1, 2, 3, 4 and 5 of the permit, a split of each sample shall be 
analyzed for all other monitored parameters at the minimum frequency of analysis 
specified by the effluent monitoring program. 

 
1. Monitoring Frequency 
 

The permittee shall conduct annual acute toxicity tests on 24-hour composite effluent 
samples. Each calendar year, at a different time of year from the previous years, the 
permittee shall split a 24-hour composite effluent sample and concurrently conduct two 
toxicity tests using a fish and an invertebrate species; the permittee shall then continue to 
conduct routine annual toxicity testing using the single, most sensitive species. 
 
Acute toxicity test samples shall be collected for each point of discharge at the designated 
NPDES sampling station for the effluent (i.e., downstream from the last treatment 
process and any in-plant return flows where a representative effluent sample can be 
obtained). During years 1, 2, 3, 4 and 5 of the permit, a split of each sample shall be 
analyzed for all other monitored parameters at the minimum frequency of analysis 
specified by the effluent monitoring program. 
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To monitor acute whole effluent toxicity with proper species and test methods select proper 
paragraph 2, as described in Chapter 3 of this document. Please note that freshwater 
discharges to marine or estuarine receiving water bodies are monitored using either 
freshwater species and test methods or saltwater species and test methods, based on the 
magnitude of the discharge specific mixing zone or dilution allowance authorized by the 
permitting authority. Choose one vertebrate species and one invertebrate species.  

 
2. Freshwater Species and Test Methods 
 

Species and short-term test methods for estimating the acute toxicity of NPDES effluents 
are found in the fifth edition of Methods for Measuring the Acute Toxicity of Effluents 
and Receiving Waters to Freshwater and Marine Organisms (EPA/821/R-02/012, 2002; 
Table IA, 40 CFR Part 136). The permittee shall conduct 96-hour static renewal toxicity 
tests with the following vertebrate species: 
 
- The fathead minnow, Pimephales promelas (Acute Toxicity Test Method 2000.0); 
- The rainbow trout, Oncorhynchus mykiss, or brook trout, Salvelinus fontinalis (Acute 

Toxicity Test Method 2019.0); 
 
And the following invertebrate species: 
 
- The daphnid, Ceriodaphnia dubia (Acute Toxicity Test Method 2002.0); 
- The daphnid, Daphnia pulex, or daphnid, Daphnia magna (Acute Toxicity Test 

Method 2021.0). 
 

2. Marine and Estuarine Species and Test Methods 
 

Generally, species and short-term test methods for estimating the acute toxicity of 
NPDES effluents are found in the fifth edition of Methods for Measuring the Acute 
Toxicity of Effluents and Receiving Waters to Freshwater and Marine Organisms 
(EPA/821/R-02/012, 2002; Table IA, 40 CFR Part 136). The permittee shall conduct 96-
hour static renewal toxicity tests with the following vertebrate species: 
 
- The topsmelt, Atherinops affinis (Larval Survival and Growth Test Method 1006.01 in 

the first edition of Short-term Methods for Estimating the Chronic Toxicity of 
Effluents and Receiving Waters to West Coast Marine and Estuarine Organisms 
(EPA/600/R-95/136, 1995) (specific to Pacific Coast waters); 

- The Inland silverside, Menidia beryllina; Atlantic silverside, Menidia menidia; or 
Tidewater silverside, Menidia peninsulae (Acute Toxicity Test Method 2006.0);  

- The sheepshead minnow, Cyprinodon variegates (Acute Toxicity Test Method 
2004.0); 

 

                                                 
1 Daily observations for mortality make it possible to calculate acute toxicity for desired exposure periods (i.e., 96-
hour LC50, etc.).  
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And the following invertebrate species: 
 
- The West Coast mysid, Holmesimysis costata (Table 19 in the acute test methods 

manual) (specific to Pacific Coast waters); 
- The mysid, Americamysis bahia (Acute Toxicity Test Method 2007.0). 
 

Select proper paragraph 3, as described in Chapter 2 of this document. Acute WET permit 
limits or triggers established by the permitting authority must follow applicable water quality 
standards and NPDES regulations and are discharge specific. 40 CFR Part 122.44(d)(1). Note 
that WET permit limits or triggers specified in paragraph 3 are based on EPA’s 
recommendations in Technical Support Document for Water Quality-based Toxics Control 
(EPA/505/2-90-001, 1991; TSD) and EPA’s Regions 9 and 10 Guidance for Implementing 
Whole Effluent Toxicity Testing Programs (Denton and Narvaez, 1996). 
 
If a mixing zone or dilution allowance for an effluent discharge is either not authorized or 
authorized such that a critical IWC is set at a % effluent value greater than 100% effluent, 
then a Pass or Fail test is recommended. 
 
When a mixing zone or dilution allowance for an effluent discharge is authorized such that a 
critical IWC is set at a % effluent value at or lower than 100% effluent, then EPA’s 
recommended procedures for calculating acute WET permit limits or triggers are found in 
Box 5-2 and Tables 5-1 and 5-2 of the TSD.   

 
3. Acute WET Permit Trigger 
 
 There is no acute toxicity effluent limit for this discharge. The acute WET permit trigger 

for this discharge is “Pass” for any one test result. For this permit, the determination of 
Pass or Fail from a single-effluent-concentration (paired) acute toxicity test is determined 
using a one-tailed hypothesis test called a t-test. The objective of a Pass or Fail test is to 
determine if survival in the single treatment (100% effluent) is significantly different 
from survival in the control (0% effluent). Following Section 11.3 in the acute test 
methods manual (EPA/821/R-02/012, 2002), the t statistic for the single-effluent-
concentration acute toxicity test shall be calculated and compared with the critical t set at 
the 5% level of significance. If the calculated t does not exceed the critical t, then the 
mean responses for the single treatment and control are declared “not statistically 
different” and the permittee shall report “Pass” on the DMR form. If the calculated t does 
exceed the critical t, then the mean responses for the single treatment and control are 
declared “statistically different” and the permittee shall report “Fail” on the DMR form. 
This permit requires additional toxicity testing if the acute WET permit trigger is 
reported as “Fail”. 
 

3. Acute WET Permit Triggers 
 

There are no acute toxicity effluent limits for this discharge. The acute WET permit 
triggers are any one test result greater than xxx TUa (during the monthly reporting 
period), or any one or more test results with a calculated average value greater than yyy 
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TUa (during the monthly reporting period). Results shall be reported in TUa, where TUa 
= 100/LC50. The Lethal Concentration, 50 Percent (LC50) is the toxic or effluent 
concentration that would cause death in 50 percent of the test organisms over a specified 
period of time. This permit requires additional toxicity testing if an acute WET permit 
trigger is exceeded. 
 

3. Acute WET Permit Limit 
 

 There is an acute toxicity effluent limit for this discharge. The acute WET permit limit 
for this discharge is “Pass” for any one test result. For this permit, the determination of 
Pass or Fail from a single-effluent-concentration (paired) acute toxicity test is determined 
using a one-tailed hypothesis test called a t-test. The objective of a Pass or Fail test is to 
determine if survival in the single treatment (100% effluent) is significantly different 
from survival in the control (0% effluent). Following Section 11.3 in the acute test 
methods manual (EPA/821/R-02/012, 2002), the t statistic for the single-effluent-
concentration acute toxicity test shall be calculated and compared with the critical t set at 
the 5% level of significance. If the calculated t does not exceed the critical t, then the 
mean responses for the single treatment and control are declared “not statistically 
different” and the permittee shall report “Pass” on the DMR form. If the calculated t does 
exceed the critical t, then the mean responses for the single treatment and control are 
declared “statistically different” and the permittee shall report “Fail” on the DMR form. 
This permit requires additional toxicity testing if the acute WET permit limit is reported 
as “Fail”. 
 

3. Acute WET Permit Limits 
 

There are acute toxicity effluent limits for this discharge. The acute WET permit limits 
are any one test result greater than xxx TUa (during the monthly reporting period), or any 
one or more test results with a calculated average value greater than yyy TUa (during the 
monthly reporting period). Results shall be reported in TUa, where TUa = 100/LC50. The 
Lethal Concentration, 50 Percent (LC50) is the toxic or effluent concentration that would 
cause death in 50 percent of the test organisms over a specified period of time. This 
permit requires additional toxicity testing if an acute WET permit limits is exceeded. 

 
4. Quality Assurance 
 

a. Quality assurance measures, instructions, and other recommendations and 
requirements are found in the test methods manual previously referenced. Additional 
requirements are specified, below. 
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The acute instream waste concentrations and effluent dilution series specified by the 
permitting authority are discharge specific and are determined based on applicable water 
quality standards, NPDES regulations, and requirements and recommendations in the test 
methods manuals. Note that the instream waste concentrations and dilution series specified in 
paragraph 4.b are based on EPA’s recommendations in Technical Support Document for 
Water Quality-based Toxics Control (EPA/505/2-90-001, 1991; TSD), EPA’s Regions 9 and 10 
Guidance for Implementing Whole Effluent Toxicity Testing Programs (Denton and Narvaez, 
1996), test method manuals previously referenced, and on Chapters 2 and 3 of this document. 

 
b. This discharge is subject to a determination of Pass or Fail from a single-effluent-

concentration (paired) acute toxicity test using a one-tailed hypothesis test called a t-
test. The acute instream waste concentration (IWC) for this discharge is 100% 
effluent. The 100% effluent concentration and a control shall be tested. 

 
b. For this discharge, a mixing zone or dilution allowance is authorized such that critical 

IWCs are set at % effluent values at or lower than 100% effluent. The acute instream 
waste concentrations (IWCs) for this discharge are XXX% effluent and YYY% 
effluent. A series of at least five effluent dilutions and a control shall be tested. At 
minimum, the dilution series shall include and bracket the IWCs. 

 
Select for dilution water based on test methods required in paragraph 2. 
 

c. Effluent dilution water and control water should be prepared and used as specified in 
the test methods manual Methods for Measuring the Acute Toxicity of Effluents and 
Receiving Waters to Freshwater and Marine Organisms (EPA/821/R-02/012, 2002); 
and/or, for Atherinops affinis, Short-term Methods for Estimating the Chronic 
Toxicity of Effluents and Receiving Waters to West Coast Marine and Estuarine 
Organisms (EPA/600/R-95/136, 1995). If the dilution water is different from test 
organism culture water, then a second control using culture water shall also be used. 
If the use of artificial sea salts is considered provisional in the test method, then 
artificial sea salts shall not be used to increase the salinity of the effluent sample prior 
to toxicity testing without written approval by the permitting authority. 

 
d. If organisms are not cultured in-house, then concurrent testing with a reference 

toxicant shall be conducted. If organisms are cultured in-house, then monthly 
reference toxicant testing is sufficient. Reference toxicant tests and effluent toxicity 
tests shall be conducted using the same test conditions (e.g., same test duration, etc.). 

 
e. If either the reference toxicant or effluent toxicity tests do not meet all test 

acceptability criteria in the test methods manual, then the permittee must resample 
and retest within 14 days. 

 
f. Following Paragraph 12.2.6.2 of the test methods manual, all acute toxicity test 

results from the multi-concentration tests required by this permit must be reviewed 
and reported according to EPA guidance on the evaluation of concentration-response 
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relationships found in Method Guidance and Recommendations for Whole Effluent 
Toxicity (WET) Testing (40 CFR 136) (EPA/821/B-00/004, 2000). 

 
Select proper paragraph 4.g for review of with-in test variability based on test methods 
required in paragraph 2. 
 

g. Within-test variability of individual toxicity tests should be reviewed for acceptability 
and variability criteria (upper and lower PMSD bounds) should be applied, as 
directed under Section 12.2.8 - Test Variability of the test methods manual, Methods 
for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater 
and Marine Organisms. Under Section 12.2.8, the calculated percent minimum 
significant difference (PMSD) for both reference toxicant test and effluent toxicity 
test results must be compared with the upper and lower PMSD bounds variability 
criteria specified in Table 3-6 - Range of Relative Variability for Endpoints of 
Promulgated WET Methods, Defined by the 10th and 90th Percentiles from the Data 
Set of Reference Toxicant Tests, taken from Understanding and Accounting for 
Method Variability in Whole Effluent Toxicity Applications Under the National 
Pollutant Discharge Elimination System Program (EPA/833/R-00/003, 2000), 
following the review criteria in Paragraphs 12.2.8.2.1 and 12.2.8.2 of the test methods 
manual. Based on this review, only accepted effluent toxicity test results shall be 
reported on the DMR form. If excessive within-test variability invalidates a test 
result, then the permittee must resample and retest within 14 days. 

 
g. Because this permit provides for a 96-hour LC50 endpoint from Method 1006.0 in 

Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 
Waters to West Coast Marine and Estuarine Organisms (EPA/600/R-95/136, 1995), 
with-in test variability must be reviewed for acceptability and a variability criterion 
(upper %MSD bound) must be applied, as directed under the test method. Based on 
this review, only accepted effluent toxicity test results shall be reported on the DMR 
form. If excessive within-test variability invalidates a test result, then the permittee 
must resample and retest within 14 days. 

 
h. If the discharged effluent is chlorinated, then chlorine shall not be removed from the 

effluent sample prior to toxicity testing without written approval by the permitting 
authority. 

 
i. Where total ammonia concentrations in the effluent are >5 mg/L, toxicity may be 

contributed by unionized ammonia. pH drift during the toxicity test may contribute to 
artifactual toxicity when ammonia or other pH-dependent toxicants (e.g., metals) are 
present. This problem is minimized by conducting toxicity tests in a static-renewal or 
flow-through mode, as outlined in Paragraph 9.5.9 of the test methods manual. 
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5. Initial Investigation TRE Workplan 
 

Within 90 days of the permit effective date, the permittee shall prepare and submit a copy 
of their Initial Investigation Toxicity Reduction Evaluation (TRE) Workplan (1-2 pages) 
to the permitting authority for review. This plan shall include steps the permittee intends 
to follow if toxicity is measured above an acute WET permit limit or trigger and should 
include, at minimum: 
 
a. A description of the investigation and evaluation techniques that would be used to 

identify potential causes and sources of toxicity, effluent variability, and treatment 
system efficiency. 

 
b. A description of methods for maximizing in-house treatment system efficiency, good 

housekeeping practices, and a list of all chemicals used in operations at the facility. 
 

c. If a Toxicity Identification Evaluation (TIE) is necessary, an indication of who would 
conduct the TIEs (i.e., an in-house expert or outside contractor). 

 
6. Accelerated Toxicity Testing and TRE/TIE Process 
 

a. If an acute WET permit limit or trigger is exceeded and the source of toxicity is 
known (e.g., a temporary plant upset), then the permittee shall conduct one additional 
toxicity test using the same species and test method. This test shall begin within 14 
days of receipt of test results exceeding an acute WET permit limit or trigger. If the 
additional toxicity test does not exceed an acute WET permit limit or trigger, then the 
permittee may return to their regular testing frequency. 

 
b. If an acute WET permit limit or trigger is exceeded and the source of toxicity is not 

known, then the permittee shall conduct six additional toxicity tests using the same 
species and test method, approximately every two weeks, over a 12 week period. This 
testing shall begin within 14 days of receipt of test results exceeding an acute WET 
permit limit or trigger. If none of the additional toxicity tests exceed an acute WET 
permit limit or trigger, then the permittee may return to their regular testing 
frequency. 

 
c. If one of the additional toxicity tests (in paragraphs 6.a or 6.b) exceeds an acute WET 

permit limit or trigger, then, within 14 days of receipt of this test result, the permittee 
shall initiate a TRE using, based on the type of treatment facility, EPA manual 
Toxicity Reduction Evaluation Guidance for Municipal Wastewater Treatment Plants 
(EPA/833/B-99/002, 1999) or EPA manual Generalized Methodology for Conducting 
Industrial Toxicity Reduction Evaluations (EPA/600/2-88/070, 1989). In conjunction, 
the permittee shall develop and implement a Detailed TRE Workplan which shall 
include: further actions undertaken by the permittee to investigate, identify, and 
correct the causes of toxicity; actions the permittee will take to mitigate the impact of 
the discharge and prevent the recurrence of toxicity; and a schedule for these actions. 
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d. The permittee may initiate a Toxicity Identification Evaluation (TIE) as part of a TRE 
to identify the causes of toxicity using the same species and test method and, as 
guidance, EPA test method manuals: Methods for Aquatic Toxicity Identification 
Evaluations: Phase I Toxicity Characterization Procedures (EPA/600/6-91/003, 
1991); Methods for Aquatic Toxicity Identification Evaluations, Phase II Toxicity 
Identification Procedures for Samples Exhibiting Acute and Chronic Toxicity 
(EPA/600/R-92/080, 1993); Methods for Aquatic Toxicity Identification Evaluations, 
Phase III Toxicity Confirmation Procedures for Samples Exhibiting Acute and 
Chronic Toxicity (EPA/600/R-92/081, 1993); and Marine Toxicity Identification 
Evaluation (TIE): Phase I Guidance Document (EPA/600/R-96-054, 1996). 

 
7. Reporting of Acute Toxicity Monitoring Results 

 
a. A full laboratory report for all toxicity testing shall be submitted as an attachment to 

the DMR for the month in which the toxicity test was conducted and shall also 
include: the toxicity test results—for determination of Pass/Fail; LC50; TUa = 
100/LC50; NOAEC; TUa = 100/NOAEC—reported according to the test methods 
manual chapter on report preparation and test review; the dates of sample collection 
and initiation of each toxicity test; all results for effluent parameters monitored 
concurrently with the toxicity test(s); and progress reports on TRE/TIE 
investigations. 

 
b. The permittee shall notify the permitting authority in writing within 14 days of 

exceedance of an acute WET permit limit or trigger. This notification shall describe 
actions the permittee has taken or will take to investigate, identify, and correct the 
causes of toxicity; the status of actions required by this permit; and schedule for 
actions not yet completed; or reason(s) that no action has been taken. 

 
8. Permit Reopener for Acute Toxicity 
 

In accordance with 40 CFR Parts 122 and 124, this permit may be modified to include 
effluent limitations or permit conditions to address acute toxicity in the effluent or 
receiving waterbody, as a result of the discharge; or to implement new, revised, or newly 
interpreted water quality standards applicable to acute toxicity. 
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APPENDIX D 
 

CHRONIC WET PERMIT LANGUAGE 
 
xx. Chronic Whole Effluent Toxicity Requirements 

 
For routine monitoring frequency (i.e., monthly, quarterly, semi-annual or annual), yearly 
determination of test species sensitivity (i.e., fish, invertebrate, or alga), and permit years for 
split sampling of WET and other monitored parameters (i.e., 1, 2, 3, 4 and 5), select proper 
paragraph 1, as described in Chapter 3 of this document. 

 
1. Monitoring Frequency 
 

The permittee shall conduct monthly/quarterly/semi-annual chronic toxicity tests on 24-
hour composite effluent samples. Once each calendar year, at a different time of year 
from the previous years, the permittee shall split a 24-hour composite effluent sample and 
concurrently conduct three toxicity tests using a fish, an invertebrate, and an alga species; 
the permittee shall then continue to conduct routine monthly/quarterly/semi-annual 
toxicity testing using the single, most sensitive species. 
 
Chronic toxicity test samples shall be collected for each point of discharge at the 
designated NPDES sampling station for the effluent (i.e., downstream from the last 
treatment process and any in-plant return flows where a representative effluent sample 
can be obtained). During years 1, 2, 3, 4 and 5 of the permit, a split of each sample shall 
be analyzed for all other monitored parameters at the minimum frequency of analysis 
specified by the effluent monitoring program. 

 
1. Monitoring Frequency 
 

The permittee shall conduct annual chronic toxicity tests on 24-hour composite effluent 
samples. Each calendar year, at a different time of year from the previous years, the 
permittee shall split a 24-hour composite effluent sample and concurrently conduct three 
toxicity tests using a fish, an invertebrate, and an alga species. 
 
Chronic toxicity test samples shall be collected for each point of discharge at the 
designated NPDES sampling station for the effluent (i.e., downstream from the last 
treatment process and any in-plant return flows where a representative effluent sample 
can be obtained). During years 1, 2, 3, 4 and 5 of the permit, a split of each sample shall 
be analyzed for all other monitored parameters at the minimum frequency of analysis 
specified by the effluent monitoring program. 
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To monitor chronic whole effluent toxicity with proper species and test methods select proper 
paragraph 2, as described in Chapter 3 of this document. Please note that freshwater 
discharges to marine or estuarine receiving water bodies are monitored using either 
freshwater species and test methods or saltwater species and test methods, based on the 
magnitude of the discharge specific mixing zone or dilution allowance authorized by the 
permitting authority. 

 
3. Freshwater Species and Test Methods 
 

Species and short-term test methods for estimating the chronic toxicity of NPDES 
effluents are found in the fourth edition of Short-term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms 
(EPA/821/R-02/013, 2002; Table IA, 40 CFR Part 136). The permittee shall conduct 
static renewal toxicity tests with the fathead minnow, Pimephales promelas (Larval 
Survival and Growth Test Method 1000.01); the daphnid, Ceriodaphnia dubia (Survival 
and Reproduction Test Method 1002.01); and the green alga, Selenastrum capricornutum 
(also named Raphidocelis subcapitata) (Growth Test Method 1003.0). 
 

3. Marine and Estuarine Species and Test Methods 
 

Species and short-term test methods for estimating the chronic toxicity of NPDES 
effluents are found in the first edition of Short-term Methods for Estimating the Chronic 
Toxicity of Effluents and Receiving Waters to West Coast Marine and Estuarine 
Organisms (EPA/600/R-95/136, 1995) and applicable water quality standards; also see 
40 CFR Parts 122.41(j)(4) and 122.44(d)(1)(iv) and 40 CFR Part 122.21(j)(5)(viii) for 
POTWs. The permittee shall conduct a static renewal toxicity test with the topsmelt, 
Atherinops affinis (Larval Survival and Growth Test Method 1006.01); a static non-
renewal toxicity test with the giant kelp, Macrocystis pyrifera (Germination and Growth 
Test Method 1009.0); and a toxicity test with one of the following invertebrate species: 
 
- Static renewal toxicity test with the mysid, Holmesimysis costata (Survival and 

Growth Test Method 1007.01); 
- Static non-renewal toxicity test with the Pacific oyster, Crassostrea gigas, or the 

mussel, Mytilus spp., (Embryo-larval Shell Development Test Method 1005.0); 
- Static non-renewal toxicity test with the red abalone, Haliotis rufescens (Larval Shell 

Development Test Method); 
- Static non-renewal toxicity test with the purple sea urchin, Strongylocentrotus 

purpuratus, or the sand dollar, Dentraster excentricus (Embryo-larval Development 
Test Method); or 

- Static non-renewal toxicity test with the purple sea urchin, Strongylocentrotus 
purpuratus, or the sand dollar, Dendraster excentricus (Fertilization Test Method 
1008.0). 

                                                 
1 Daily observations for mortality make it possible to calculate acute toxicity for desired exposure periods (i.e., 7-day 
LC50, 96-hour LC50, etc.).  
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If laboratory-held cultures of the topsmelt, Atherinops affinis, are not available for 
testing, then the permittee shall conduct a static renewal toxicity test with the inland 
silverside, Menidia beryllina (Larval Survival and Growth Test Method 1006.01), found 
in the third edition of Short-term Methods for Estimating the Chronic Toxicity of 
Effluents and Receiving Waters to Marine and Estuarine Organisms (EPA/821/R-02/014, 
2002; Table IA, 40 CFR Part 136). 
 

Select proper paragraph 3, as described in Chapter 2 of this document. Chronic WET permit 
limits or triggers established by the permitting authority must follow applicable water quality 
standards and NPDES regulations and are discharge specific. 40 CFR Part 122.44(d)(1). Note 
that the median monthly chronic WET permit limit or trigger specified in paragraph 3 is based 
on EPA’s recommendations in Technical Support Document for Water Quality-based Toxics 
Control (EPA/505/2-90-001, 1991; TSD) and EPA’s Regions 9 and 10 Guidance for 
Implementing Whole Effluent Toxicity Testing Programs (Denton and Narvaez, 1996) when a 
mixing zone or dilution allowance for an effluent discharge is not authorized by the 
permitting authority. EPA’s recommended procedures for calculating chronic WET permit 
limits or triggers when a mixing zone or dilution allowance for an effluent discharge is 
authorized by the permitting authority are found in Box 5-2 and Tables 5-1 and 5-2 of the 
TSD.   

 
3. Chronic WET Permit Triggers 

 
There are no chronic toxicity effluent limits for this discharge. For this discharge, a 
mixing zone or dilution allowance is not authorized and the chronic WET permit triggers 
are any one test result greater than 1.6 TUc (during the monthly reporting period), or any 
one or more test results with a calculated median value greater than 1.0 TUc (during the 
monthly reporting period). Results shall be reported in TUc, where TUc = 100/NOEC. 
The No Observed Effect Concentration (NOEC) is the highest concentration of toxicant 
to which organisms are exposed in a short-term chronic test that causes no observable 
adverse effects on the test organisms (e.g., the highest concentration of toxicant in which 
the values for the observed responses are not statistically significantly different from the 
controls). This permit requires additional toxicity testing if a chronic WET permit trigger 
is exceeded. 
 

3. Chronic WET Permit Triggers 
 

There are no chronic toxicity effluent limits for this discharge. For this discharge, a 
mixing zone or dilution allowance is authorized and the chronic WET permit triggers are 
any one test result greater than xxx TUc (during the monthly reporting period), or any 
one or more test results with a calculated average value greater than yyy TUc (during the 
monthly reporting period). Results shall be reported in TUc, where TUc = 100/NOEC. 
The No Observed Effect Concentration (NOEC) is the highest concentration of toxicant 
to which organisms are exposed in a short-term chronic test that causes no observable 
adverse effects on the test organisms (e.g., the highest concentration of toxicant in which 
the values for the observed responses are not statistically significantly different from the 
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controls). This permit requires additional toxicity testing if a chronic WET permit trigger 
is exceeded. 
 

3. Chronic WET Permit Limits 
 

There are chronic toxicity effluent limits for this discharge. For this discharge, a mixing 
zone or dilution allowance is not authorized and the chronic WET permit limits are any 
one test result greater than 1.6 TUc (during the monthly reporting period), or any one or 
more test results with a calculated median value greater than 1.0 TUc (during the 
monthly reporting period). Results shall be reported in TUc, where TUc = 100/NOEC. 
The No Observed Effect Concentration (NOEC) is the highest concentration of toxicant 
to which organisms are exposed in a short-term chronic test that causes no observable 
adverse effects on the test organisms (e.g., the highest concentration of toxicant in which 
the values for the observed responses are not statistically significantly different from the 
controls). This permit requires additional toxicity testing if a chronic WET permit limit is 
exceeded. 
 

3. Chronic WET Permit Limits 
 

There are chronic toxicity effluent limits for this discharge. For this discharge, a mixing 
zone or dilution allowance is authorized and the chronic WET permit limits are any one 
test result greater than xxx TUc (during the monthly reporting period), or any one or 
more test results with a calculated average value greater than yyy TUc (during the 
monthly reporting period). Results shall be reported in TUc, where TUc = 100/NOEC. 
The No Observed Effect Concentration (NOEC) is the highest concentration of toxicant 
to which organisms are exposed in a short-term chronic test that causes no observable 
adverse effects on the test organisms (e.g., the highest concentration of toxicant in which 
the values for the observed responses are not statistically significantly different from the 
controls). This permit requires additional toxicity testing if a chronic WET permit limit is 
exceeded. 

 
4. Quality Assurance 

 
a. Quality assurance measures, instructions, and other recommendations and 

requirements are found in the test methods manual previously referenced. Additional 
requirements are specified, below. 
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The chronic instream waste concentrations and effluent dilution series specified by the 
permitting authority are discharge specific and are determined based on applicable water 
quality standards, NPDES regulations, and requirements and recommendations in the test 
method manuals. Note that the instream waste concentrations and dilution series specified in 
paragraph 4.b are based on EPA’s recommendations in Technical Support Document for 
Water Quality-based Toxics Control (EPA/505/2-90-001, 1991; TSD) and EPA’s Regions 9 
and 10 Guidance for Implementing Whole Effluent Toxicity Testing Programs (Denton and 
Narvaez, 1996) when a mixing zone or dilution allowance for an effluent discharge is not 
authorized by the permitting authority. EPA’s recommended procedures for specifying 
instream waste concentrations and a dilution series when a mixing zone or dilution allowance 
for an effluent discharge is authorized by the permitting authority are found in the test method 
manuals previously referenced and in Chapters 2 and 3 of this document. 

 
b. For this discharge, a mixing zone or dilution allowance is not authorized. The chronic 

instream waste concentrations (IWCs) for this discharge are 100% effluent and 62.5% 
effluent. A series of at least five effluent dilutions and a control shall be tested. At 
minimum, the dilution series shall include the IWCs and three dilutions below the 
IWCs (e.g., 100%, 62.5%, 50%, 25% and 12.5%). 

 
b. For this discharge, a mixing zone or dilution allowance is authorized. The chronic 

instream waste concentrations (IWCs) for this discharge are XXX % effluent and YYY 
% effluent. A series of at least five effluent dilutions and a control shall be tested. At 
minimum, the dilution series shall include and bracket the IWCs. 

 
Select proper paragraph 4.c for dilution water based on test methods required in paragraph 2. 
 

c. Effluent dilution water and control water should be standard synthetic dilution water, 
as described in the test methods manual Short-term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms 
(EPA/821/R-02/013, 2002). If the dilution water is different from test organism 
culture water, then a second control using culture water shall also be used. 

 
c. Effluent dilution water and control water should be prepared and used as specified in 

the test methods manual Short-term Methods for Estimating the Chronic Toxicity of 
Effluents and Receiving Waters to West Coast Marine and Estuarine Organisms 
(EPA/600/R-95/136, 1995) and/or Short-term Methods for Estimating the Chronic 
Toxicity of Effluents and Receiving Waters to Marine and Estuarine Organisms 
(EPA/821/R-02/014, 2002). If the dilution water is different from test organism 
culture water, then a second control using culture water shall also be used. If the use 
of artificial sea salts is considered provisional in the test method, then artificial sea 
salts shall not be used to increase the salinity of the effluent sample prior to toxicity 
testing without written approval by the permitting authority. 

 
d. If organisms are not cultured in-house, then concurrent testing with a reference 

toxicant shall be conducted. If organisms are cultured in-house, then monthly 
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reference toxicant testing is sufficient. Reference toxicant tests and effluent toxicity 
tests shall be conducted using the same test conditions (e.g., same test duration, etc.). 

 
e. If either the reference toxicant or effluent toxicity tests do not meet all test 

acceptability criteria in the test methods manual, then the permittee must resample 
and retest within 14 days. 

 
f. Following Paragraph 10.2.6.2 of the freshwater test methods manual, all chronic 

toxicity test results from the multi-concentration tests required by this permit must be 
reviewed and reported according to EPA guidance on the evaluation of concentration-
response relationships found in Method Guidance and Recommendations for Whole 
Effluent Toxicity (WET) Testing (40 CFR 136) (EPA/821/B-00-004, 2000). 

 
Select proper paragraph 4.g for review of with-in test variability based on test methods 
required in paragraph 2. 
 

g. Because this permit requires sublethal hypothesis testing endpoints from Methods 
1000.0, 1002.0, and 1003.0 in Short-term Methods for Estimating the Chronic 
Toxicity of Effluents and Receiving Waters to Freshwater Organisms (EPA/821/R-
02/013, 2002), with-in test variability must be reviewed for acceptability and 
variability criteria (upper and lower PMSD bounds) must be applied, as directed 
under Section 10.2.8 - Test Variability of the test methods manual Short-term 
Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters to 
Freshwater Organisms. Under Section 10.2.8, the calculated percent minimum 
significant difference (PMSD) for both reference toxicant test and effluent toxicity 
test results must be compared with the upper and lower PMSD bounds variability 
criteria specified in Table 6 - Variability Criteria (Upper and Lower PMSD Bounds) 
for Sublethal Hypothesis Testing Endpoints Submitted Under NPDES Permits, 
following the review criteria in Paragraphs 10.2.8.2.1 through 10.2.8.2.5 of the test 
methods manual. Based on this review, only accepted effluent toxicity test results 
shall be reported on the DMR form. If excessive within-test variability invalidates a 
test result, then the permittee must resample and retest within 14 days. 

 
g. Because this permit requires sublethal hypothesis testing endpoints from test methods 

in Short-term Methods for Estimating the Chronic Toxicity of Effluents and Receiving 
Waters to West Coast Marine and Estuarine Organisms (EPA/600/R-95/136, 1995), 
within-test variability must be reviewed for acceptability and a variability criterion 
(upper %MSD bound) must be applied, as directed under each test method. Based on 
this review, only accepted effluent toxicity test results shall be reported on the DMR 
form. If excessive within-test variability invalidates a test result, then the permittee 
must resample and retest within 14 days. 

 
g.   Because this permit provides for a sublethal hypothesis testing endpoint from Method 

1006.0 in Short-term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Waters to Marine and Estuarine Organisms (EPA/821/R-02/014, 2002), 
within-test variability must be reviewed for acceptability and variability criteria 
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(upper and lower PMSD bounds) must be applied, as directed under Section 10.2.8 - 
Test Variability of the test methods manual Short-term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to Marine and Estuarine 
Organisms. Under Section 10.2.8, the calculated percent minimum significant 
difference (PMSD) for both reference toxicant test and effluent toxicity test results 
must be compared with the upper and lower PMSD bounds variability criteria 
specified in Table 6 - Variability Criteria (Upper and Lower PMSD Bounds) for 
Sublethal Hypothesis Testing Endpoints Submitted Under NPDES Permits, following 
the review criteria in Paragraphs 10.2.8.2.1 through 10.2.8.2.5 of the test methods 
manual. Based on this review, only accepted effluent toxicity test results shall be 
reported on the DMR form. If excessive within-test variability invalidates a test 
result, then the permittee must resample and retest within 14 days. 

 
h. If the discharged effluent is chlorinated, then chlorine shall not be removed from the 

effluent sample prior to toxicity testing without written approval by the permitting 
authority. 

 
i. pH drift during the toxicity test may contribute to artifactual toxicity when pH-

dependent toxicants (e.g., ammonia, metals) are present in an effluent. To determine 
whether or not pH drift during the toxicity test is contributing to artifactual toxicity, 
the permittee shall conduct three sets of parallel toxicity tests, in which the pH of one 
treatment is controlled at the pH of the effluent and the pH of the other treatment is 
not controlled, as described in Section 11.3.6.1 of the test methods manual, Short-
term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Waters 
to Freshwater Organisms (EPA/821/R-02/013, 2002). Toxicity is confirmed to be 
artifactual and due to pH drift when no toxicity above the chronic WET permit limit 
or trigger is observed in the treatments controlled at the pH of the effluent. If toxicity 
is confirmed to be artifactual and due to pH drift, then, following written approval by 
the permitting authority, the permittee may use the procedures outlined in Section 
11.3.6.2 of the test methods manual to control sample pH during the toxicity test.  

 
5. Initial Investigation TRE Workplan 

 
Within 90 days of the permit effective date, the permittee shall prepare and submit a copy 
of their Initial Investigation Toxicity Reduction Evaluation (TRE) Workplan (1-2 pages) 
to the permitting authority for review. This plan shall include steps the permittee intends 
to follow if toxicity is measured above a chronic WET permit limit or trigger and should 
include, at minimum: 
 
a. A description of the investigation and evaluation techniques that would be used to 

identify potential causes and sources of toxicity, effluent variability, and treatment 
system efficiency. 

 
b. A description of methods for maximizing in-house treatment system efficiency, good 

housekeeping practices, and a list of all chemicals used in operations at the facility. 
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c. If a Toxicity Identification Evaluation (TIE) is necessary, an indication of who would 
conduct the TIEs (i.e., an in-house expert or outside contractor). 

 
6. Accelerated Toxicity Testing and TRE/TIE Process 

a. If a chronic WET permit limit or trigger is exceeded and the source of toxicity is 
known (e.g., a temporary plant upset), then the permittee shall conduct one additional 
toxicity test using the same species and test method. This test shall begin within 14 
days of receipt of test results exceeding a chronic WET permit limit or trigger. If the 
additional toxicity test does not exceed a chronic WET permit limit or trigger trigger, 
then the permittee may return to their regular testing frequency. 

 
b. If a chronic WET permit limit or trigger is exceeded and the source of toxicity is not 

known, then the permittee shall conduct six additional toxicity tests using the same 
species and test method, approximately every two weeks, over a 12 week period. This 
testing shall begin within 14 days of receipt of test results exceeding a chronic WET 
permit limit or trigger. If none of the additional toxicity tests exceed a chronic WET 
permit limit or trigger, then the permittee may return to their regular testing 
frequency. 

 
c. If one of the additional toxicity tests (in paragraphs 6.a or 6.b) exceeds a chronic 

WET permit limit or trigger, then, within 14 days of receipt of this test result, the 
permittee shall initiate a TRE using as guidance, based on the type of treatment 
facility, EPA manual Toxicity Reduction Evaluation Guidance for Municipal 
Wastewater Treatment Plants (EPA/ 833/B-99/002, 1999) or EPA manual 
Generalized Methodology for Conducting Industrial Toxicity Reduction Evaluations 
(EPA/600/2-88/070, 1989). In conjunction, the permittee shall develop and 
implement a Detailed TRE Workplan which shall include: further actions undertaken 
by the permittee to investigate, identify, and correct the causes of toxicity; actions the 
permittee will take to mitigate the impact of the discharge and prevent the recurrence 
of toxicity; and a schedule for these actions. 

 
d. The permittee may initiate a Toxicity Identification Evaluation (TIE) as part of a TRE 

to identify the causes of toxicity using the same species and test method and, as 
guidance, EPA test method manuals: Toxicity Identification Evaluation: 
Characterization of Chronically Toxic Effluents, Phase I (EPA/600/6-91/005F, 
1992); Methods for Aquatic Toxicity Identification Evaluations, Phase II Toxicity 
Identification Procedures for Samples Exhibiting Acute and Chronic Toxicity 
(EPA/600/R-92/080, 1993); Methods for Aquatic Toxicity Identification Evaluations, 
Phase III Toxicity Confirmation Procedures for Samples Exhibiting Acute and 
Chronic Toxicity (EPA/600/R-92/081, 1993); and Marine Toxicity Identification 
Evaluation (TIE): Phase I Guidance Document (EPA/600/R-96-054, 1996). 
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7. Reporting of Chronic Toxicity Monitoring Results 
 

a. A full laboratory report for all toxicity testing shall be submitted as an attachment to 
the DMR for the month in which the toxicity test was conducted and shall also 
include: the toxicity test results—in NOEC; TUc = 100/NOEC; EC25 (or IC25); and 
TUc = 100/EC25 (or IC25)—reported according to the test methods manual chapter 
on report preparation and test review; the dates of sample collection and initiation of 
each toxicity test; all results for effluent parameters monitored concurrently with the 
toxicity test(s); and progress reports on TRE/TIE investigations. 

 
b.   The permittee shall notify the permitting authority in writing within 14 days of 

exceedance of a chronic WET permit limit or trigger. This notification shall describe 
actions the permittee has taken or will take to investigate, identify, and correct the 
causes of toxicity; the status of actions required by this permit; and schedule for 
actions not yet completed; or reason(s) that no action has been taken. 

 
8. Permit Reopener for Chronic Toxicity 
 

In accordance with 40 CFR Parts 122 and 124, this permit may be modified to include 
effluent limitations or permit conditions to address chronic toxicity in the effluent or 
receiving waterbody, as a result of the discharge; or to implement new, revised, or newly 
interpreted water quality standards applicable to chronic toxicity. 
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FOREWORD 

This manual provides detailed guidance on the development of Part 2 permit 
applications for municipal separate storm sewer systems. It provides technical assistance and 
support for all municipal separate storm sewer systems subject to regulatory requirements 
under the National Pollutant Discharge Elimination System (NPDES) program for storm 
water point source discharges. This manual also emphasizes the application of pollution 
prevention measures and implementation of Best Management Practices (BMPs) to reduce 
pollutant loadings and improve water quality. 

The control of pollution from urban and industrial storm water discharges is critical in 
maintaining and improving the quality of the Nation’s waters. Pollutants in storm water 
discharges from many sources are largely uncontrolled. The National Water Quality 
inventory, 1990 Report 10 Congress, provides a general assessment of water quality based on 
biennial reports submitted by the States under Section 305(b) of the Clean Water Act 
(CWA). The report indicates that roughly one third of the impairment in assessed waters 
is due to storm water runoff. 

This document was issued in support of Environmental Protection Agency (EPA) 
regulations and policy initiatives involving the development and implementation of a 
national storm water program. This document is Agency guidance only. It does not 
establish or affect legal rights or obligations. Agency decisions in any particular case will 
be made applying the laws and regulations on the basis of specific facts when permits are 
issued or regulations promulgated. 

This document will be revised and expanded periodically to reflect additional guidance. 
Comments from users are welcomed. Send comments to U.S. EPA, Office of Wastewater 
Enforcement and Compliance, 401 M Street, SW, Mail Code EN-336, Washington, D.C. 
20460. 

Michael B. Cook, 
Director 

Office of Wastewater Enforcement 
and Compliance 
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1.0 INTRODUCTION 

1.1 OVERVIEW 

Control of pollution from urban and 
industrial storm water discharges is an 
important factor in maintaining and improving 
the quality of the Nation’s waters. To help 
improve the quality of storm water discharges, 
Congress passed the Water Quality Act (WQA) 
in 1987. The WQA added to the Clean Water 
Act (CWA) a provision [Section 402(p)) that 
directed the U.S. Environmental Protection 
Agency (EPA) to establish final regulations 
governing storm water discharges under the 
National Pollutant Discharge Elimination 
System (NPDES) program. 

In response, EPA published regulations in 
the November 16, 1990, Federal Register (55 FR 
47990) that established NPDES permit 
application requirement for storm water point 
source discharges As part of these regulations, 
municipal separate storm sewer systems (MS4s) 
that serve populations greater than 250,000 
(“large MS4s"), MS4s that serve populations 
between 100,000 and 250,000 (“medium MS4s“), 
and other MS4s identified by the permitting 
authority must be covered by NPDES permits. 
The regulations establish a two-part application 
process for these MS4s In April 1991, EPA 
issued guidance on the preparation of Part 1 of 
the NPDES permit application for discharges 
from MS4s EPA, 1991b). The present manual 
provides guidance on the preparation of Part 2 
applications. The information in this manual 
should help municipalities focus their efforts on 
activities that meet the application 
requirements. 

1.2 SUMMARY OF THE CLEAN WATER 
ACT REQUIREMENTS 

Section 402 of the CWA prohibits the 
discharge of any pollutant to waters of the 
United States from a point source, unless that 
discharge is authorized by a NPDES permit. 

Efforts to improve water quality under the 
NPDES program have traditionally focused on 
reducing pollutants in discharges of industrial 
process wastewater and municipal sewage. As 
pollution control measures have been 
implemented for these discharges, it has 
become evident that diffuse sources of water 
pollution (those occurring over a wide area) are 
also major contributors to water quality 
degradation. Recent studies, including the 
Nationwide Urban Runoff Program (NURP) 
study (EPA, 1983), have shown that storm 
water runoff from urban and industrial areas 
typically contains the same general types of 
pollutants that are often found in wastewater 
in industrial discharges. Pollutants commonly 
found in storm water runoff include heavy 
metals, pesticides, herbicides, and synthetic 
organic compounds such as fuels, waste oils, 
solvents, lubricants, and grease. These 
compounds can have damaging effect on both 
human health and aquatic ecosystems. In 
addition to pollutant, the high volumes of 
storm water discharged from MS4s in areas of 
rapid urbanization have had significant Impacts 
on aquatic ecosystems due to physical 
modifications such as bank erosion and 
widening of channels. 

The statutory provisions governing 
discharges from MS4s are contained in CWA 
Section 402(p)(3)(B). In general, Congress 
provided that permits for discharges from 
MS4s: 

May be issued on either a system- or 
jurisdiction-wide basis; 

Shall effectively prohibit non-storm 
water discharges into the MS4, and 

Shall require controls to reduce the 
discharge of pollutants to the maximum 
extent practicable (MEP). 
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Under the storm water program, the in&al 
round of NPDES permrts wII emphasize the 
use of Best Management Practices (BMPs) to 
reduce pollutant loadmgs from MS4s. These 
BMPs include polluhon prevention measures, 
management practices, control techniques, and 
design and engineenng practices. As with any 
discharger subpct to the NPDES program, 
MS4s must meet technology-based 
requirements [in this case, the “maximum 
extent practicable” standard of Section 402(p)l 
as well as applicable water quality standards. 

1.3 THE PERMIT APPLICATION PROCBSS 

The goal of the NPDBS program for 
municipal storm water is the reduction and 
ehmination of pollutants in storm water 
discharges from large and medium MS&. The 
permrt application process in 40 CPR 122.26(d) 
is designed to meet this goal by developing 
sltespeclhc NPDES permits containing storm 
water management programs for individual 
MS4s. Site-specific permitting is crucial given 
the dlffermg nature of discharges from MS4s in 
different parts of the country and the varying 
impacts of these discharges on receiving 
waters. To facilitate this process, the 
regulations specify a two-part permit 
apphcahon. 

Part 1 of the permit application initiates the 
process through which municipalities began to 
Identify sources of pollutants to the municipal 
storm sewer system. Partlalsorequka 
munxipa.lWs to propose strategies to 
characterize storm water discharges from their 
munqxil separate storm sewer systems. 
Guidance for the lbjxlmtion of Part I of The 
NPDES Permit Appliuations /iv Disdarges From 
Municipal Separate Storm Sewer Systems was 
issued in April 1991, and is available through 
EPA’s Storm \Vater Hothne l(703) 82148231. 

The present manual describes how to meet 
the Part 2 permit application requirements for 
storm water discharges from largeand medtum 
Msls Part 2 of the permit applicahon builds 
upon the foundation established m Part I and 

provides for the development of comprehensive 
storm water management programs. Part 2 
requires particular mformahon that M54s must 
have developed to have an effective storm 
water control plan. However, each applicant is 
given flexibility on how to present and 
organize this information m a way which best 
suits the MS4’s needs and is most consistent 
with its overall storm water management 
strategy. This guidance presents examples 
which illustrate some alternative ways to 
present information that will fulfill the Part 2 
permit application requirements. 

1.4 WI-IO MUST SUBMIT A PART 2 
APPLICATION 

Municipahties, incorporated places, and 
counties with unincorporated urban areas that 
own or operate a large or medium MS4 that 
discharges to waters of the United States are 
required to obtain a NPDES storm water 
permit. In addition, small MS4s (less than 
100,000> that are owned or operated by a 
municipality other than those idenbhed m the 
NPDES regulation can be designated by the 
permitting authority as part of the large or 
medium municipal separate storm sewer 
system due to the interrelationship between the 
discharges of the designated storm sewer and 
the discharges from municipal separate storm 
sewers. 

Under EPA’s definition of MS& “large” 
MS4s serve populations greater than 250,000, 
and “medium” MS4s serve populations of at 
least 1OO,ooO, but less than 25Om. Population 
is determined by the most recent Decennial 
Census by the Bureau of the Census. A list of 
large and medium municipalities identified in 
the November 16, 1990, rule is contained in 
Exhibit l-l, in which population was based on 
the 1980 Census. After the publication of the 
November 16, 1990, rule, the Bureau of the 
Census released data for 1990, and, as a result, 
some additional munidpalitiea may be 
required to submit applications, while others 
may fall below 100,000. These changes are 
not reflected in Exhibit l-l. 
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Exhibit l-l: Large and Medium MS4s 
(Based on 1980 Census Data) 

Mumciprlities, Counties, and ohlo cllmruub 
Incorporated Areas With Cleveland 
Populations greater than 25OAXlO C0lumbu.s 
which Must Submit NPDES Toledti 
storm Water Apphcahons oklahoma okhhoma Gty 

T&d 
Shk Enhty Oregon Portland 

Penn!3ylvan& Philadelpb 
Atfhma B-M Pittsburgh 

Phoenix TelUWSSW MCMphlS 
Tucson Nashvdle/Davidson 

Cahfomra Long Beach Texas ALL5hl.i 
Los Angeles Dallas 

Los An&@!3 County ElP&O 
Oakland Fort Worth 

sacrament0 Hams Gxlnty 
sauamento county Houston 

San Rego San Antonlo 
San Diego county Utah Salt Lake County 

San Frarlm Virginia Faufax County 
sMk= Norfolk 

Colorado Del-MS Vuguua Eti 
Delaware New Castle County Washmgton King COunh 
Lhstnd of Columbia SeartIe 
FlOIl& Dade County WlSCOllSill MllWdti~ 

Jadcson4le 
Ml.aLnl Municipalihcr, Counhes, and 
Tampa Incorporated Areas wth 

Ceorgk3 Athtd Populations between 100,000 and 
DeKalb County 250,COO which Must Subnut 

Hawau Honolulu County NPDES Storm Water Apphohonr 
lUlllOIS ChICagO 

Indana ln&anapoh State Enhty 
Kansas Wlchlta 

Kentucky Louisville Alabama HuntsdIe 

Louisiana New Orleans Jefferson County 
Maryland Anne Arundel County Mobrle 

Bdhmorc! county Montgomery 
Balhmore Alaalra AlKhONge 

Montgomery County Arizona Mesa 
Pnnoe George’s County PIma County 

MassachllSettS BoStoIl Tape 
MlChlpll Detroit Arkansas Lttle Rock 
Mlnne!sota Minneapolis California Alameda county 

St Paul Armhelm 
Mssouri Kansas sty Bakersfield 

St. Louis Berkeley 
Nebraska Omaha Concord 
New Jersey Newark Contra Cosh~ Gwnty 
New Memo Albuquerque Fremont 
NH+ York BuUalo Fresno 

Bronx Borough Fullerton 
Brooklyn Borough Garden Grore 

Manhattan Borough Glendale 
Queens Borough Hunhngton Beth 

Staten kland braugh hem County 
North Carolma Charlotte Modesto 

CaWomm. cant orange count) 
Oxnard 

Pasad~a 
Rn mde 

kvernde County 
San Bemar&no 

!Gll Bernardulo county 
Santa ha 

Stockton 
SUNl)W& 

Torrance 
Colorado Aurora 

Colorado Springs 
Lakewood 

Pueblo 
connechcut Bndgeport 

Hartford 
New Haven 

Stamtord 
h’aterbuq 

Flonda Broward Countv 
Exambla Counm 

Fort Laud&& 
Hlleah 

l-hllsborough Count) 
Hollwood 

Orange Countv 
Orland 

Palm Beach Count-v 
PmeUas County 

Polk Gunty 
Sarasota Colultv 

St Petersburg 
Georp Clayton County 

Cobb Countv 
Columbus 

Macon 
R&unond Countv 

SaVaMah 

Idaho Bow Gty 
lUlllOIS Peona 

Rockford 
lncbana Evansville 

Fort Wayne 
==Y 

South Bend 
IOWa cedar RaPId 

Davenport 
Des Moines 

Kansas hanulsas CI~ 
To* 

Kentucky Jefferwn Countv 
Leungton-Fayette 

Louunana Baton Rouge 
Jefter-n Pansh 

Shrew eport 

(<onnnuedj 
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Exhibit l-l: Large and Medium MS4s kont) 
(Based on 1980 Census Data) 

Ma9sachusetE 

Mlchlgan 

N&&&S 
NW&id 

New Jersey 

New York 

Spnngfield North Carollna Durham Texas, cont’d corpus ChristI 
Worcester Greensboro Garland 

Ann Arbor m%h -I3 
Rlnt WtnStOn-Salem Lubbock 

Grand Raplds CumbedandCounty Pasadena 
Lansing CM0 Akxon W&X 
UVOIlh Dayton Utah SdtLakeQty 

Sterling Heights Youngstown “hN Alexandria 
warren Oregon Eupe ~b3-G-v 
la&on Multnomah county a=P-l= 

lndepmdence w-e c-v Chesterfield County 
Sprintifield PeNlsylmnla Allentown tiPton 

Llnmln Erie Henrim County 
Clark county Rhode Island providence Newport News 

La9 Vegas southcaroha Columbia Portsmouth 
Rena Greenville County Richmond 

Eluabeth RichlandCmnty Roanoke 
J-Y w TE?IUlesSee Chattanooga WtLShUlgtOll Snohomish County 

Paterson Knoxvine Spokane 
Albany Texas AllliUlllO Race county 

Rochester Arungton Tacoma 
Syracuse Beaumont Wsconsm Madson 
YOnkeR 

Soumz. SS FR 48073, November 16,199O. 

The definition of MS4 excludes those 
conveyances that are designed to discharge 
storm water runoff combmed with municipal 
sanitary sewers C’combined sewer systems”). 
Therefore, municipahhes that own or operate 
combmed sewer systems may petition to have 
their population, based on Bureau of the 
Census figures, reduced by the number of 
people served by the combmed sewer system. 
If the total population served by the separate 
storm sewer system alone is less than lOOjIO0, 
the municipahty may be eligible for an 
exemption from NPDES storm water permit 
requirements. Murucipalihes should contact 
their permlttmg authority for additional 
mformation. Exhibit l-l does not reflect any 
modifications in the application requirements 
for dties with combined sewer systems. 

1.5 SUBMI-ITING THE PART 2 
APPLJCATION 

authonty listed in Etibit 1-2. For 
municipalihes m States with authonzed NPDES 
programs, the pernutting authonty LS the State 
office listed m Exhibit 1-2. Because some of 
these States may have application requirements 
in addlhon to EPA’s, municipal&es in States 
with authorized NPDES programs should 
contact their States for guidance. For 
municipalibes in States Hnthout approved 
NPDES programs, the permitting authority is 
the EPA Regonal Office listed in Exhibit 1-2. 

Municipalities with populations greater 
than 250,000 Oarge MS4s) were to submit their 
Part 2 applications by November 16, 1992. 
Municipalities with populations greater than 
100,000, but less than 250,000 (medium MS4s), 
must submit Part 2 applications by May 17, 
1993. Inquiries regarding Part 2 applications or 
the pennittmg process should be dxected to 
the appropriate permitting authority. 

Completed Part 2 applications should be 
submitted to the appropriate permithng 
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Exhibit 1-2: NPDES Storm Water Program Permitting Authorities 

State PermJt Contact 
Auth L 

Alabama Sbk 

EPA 

EPA 

Arkansa9 State 

Cahfomia State 

Colorado State 

connea- 
icut 

State 

Delaware State 

Aubrey tile 
Water Division 
1751 lkkmson Dr 
Montgomery, AL 36130 

005) 271-7811 

Steve Bubnkk 
U S EPA Region 10 
wD134 
1200 6th Ave 
Seattle, WA 98101 
t-206) 55s8399 

Eugene Bromley 
U S EPA R-on 9 
w-51 
75HawthomeSt 
San Pralldsco. CA 94105 
(415) 744-1906 

Mark Brxlley 
Permlttmg Sechon Chief 
8001 Naoonal Dr. 
PO Box 8913 
httle Rock, AR RZ19-8913 

Archle Matthews 
DIV of Water Qual Control 
Dept. of State Water Res Bd. 
Mad Code C8 
901 P street 
Sauamento, CA 95814 
(916) 657-0525 

Patnaa Nelson 
Dept. of Health 
Water Quahty Control Div 
W?CDPE-B2 
4300 Uwrry Drive South 
Denver, co 80222-1530 
(303) 692-3590 

Permit Coordinator 
Dept of Envir Rolwtion 
Water Management Bureau 
165 Cap~lol Ave. 

Hartford#cr 06106 
(203) 5667167 

Chuck Schadel 
Dept of Natural Resowces 
Surface Water Management 

89KmgsHwy.PO Box1401 
Dover, DE 19903 
(302) 739-5731 

Sblk PerIN Contact 
Auth 

Dlslrid 
of 
Columbia 

Flodda 

Hawali 

Idaho 

lndlana 

EPA 

EPA 

State 

State 

EPA 

State 

state 

Kevin Magerr 
U S EPA Region 3 
3wM53 
641 Chestnut Bldg 
Phhdelptua. PA 19107 
015) 597-1651 

Chns Thomas 
UI EPA Regwm 4 
IWM-Fp 
34SCourdandStNE 
Athta,GA 3U365 
Mw 347-2391 

Allen Hdum 
Munidpal Pennltting Prog 
Ga Env Protechon Dw 
4244 lntematlonal Pkwy 
suite 110 
Atlanta, GA 30354 
WM) 3622680 

Steve chang 
Dept of Health 
Clean Water Branch 
Five Water Front Plaza 
4500 Ala Moana Blvd 
Honolulu, HI 96813 
(808) 586-4309 

Steve Bubnlck 
U S EPA Rvon 10 
wD134 
1200 6th Avenue 
Seattle, WA 98101 
cm) 553-8399 

Sue Epperson 
EPA Water Poll. Control 
Pemuts Swhon #15 
PO Box 19276 
Springfield. IL 627969276 
017) 782-&10 

Cathmne Hess 
Dep” of Env Mgmt 
NPDES Pemub Group 
Room #7l8 
105 S Mendmn St. 
PO Box6015 
lnd~anapob, IN 46206-6Ol5 
017) 232-8704 

(Conhnued) 
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Exhibit l-2: NPDES Storm Water Program Permitting Authorities (cont.1 

State PeTINt Contact 
AUth 

Louuana 

Mame 

Maryland State 

EPA 

hllch1gan 

St& 

State 

EPA 

EPA 

Stale 

MONC~ Wnuck 
Dept of Nahual Resources 
Wallace State Buldmg 
900 E Grand Stree! 
Des Manes, L4 5U319XJO34 
(515) 281-7017 

Doncarlson 
Dep~ of Health and Env 
Bureau d Water 
IndaMun.Rogr.Sealon 
Forbes Field, Burlding 740 
TopekKS 66620 
(913) 2965555 

Douglas Augeier 
Dept.dEnv Protedion 
water DIMon 
I4 my Road 
Frankfort, KY 40601 
602) 5644410 

Brent Larsen 
U S EPA Regon 6 
6W-PM 
1455 Ross Ave 
Dallas, TX 75202 
12 14~6.557175 

Shelley Pulea 
U S EPA Repon 1 
JFK Buldmg,‘WCP 
Bo5ton, hiA 02203 
(617) 5653525 

Bnan awag= 
MD Dep” of Rivuonment 
Sed.&StormWaberAdmin 
25OOB -g Hwy 
Baltunore, MD 21224 
(410) 631-3545 

Shelley Puleo 
US EPARe@on 1 
WCP 
JFK Buldmg 
Boston, hlA cr2203 
(617) -3525 

Gary EloeEen 
Drpt of Natural Resources 
surf Wh Qual Rv-PennIts 
PO Box 3W28 
La~-~smg Ml 48909 
(513 333952 

State Pemu Con LaccI 
Auth. 

hesoe 

Montana 

Nebraska 

Nevada 

New 

New 
J-Y 

State 

State 

State 

State 

EPA 

Scott Thompson 
Polluhon Contiol Agency 
520 Lafayette Rd 
St. Paul, hfN 551553898 
(612) 2%7203 

Lous Lavalee 
DepLdEJlV @WY 
Of&e of PoUubon Control 
Ind Wastewater Branch 
PO Box lm85 
Ja&on, MS 33239-0385 
(601) 961-5074 

Karl Fett 
Dept. of Natural Resources 
Water Poll conlzol Program 
205 Jefferson St 
PO Box176 
Jefferson City, MO 65102 
014,5262928 

Fred Shewman 
Water Quabty Bureau 
Cogswell Bukimg 
Helena, MT 5%20 
blw 4442406 

Clark SO-II&~ 
Envuomentd Quahty 
P 0 Box 98922 
Lu~~ln. NE 68509 
(402) 471-4239 

Rob Saunders 
Consem & Natural Res 
Enmronmental Protmon 
333W NyeLane 
CarsonGty, NV 89710 
(702) 687-5870 

Shelley Puleo 
US EPARegonl 

FLuMIng 
Boston#MA 02203 
1617) 5653525 

Barry Chaldsky 
NJ DEf’E 
Cfhce of Regulatory Pokey 
cN423 
Trenton, NJ 08625-0423 
wm 63&7021 

(Continued) 
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Exhibit 1-2: NPDES Storm Water Program Permitting Authorities (cont.) 

State Pumlt Contait 

Auth 

New 
hlenso 

EPA 

New York State 

North 
Carolma 

Stab? 

North 
DJota 

State 

Ohlo Stale 

Oklahoma EPA 

Oregljn Stat? 

Brent Larsen 
U S EPA Repon 4 
6W- PM 
1445 Ross Ave 
Dabs, TX 75202 
(214) 65wl75 

Ken Stevens 
Wastewater Facihttes Design 
NY State Dept. of Env Cons 
5OWOlfROd 
Albany,lw 12233 
(518) 457-1157 

coueen sulllns 
Eml.ronmental Manapent 
Water P-5 dr Eng 
P 0 Box 29535 
Ralagh, NC 27626-0535 
(919) 7r3Mo83 

Sheha McUenathan 
Dept of HeaM 
LVater Quality Dw 
1200 h&.soun Ave 
P 0 Box 55X’ 
Bsmarck ND 5%X-S520 
(701) 221-5210 

John hlomson 
OEPA 
Water Pollution Control 
lRO0 Watermark 
PO Box 1049 
Columbus, OH 43266 
(614) 64-l-2017 

Brent Larsen 
US EPA Regon 6 
6W-PM 
1445 Ross Avenue 
Dallas, TX 75202 
(214) 6!Gl75 

Ted Wtiamson 
Dscharge Permks Dwhon 
Oklahoma Dept of Health 
lOOONE 10th 
Oklahoma Crty, OK 73117 

Rmti t-iomura 
DEQ-Water QuaMy 
RI 1 SLY 6th Ave 
PortJand. OR 97204 
(5021 ‘V 5’56 -- & 

State PWI-Ul Contact 
AUth 

Pennsyl- state 
vania 

Rhode 
Island 

south 
Carolma 

SOUth 

Dakota 

Texas 

Utah 

EPA 

State 

EPA 

State 

EPA 

RB Patel 
Envuonmental Resouwzs 
Water Qualq hfanagaent 
P 0 Boa 2063 
Harrisburg. PA 17120 
C7l7) 787.8184 

Jose Rwera 
US EPA Regron 2 
Wh Penruts C CompL Br 
26 Federal Plaza, Room 845 
New York, NY 10278 
(212) 2w2911 

Peter Duhamel 
Dwmon of Water Resources 
291 Promenade St 
Rowdence, RI 02903 
MOI) 27%6519 

Alturo ovalles 
DHEC 
ldustry and Agnc-ulhue 
Wastewater Di\won 
2&IO Bull St 
Columbia. SC 23201 
(803) %-5X1 

Vem &r~y 
U S EPA Repon 8 
R-Whl-C 
suite 503 
999 18tb St 
Denver, co Ram 2466 
1303) 29% 1630 

Robert Haley 
Dept of Env Wh Poll Ctrl 
401 Churdl St 
6th Floor 
L dr C Annex 
NashwIle, TN 37243-1534 
(615) 532 0625 

Brent Larsen 
US EPA Regon 6 
6W-Phf 
1445 Ross Ave. 
Dallas. TX 37X%1534 

Harry Campbell 
DIV of Water Qual 
PO Boa144870 
Salt Lake tty, LIT 84114-4870 
1601 I 535614~~ 

(ConHnued) 
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Exhibit 1-2: NPDES Storm Water Program Permitting Authorities (cont.) 

State Permrt Contact 
Aulh 

Vermont State Brm Kooker 
Env conaerv PellIIltS 
Csmphance 61 Rotecaon 
103s hblnst. 
Annex Buildmg 
waterblRy, v-r a567lam5 
MX!) 244-5674 

WP 
ls.lands 

State Marc Paafico 
De@ofPlannmg&Nat 
R- 

Dlv of Env Protection 
1118 Watergut Propa 
Box 1118 
chnshallsted 
St. GOLX, VI 0082@5065 
~809) 773-o% 

Vuguua State Burton Tuford 
VA Water Control Board 
4900 Cox Road 
Glen Allen, VA 23CH 
P304) 527-5OCQ 

State Penrut Contact 
Al&h 

state 

stak 

state 

state 

Ed O’Bnen 
Dept. of Ecology 
lndustnal Storm Water Urut 
Water QuaMy DIV 
P 0. Box 47496 
Olympia. WA 985047696 
(206) 4387614 

Jerry bY 
Office of Water Resources 
12ol Greeslbliar St 
Weston, WV 25311 1068 
c304 s8-am 

Anne Manuel 
DeptOfNatUEilR- 
Wsstewatex Management 
P.0 Box 7921 
Madison.Wl53707 
WR) 267-7694 

John Wagner 
Dept of Envu QuaMy 
Herschler Buldmg 
4th Floor 
Cheyenne, WY 82002 
(3w) m-n182 

Source I’d of Regmnal and State olhces 
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1.6 USE OF INFORMATION IN PART 1 
AND PART 2 APPLICATIONS 

The mformahon submitted in the Part I 
and Part 2 permit applications provrdes 
applicants wth a startmg point for developing 
comprehenslve storm water management 
programs. For example, the field screening 
data submItted with the Part 1 application 
provides a basrs for a program to control rlkit 
discharges. Also, the application information 
may assist m pnonhzing controls and in long- 
term trackmg of program effectiveness. 

Penrutting authorihes will use the 
mforrnahon from each muniapality’s Part 1 
and 2 apphcahons as the basis for establishing 
conditions in that municipah~s NPDES storm 
water pernut. For example, if a mumdpality 
submits a sahsfactory apphcation, all or part of 
16 proposed storm water management program 
IS likely to become an integral part of Its 
peUTUt 

1.7 ORGANIZATION OF THIS MANUAL 

Chapter 1, Introducf~on, provides a brief 
OvervIew of the Part 2 permit application 
process It discusses who must submrt a Part 
2 appkation and how the mformauon in the 
apphcahons will be used It z&o contains a 
summary of the statutory and regulatory basis 
for the NPDES storm water program. 

Chapter 2, The Part 2 Apphxtion, describes 
the statutory and regulatory requirements of 
mumclpal NPDES storm water permit 
apphcatlons m more detail. Chapter 2 outlmes 
the specific requirements of the Part 1 and Part 
2 applications, explams how Part 2 builds on 
the Part 1 apphcation, and describes the 
interconnechon among the various components 
ot the Part 2 apphcahon. 

Chapter 3, Adequate Legal Authordy, 
describes how murucipalities must demonstrate 
that they have adequate legal authority to carry 
out the program requirements [§122.26(d)(2)(l)] 

Chapter 4, Source I&~~Irficatlon, provides 
guidance on identlfylng malor outfalls and 
mventor)lng drschargers to the hlS4 15122 2613) 
e)(ll)l 

Chapter 5, Disch.ur~e C~ruc~erzuatron, 
provrdes guidance for subnuttmg quanbtahve 
data on the MS4 and developmg a proposed 
monitonng program (5122 26(d)(2)(iu)]. 

Chapter 6, Proposed Mtmagernenf Program, 
describes the steps mumcipalrues must take 
when they develop site-speafic storm water 
management programs 1§12226(d)(2)(iv)]. 
These plans are’ the heart of the muruclpal 
permu apphcahon, and the permkting 
authority will probably incorporate all or part 
of the munkipalit)zs proposed management 
program into their NPDES storm water permit. 
In their proposed management programs, 
mumcipahhes must dexnbe management 
prachces, control techruques and systems, 
design and engineering methods, and other 
provisions that are amed at reducing the 
discharge of pollutants to the “maximum extent 
prachcable ” 

Chapter 7, Assessment of Controls, explains 
how a mumcipahty can assess the effectiveness 
of its storm water management program and 
target priorities through the use of chrect and 
indirect measures (5122 26(d)(2)(v)] 

Chapter 8, Fiscal Anulys~s, provides 
gurdance on estimating necessary capital and 
operation and maintenance expenditures, and 
financing theseexpenditures I§122 26(d)(2W)l. 

1.8 OTHER GUTDANCE AVAILABLE 

Municlpalihes should use this guidance 
document together with the Part 1 guidance 
(EPA, 1991b). Exhibit 1-3 hsts other sources of 
guidance available from EPA’s Storm Water 
Hotline 1(703) 82148231 In addition, 
applicants may wsh to obtain further 
information from the documents rdenhfred tn 
the blbhography at the end of ths gtudartce 
(Appendix A). 
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Exhibit 1-3 
Documents Available from the EPA Storm Water Hothe* 

[ (703) 821-4823 1 

November 16,1990, Federal Regster - 55 F’R 47990 National Pollutant Discharge Ehminabon 
System (NPDES) Perrnlt Apphcation Requirements for Storm Water Discharges - Fmal Rule 

March 21,1991, Federal Register - 56 FR 12098 Apphcabon Deadline for Group Appbcations 
Fmal Rule; Apphcahon Deadline for Individual Apphcations - Proposed Rule 

August 16, 1991, Federal Register - 56 FR 40948 NPDES General Permits and Reporting 
Reqmrements for Storm Water Discharges Associated wth Industrial A&wit-y - Proposed Rule 

November 5, 1991, Federal Register - 56 FR 50548 Applrcation Deadlmes, Fmal Rule and 
Proposed Rule 

Apnl 2, 1992, Federal Register - 57 FR 11394 Application Deadlmes, General Perrmt 
Reqwrements and Reportmg Requirements, Final Rule 

Summary of November 16,1990, Storm Water Appkation Rule 

Summary of August 16, 1991, Proposed Storm Water Implementation Rule 

August 16, 1991, Proposed Storm Water Implementation Rule Package Fact Sheet 

Apnl 2, 1992, Storm Water Program Rule Fact Sheet 

Guidance Manual for the Preparahon of NPDES Permit Applications for Storm Water 
Discharges Associated wth Industnal Act~wty (EPA 505/8-914X)2, Apnl 1991) 

Gwdance Manual for the Preparation of Part 1 of the NPDES Permit Apphcabons for 
Discharges From Munxlpal Separate Storm Water Systems (EPA 505/B-91-003A, April 1991) 

Typical Values of Annual Storm Events Stahstics for Rain Zones of the United States (“Urban 
Targeting and BMP Selection”, EPA Region V, November 1990) 

List of EPCRA (SARA Title IID Sechon 313 Water Prionty Chemicals (Draft) 

List of State and EPA Regional Storm Water Contacts 

State NPDES Program Status 

Queshon and Answer Document 

Ll;t of Reportable Quanhties for Hazardous Substances Under CERCLA 

NPDES Storm Water Samphng Guidance Document (EPA 833-B-92-001, July 1992) 

Kontulued) 
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Exhibit l-3 
Documents Available from the Storm Water Hotline (con0 

September 9, 1992, Federal Regster - 57 FR 41176 Final NPDES General Permits for Storm 
Water Dlstiarges from Construction Sites - Nohce 

September 9, 1992, Federal Repster - 57 FR 41736 Fmal NPDES General Pernuts for Stoti 
Water Discharges Associated wth Industrial Achwty - Nohce 

September 9, 1992 Federal Regster - 57 FR 41344 National Pollutant Dtiarge Elunmation 
System, Request for Comment on Alternative Approaches for Phase II Storm Water Program - 
Proposed Rule 

l The followtng documents are available from the National Technxal Inform&on Senwe (NTIS) (1) Shm W~krhf~rnugement 
for hfushd .4cfrtvhcs, Dewloprng Pduhon Prcucnhon Phn, and Best hfmgmcnl hitrces EPA 832-R-924136, September 1992). 
(2) S~OPTII UhIpr MIIIN~TWI~ for COILS~MIO~ Ac~M~s, Dalqlng PO!~U~IOII RamtIm P!JIIS and Bd hh~p~tnt P~~ICZS (EPA 

832-R-92405, September 1992) 
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2.0 THE PART 2 APPLICATION 

2.1 BACKGROUND 

The NPDES permit application require- 
ments for MS4s [40 CFR 122.26(d)] establish a 
two-part application designed to meet the goat 
of developing comprehensive site-specific storm 
water quality management programs for MS4s. 

The purpose of the two-part application 
process is to develop information, in a 
reasonable time frame, that will build 
successful storm water management programs 
and allow permitting authorities to make 
informed decisions about permit conditions. 
The application process is designed to focus the 
efforts of municipalities in two areas 
prohibiting non-storm water discharges into 
storm sewers, and implementing controls that 
reduce the discharge of pollutants from MS4s 
to the maximum extent practicable. 

Part 1 of the application requires informa- 
tion on existing programs and legal authority. 
In addition, Part 1 requires the results from 
held screening of major outfalls to detect illicit 
connections. The Part 2 application 
requirements are Intended to build upon the 
information submitted with the Part 1 
application Each part has virtually the same 
major areas of concern, but the Part 2 
application requires a greater level of detail. 
Part 2 of the permit application requires a 
demonstration of adequate legal authority, 
additional information on pollutant sources and 
outfalls, a limited amount of representative 
quantitative sampling data, a proposed 
monitoring program, a proposed storm water 
management program, an estimate of the 
effectiveness of storm water controls, and a 
fiscal analysis. The requirements for the Part 1 
and Part 2 applications are summarized briefly 
in Exhibit 2-1, and described in more detail in 
Section 2.2 The storm water regulations 
underlying this guidance can be found in 
Appendix B 

Before applicants proceed with the detailed 
development of their permit applications; they 
should recognize the fundamental 
requirements: 

Who or what are the primary 
contributors of pollutants in storm 
water discharges from MS4s? 

Where are these sources of pollutants 
located in relation to receiving water 
resources? 

What is the magnitude of these 
pollutant sources and their potential 
impact on receiving waters? 

How does the municipality plan to 
reduce or eliminate the contribution of 
pollutants in storm water discharges or 
prevent the damaging influences of 
these discharges? 

Why did the municipality select the 
activities or best management practices 
(BMPs) it proposes? 

When will the municipality implement 
its proposed program? 

How will the applicant assess the 
effectiveness of the program? What 
criteria or measures will apply? 

How will the municipality fund 
proposed program activities? 

Wherever appropriate, the applicant must 
also show that it has adequate legal authority 
to Implement, enforce, or mandate compliance 
with applicable ordinances, statutes, contracts, 
or other smaller vehicles as required by the 
storm water regulation. 
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Exhibit 2-1: Part 1 and Part 2 Storm Water Application Requirements. 

Adequate Legal Authority 
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Source Identification 
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The Part 2 ,4ppf~t1on 

These quesbons (described above) that an 
applicant must address follow a nabral 
progression or development. For example, 
before applicants can identify how they WU 
reduce the contnbuhon of pollutants rn storm 
water discharges (the fourth bullet pomt 
above), they must idenhfy pollutant sources 
and estimate the magmtude of pollutant loads 
(bullet points l-3 above). 

2.2 PART 1 APPLICATIONS 

Sections 2.2.1 and 2 2 2 provide overviews 
of the regulatory requn-ements of 512226(d). 
Section 2 2 3 describes the relationshp among 
the various application provisions. 

2.2.1 Overview of the Part 1 Application 

Part 1 applications consist of the followmg 
six elements 

l General information. The applicant’s 
name, address, telephone number of 
contact person, ownerslup status and 
status as a State or local government 
enht) 

l Legal authority. A description of 
exlshng legal authonty to control 
discharges to the MS4, and if this 
authonty does not meet the required 
criteria, a list of additional authonty 
needed and a schedule and commit- 
ment to seek such authority. 

l Source identification. A description of 
the tistonc use of ordinances, 
gludance, or other controls that hmit 
non-storm water discharges to any 
publrcly owned treatment works 
W’OTW), and a topograptuc map 
covermg an area one mile beyond the 
service boundanes of the MS4 showmg: 

- the location of known muruclpal 
sewer system outfalls; 

- a descnption of all land use 
achvlhes; 

- the Iocahon and activltres of 
landhlls; 

- the location and pernut number of 
any known discharge to the MS4; 

- the locabon of major structural 
controls for storm water discharges 
(such as retention basms, or malor 
infiltration devices); and 

- identification of publicly owned 
parks, recreational areas, and other 
open lands. 

l Discharge characterization. A 
summary of the types and character- 
ishcs of storm water discharges, 
includmg. 

- monthly mean rain and snowfall 
eshmates and the average number 
of storm events per month; 

- exishng quantitative data describ 
mg the volume and quality of 
discharges from the MS4, mcludmg 
a description of the outfalls and 
samphng methods used; 

- a list of “downstream” water bodies 
receiving discharge from the MS4, 
and a description of the impact of 
outfall upon them; 

- the resdts of field screening 
anaiysis for Illicit discharges at 
either selected field screening 
points or major outfalls covered in 
the permit application; and 

- a proposed characterization plan 
for conduchng sampling and 
obtaitung the quanhtabve data 
necessary to complete Part 2 of the 
apphcahon. 
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The Part 2 Avvlmtron 

l Management programs. A descnphon 
of etishng management programs to 
control pollutants from the mumcrpal 
separate storm sewer system. For 
example, what procedures are m place 
to control poihrhon from consh-uchon 
achvrhes, and how do they work? 
What IS the program (such as 
investigahon procedures and how they 
operate) for identifyrng illicit 
COMechOns to the mtiapal Storm 

sewer system? 

l Fiscal resources A presentation of the 
murucipality’s budget for exlsting storm 
water programs and for completing 
Part 2 of the per-nut apphcation. 

2.2.2 Overview of the Part 2 Application 

The Part 2 apphcation must include the 
following elements: 

l Adequate legal authority. A 
demonstration that the municipairty can 
operate according to the legal authority 
established by ordinance, statute, or 
senes of contracts. The muruapality 
also must demonstrate that its autbonty 
IS enforceable. A discussion of how 
adequate legal autbonty may be 
demonstrated appears in Chapter 3 of 
thrs guidance. 

l Source identification. An inventory, 
orgamzed by watershed, of the facilities 
that may discharge storm water 
associated with mdustrial activity to the 
MS4. The applicant also must identify 
the location of any major outfall that 
discharges to waters of the United 
States that was not reported in Part 1. 
A dIscussron of the information to be 
submitted for each such faahty m the 
mventory appears in Chapter 4 of this 

gurdance. 

l Characterization data. Sampling 
results for 5-10 outfalls desrgnated by 
the permrthng authority, eshmates of 

cumulahve annual pollutant loadings 
and event mean concentrahons, and a 
proposed schedule to submit eshmates 
of seasonal pollutant loadmgs and 
event mean concentrations for each 
malor outfall ldenhhed in the source 
idenhfication sections of Part 1 and 2. 
The Charaderizutwn Dufu provrsion of 
the Part 2 appircahon also requires the 
development of an on-going monitonng 
program covering the term of the 
permit. Procedures for meeting the 
requirements of this section appear in 
Chapter 5. 

l Proposed management program. A 
program that shows the municipality’s 
comprehensive planning process for the 
reduction and control of pollutants, the 
staff and equrpment avarlable to 
Implement the program, and a full 
description of how conbols wril be 
implemented to reduce pollutants from 
all sources of storm water. kIun~apal- 
lties must also describe how the 
program wrli be rmplemented and 
mamtamed. The Part 2 requuements 
for a proposed management program 
are described m Chapter 6. 

l Assessment of control& An eshmate 
of the protected effectiveness of the 
municipal storm water management 
program, and an rdentificahon of the 
known impacts of storm water controls 
on ground water. The assessment of 
controls is discussed in Chapter 7. 

l Fiscal analysis. A fiscal analysis of the 
capital and operation and maintenance 
expenditures needed to accomplish the 
activities (including impiementahon) 
required by the charactenzation data 
and proposed management program 
sechons of the Part 2 apphcahon. Thus 
fiscal analysrs must include projected 
expenses for each fiscal year of the 
permit term. A drscussron of the fiscal 

analysis is included m Chapter 8. 
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7-k Purl 2 Applrcation 

2.23 Relationship Among Application 
Requirements 

The required elements of the Part 2 
apphcation are related to each other. As a 
result, this guidance addresses how the 
applicahon elements are related, and how 
information gathered for one requirement will 
assist the applicant in meeting Other 

requirements. For example, the information 
gathered for the lndusrtil Source ldent@utin 
provision of the Part 2 application w111 assist 
the municipality in. 

l Targeting monitonng goals to potential 
pollutant sources, which may include 
selecting morutonng locations and chemical 
specific sampling frequencies (a 
requirement of the Characterization Duta 
provision); 

l Idenhfymg illlclt discharges (a requirement 
of the Proposed Management Program’s ilhcit 
connection proviaon); 

l ldenbfllng faahbes ~th the greatest 
potenbal for degradmg receiving water 
quality (a requirement of the Proposed 
Management Program’s industrial program 
provision), and 

l Targehng sites that handle, store, or 
transport toxic or hazardous mate&s for 
on-s1 te inspechons (another requirement of 
the Proposed Management Program’s 
mdustrlal program provislon). 

As another example, the information that 
the applicant must prepare for the Chractn- 
iutwn Data provislon (e.g., the results of the 
sampling requirement and the eshmated event 
mean concentrahons and annual pollutant 
loads) may help the muruapality: 

Evaluate the contnbution of pollutants 
m storm water discharges from 
individual sources and determine 
whch sources may require inspections 
or controls (a requirement of the 
Proposed Management Program’s 
Industrial program provision); 

Predict the impact of storm water 
discharges on receiving waters known 
to be impacted. (In the Proposed 
Management Progrnm, additional 
controls may be warranted for 
construchon sites or other industrial 
achvities that discharge to these 
waters); and 

Determme what BMPs may be 
appropnate for gven areas (another 
requirement of the Proposed Managemenf 
Prog7am) 

Exhibit 2-2 summarizes some of these key 
interrelahonships, although many other inter- 
relahonskps exist. A more detailed discusslon 
of specifx mformahon requirements and inter- 
relahonshrps among provlslons is provided m 
subsequent chapters As municipahhes prepare 
their permit apphcahons, they should 
coordinate all program requirements. 
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Exhibit 2-2 
Examples of Relationship Among Part 2 Requirements 

water management 

ers costs of controls, 
marntenance, and 
capital unprovements 
Management program 
may include feaslbtity 

gomg momtormg 
Indicates success of 

On-gomg momtonng FIxal analysis consId- 

Program -es P’D- et-8 cost of on-gomg 
gram effecttveneB3. 
lnstreiun monitonng 
verifies biological IP 

IdetWication faclllhes for in- 
ons and control 

sources of storm water 

me sources or out- 
falls may be outside a 
oty’s junsdltion. 
Intetjunsdlchonal 
agreements may be 
necessary. 

quired for 5ome fi- 
mformatlon for mdus- control and mspeci hon authonty where nancmg plans, such as 
tnes and dischargers Industry, and prohibit it IS necessary to in- a storm water uhlity 
outslde of the MS4’s dumprng and Ilhat spxt, morutor, and 
jundichon at sampling discharge enter the faahty or 
points the site 
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The ParI 2 .-lpplrutmn 

2.3 ADDITIONAL FACTORS TO BE 
CONSIDERED LN DEVELOPING THE 
PART 2 APPLICATION 

As drscussed rn the previous section, the 
vanous provrsrons of the Part 2 applrcabon 
process are mterconnected 

All murucipalihes covered by 512226(d) 
must submit a Part 2 permit apphcation that 
meets the requirements of the storm water 
per-ml t apphcahon regulahons. However, each 
MS4 is unique, and each Part 2 submission will 
be different. Mumclpal separate storm sewer 
systems differ m many ways, mdudmg 
popula hon sened, geologrc and clunatologrc 
settmgs, density of development, and form of 
government These underlying factors make 
each apphcant unrque 

The major factors that applicants should 
consrder are 

l Population and projected growth rate; 

. Zonmg and exrsbng land use patterns; 

l Nature of watershed and recervmg 
waters; 

l Chmahc condihons, soil types, and 
watershed dehneahons, 

l Exishng muruclpal functions and 
munrcrpal lands, 

l Other envn-onmental impacts; 

l Pubhc mvolvement; and 

l Intergovernmental coordination. 

In addrhon, munrcipalrhes must unplement 
therr storm water management programs m a 
manner that IS consistent with other applicable 
Federal, State, and local envrronmental laws. 

Population and Prolected Growth Rates 

Some storm water Bhll’s are more 
appropriate for densely- developed areas, while 
other methods may be more useful in 
developing areas Consequently, detinmg 
current populabon densrues and projecting 
future areas of population growth provides the 
basic inforrnahon that can assist in the 
evahrabon and prronbzahon of appropnate 
storm water control strategies 

Zorung and Eklshnf Land Use Patterns 

Through ordinances, perrmls, or contracts, 
mumcipalihes may mandate storm water 
controls for new resrdenhd, commerad, or 
industrial developments m order to improve or 
assure mamtenance of the quality of receivmg 
waters at or near pre-development levels. The 
Nahonwrde Urban Runoff Program fNURl3 
study (EPA, 1953). pomted out that some of the 
best opportunrbes for implemenbng cost 
effective measures to prevent or reduce 
pollutants irr storm water occur during new 
development. These measures may mclude 
structural controls, such as storm water 
detenhon basrns or constructed storm water 
wetlands, or nonstructural alternahves such as 
cluster development and buffer zones Sections 
122.26fd)fl )(nr)CB!(2) and 122 26(d)(2)(u) require 
the murucrpalrty to establish comprehensive 
management plans for new development (see 
Chapter 6) 

Nature of Watershed and Recervmp: Waters 

The types of storm water controls 
appropriate for a MS4 depend on the nature of 
the watershed and the receivmg waters. ‘llus 
mcludes geologic and hydrologic features such 
as slope dramagepatterns and stream sue For 
example, roadsrde swales may not be prachcal 
m areas wrth steep terrain, but can be ver) 
useful in flat areas In addthon, structural 
BMPs or other management measures that 
control the volume and hming of release are 
appropriate where uncontrolled storm water 
may cause physrcal Impacts to recer\lng waters 
(especially small streams, nvers, and wetlands). 
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The Part 2 Apphatron 

lnformahon on the watershed and the 
recelvmg waters IS req~red In the Part 1 
pernut apphcahon IS122 26(d)tl)(lvK)I. In 
Part 1, apphcants are required to list water 
bodies that receive dmharges from the MS4. 
The list of water bodies mcludes downstream 
segments, lakes, and estuaries where pollutants 
from the system drscharges may accumulate 
and result in non-attainment of State water 
qualrty standards Part 1 also requks a 
description of known water quality impacts. 
Applicants must include a dlscussron of water 
bodies that were cited in: 

l State reports reqmred by CWA Sechons 
305(b), 304(l), and 314(a); 

l The State Nonpomt Source Report; and 

l Other reports rdenhfymg sensihve 
watersheds 

Part 1 applicants should also mclude III this 
discussion a descnphon of impacts caused by 
dissolved oxygen depression, broaccumulation 
of towcs, excessive sedimentahon, hydrologc 
modrfrcatron, habrtat destruchon, etc. 

Muruclpalrbes are expected to grve pnority 
consideration to those classes of pollutant 
sources that contribute slgmfrcant loadings or 
pose a sigruficant impact on receiving waters. 
Applicants must consrder control methods that 
address storm water discharges from 
commeraal and resrdenual areas; illicit 
discharges and rllegal disposal, storm water 
discharges from mdustnal areas; and storm 
water runoff from construction sites. 
Murucipahhes permits wrll dtifer substanhally 
n-t the emphasis placed on controlling various 
sources of pollutants m discharges from the 
MS?. Permits for older mumcipahhes may 
emphasize control of cross-connechons, wlule 
permits for munrclpalrtres with large areas of 
new development may emphasize the 
installation of permanent structural controls 
during construchon 

The Part 2 storm water permit appkahon 
requires dexnphans of management programs 

to address sources of pollutants discharged to 
separate storm sewer systems. For 
management stra teges to be effechve, 
muniapalihes must grve pnor consideration to 
the nature (e g., physical and biological 
parameters) and the designated uses of 
receiving waters such as streams, tnbutaries, 
and natural wetlands For example, a storm 
water management program for a newly 
developing area with an exlstmg shallow, slow- 
moving stream could include provisions to 
ensure that the post-development peak 
discharge flow rate for the stream is held to a 
certain percentage of its hrstoncal or pre- 
development peak discharge flow rate 

Climatic Condrbons, So11 Tows, and 
Watershed Delineahons 

Seasonal vanahons m precipitation can 
have a signihcant Impact on storm water 
quality For example, extended dry seasons In 
areas such as the southwestern Umted States 
result m pollutant loads drshnctly tugher than 
in other parts of the country during the first 
several storms of the wet season. Areas wrth 
more frequent ram and snowfall throughout 
the year may have more storm water 
discharges, but the discharges may have 
consistently lower pollutant concentrahons than 
those in the Southwest. In addlhon, areas with 
srgnihcant snowfall may expenence a peak m 
storm water discharge volume and pollutant 
concentrahon durmg the spnng thaw. 

Natural so11 condrhons affect the potential 
for storm water to recharge ground water. 
Porosity and permeability are properties of the 
soil that govern the sue and number of the 
intershtial spaces through which water may 
flow. Compachon (e-g, compression of the soil 
by heavy mactunery) will reduce the amount of 
void space in the sorl and thereby reduce the 
amount of ratnfall that mfrltrates through the 
soil to ground water. Natural sot1 conditions 
are very Important when sltmg structures 
designed for storm water mhltration. In 
addrhon, rdenhf>lng such sites must take into 
consrderahon potenhal ground water impacts 
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that may result whenever lnhltrahon IS part of 
the storm water management program 

Existing Municl~al Functrons and 
Murucioal Lands 

The Part 2 apphcahon affords munlcI- 
palities the opportunity to discuss alternatives 
In the Propczsed Storm Water Mnnagemerrt 
Progrum. When considering the wide range of 
municipal funcbons, applicants need to 
establish whch agencies wrll be responsible for 
implementing each portron of a storm water 
management program. (This could be outhned 
in the Adequafe Lpsal Authordy chapter of the 
Part 2 applicabon, as discussed in Chapter 3 of 
this guidance.) Many of these agencies, will 
have primary mrssions other than dealmg with 
storm water or water quahty. Expansion of the 
established charter of an agency to include an 
element of storm water control may require 
legislative action, moderately expandmg the 
scope of other mumapal agenaes’ mrssrons to 
include storm water concerns can be much 
more cost effective than the uutiahon of 
enhrely new programs. 

Applicants should identify existing 
munrapal funcbons that Impact the quahty of 
storm water discharges. These functions may 
includesnow removal activities such as road 
dercmg, vehcle maintenance operahons, and 
herbicide, pesticide, and ferhllrer apphcahon to 
public lands. Mumapalities can modify these 
activities to improve storm water quabty 
through oversrght of future land development, 
modifications to flood management structures, 
changes in materials used or in material 
handling or apphcauon practices, mamtenance 
of roads, and mstallahon of structures such as 
retention basms 

The muniapal agency (or agencies) 
responsible for storm water runoff control 
should also consrder the extent to which 
murucipal lands and ach\rlhes contribute 
pollutants to runoff. The same BMPs 
recommended for private lands may also be 
incorporated into the development and 
mamtenance of a muruapahty’s own lands and 

achvitzs. For example, reduced use of 
peshades and ferbhzers on park land and open 
spaces usually decreases the contribution of 
these contammants to storm water runoff. 
implementing BMPs on municipal lands also 
shows the murucipalitys comnutment to an 
effwbve storm water management program 
BMPs are discussed in greater detail m Section 
6.4 of tlus guidance. 

Other Environmental Impacts 

Mumcipalrhes should consider those 
activities that can directly or mdmxtly alter the 
natural hydrograph of a stream and potenhally 
degrade an otherwise stable aquahc habitat. 
These factors are particularly important when 
considering impacts to wetlands, npanan areas, 
ground water, small rivers, and streams. In 
addition, the installahon of detenhon or rapid 
infiltration ponds may have negahve Impacts 
on ground water. The lnstallahon of culverts 
or concrete drainage channels and other such 
structures typically increases the volume and 
veloaty of runoff, which can lead to increased 
eroslon, slltahon, and sedlmentahon rn 
recei vlng waters. Therefore, mstallahon of 
these structures can contribute to the 
degradahon of a nerghbonng habitat. 

Public Involvement 

MuruclpaI applicants must ensure that they 
provide adequate pubhc educahon and ample 
opportunities for public parhapahon. Public 
partiapation should focus on spreadmg 
awareness of program oblechves and 
components. Education and publrc mvolve- 
ment programs must be defined as part of the 
Proposed Sform WaM Munagemenf Program 
l§122.26(d)(2)(lv)l. Generally, the public should 
be involved as early as possible in storm water 
management iruhahves. 

Conflrct and confusion can be mlrumlzed if 
the program includes a schedule for nuhaI 
public contact and mkstones for public 
involvement throughout the development and 
implementation phases. Pubhc educahon 
programs are expected to target specrfic 
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audiences, mcluding those regulated or affected 
by the storm water management program (e-g, 
developers, buildmg contractors, and mdustnal 
operators) and those that can assist with 
program lmplementahon (e g., volunteers and 
cltlzens). For example, one large muruclpal 
applicant (Seattle) described an exishng public 
parhapahon program in its Part 1 Application 
submission. Elements of this program may be 
mstruchve to mumclpalities completing Part 2 
of the appbcation because it has generic 
components that are hkely to be applicable to 
other large (and perhaps medium) 
muniapalihes. Excerpts from Seattle’s public 
mvolvement program are provided in Etibtt 
2-3 for reference. 

Elemenk of thus municipahty’s program 
that are parhcularly important to consider 
Include of the role of an advisory and outreach 
group and its relahonship to the entire process. 
Etfechve public parhcipahon programs clearly 
ldenhfy the role of the public 

The potenhal exists for a considerable range 
In the level of parhapahon the public may 
actually have m the decls!on-making process. 
Generally, the muruclpal authonty is gomg to 
make the deaslons. However, the authority 
can choose to use the “parhapation” process to 
simply inform the pubhc of decisions, or to 
allow the \qews of the public to be regstered 
prior to deaslon milestones In other cases, 
although uncommon, the pubhc may have an 
actual voice or vote m makmg de&ions. 

The hming and frequency of meetmgs and 
the durahon of the groups estabhshed for 
public participation will usually be dictated by 
the nature of the tssues being addressed For 
example, an ad hoc group estabhshed to 
address a single issue may discover that the 
Issue cannot be effechvely addressed wthout 
conclderahon of a broader range of Issues that 
the mumcipallty may also be considering In 
this instance It may be appropriate for the 
group to expand its scope, hold regular 
meehngs, and achvely participate In the 
authonty’s declslon making process Therefore, 
applicants should outline m their Part 2 

apphcattons how such coordmabon ~111 be 
accomphshed 

InterPovemmental Coordmahon 

If a number of muruclpal enhhes (e g , 
mulhple ahes or a c1t-y and a county) are 
participating in the permit apphcation process 
as coapplicants, vanous mechanisms can be 
used to improve Intergovernmental 
coordination to ensure that the roles and 
responsibWies of each entity are well defined. 
Each entity must fulfill Its responslbllities to 
implement applicable program measures. 
Examples of some of the appropriate 
coordmation techniques and their benehts 
Include: 

l Memoranda of agreement. (MOA). 
MOAs can define speclhc murucipal 
roles, responslblhhes, and pomts of 
coordmation that help minimize 
dupbcation of effort and ensure 
accountabIlity; 

l Cross-training of staff. Thus aliows for 
the identicahon of gaps m staffing 
(e g., neglected areas of responsiblhty 
or insufficient staff levels) as well as 
providmg the benefits of increased 
versatihty and opportunihes for 
learnmg from others; 

4 Interagency advisory committees. 
Thar ob@ve 1s to arm decision 
makers with a comprehensive 
understanding of the implications of 
proposed activihes or deaaons; and 

l Regularly scheduled intermunicipal 
staff meetings. These can faahtate an 
open and thorough exchange of 
mformahon and solidify new lmes of 
conunumcahon 
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Exhibit 2-3 
Excerpts from a Public Involvement Program 

The pubhc involvement program Iof the City of Seattle] has been designed to 
assist m developmg an acceptable city-wade plan for addressmg dramage and water 
quahty problems. Acceptable is defined as a plan that IS both technicaIly sound and 
sensitive to the needs and interests of the dhzens. The involvement program has two 
major elements: a Cihzen Advisory Committee KAC) and a commuruty outreach 
effort The uuhal role of the CAC was to provide guidance to City staff and 
consultants preparing various sections of a Comprehensive Dramage Plan Unhl the 
adophon of the Comprehensive Dramage Plan by the City Counal, theCAC pro\-rded 
drrechon on dramage po11c-y issues, assrsted with the pubhc revrew of the draft plan 
and environmental impact statement (EIS), and helped coordmate comments sent to 
the city from the public during the review period. Followmg council adophon of the 
plan, the CAC was reconshtuted mto a Drainage and Wastewater Advrsory 
Committee which serves as an on-gomg sounding board to the Dramage and 
Wastewater Uhlity, the mayor, and the City Council on both sewer and dramage 
matters. 

The community outreach effort was estabhshed for two purposes. The first was 
to ensure adequate pubhc review and support of the Comprehensive Dramage Plan 
and EIS Comments received dunng the revrew were used by the Dramage and 
Wastewater Uhl~ty, the mayor, and the City Council m makmg decisions about the 
Drainage Plan and the City’s on-gomg dramage program. The second purpose was 
to begm educahng residents and busmess people about the importance of theu role 
m solving floodmg, landslide, and water qu&ty problems throughout the sty. Tlus 
commuruty outreach/education role remains an on-going effort of the Dramage and 
Wastewater Utility. 

Source City of Seattle, NPDES Sbrm W&r Pcrm~t Appl~wf~on. Part 7, City of Seattle, November 1991 37 

Single municipalihes wth separate responsible for rmplemenhng erosion and 
governing funchons may face the same 
challenges as coapplicank when they prepare 
therr Part 2 applicahons. Many of the same 
coordmahon steps may be necessary withm a 
single muruclpal jurisdichon. The need for 
rntragovemmental coordmahon may be most 
crucial in large muruclpahhes that have 
funchons that impact storm water quality 
spread throughout the orgamzational structure 
of the munrcrpality. For example, a planning 
department may be in charge of implemenhng 
a stream buffer policy, wlule a public works 
department may plan, site, and construct storm 
rva ter BhiPs Still other agenaes may be 

sedrment control requirements, and pernutting 
and inspection funchons. Storm water-related 
responsibilities within governmental 
organizations may be allocated in lhrs manner 
due to the relahvety reCent emergence of storm 
water quality as an important issue. 
Nonetheless, effective coordmahon within the 
government of a single murucipalrty may be as 
critical to the success of the storm water 
management program as 1s mlergovemmental 
coordmahon for coapphcank Therefore, 
apphcants should outlme m their Part 2 
applicahons how such coordmahon wrll be 
accompltshed. 
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3.0 ADEQUATE LEGAL AUTHORITY 

3.1 BACKGROUND 

A crucial requirement of the NPDES storm 
water regulation is that a municipality must 
demonstrate that it has adequate legal 
authority to control the contribution of 
pollutants in storm water discharged to its 
MS4. Thus guidance manual and the storm 
water program emphasize development and 
implementation of storm water management 
programs as described in Chapter 6. In order 
to have an effective municipal storm water 
management program, a municipality must 
have adequate legal authority to control the 
contribution of pollutants discharged to the 
MS4 

Part 1 of the permit application requires 
applicants to describe their existing legal 
authority to control the discharge of pollutants 
from MS4s and evaluate the adequacy of these 
ordinances. Where existing ordinances were 
lacking, a proposed schedule to obtain the 
necessary authority was Included with the Part 
1 application. In Part 2 of the application, 
municipal applicants must demonstrate that 
they now possess adequate legal authority to. 

Control construction site and other 
industrial discharges to the MS4; 

Prohibit illicit discharges and control 
spills and dumping; 

Control potential sources of pollutants 
from discharges to or from 
coapplicants’ MS4s or MS4s that are 
interconnected or shared with other 
entities; 

Require compliance with all regulations 
and statutes, and 

Carry out inspection, surveillance, and 
monitoring procedures 

Section 3.2 reviews each of these regulatory 
requirements Section 3.3 describes specific 
procedures a municipality may use to 
demonstrate adequate legal authority 

3.2 SUMMARY OF REGULATORY 
REQUIREMENTS 

3.2.1 Control Construction Site and Other 
Industrial Discharges to the MS4. 

The municipality, as a permittee, is 
responsible for compliance with its permit and 
must have the authority to implement the 
conditions in its permit To comply with its 
permit, a municipality must have the authority 
to hold dischargers accountable for their 
contributions to separate storm sewers 

“Control,” in this context, means not only to 
require disclosure of information, but also to 
limit, discourage, or terminate a storm water 
discharge to the MS4 For example, con- 
struction sites (of 5 or more acres) and other 
industrial activities that discharge storm water 
through MS4s are required to obtain individual 
NPDES permits or coverage under general 
NPDES permits from EPA or an authorized 
NPDES State These permits require compli- 
ance with applicable Federal and State 
regulations However a municipality. to 
satisfy its permit conditions may need to 
impose additional requirements on discharges 
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from permitted mdustnal facdlhes, as well as 
discharges from lndustrkl faclllbes and 
construcbon srtes not required to obtam 
-t-s- Therefore, a muruapahty should 
develop a mechamsm to assure that all 
industrial faalihes and construchons sites that 
discharge to the MS4 know their obllgahon to 
comply with the applicable terms of the 
municipallt)/s storm water ordmances. 

3.22 Prohibit IUicit Discharges and Control 
Spills and Dumping 

§122.26(d)W(i)(B) IThe appbat must 
demonstrate that it can protibltl through 
ordtnance, order or smular means, ikit 
dlxharges to the muruclpal separate storm 
sewer 

~12226(d1(2M)(C3 [The applicant must 
demonstrate that It can control] through 
ordmancx, order or surular means the 
discharge to a muruclpal separate storm 
sewer of spJls, dumpmg or disposal of 
materials other than storm water 

To demonshate that It possesses adequate 
legal author&y to control storm water 
dlxharges, a muniapality must be able to 
effectively prohlblt llllclt discharges and Illegal 
dumpmg An illicit discharge is “any discharge 
that is not composed enhrely of storm water 
except discharges pursuant to a NPDES permit 

and discharges resultmg from fire fightmg 
ac&ihes~~ (40 CFR 122.26(b)(2)]. 

3.23 Control Contributions of 
Coapplicants 

5122 26(d)(2)(i)(D) (The appkant must dem- 
onstrate that it can control] through mter- 
agency agreements among coappkants the 
contnbutlon of pollutants f&m one potion 
of the muruclpal system to another potion of 
the mumclpal svstem 

An operator of a MS4 may parhapate in an 
apphcation with one or more other operators, 
or may submit an m&vldual appkahon for the 
separate storm sewer It operates. As mdlcated 
m the box above, the operator of a d&charge 
from a large or medium MS4 may submit, 
through the use of mterlurlsdlchonal 
agreements, a system-wde pemu t applrcahon. 
Thesystem-wide apphcation can accommodate 
existing storm water programs, on a watershed 
basis, as well as programs which must take 
into account regional differences in climate, 
geography, and political mst~tions. Such an 
apphcation should cover issues of llabllity, 
financial contnbutions, access to records, 
enforcement responslbllihes, and any other 
apphcable areas of mutual concern. 

When two or more muruclpalities submit a 
lomt appllcahon, each coappllcant must 
demonstrate that it mdivldually possesses 
adequate legal authority over the enhre 
municipal system tt operates or owns. A 
coapplicant need not fulhll every component of 
legal authonty speafied m the regulations, as 
long as the combmed legal authority of all 
coapplicants satisfies the regulatory cnteria for 
every segment of the MS4 (mcludmg author-q 
over all sources that discharge to the M!+l). 

As coapplicants, for example, a county and 
a flood control dlslrict wtlun that county may 
together possess adequate legal authonty. The 
flood control distnct may have legal authonty 
to build, operate, and maintam structures 
associated with major drainage channels within 
the county. The county itself may have legal 
authority to control pollutants m discharges 
from privateely owned lands to the MS4s and 
legal authority to build, operate, and maintain 
structures associated ~t.h minor dramage 
channels that tie ihto malor dramage channels. 
In this situation, the combined legal authority 
of the-‘coapplicants may be adequate for the 
system, provided that the only discharge to 
major drainage channels comes from the 
countfs separate storm sewer system. As 
another example, a department of 
transportahon or flood control dlstnct ~th no 
land use authonty could be a co-perrmttee w-~th 
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a city that does possess land use authority over 
the entire Junsdlcbon. 

Coappl~ank also may use mterjurlsdlc- 
tlonal agreements to show adequate legal 
authonty and to ensure planrung, coordmation, 
and the shanng of the resource burden of 
permit comphance When more than one 
enhty is submittmg an apphcation for a MS4 
(either as coapphcants or as individual 
applicants for different park of a system), the 
role of each party must be well defined. Each 
applicant or coapplicant must show the ability 
to fulfill ok responsiblhbes, mcludmg legal 
authonty for the separate storm sewers it owns 
or operates. 

Applicants and coapphcank may use the 
procedures outhned In Se&on 3 3 to 
demonstrate adequate legal authority in their 
Part 2 permit applicahons. These procedures 
are guidelmes, however, and are not Intended 
to be the only posstble approaches that 
applicants may follow. 

3.2.4 Require Compliance with all 
Regulations and Statutes 

To meet the requirements of 5122 266(d)(2) 
t&E), the apphcant must show that it has 
adequate authonty to enforce ik ordmances. 

ordmances and the reasons why they are 
enforceable. The statement should discuss 
what the muxuapa1lt-y can do to ensure full 
comphance wth §122.26(d)(2)(1). 

In a Part 2 apphcahon, through a statement 
from the Mumapal General Courxel or 
through some other method, a muruapallty 
should identify the admmistrative and legal 
procedures available to mandate compliance 
mth appropnate ordmances, and, therefore, 
wth permit conditions. Applicahons should 
contain descriphons of how ordmances are 
implemented and appealed In parhcular, a 
municipality should m&c&e If it can Issue 
administrahve orders and mjunctions or if it 
must go through the court system for 
enforcement achons 

3.25 Carry Out Inspection, Surveillance, 
and Monitoring Procedures 

In their Part 2 apphcahons, muruclpahhes 
must propose programs to control the 
contributions of pollutank From Industrial 
facilities and protublt 1l11c1t dscharges For 
both of these achvlhes, munlcipahhes must 
have the legal authority to carry out mspechon, 
surveillance, and morutormg procedures 
necessary to deterrnme comphance. 

I 5122 26(d)(2)(i)(E) [The appkant must 
demonstrate that 11 can reqwel compliance 
wth condlhons in ordmances, permits, 
contracts or orders 

One acceptable way to support a 
declaration of adequate legal authority, 
lncludmg the ablhty to enforce appropnate 
ordinances, IS for the mumcipahty to provide a 
cerbhcahon from the hluruapal General 
Counsel or equivalent The cerhhcation should 
state that the apphcant has the legal authonty 
to applv and enforce the requlremenk of 
gl X! XI(~)(ZJ(INAP(FJ in State or local courts 
The cerhilcation would, therefore, cite specific 

~12226td)(2)(i)WI. lThe apphcant must 
demonstrate that It can carry1 out all 
mspechon, survedlance and morutonng 
procedures necessary to determine 
compbance and noncomphance with permit 
condaons utdudmg the protibltlon on dhclt 
discharges to the mwclpal separate storm 
sewer. 

To meet tlus requirement, murucipaiities 
may wish to consider establishing ordinances 
that require mdustnal faclhtles to perform 
mspections and report the results to the city. 
In many muruapallhes, these faahhes may 
perform srmllar lnspechons under a 
pretreatment program. In their Part 2 
apphcations, muruclpalthes should provide 
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Adeamte Leaal Authonhl 

documentahon of their authority to enter, 
sample, Inspect, review, and copy records, etc , 
as well as demonstrate their authority to 
require regular reports 

3.3 PROCEDURES FOR DEMONSTRATING 
ADEQUATE LEGAL AUTHORITY 

The Part 2 appllcahon requires the 
applicant or coapphcants to cite and descnbe 
speclflc ordinances currently in effect and 
demonstrate that the lunsdlction for these 
ordinances covers the entire area served by the 
MS4 In addition, the applicant may elect to 
discuss spec~hc changes m ordinances passed 
smce the submlsslon of the Part 1 permit 
apphcation to Illustrate how legal authority has 
evolved to meet the regulatory reqlurements m 
5122 26(d)(2)(1) One method by which an 
apphcant can parbally demonstrate that It has 
adequate legal authonty IS to develop a matnx 
that compares, m a side-by-side format, the 
regulatory requirements in 5122 26(d)(2)(I)(A)- 
(F) and the muruclpallty’s legal authonty 
Once completed, the m&lx would Indicate 
whether an adequate legal framework exists to 
address all key regulatory requirements 
tdentrfled In 5122 26(d)(2)h)(A)-0. Further- 
more, the matnx could also IUustrate where the 
authonty to mandate comphance IS vested. 

In order to support an assertion of 
adequate legal authority, apphcants should 
Include the complete text of the applicable 
porbons of the ordmances or other such pro- 

visions in the applicahon The applrcant 
should also probide a speclflc erpianabon of 
why and how the language of a parbcular 
ordinance or other authority meets Federal 
regulatory requirements The apphcabon 
should mdlcate to whom the ordmance apphes 
and how 11 will operate to control, prevent, or 
stop discharges that violate permit conditions. 
For example, the muruclpahty may descnbe 
and provide an excerpt from a aty ordinance 
that prohbits non-storm water dwcharges to 
the M!X 

Appendix C llluslrates one way to detail 
the existence of ordinances that estabhsh the 
legal authority requmzd m 5122 26(d)(2)(i) A 
narrahve dIscussIon of the lustoncal use of 
thgse ordinances to control pollutants m storm 
whter discharges also may be Included The 
example in Appendix C shows r+hat the 
apphcant may do to sahsfy gl22.26(d)(2)(1) 

Substanbal effort should be devoted to 
obtammg the necessary legal authority before 
the Part 2 apphcabon IS submitted However, 
some municlpallhes may find that the two-year 
application process does not allow enough time 
to secure adequate legal authonty as described 
m this secbon. Tlus may be due to the need 
for State statutory or leglslahve changes In 
thus instance, the Part 2 apphcatlon must 
include a detailed descriphon of what changes 
are needed and a schedule of when they ~vIII 
be accomphshed. The schedule must Include 
timetables for drafbng proposed changes, 
public comment periods, and final 
authonzahons 
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4.0 SOURCE IDENTIFICATION 

4.1 BACKGROUND 

In Part 1 of the NPDES storm water permit 
application, applicants are required to identify 
the location of known major outfalls 
discharging to waters of the United States from 
MS4s. Applicants also are required to provide 
information and data on existing land use 
activities. The identification of outfalls and 
land use activities is the first step in the process 
of: 

Identifying the sources of pollutants in 
storm water runoff; 

Linking the sources of pollutants in 
runoff to specific water quality impacts 
and other impacts that may result in 
degradation of aquatic resources; 

Identifying those activities or physical 
factors that have the most significant 
impact on water quality; 

Defining control measures that yield 
improvements in storm water quality; 
and 

Developing methodologies by which 
engineers, urban planners, and 
managers can make long term decisions 
that not only provide for economic 
growth, but also have discernible 
environmental benefits through 
imposed storm water controls. 

The source identification requirements in 
the Part 2 permit application reflect three basic 
steps. First, municipalities must identify any 
major outfalls that were not already identified 
in the Part 1 application. Second, applicants 
must compile an inventory of industrial 
activities that may discharge storm water to a 
MS4 Third and finally, applicants must 

organize the inventory of industrial activities 
on a watershed basis. 

Organizing the inventory by watershed 
allows the municipality to focus on activities 
within discrete areas that may contribute 
pollutants in storm water discharges to waters 
of the United States For example, combining 
outfall data with the Industrial inventory 
organized by watershed may help the 
municipality to identify probable areas of illicit 
connections. Thus information will also be 
useful for municipalities when they develop 
specific strategies [e.g., best management 
practices (BMPs)] as part of their proposed 
storm water management programs The 
following sections discuss regulatory 
requirements and procedures for completing 
the source identification section of the Part 2 
pet-nut application. Section 4.2 provides 
guidance on identifying major outfalls, Section 
4.3 provides guidance on compiling an 
Inventory of industrial dischargers, and Section 
4.4 provides guidance on organizing the 
Inventory of industrial discharges by 
watershed 

4.2 MAJOR OUTFALLS 

The first portion of the Part 2 Source 
Identification provision states. 
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Source ldmtlficatlon 

4.2.1 Definition of a Major Outfall 

Accordmg to 40 CFR 122 26(b)(5), a major 
outfall IS a MS4 outfall that dtscharges from a 
smgle pipe with an msrde diameter of at least 
36 Inches The term also mcludes drscharges 
from a smgle conveyance other than a crrcular 
pipe servmg a dramage area of more than 50 
acres. 

For those munrcipal separate storm sewer 
systems that recetve storm water runoff from 
lands zoned for mdustnal achvity, major 
outfalls also Include outfalls that discharge 
from a smgle pope wrtl-r an Inside drameter of 
12 inches or more, or drscharge from other than 
a arcular pope assocrated with a drainage area 
of 2 acres or more. This definition also applies 
to outfalls of dramage areas that have both 
u-rdustrral and non-mdustnal actrvity. For 
example, If a three acre dramage area IS zoned 
half woodland and half industiat, the 
drscharges from that area would shll be 
considered a major outfall. because the 
deflnttron of major outfall includes 
consrderahon of drarnage area, muruapahhes 
may need to consrder cornreyances such as 
drtches and swales when tdenhfymg major 
outfalls 

4.2.2 Identifying Major Outfalls 

The hrst step u-r this section of the Part 2 
applrcabon is the rdenbhcahon of mapr 
outfalls not idenhfred m the Part 1 applicahon 
1§122.26(d)(2j(u), cited in box above]. When 
rdentrfymg these mapr outfalls, muniapalrhes 
should butld upon the approach used m the 
Part 1 application. One way to identify mapr 
outfalls 1s a review of sewer system maps. 
These maps can provide mformahon on sewer 
system type (e g , separate storm versus 
combmed sewer), pipe srze, and outfall 
locahon However, depending upon the age of 
the sewer system maps, they may not provide 
complete mformabon about newly developed 
areas or Improvements to older areas Often, 
interviews with sewer system maintenance 
personnel can provide mformahon on the most 

recent changes to the sewer system The 
municrpahty should also consrder conductmg 
held surveys fe g., vrsual mspechon of the 
banks of recenvtg waters) to locate major 

outfalls 

When subrmttmg a Part 2 perrrut 
apphcahon, muniapahhes should include a 
bnef description of how addrhonal major 
outfalls were tdenhfred Thrs descrrption IS not 
Intended to be a lengthy lrst of each sewer 
system employee mtenlewed, but rather an 
outline of the methods employed 

4.3 INVENTORY OF INDUSTRLAL 
DISCHARGERS 

The second step in thus portron of the Part 
2 apphcahon is assemblmg an mventory of 
mdustrtal storm water drschargers 

5122 X(d)(2)(ii) Smrc~ I.fmf~~wf~on 
Provide an mventory, orgaruzed by 
watershed of the name and address, and a 
descnphon (such as SIC codes) wluch best 
reflects the pnnc~pA prcducts or m-vms 

prowded by each factity which may 
discharge, to the mumclpal separate storm 
sewer, storm water assoaaled wTth mdustnal 
actmty 

Thus section describes how municipahhes 
may develop the Inventory of industrial 
facihties Section 4.4, below, provtdes guidance 
on orgamzing those faalihes by watershed. 

4.3.1 Facilities that must be Included in the 
Inventory 

As stated above, apphcants must provide 
an inventory of each facrl1t-y that may dtscharge 
to the MS4 storm water assoaated wrth 
mdustrral ach\-tty. lndustrral storm water 
dischargers that must be mduded rn thrs 
Inventory fall Into 11 classes of industrial 
actwhes as defined In the November 1990 

4-2 

RB-AR25887



Source Identvkmon 

regulations Six of these classes were defmed 
In a narrabve format and five were dehned by 
Standard IndustnaI Classlhcahon (SIC) codes. 
Specific categories of mdustnes are ldenhfled in 
§122.26(b)(l4)(i)-(xl). Exhblt 4-l provides a list 
of the SIC codes and Industry categones cited 
in the regulatory dehruhon. 

4.3.2 Identifying the Industrial Facilities 

As a first step in developing a 
comprehenslve industrial storm water 
inventory, the applicant must review facility 
notifications. Industnal facihhes were required 
to notify municipalities by May 15, 1991, of 
their intent to discharge storm water to the 
murucipal storm sewer system [§12226ta) 
(vi)(4)]. Each facihty should have submitted to 
the municipahty information including facility 
name, faahty locahon, and facility type (such 
as SIC code or other Industry categonzation). 

In addlhon, munlclpallhes should explore 
other sources of mformation on industnal 
faallhes to help ldenbfy gaps in Inventory. 
One speclhc source of information a 
municipalIt) should review Is facility 
information submitted under other programs. 
For example, SIC codes are often required for 
air polluhon pen-rut apphcations, hazardous 
matenals management permits, pretreatment 
program appiicahons, bulding permits, 
business hcenses, or local tax rolls. A 
municlpahty may take the list of SIC codes 
provrded in Exhibit 4-l and compare It with 
exishng Information on SIC codes or industnal 
categones which has been submitted by 
industrial faalihes under other programs. 

Under 40 CFR 122.28, faahties that dis- 
charge storm water associated with industrial 
achvlty must submit an mdlvldual permit 
apphcation, parhapate m a storm water group 
permit application, or file a Notice of Intent 
(NOI) to be covered by a general pernut. These 
apphcatlons and NOIs are another source of 
information on industnal dischargers. For 
exl5hng faclllhes, appllcahons or NOIs were to 
be submitted by October 1, 1992; for new 

facihhes, they must be subnutted prior to the 
commencement of lndustrlal activity 
However, m the Intermodel Surface 
Transportation Effiaency Act of 1991, Congress 
provided that permit appbcahon requirements 
be reserved for industrial ach\rlhes obmed or 
operated by muniapahhes rylth a population of 
less than 1OO,ooO, with the exception of 
airports, power plants, and uncon&Gd 
sanitary IandiiUs If EPA IS the permitting 
authority in a State, applications and NOIs 
should be submitted to EPA, if a State has 
NPDES authority, they should be submitted to 
the State. Section 308 of the CWA provides the 
legal authority for any indlvldual (mcluding a 
muniapahty) to obtain mformahon from the 
NPDES permitting authority. A municipality 
may be able to obtain a hst of the facilities in 
its junsdiction that have applied for coverage 
under a genera1 or mdlrqdual permlt or that 
have apphed for coverage as a member of a 
group 

AddItional sources of mfonnahon on 
industrial faahhes may Include zoning maps 
showmg industnal parks, manufactunng and 
industrial lishngs In telephone books, trade 
association listings, pretreatment industrial 
waste surveys, the Chamber of Commerce 
Manufacturing Directory, and Dunn and 
Bradstreet 

In the Part 2 apphcahon, a municipality 
should provide a brief descnptzon of the 
sources it reviewed in idenhfymg the industrial 
dischargers. As part of the proposed storm 
water management program, which is 
described in Chapter 6, municipalities should 
describe a plan for collmng new or updated 
information on industrial dischargers 
throughout the life of the permit. 
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Source identrfmtron 

Exhibit 4-l 
Industry Categories Cited in the 

Definition of Storm Water Associated with Industrial Achvity 

1. Facllihes sublect to storm water effluent lmutahons guldelines, new source performance 
standards, or tout pollutant effluent standards under 40 CFR Subchapter N (except faclhhes 
wKlth toxic pollutant effluent standards which are exempted under category 11 below. 

2 Fadhes described by SIC 24 (except 2434),26 (except 265 and 2671, 28 (except 283),29,311, 32 
(except 323),33,3441,373 l 

3. FaciIihes d-bed by SIC 10 through 14 (nuneral mdustry), mcludmg 

- active or machve nuning operations, except for areas of coal minmg operahons no longer 
meehng the defiruhon of a reclamahon area under 40 CFR 434 11(l) because the 
performance bond issued to the facility by the appropriate SMCRA authonty has been 
released, or areas of non-coal rninmg operations wluch have been released from apphcable 
State or Federal reclamahon reqlllrements after December 17,1990, and 

- od and gas explorahon, produchon, processmg, or treatment operahons, or hansnusslon 
faahhes that ckharge storm water contammated by contact with or that has come Into 
contact with, any overburden, raw material, mtermediate products, tirushed products, by- 
products, or waste products located on the site of such operahons 

4 Hazardous waste treatment, storage, or dqosal fatihes, mcludmg those that are operahng 
under mtenm status or a perrmt under Subhtle C of RCRA. 

5. Landfills, land apphcahon sites, and open dumps that receive or have received any mdustnal 
wastes (waste that 1s received from any of the faclhties described under this subsechon) 
mcludmg those that are subpct to regulation under Subtitle D of RCIU. 

6. FacLhhes mvolved m the recychng of mater& (metal scrapyards, battery reclauners, salvage 
yards, and automoblle junkyards) mdudmg but not hnuted to SIC 5015 and 5093 

7. Steam electnc power generatmg faahhes, m&ding coal handling sites. 

8. Transportahon faahhes d-bed by SIC 40,41,42 (except 4221~25), 43,44,45, and 5171, whch 
have velucle mamtenance shops, equipment cleaning operahons, or aqort delang operations. 
Oniy those portions of the faahty that are either u~olved in velucle mamtenance (mcludmg 
v&cle rehablhtahon, mechanical repaus, pamhng, fueling, and lubricahon), equipment clearung 
operahons, alrport daang operations, or which are othemse identified under 1 - 7 or 9 - 11 
are associated wth industnal achvity. 
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Exhibit 4-I (continued) 

9. Treatment works treahng domeshc sewage or any other sewage sludge or wastewa ter treatment 
device or system, used m the storage treatment, recycling, and redamahon of muruclpal or 
domeshc sewage, mcludng land dedicated to the disposal of sewage sludge that IS located 
mthm the confmes of the faahty, ~th a design flow of 1.0 mgd or more, or reqwred to have 
an approved pretreatment program under 40 CFR Part 403. Not included are farm lands, 
domestic gardens, or lands used for sludge management where sludge is benehclally reused 
and wtuch are not located mthin the fatity, or areas that are m comphance rnth *on 405 
of the CWA. 

10 Conshuchon activity indudmg clearing, grading, and excavation activlhes except operahons 
that result m the disturbance of less than hve acres of total land area wkch are not part of a 
larger common plan of development or sale l * 

11 Faclhties described by SIC 20,21,22,23,2434,25,265,267,27,283,285,30,31 (except 3111,323, 
34 (except 3441). 35,36,37 (except 373),38,39,4221-25, (and whch are not otheMnse mcluded 
withm categones 2 - 101.’ 

Source 55 FR 48065, November lb, 1990 

‘Please note the SIC 285 ts covered under Category 11 Also note that for the industries idenhhed In Category 11, the 
term mdudes only 510~1-1 water dlrcharges from all areas (except access roads and rail lmes) where matenal handling 
equpment or actl\q?hes. raw rnatenals, mterrnedllate products, fmal prockts, waste mater&, bv-products, or Induatrul 
machmery are expovzd to storm water 

“On June 4, 1992, the Unwd States Court ot Appeals for the Nmth Cuat found that EPA’s rahonale mr eremptmg 
conshucnon sites of less than hve acres and certatn uncontammatecl storm water dwharges from Category 11 hght 
lndustnal facihhes from Phase I ot the storm water ptugram to be invalid and has remanded these exemptions for 
further proceedmgs (see Nafural Resourus Defense Councrl v EPA No 91-70176) 

4.4 ORGANIZING THE INDUSTRIAL . Locahons of major out-falls or system 
INVENTORY BY WATERSHED modificahons; 

Once the industrial inventory is complete, 
the applicant must orgamze the inventory by 
watershed, or drainage area. The mam 
objective of tks requrrement is to associate 
discrete discharges ~th speclflc watersheds, 
rvhch may help the muruclpahty idenhfy 
relationships between pollutant sources and 
recetvlng water quaky problems To help 
orgaruze the mdustnal Inventory by watershed, 
munlclpahtles should consider the long-term 
benehts of usmg automated database systems 
to help organize and update lnfonnahon on 

Land use deslgnahons and composl- 
tion; 

Dischargers of storm water asmlatecl 
with mdustrial achvlty, 

Other NPDES permit holders, 

Location/inventory of structural 
controls, and 

Locations of llhclt co~echons 
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Thus mformahon can help sat&y the 
rqutrement that discharges of storm water 
assocrated with mdustnat achvrty be Organized 
by watershed Usmg an automated database 
system or the map submttted m the Part 1 
apphcahon may be helpful m satisf-ymg thus 
requrrement However, the regulations do not 
requue Part 2 apphcants to use a parhcular 
database or submrt certzun mformation, and 
muntcipalihes may elect to use other methods. 

The followmg procedure is provided as an 
example of one way to orgaruze mdustrial 
dtschargers by watershed: 

t. Create a transparent overlay of tax 
maps covering the entire area served by 
the MS4. 

2 lndrcate on the maps the locahon of 
each mdustnal acbvlt-y according to 1t.s 
address mth an appropriate symbol or 
code. 

3 Produce an overlay of exrstmg 
watersheds from a topographical map, 
for example, United States Geologrcal 
Survey (USGS) maps, covermg the area 
that the hIS4 supports Previously 
performed hydrolo@cal surveys may be 
helpful m dehneahng the boundanes of 
exclshng watersheds Muruclpalihes 
may elect to sub-dlvtde exlshng 
watersheds mto smaller umts if this 
will assist In management planning. 

4 Align the tax map and watershed 
overlay so that Industrial achvrty 
locations can be transposed to the 
watershed overlay. 

A number of PC-based tools can be used to 
orgamze mfot-mahon on faalihes and outfalls. 
For example, computer-aded design (CAD) 
packages, In coqunchon wth third-party 
software pa&ages, are spectftcally desqned to 
present mformabon on separate transparent 
lalers that can be “turned off and on” when 
necessar\ One layer could contam mfonnahon 

on watershed topography and another could 
contam the locanons of mduitnal storm water 
dischargers. Add1 honal lab ers might contam 
informahon on the layout of the murucrpal 
system, locahons of structural source conbols 
and outfalis, and land-use patterns (both 
present and future) 

A CAD-based system can be useful, not 
only in presenting tnformahon easily and 
graphically, but also m its abthty to transfer 
spaual data, such as XYZ coordmates, to 
commonly avatlable PC-based database 
applicahons Tlus spahal data can be merged 
wrth other databases contammg more genenc 
mformation mcludrng facthty name, address, 
and SIC codes However, one potenhd 
drawback to CAD systems is that most of them 
cannot store “real-world” k g., lahtude- 
longItudeI coordmates and are not generally 
desrgned for spahal analyses 

lnformahon stored m a CAD format may 
also be mput into a Geograptuc lnformahon 
System (GIS) Mth some converston, the CAD 
system coonhates may be transformed into 
the “real-world” coordmates typically employed 
by GE GIS are Integrated database 
management systems deslgned for the Input, 
storage, retrieval, analysts, output, and dtspla) 
of geographically or spahally indexed data 

The key attribute of GIS IS the relahonai 
database capabilities that make these systems 
powerfuI tools for conducting spabal analyses. 
Using GE, a mumclpahty could overlay several 
layers of data and denve new mformahon from 
this existing mforrnahon. For example, using 
GE, an apphcant could overlay a map showmg 
the IOO-year flood plam with a map showing 
locahons of mdustnal facrhhes The GIS could 
then calculate the amount of tndustnal area 
wrthin the 100-year flood plam and plot 011s 
data on a new overlay Tlus type of spatial 
analysts mtght be a powerful tool m the destgn 
of the muntctpality’s storm water management 
program. 
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Another beneht of GIS IS the ability for 
common data to be shared efficiently among 
several agencies. For example, the flood 
management agency, department of 
transportation, and storm water control agency 
could all contnbute data to and use analyses 
from the same GIS. On the other hand, one 
potenhal drawback to CIS is their relatively 
high cost. Often, developing accurate, 
appropnate base maps is one of the mo6t 
resource intensive parts of the system. 

The techruques presented in this section to 
orgamze mdustnal dischargers by watershed 
are not the only methods that the applicant can 
use For example, municipahhes may elect to 
present the mformahon in tabular form. Using 

a CAD, GIS, or other automated system IS 
entirely up to the mumclpality There 1s no 
requtrement that muruapalIhes use tk5.e 
systems tn the development of erther the Part 
1 or Part 2 NPDES permit appkahons Each 
apphcant wrll have to examine its extshng 
resources (mcludtng computer systems, 
personnel, and budget) and projected needs 
before decoding which method will be the most 
efficient and most useful m the long term 

A dtscusston of mantammg and/or 
updating the industrial Inventory IS provtded 
in Sectton 6.3.3.2 of U-U gmdance. 

Exhtblt 4-2 Illustrates an example of the 
procedure discussed m !5ect1ons 4.3 and 4 4 
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Exhibit 4-2 
Example of a Map Organizing Industry by Watershed 
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5.0 CHARACTERIZATION DATA 

5.1 BACKGROUND 

5.1.1 Objective of this Section 

This section addresses the requirements for 
reporting the physical and chemical 
characteristics of municipal storm water runoff 
as specified by 40 CFR 122.26(d)(2)(iii). These 
requirements describe the minimum 
quantitative and descriptive data necessary to 
begin characterizing storm water discharges. 

The applicant IS encouraged to provide 
additional information, if available, which may 
provide a basis for a more effective storm 
water management program. The additional 
information may also help the permitting 
authority make more informed decisions 
regarding the specifications of the permit to be 
issued. 

The NPDES permit application regulations 
require the applicant to identify all major 
outfalls that are part of the MS4 
[§122.26(d)(1)(iii) and 126(d)(2)(ii)]. Part 1 
requires the municipality to propose a 
sampling plan that Identifies 5-10 outfalls that 
would be appropriate for representative data 
collection under Part 2 of the application 
[§122.26(d)(1)(iv)(E)]. The next step is to collect 
and analyze samples from these outfalls (or 
others designated by the permitting authority) 
for a variety of pollutant parameters from 3 
representative storm events. 

5.1.2 Potential Impacts of Storm Water 
Runoff 

The Nationwide Urban Runoff Program 
(NURP) study showed that discharges from 
MS4 contribute to the degradation of water 
quality in the Nation’s waters (EPA, 1983). The 
NURP study also concluded that the effects of 
urban runoff on receiving water quality are 
very site specific The effects depend on the 
types, size, and hydrology of the water body, 

the designated beneficial use, the pollutants 
which affect that use, the urban runoff quality 
characteristics, and the amounts of urban 
runoff dictated by local rainfall patterns and 
land use. The National Water Quality Inventory, 
1990 Report to Congress as required by Section 
305(b) of the Clean Water Act, stated that one- 
third of the impairment in assessed waters IS 
due to storm water runoff (EPA, 1990d) 

Quantity Impacts 

Urbanization often increases the quantity 
and reduces the quality of storm water runoff 
For example, vegetated or forested areas with 
pervious surfaces are often replaced with 
impervious surfaces (e.g., concrete and asphalt) 
that prevent or minimize the amount of rainfall 
available for ground water recharge This 
increases the volume and velocity of storm 
water runoff. 

Vegetated areas play a crucial role in 
ground water recharge and in the maintenance 
of stream baseflow This is especially true 
during extended dry periods, when ground 
water is often the only source that preserves 
stream baseflow In highly urbanized areas, 
ground water recharge may be so severely 
reduced that ground water flow to perennial 
streams during dry periods is not sufficient. 
Further, the natural hydrology of a watershed 
is often altered by urbanization, because 
developing areas often provide drainage 
appurtenances that rapidly conduct storm 
water runoff away from these areas Such 
drainage may also affect the geometry of 
natural streams, especially where natural 
streams have been modified through the 
installation of man-made channels Ultimately, 
reduced perviousness due to urbanization 
increases the magnitude and the frequency of 
localized flooding which can have the long 
term effect of substantially increasing the width 
of natural streams through erosion and 
scouring 
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Increases In peak dtscharge velocrty and 
runoff volume can also result In suhstanhal 
erosion of natural streambanks and the 
washout of bentic habrtats. Smce streambeds 
often consist of unconsohdated silt and 
sedrment, they may be stnpped away 
substanhally by excessive drscharge veloahes 
Increased drscharge velocmes can also lead to 
undercutting and destabrlizatton of 
streambanks, which may cause erosron that 
extends beyond the natural boundary of the 
streambank 

Further, silt and sediment can increase the 
turbidity of the receiving water, thus 
mterfenng wth the growth of aquatic plants 
whch depend on photosynthesrs. Increased 
turbid&y can also Interfere wrth aquabc 
feechng, eliminate spawning areas for fish, and 
cause abrasion and cloggmg of fish gills. Also, 
because silt and sedrment may remam In the 
watershed, they can blanket benthrc habrtats 
and severely reduce streamflow capacrty 

In the presence of excessive volumes of 
storm water runoff and discharge veloahes. the 
net impact on receiving waters can be almost 
mdrshngutshable from Impacts commonly 
associated with the discharge of toxrcs (e g , 
increased mortahty, reduced brodrversrty, and 
reduced reproductron) 

Dews&on and Resuspensron of ToxIcants 

Research IS currently on-going to examme 
the impact of the deposihon and resuspenston 
of toxlcants as a result of wet weather events 
Questions about the survivablhty of benttic 
habitats when exposed to toxrcants In deposited 
sedtments shll remain. The Impact of 
resuspended towcants from the sedrments IS 
not well known since toxlcs are often bound to 
sediment parhcles that may reduce the 
concentrahons avarlable for brologrcal uptake 
and subsequent broaccumulahon The 
applicant should also be aware that different 
metal contammants m sediments can eulubrt 
dltferent solubrhhes Under varlng condlhons 
of pH and temperatures, metals deposIted In 

sedrment can become soluble again and be 
reintroduced Into the water column 

Excessrve Bactenal Levels 

The NURP study hnal report concluded 
that “colrform bactena are present at hrgh levels 
in urban runoff and can be expected to exceed 
EPA water quahty cntena dunng and 
immediately after storm events.” Thls IS of 
significant concern, parhcularly in swimming 
and shellfish areas. 

Drsso1ved Oxvaen Depression 

The presence of oxygen-consummg 
pollutants in recervmg waters can lead to 
severe dissolved oxygen depression Factors 
that can cause dissolved oxygen depression 
include the resuspension of biodegradable 
organic matenal (wh.rch can occur m the 
presence of lugh flow velocrhes) or the 
discharge of orgamc pollutants m storm water 
discharges. The NURP study demonstrated 
that storm water ckharges exlubrt brochemlcal 
oxygen demand @OD) levels In excess of levels 
commonly assoctated ~7th secondary treated 
effluent from pubhcly owned treatment works 
(POTWs). Severe dtssolved oxygen depressron 
could contnbute to fish kills, whtch are one of 
the most readrly observable Impacts of 
pollution on receiving waters. 

Eutrophrcahon 

Eutrophicahon, or the agng of a water 
body, can be accelerated by excessive nutrient 
loadmgs from storm water. Advanced s&es 
of eubophicabon are often~as3oci%d mth 
substanhal variahons in dissolved oxygen 
concentxa tion. Nutnents of concern are 
nitrogen and phosphorus. Phosphorus IS 
typically the growth-hmihng nub-tent for plants 
m fresh water systems. Storm water discharges 
rouhnely contam excess concentrahons of these 
nutrients, which can lead to excessrve algal 
growth, commonly referred to as algal blooms. 
Excessrve concentrahons of algae can cause 
odor and taste problems In drrnkmg water and 
can result In aesthehcally unpleasant 
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ernlronments. In addihon, the eventual 
decomposrtlon of large concentrahons of algae 
can depress dissolved oxygen m the water 
body to levels where fish kills occur. In nature, 
the process of eutrophKahon occurs over a 
substanhal penod of hme, however, storm 
water discharges can rapldly accelerate tlus 
process. 

Exceedance of Chrotuc Toxicity &tenon 

Long-term exposure to toxics m excess of 
chronic toxicity uitena can cause sublethal 
effects on aquahc hfe. Indicators of chroruc 
toxlaty include reduced ferbhty, reproduchon, 
and growth rates and a decline m the diversrty 
of aquatic organisms The NUTW study dearly 
Indicated that storm water discharges contain 
concentrahons of trace metals, such as lead, 
cadmium, zmc, and copper m amounts that 
exceed the chronic toxiaty criteria. Prolonged 
exposure to chronic concentration levels of 
toxlcs can also be lethal to aquahc orgarusms, 
primanly from the bioaccumulahon of tomes 
w1lh.m the cell bssue of the organism over a 
extended period of hme 

Thermal Impacts 

The temprature of storm water runoff may 
become ,slgruhcantly elevated via conduchve 
and convechve heat transfer with impervious, 
man-made surfaces In the case of contact with 
impervious surfaces, the resulhng temperature 
elevahon of storm water runoff can be 
substantial. For example, the surface 
temperature of parking lots during summer 
months may exceed 100 degrees Fahrenheit. 
Consequently, storm water runoff from these 
parlong lots w11l be elevated in temperature. 
Many aquahc orgamsms are extremely 
sensihve to changes in water temperature. 
Increased water temperature also reduces 
dissolved oxygen in streams, nvers, lakes, and 
wetlands Therefore, slgruhcant discharges of 
storm waler at elevated temperatures can, over 
the long term, lead to the alterahon of aquahc 
pOFUk3hOrIS. 

5.1.3 Use of the Characterization Data 

The NURP study analyzed storm water 
discharge from 28 sites represenhng 12 mayor 
river basins of the Uruted States NURP 
detected 77 EPA prlonty pollutants present In 
the storm water dwharges sampled, mcltidmg 
samples with concentrahons that exceeded 
water quality cnteria for certam pollutants. 
Those pollutants detected In at least 10 percent 
of the samples studied m NURP are idenhfied 
in Exlublt 5-1. 

The data gathered for storm water 
discharge charactenzation can be used to create 
a baseline measurement of pollutant 
concentration and loadmgs The data also can 
be used to evaluate the effechveness of best 
management pracbces CBMPs) as well as help 
identify storm water control pnonhes. In 
addition, It can be used to help ldenhfy the 
sources of pollutanB in storm water runoff, to 
help establish an effechve morutonng program 
for the bfe of the permit, and to help predict 
the impact of storm waler runoff on recelvmg 
waters that are known to be impaired. 

5.1.4 Storm Waler Sampling and Analysis 
Procedures 

The regulahon req!.ures that the process of 
collechng quanhtative data for storm water 
characterization follow certain g-tudelmes 

@2226(d)(Z)(iii) Choractcr~~~~lon dab When 
“quantltatlve data” for a pollutant are 
reqwed under paragraph (dXlXluXAX3 of 
tlus paragraph, the appkant must collect a 
sample of eftluent UI accordance wth 40 CFR 
12221@7) and analyze It for the pollutant m 
accordance wth anaJytxal methods approved 
under 40 CFR part 136 When no analyhcal 
method IS approved the apphcant may use 
any sultable method but must prowde a 
descnphon of the method 
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Exhibit 5-1. Priority Pollutants Detected in at Least 10% of NURP Samples. 

PARAMrnRs 

Metals and lnorga~o 

htxnmy 

ArsenlC 

BerylJJ- 

cadmlllm 

ClUOOUUll 

=vper 

Cyanides 

Lead 

NICkI 

selenlunl 

ZUIC 

Peshades 

AlPha hexachlorocydshexane (dpha-BHC) 

A+ha endow&n 

Chlordane 

Llndane (gamma BHC) 

Htiirgenafed &phatiis 

Mefhane, drchlor* 

Phenols and uesols 

Phenol 

Phenol. pentachlor* 

PhenJ. Cnlho 

Phthalate esters 

Phthalate, brs(2-ethvlhexyl) 

Polycyck aromahc hydrocarbons 

Chrysene 

Flwrmthene 

Phenanthrene 

Rrene 

FREQUE!!CY OF DEl-ECTION (w) 

1.1 

52 

12 

4& 

58 

91 

23 

94 

43 

11 

94 

20 

I’r 

17 

15 

11 

11 

19 

10 

22 

10 

lh 

II 

15 
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The data collection procedures must follow 
the guldellnes for storm water samphng 
outhned m 51 22 21 (g)(i), EffllltJl7f ChltZCfcTlSflCS 

ll-us porbon of the NPDES regulahon describes 
the conditions under which a storm water 
discharge ~111 be sampled, and which 
collection procedure (grab sample versus flow- 
weighted composite sample) is required for the 
water quality parameter bemg analyzed. These 
guidelines are dIscussed in more detzlll In 
Sections 5.3.2 and 5.3 4 of this gludance 
manual In addlhon, EPA has available a Storm 
Wafer Sampling Gudimce Document that 
describes m detail the methods used for storm 
water discharge samphng (EPA, 1992a). 

The methods for the chemrcal analyses of 
storm water discharge samples must be 
conducted m accordance ~th 40 CFR Part 136, 
Gurdehnes fur Esfabkhing Test Procedures for the 
Analysts P/ Pull~rtnnts These guidelines refer 
the applicant to EPA-approved methods and 
cite the source of the approved methods (e g., 
Standard Methods for the Exammation of 
Water and Wastewater, ASTM methods, etc.) 
Note that altemahve methods (I e, those not 
included in Part 136) may be used under 
certain circumstances (see Se&on 5.34) as 
described in 10 CR Part 136, and reiterated m 
the Charactenzahon Data secbon of Part 2 of 
the storm water discharge NPDES permit 

The speclfrc conshtuent pollutants and 
water quality parameters that must beanalyzed 
In the storm water samples are presented in 
Sechon 5 3 4. 

5.2 SUMMARY OF REGULATORY 
REQUIREMENTS 

The folIoMing is a summary of the 
charactenzahon data requirements for the Part 
2 appl lea hon 

l Quantltahve data on physical and 
chemical charactenshcs of the discharge 
tahen horn at least 5 to 10 
representahve outfalis chosen by the 
permlttlng author15 6echon 5 31, 

. Eshmates of both the annual pollutant 
load and event mean concentrJhon 01 
the cumulahve discharges tram all 
munlclpal outfalls dunng a storm event 
6echon 5 41, 

l A proposed schedule to proi-lde 
eshmates for each malor outfall of tile 
seasonal pollutant load and the event 
mean concentrahon for conshtuents 
detected in required samphng (Sechon 
5.5); and 

. A proposed morutonng program for 
the life of the pernut thal meets speclhc 
requirements established In the 
regulahons (Sechon 5 6). 

5.3 QUAN-IITATTVE AND QUALITATIVE 
DATA REQUIREMENTS 

5.3.1 Selection of Representative Sampling 
Sites 

In the Part 1 appllCahOn, the muruclpality 
IS required to descnbe a plan for obtammg 
charactenzahon data I&I2.26CdNlKiv)(E~I The 
plan shotid reflect the requirements of 
5122 26(d)(2)(u1) 

nfferent types and intenslhes of land use 
achvities influence, In part, the types of 
pollutants and the pollutant concentrahons In 
municipal storm water runoff. Therefore, Part 
1 of the permit apphcation I§l22.26Id)(l)(ln) 
(B)(2)] requires the applicant to describe the 
land use achvity within the area to be covered 
by the permit. In Part 1, the appkant also 
must select a subset of all the major outfalls 
(see Sechon 4.21 for dehmhon of mapr outfall) 
idenhfied that represented surface runoff 
discharge of the various land use achvihes 
described In some cases, a muruclpalltv 
prepanng a Part 2 apphcahon may want to 
supplement Its sampling program by collechng 
and analyzmg samples from major outfalls that 
were not idenhhed in the Part 1 appkahon or 
designated by the permithng authority. Thts 
addlhonal sampling may provide the 
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muntctpalH) rrlth data that bet&r characterizes 

16 MS4 drscharges 

5.3.2 Criteria for Storm Water Discharge 
Sampling 

Land use achvlhes are not the only factors 
that affect the pollutant composihon of storm 
water runoff Storm water composibon also 
vanes according to the nature of the storm 
event (e.g , durahon, volume), and the 
composlhon may vary throughout the duration 
of a smgle storm event (i.e., the itutial 
d4-targe, or “hrst flush,” tends to have tugher 
pollutant loads). In order to obtam data that 
represents an “average” storm event, EPA 
rqulres samples from three separate storm 
events to charactenze the surface water runoff; 
however, the prmlttmg authonty may allow 
eremphons 

§122.~(d)(Z)(ili)(A)(I) For each outfall or 
held screerung pomt desrgnated under ttus 
subparagraph, samples shall be cokcted of 
storm water discharges from three sLorm 
events occumng at least one month apart m 
accordance mfh the requirements at 
513’) 21 fgN;3 (the Dwctor may allow 
exemptions Lo samphng three storm events 
when chmahc condmons create good cause 
for such exemptlons), 

\ 

The cnteria for samphng storm water 
dtscharge are detailed m §122.21@(7), Efluenf 
ChllU7Ctf?%?tiO?l EPA’s Sfonn Waler Sumplmg 
Clrrdance Document addresses these critena. For 
the purpose of thts dlscusnon, a brief synopsis 
of these cnteria foltows: 

l For each outfall or field screerung point 
selected, samples must be collected 
from three separate storm events. 

l The three storm events must be at least 
one month apart 

l Each sampled storm event must have a 
ramfall of at least 0 1 Inch m the 
dralnage area 

l There must be no storm event In excess 
of 0 1 mch m the dramage area for at 
least 72 how-s pnor to the sampled 
storm event 

l The ramfall event should not vary by 
plus or mmus 50 percent from the 
average or median per storm volume 
and duration for the regon. 

EPA understands that climahc condthons 
may make it tiflicult for some municlpahhes to 
sample storm events meeting these crltena. For 
example, storm events may be so infrequent in 
arid and semi-arid areas that sufhaent samples 
cannot be obtained by the application deadline. 
In other areas, storms may be so frequent that 
rt may not be possible to wat the required 72 
hours between storm events. In such cases, the 
appkant should confer with the permuting 
authonty III advance. In instances where 
representahve storm events do not occur pnor 
to the appkahon due date, the muniapahty 
should submit its appkation wth as much 
Information as possible. It should include an 
explanation [cerhfied by a pnnclpal execuhve 
officer or ranlong elected official rn accordance 
wth fj12222(a)(3)1 as to why samplmg data 
were unavilllable. 

The munrcipahty may need to perform 
some ~rubal research and calculation to meet 
the requirements listed above In order to 
determine what constitutes an average storm 
event for the area, the apphcant should contact 
the Nahonal Weather Service or National 
Oceanographic and Atmospheric 
Admmrstrahon’s Nahonal Chmate Center 
Weather data is also available commercially 
and from airports. The apphcant may also 
refer to the mformahon provided In the Storm 
Wakr Sampling Gudance Document. 
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5.3.3 Narrative Description of Storm Event 

§122.26(d)(2)(ili)(A)(2) A narrative 
descnptlon shall be problded of the date and 
duratton of the storm event(s) sampled, 
rainfall esttmates ot the storm event whxh 
generated the sampled dtscharge and the 
duration between the storm event sampled 
and the end of the pre\lous measurable 
(greater than 0 1 mch rarnfall) storm event; 

Under 5122 26(d)(2)(rrr)(A)(Z), the 
municrpahty must provide a narrahve 
descnphon of each storm that produced the 
discharge to be chemrcally and physrcally 
charac tenzed Such a narrative descnpbon 
must mclude 

l The date and duration of the ramfall 
event that projucej the discharge 
sampled hleasurements descnbmg the 
peak rntensrty of the storm, if awnlable, 
should also be reported, 

l The amount of rarnfall Rainfall 
condlbons mav vary s~@krttly across 
large drainage areas, so ramfall 
charactenshcs should be spatially 
averaged over the dramage area, If 
possrble If more than one rain gauge 
IS used, averages should be reported. 
Ram gauges operated near the dramage 
area by the Natronal Weather Service 
may be used, or the discharger may 
collect this informahon, 

l The bme elapsed smce the last rainfall 
event greater than 0.1 inches. 
Hrstoncal ramfall data from ramfall 
gauges can be used to provide this 
informahon. If a gauge records only 
&uly data, muntctpal field personnel 
could be ashed to provide lnformahon 
on hmes during the day a ramfall event 
began or ended 

5.3.4 Chemicals/Water Quality Parameters 
to be Measured 

The storm water drscharge samples must be 
analyzed for a number of pollutant parameters 

§12226(d)(2)(iii)fA)f3) For samples collected 
and described under paragraphs 
fd)(Z)(ui)(A)(I) and (AM of this sectron, 
quantltahve data shall be provtded for the 
orgaruc pollutants hsted rn Table II, the 
pollutants hsted tn Table Ill ttoxlc metals, 
cyarude, and total phenols, of appendix D of 
40 CFR part 122,pnd for the followtng 
pollutants 

Total suspended sohds fTSS) 
Total drssolved sohds (-IDS) 
COD 
BOD, 
011 and grease 
Fecal cohform 
Fecal streptococcui 
Ph 
Total Kleldahl nitrogen 
Nitrate plus nltntc 
Dissolved phosphoruc 
Total ammorua plus qamc nttrogen 
Total phosphorus 

The complete hst of chemicals IS provided 
In Exh.tbrts 5-2, 5-3, and %. Exhb1t.s 5-2 and 
5-3 are derived horn 40 CFR Part 122, 
Appendix D, Tables U and III, respectively. 
Exhtblt 5-4 comes from the text of the 
regulation (see box above) The EPA-approved 
analysis procedure for the pollutants in 
Exhibits 5-2 and 5-3 can be found m 40 CPR 
Part 136. If a muhlapahty IS seelung approval 
to use an alternah\~e method of analysis, then 
a request should be made according to 
procedures outhned In 417 CFR 136 d 
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Exhibit 5-2: Pollutants Listed in Table II in Appendix D of 40 CFR Part 122 

Pollutiult P0llllkI0 

Volatllo 

Acrolem 1 2 lkhloropropane 
Acrylorutnle IJ-Rchloropropylene 
Benzene Ethylbenzene 
Bromoform hfethyl brormde 
Carbon teb-achlorIde Methyl chlonde 
Chlorobm.rene Metbylene chlonde 
Chlor~bromomethane 1,122.Te~chloroethane 
Chloroehne Tetzxhloroethylene 
2 Chlor~Whlvvmyl ether Toluene 
Chlorofsrm 1,2-trans-D~chloroetJ#me 
D&dorobr~momethane l,l,l-Tnihloroethane 
1.1 ~chlor~oethane 1,1,2-Tnchloroethane 
I.2 Dxhlorwthm* Tnchloroethylene 
I 1 -[h~loroethykne Vuryl chlonde 

Ba5cfNeutral 

Aiemphlhenc Dwthyl phthalate 
Acenaphthrkne Dunethyl phthalate 
Anlhraczne DI n-butvl phthalate 
B~!lZldlIW 2 -LDuuh~toluene 
B~wo~a~anth~a~ene 2,6-duuuotoluene 
Benz&a bpyrene Dm-octyl phthalate 
3.S-t~nzarlunranthcn~ IL-drphenvlhbdrm? (as 
BcIL’~J~;~I Ipervlene azotwizenel 
Benzoilr~tluoranthene Ruoranthene 
Blsl2 chlorw~.I~o~~ ,rnethme Fluorene 
B~~~?thlw~&~Ikth?r Hexachlorsbenzene 
Baf2-chlJrorsJprJpyllerher Heraihlorobutxhene 
Ba(?-eth~lhezyllphthalale Hexachkmcydopentme 
Sbromophenyl phen) I ether Hexachloroethane 
Butt lbenzyl phthalak lndenol!,2,3xd)pyrene 
2-Chloranaphlh&nc lsophor-me 
4-Chlorophenbl phenyl ether Naphthalene 
CXtqwne fUultr&enzene 
D~benzda hranthracene N-rutrosodunethylae 
12 fkhlorobenzene N luhowxh-n-propylamine 
13lkhlcwbenzene N-rulmsodqz+henylamme 
1.1~chlorobenz.ene Phenanthrene 
3$ -Ihchlorobenu&ne pyrene 

1.2.Ctnchlorobenzene 

Arid Compounds 

2 Chlorophensl 
2,4-bihlorophenol 
2.4-Dunethylphenol 
4.MIlrub-esol 
Z.CDuutrophenol 
2-Nltrophenol 
CNwophenol 
p-allorwlurewl 
Pentachlorophcnol 
Phenol 
2.4,6-Tnchlorophenol 

Pestmdea 

Aklrln Enh 
Alpha BHC Endnn aldehvde 
Beta BHC Heptachlor 
Gamma BHC Hepkhlor epcxxie 
Ddta-BHC PCBIW 
Chlordane PCBl25-I 
4 4’.DDT k-51221 
44 DDE IYE 
4,4’-DDD PCB I248 
Dlddnn K;B1?60 
Alpha-endowlfan PCB 1016 
Befa-endosulfan ToNaphene 
Endosulfan sulfate 
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Exhibit 5-3: Pollutants Listed in Table III in Appendix D of 40 CFR Part 122 

Pollutult I PoUUtant I Poltutant 

Anbmony, total CoppeL mill 
Arseruc, total Lad, total 
t!ieryulum, 1otal Mercury, total 
cadmlllm, total Ndd, total 
chroLnlun, total !selenlum. total 

sliver, total 
Thanlum. total 
zuls total 
Cyarude, total 
Phenols, total 

Source 40 CFR Part 122, Appendix D 

Exhibit 54. Conventional Pollutants Listed in Section 122.26(d)(2KiiNA)(3) 

Total suspended soMa 0 
Total dissolved s0hd.s ITDS) 
COD 
BOD, 
011 and grease 
Fecal cohfom 
Fecal saeptm 

Pouutult 

PH 
Total Kpldiihl nkroogen 0 
NItrate plus nitite 
Dssolved phosphorus 
Total ZdNllOlda phlS Organic NtrO@ll 

Total phosphorus 

’ TohI ammorua plus orga~c rubogen ~9 interchangeable with m 

Source 40 CFR 122 26td)(2Nu)(A)O) 

Secbon 12221(g)(7) specrties that certain 
pollutant parameters wrll be analyzed on grab 
samples taken from the outfall, whereas the 
remainder of the pollutant parameters require 
that composite samples be taken from the 
outfall These types of samplmg procedures 
are drfferenuated as follows: 

Grub samples- dtsclrete, indrvidual samples 
taken within a short period of hme b.~sually 
less than 15 minutes). Analysis of grab 
samples characterizes the quahty of a storm 
water drscharge at a given time of the 
drscharge. The following measurements must 
be made from grab samples: 

. PH 
l Temperature 
l Cyamde 
. Total phenols 
l Restdual chlortne 
l OII and grease 

l Fecal cohform 
. Fecal streptococcus 

Note that measurements of temperature 
and pH must be taken in the field to avoid 
tune-dependent changes that may occur 
between sampling ume and actual anafyses 

Fluw-mghted wmposlte samples: smgle urut 
volumes composed of a mixture of samples 
coliected proporhonal to flow throughout the 
enttre runoff event or at least for the first three 
hours of the storm water event, If it lasts more 
than three hours. The flow-welghted compo- 
site sample must consist of at least three 
drscrete alrquots per hour from the storm water 
discharge, or a conhnuous sampler may be 
Used. 

All parameters (see Exhrbits 5-2, 5-3, 54) 
not hsted under the descnphon of grab 
samples above must be analyzed from flow- 
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welghted composite samples Details on talung 
flow-welghted composite samples may be 
found m the EPA S/or-m Wafer Sumphg 
Gurdance Document. 

5.3.5 Additional Quantitative Data 

*bon 122 26(d)(2)(m)(A) concludes ~th a 
provlslon that allows the permlttmg authonty 
to request addlbonal quant&ttive data if 
necessary to determine permit condlhons. 

5122 26 (d)(D(iii)fA)M) Addltlonal lmuted 
quantltahve data requued by the Duector for 
detemg permit condlhons (the Dmcbr 
may requue that quantitahve data shall be 
pro\qded for addihonal parameters, and may 
estabhsh samphng condthons such as the 
locahon. season of sample cuktlon, form of 
preapltahon (snow melt, rainfall) and other 
parameters nece-ssary to msure 
reprexntahveness), 

To ensure the storm water d&charge system 
IS accurately represented, the permlthng 
authonty may require that quantitahve data 
Include addltlonal parameters and may 
estabhsh specdlc samplmg condlbons, such as: 

l Location where the sample 1s taken; 

l Season of sample collecbon; 

l Form of preclpltahon (snowmelt, 
ra nfall 1; 

l Evidence of impact to aquatic 
ecosystems, or 

. Other parameters necessary to ensure 
the system IS accurately characterized.. 

The data genera ted from the quahtabve and 
quanhtabve analyses desc&ed under 912226 
(dU)(iii)(A) r\lll be Used to calculate the 
annual pollutant loads and event mean 
concentrahons for each pollutant as desalbed 
In subsequent parts of t.h~s sechon Eshmates 

of annual pollutant loads and event mean 
concentrations would then be used to assist m 
estabhshmgstorm water management pnonbes 
and selectmg BhlPs 

5.4 ESTITHATION OF SYSTEM-WIDE 
EVENT MEAN CONCENTIGITIONS 
AND ANNUAL POLLUTANT LOADS 

The applicant must submit estimates of the 
event mean concentration and annual pollutant 
load of the cumulahve discharges to waters of 
the Uruted States from all ldenhhed murucipal 
outfalls. 

§U2.26(d)(Zl(iiib(B) Esttmates of the annual 
pollutant load of the cumulatrve discharges to 
waters of the Uruted States f-ram all ldentlfied 
muruapal outfalls and the event mean 
concentration of the cumulahve discharges to 
waters of the Unlted States from all ldentlfiecl 
mumopal outtalk dunng a storm event (as 
described under 5122 21 Q3,0, for BOD, 
COD, TSS, dmolved sohds, total mtrogen, 
total ammoma plus organic nnrogen, total 
phosphorus, dissolved phosphorus. cadnuum, 
copper, lead, and ZUIC Estunates shall be 
accompamed by a descnptlon of the 
procedures for eshmahng conshtuent loads 
and concentrations, mcludmg any model@, 
data analysls, and calculation methods, 

Esbmates of annual pollutant loads will be 
somewhat imprecise; however, muruapahties 
should exercise best professional ludgement in 
deriving these eshmates A description of what 
assumptions were made to derive pollutant 
loadmgs must be included. 

Under §122.26fd)(2)(iii)(B) (see box above) 
applicants must provide the following: 

l Estimates for the event mean concentra- 
tion for pollutants hsted m Exhibit 5-5 
below, which can be used to eshmate 
the annual pollutant load associated 
with all munrclpal outfalls ldenhfied 
under 5122 26(d)(l I(m) and (d)(2)(h); 
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l A descnphon of the procedures for 
eshmatmg conshtuent loads and 
concentrahons, and 

l Details on data analvsls, models used, 
and calculahon methods 

Data sources and procedures that munrapal 
apphCank may use to estimate event mean 
concentrahons and annual pollutant loads of 
the cumulahve discharges are discussed below. 

The primary purpose for estimahng annual 
pollutant loads and event mean concentrahons 
IS to assign pnonhes for Implementmg BMPs. 
Mwc~pal~hes should consider the magrutude 
of mdlvldual pollutant loadmgs when 
asslgrung pnonbes to resources to reduce these 
loadings The areas recelvrng the highest 
pnorlty for lmplementahon of BMPs ~111 be 
those portlons of the MS4 that appear to 
contribute the largest load of poth&UIk to the 
system Therefore, it IS the relahve value of 
these calculahons that IS of importance Hrlthm 
ths regulahon, not the absolute value 

Over brne the accuracy of the available 
methods to calculate loads and concentrahons 
~111 improve and the use of these eshmates 
may assume a larger role In determmmg 
permit con&bons and eshmahng the success of 
the comprehenslve muruclpal storm water 
management program The emphasis for now, 
however, IS on the apphcahon of the most 
practicable methods to reasonably estunate 
annual loads and event mean concentrations. 

5.41 Data Sources 

The Part 1 appllcahon requires 
mumclpahhes to submit alI exlshng storm 
water sampling data, along with all relevant 
water quality data, sdment data, hsh hssue or 
other blosurvey data taken over the past IO 
years. All hrstoncal data must accompamed by 
a narrative descnphon of the watershed served 
by the outfall from whxh the data are 
obtwned, a descnphon of the samplmg and 
quahty control program, and the morutonng 
kahon of the recavmg water 

To eshmate an annual pollutant load for a 
grven pollutant, a value must be denved for 
the average concentrahon, or event mean 
concentrahon, of that pollutant. To denve this 
value, apphcank may use either site-spe&x 
data, or data from a national or reg10na.l study, 
such as NURP. 

Muuc~pal~hes ~th adequate tustoncal data 
may choose to use these data to eshrnate 
annual pollutant loads III the Part 2 applicahon. 
However, many apphcants may not have 
enough site-specrfic data to develop valid 
eshmates These applicants may choose to use 
genenc data (e.g., from regional and nabonal 
studles), such as the data provided in the 
NURP study. The NURP studys esbmated 
range of detected concenhahon for specific 
pollutank IS summarized in Etiblt 54. 

Exhibit 5-5: Pollutants for which Event Mean Concentrations 
and Annual Pollutant Loads Must be Calculated 

Pstimbnt 

BOD, 
COD 
Tss 
Dldolred 5ok& 
Tod nitrogen 
TsraI ammom plus ocga~c nitrogen 

Toal phosphorus 
, Dmolvad phosphorus 

Gdmum 
CoPper 

ILead 
i!UK 

5ource 40 CFR I?2 W~KJ~I.U~B~ tS5 FR 48OT0, November 16,lW) 
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Exhibit 5-6. NURP Study Range of Detected Concentration for Specific Pollutanb 
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The apphcant should be aware of 
limitabons associated wlh data from nahonal 
and reglonal studies before deciding on 
methods to estimate pollutant loadmgs In 
some cases, it may be more appropnate to use 
any avallable site-speclhc data rather than data 
from nahonal or regional stu&es. For example, 
the NURP study did not collect pollutant 
concentration data from mdustrlal areas. In 
ths instance, even limited site specific 
concentration data from mdustnal areas may 
be more mearungful. 

EPA encourages apphcants to seek data 
from a variety of sources to better charactenze 
the quahty of thmr storm water discharges. 
Regardless of the data source, a description of 
the procedures for estimating constituent loads 
and concentrabons, indudmg any modeling, 
data analysis, and calculahon methods, must be 
included 

There will be a degree of uncertamty 
associated with estimabng pollutant loadmgs in 
the Part 2 application The reqturement to 
calculate pollutant loadmgs and concentrations 
IS intended to be a planrung and screening 
effort to assign program pnonhes, and not 
necessanly to determme absolute values. 

5.4.2 Event Mean Concentrations 

Event mean concentrations CC, m Equation 
1 on page 5-16) are determmed from analyses 
of flow-weighted composite samples collected 
from each of the designated field screening 
points. Section 2 24 of the Storm Wuter 
Sampling Guufance Document describes 
procedures for collectmg flow-weighted 
composite samples (EPA, 1992a). Concentra- 
tion values must be reported in the applicanrs 
Part 2 Permit Apphcahon for each 
representahve storm event sampled. The 
applicant should report the average of these 
results as the event mean concentration for 
each parameter measured Municlpallties are 
encouraged to present data In a tabular format 
HoweLrer, the applicant has flexlbllity to 
present the data In other ways, proiqded the 
data IS clearly presented. 

As stated pre\iously, applicants must 
sample storm events for at least three hours, or 
for the entire storm event if It lasts less than 
three hours If a storm event lasts more than 
three hours, the apphcant may choose among 
three approaches for calculating the event mean 
concenbahon of the storm First, the appltcant 
may report the event mean concentrahon for 
the first three hours of the event (or longer, lf 
the apphcant monitored more than three 
hours). Second, If the apphcant has data 
available on the correlation between flow and 
concentration which allows it to be more 
specific about the event mean concentrahon, an 
estimahon techxuque may be used to derive the 
event mean concentration. If the applicant uses 
such an eshmalion technrque, the methodology 
must be explamed Thu-d and hnally, the 
apphcant may morutor the enbre storm event 
and report the actual event mean concentration. 

mchever approach the applicant uses, the 
same method should be used to derive event 
mean concentrahons in the future. This will 
assist the applrcant m ldenhfymg meanmgful 
trends m changes in event mean concenhahons 
over time. 

5.4.3 Annual Pollutant L.oadings 

Muniapallhes may choose from a variety of 
acceptable procedures for eshmating the annual 
pollutant loads of the cumulative discharge. 
llus guidance contains an example of 
calculating theannual pollutant loads using the 
“simple method,” whch is adapted from 
Schueler (1987). The guidance also discusses 
some dynamic models that applicants may 
wish to employ. 

Regardless of whch method applicants 
choose, they must descnbe and document the 
SpeaflC techque used. The description 
should include (but 1s not limlted to) the key 
equahons used to calculate reported values, 
such as. 

l Assumphons for selectmg site-specific 
parameters (e g., runoff coeff ments), 
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. References to any source documenta- 
tion (e g , previously completed studies 
or reference textbooks), and 

l Jushhcahon for any assumed parameter 
values 

The Simple Method 

The followmg method of compubng 
pollutant loadmgs 1s referred to as the “simple 
method” and IS adapted from Schueler (1987). 
For purposes of sahsfymg Part 2 applicahon 
requirements, the simple method provides a 
quick and reasonable eshmate of pollutant 
loadmgs with a mlrumal amount of data 
reqlured Although the regulabons requn-e a 
system wde (cumulabve) annual pollutant load 
calculabon for each of the pollutants Ned in 
Exhblt 5-5 (above), the single pollutant load 
values provide lImIted insights into potenhal 
problem areas and what BMPs nught yield the 
best results. Consequently, the mumcipahty 
may want to consider usmg the sunple method 
to estimate “mdl\ldual” pollutant loadmgs from 
dramage areas The mdlvldual pollutant 
loadings can be aggregated to derive a 
cumulabve annual pollutant loadmg for the 
enhre MS4 In the procedure below, for 
example, Step 1 computes the annual loading 
for each outfall of the MS4 Then m Step 2, 
the resulhng pollutant loadmgs are summed to 
denve annual pollutant loads on a per- 
watershed basis In Step 3, the annual 
pollutants loads tor each watershed are 
summed to derive a system-wide annual 
pollutant load. 

As staled above, GUS procedure IS only one 
example of how a muruclpahty could calculate 
a system-wide annual pollutant load. 
Eshmates of annual pollutant loads for 
mdlvldual outfalls, watersheds, or other 
discrete areas are not speclflcally required by 
the fegulauons However. munlclpahlles ~111 
find such eshmates helpful In makmg relahve 
comparisons among dlfterent areas of the MQ 
~~lhmatelv, these eshmates could assist the 
muruclpallhf ~th selechng BMPs and asslgrung 
pnorthes to potenhal problem areas 

Step 1: Use the Simple Method to 
Calculate Annual Pollutant Loads on a 
Per-Outfall Basis 

The first step in thus example is to calculate 
annual pollutant loads for mdlvldual outfaIls. 
However, the applicant may choose to begm by 
calculahng annual pollutant loads for each 
watershed or other discrete area. As stated 
above, this example uses the simple method, 
wluch is given by the follomng equation: 

EQUATION 1: 

where: L, = AMU~ pollutant load 
(Ib/outfall/yr) 

P = Annual preclpltahon (In/yr) 
CF q Corrtion factor that adjusts 

for storms where no runoff 
occurs (a value of 0 9 is 
typIcally used) 

Rv, = \Velghted-average runoff 
coefficient for the are? served 
by the outfall (the cakulahon 
of runoff coefhclents IS 
d lscussed below) 

C, = Event mean concentration of 
pollutant (mg/L) 

A, = Catchment area (acres) 

The numbers 12 and 272 are conversion 
factors that account for urut conversions. 

Each of the parameters In Equabon 1 is 
defined below: 

l Annual pollutant load is the total 
amount of a speafic pollutant 
discharged m pounds per hme period 
(in ths ca.se, per year) for the parhcuku 
segment of the MS4 bemg modeled (in 
tlus case for each outfall) PollutanC 
loads may also be evressed for 
altemahve time penods, or on a 
system-wide or watershed basis 
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. Annual precipitation 1s the total Inches 
of rainfall occurnng in a single year 
plus the conh-rbuhon of snowmelt 
Eshmates of the annual rainfall can be 
based on the ranfall data provided u-r 
Part 1 of the applicahon 

l Correction factor IS an adjustment 
factor for the number of storm events 
that do not actually produce any runoff 
(i.e., the percentage of storm events that 
have a total accumulahon greater than 
a speahc threshold value). This value 
wll vary by regon. WIthout thlS 
adlustment factor, the municipality 
would be assummg that all storm 
events produce runoff, which may or 
may not be the case. A typical value 
for this correction factor 1s 0.9 (90%). 
However, this value can vary between 
climatic regions. Municrpalihes should 
review hrstoncal ramfall data to 
eshmate the percentage of storm events 
that produce runoff versus the number 
of storm events per year. 

l Weighted-average runoff coefficient IS 
a relahve measure of Imperwousness or 
the percentage of ramfall that becomes 
surface runoff Runoff coeffraents are 
a function of the type of surface, 
rntensrty of the rainfall, the degree of 
so11 saturation and storahvrty (storage 
capaaty) of the solI. To deterumne 
runoff coefhaents, the mumapality 
may use Equahons 2 or 3 (which 
follow). Akemahvely, the muruapahty 
may use actual held measurements, 
relevant hydrologc studies, average 
values pubhshed m cavil engmeermg 
reference manuals, or default values 
provqded n-r Exhrblt 3-12 of EPA’s 
NPDES Shmn Waft-r Samphg Gwhnce 
Dxument 

l Event mean concentration of pollutant 
IS the event mean concentrahon value 
for the specific pollutant determined 
from the analysis of flow-wetghted 
composite samples. Equabon 1 

requrres a value for each pollutant 
concentrahon As drscussed pre\lously, 
the apphcant mav use site-speahc 
concentratron data (e g , storm lvater 
samphng data) or genenc (e g , NURP) 
data to denve event mean concentra- 
tions In other words, the appiKXit 
should use best professional tudgement 
to decide wluch of the followmg 
concentrahon values to use 

- a mean concentrabon value from 
the NUTW study; 

OR 

- an average of all event mean 
concentrahons from all samples 
over three representahve storm 
events; 

OR 

- an event mean concentra~on 
attnbutable to a speck land use 
achvlty 

The applicant ~11 have to consrder the 
extent of the vanabrlrty of the data 
when selecting an approprrate 
concentration value. NURP or other 
regional studies used to eshmate 
pollutant concentrahons can be 
compared to exrshng site-specific data 
in order to assess the uncertainty 
associated with genenc approaches. 

l Catchment area 1s the 92.42 of the 
drainage area for the particular 
segment of the MS4 being modeled (in 
thus case, the outfall drainage area). 
Areas that are served by combmed 
sewers or that are not otherh7se served 
by the MS-I should not be Included 

Weighted-average runoff coeffrclent. Run- 
off coefficients can be based on flow measure- 
ments or estunated from land use character- 
ishcs. In order to iletennme an average runoff 
coeffrcrent for an area wrth a diversity of land 
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use acttvllbes, the followmg equation should be 
used to estimate a weighted-average runoff 
coeff rcren t 

D = Populahon density 
(persons/acre) 

EQUATION 2 

where. Rv, = Werghted-average runoff 
coefficumt 

.\ = Catchment area (acres) 
R, = Catchment runoff coefhaent 

As an alternative to Equation 2, Equation 3 
can be used to eshmate wetghted-average 
runoff coefhclents from percent imperv7ousness 
data (Shelley, 1936) 

EQUATION 3 

Rv,=005+0009*1 

where. RP, = \Verghted-average runoff 
ioeffrcrent 

1 = Percent rmpervlousness 

The percent rmpeniousness can be 
estimated from land use data Restdentlal land 
can be assumed to be 24% ~mpenious, 
commercial land 75% tmpervrous; mdustnal 
land 55% rmpervlous; and open space 15% 
Impervious The percent impervrousness of 
resrdenhal land was esttmated from the 
followmg empu-rcal equahon of NLRP and 
USGS data, which relates populahon density to 
percent rmpemiousness 

EQUATION 4 

where I = Percent Imperviousness 

Slmrlar to Equahon 1, rndlvldual 
parameters for Equahons 2, 3, and 4 can be 
used on a system-wde bawls, or modrfied to 
reflect more realisttc con&hons wltmn smaller 
or discrete segments (e g , mdrvtdual 
watersheds or outfalls). 

Step 2. Use the Per-Outfall Annual 
Pollutant Loads to Calculate Per- 
Watershed Annual Pollutant Loads 

If the sample method IS used to compute 
the annual loading on a per-outfall basis, 
Equation 5 may be used to estimate annual 
pollutant loadings on a per watershed basrs. 
The approach of compuhng pollutant loadrngs 
on a watershed basis IS used by some counties 
where larger watersheds are segregated Into 
smaller watersheds or dramage areas on the 
basis of srmrlar land use desrgnahons One 
county uses th!s method in conpnchon wtth 
forecasts of future development hlt.hm the 
county to develop prehmmary eshmates of 
future pollutant loadmgs Tlus approach 
mrrumtzes the posstbrhty of computmg an 
annual pollutant loadmg that IS too 
conservahve. 

EQUATION 5 

Lw=C L, 

where: L, = Annual pollutant load for a 
parhcular watershed 

n, = Summation of mdtvldual 
annual pollutant loadings 
from all major outfalls witlun 
a speclhc watershed 

Step 3: Use the Watershed-Based Annual 
Pollutant Loads to Calculate System-Wide 
Annual Pollutant Loads 

To calculate the annual loadmgs system- 
wade, use the follo~\lng equation 
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EQUATIONS 

Ln=C Llv 

where L, = Annual pollutant load for 
an enhre MS4 

EL, = Summation of indiwdual 
annual pollutant loadings 
from all watersheds within 
a muruapal separate storm 
sewer system 

Dvnamlc Models 

In mstances where a municlpahty has a 
slgmficant amount of historical data for the 
dramage areas servmd by storm sewer 
outfalls, mcludmg hstorical precipitabon data 
and recel\mg water concentration and flow 
data, the hlS4 may elect to use dynamic models 
to derrve pollutant loads and to analyze the 
effects of MS4 &charges on recelvmg waters. 

Dynanuc models are deslgned to calculate 
a complete probablhty distribution for the 
output being modeled Therefore, dynamic 
models take mto conslderahon the inherent 
vanabIlIty of data associated mth MS4 
discharges, such as variations in concentration, 
flow rate, and runoff volume 

computmg pollutant loadmgs, a number of 
models are available mcludlng EPA’s 
Stormwater Management Model WVhlhfl and 
Hydrologic Simulation Program (HSPF), U S 
Army Corps of Engineers’ Storage, Treatment, 
Overflow, Runoff Model (STORhi), and lllmols 
State Water Survey’s hjodel QILLUDAS (or 
AutoQI). 

Regardless of the method employed, the 
applicant must document how pollutant 
loadings are derived Apphcants must provide 
estimates of annual pollutant loads and event 
mean concenh-ahons for each outfall with thar 
Part 2 applications. However, some outfalls 
will need to be more completely characterized,, 
and conditions will change after the permit IS 
approved. This IS one reason why, as 
described in %chon 5.4, data collecbon will 
conhnue throughout the term of the pernut. 
Eshmates of the mdivldual contribution of 
pollutanl loadmgs for each watershed or major 
outfall will help the applicant select pnonhes 
for specific watersheds. 

5.5 PROPOSED SCHEDULE FOR 
SEASONAL LOADS AND 
REPRESENTATIVE EVENT MEAN 
CONCENTRATIONS OF MAJOR 
OUTFALLS 

One benefit of using a dynamic model is 
that the calculation of a complete probability 
dlsmbution allows the modeler to consider a 
mulhtude of “what-if’ scenarios. For example, 
when sufficient historical data IS available, the 
modeler could consider the benehts and risks 
associated with alternative BMP strategies. 

~12Z.WdMUi)(0 A proposed schedule to 
provide estimates f6r each mapr outhll 
identified UI ather paragraph (d)(ZNr) or 
(d)(l)(M)(B)(I) of tlus -on of the seasonal 
pollutant load and of the event mean 
concentration of a representatwe storm for 
any conshtuent detected U-I any sample 
requimd under paragraph (d)(ZMul)(A) of this 
WChOn; 

Dynamic models have one addtional 
beneht over steady-state models in that 
dynamic models determme the enhre discharge 
concentration frequency dlstrlbution. 
Consequently, tlw would enable the modeler 
to examme the effects of storm water 
discharges on recelvlng water quahty m terms 
of the frequency by which water quality 
standards may be exceeded For purposes of 

Seasonal pollutant loads are unportant 
because they are a more accurate represent&on 
of loadings that may occur dunng a short time 
interval. To further refine the annual pollutant 
load estimates, Part 2 requires the applicant to 
propose a schedule to estimate seasonal 

5-17 

RB-AR25911



Characfmrotm Data 

pollutant loadings and event mean 
concentrations for each major outfall 

The quahty of the data avalable when the 
Part 2 apphcahon is prepared w111 affect the 
accuracy and usefulness of the inihal estimates 
of pollutant loadings and average 
concentrahons These estimates can be 
Improved as more site-specific data are 
collected durmg the term of the permrt. A 
long-term site specAc morutoring program wrll 
capture the vanability in data that is essential 
to estimate more accurate pollutant loadings 
over time. Therefore, the impacts assocrated 
wrth these loadmgs can also be estimated with 
greater certamty. In addttion, a site specrfic 
record collected over a longer hme frame 
allows the effecbveness of the comprehensive 
municipal storm water management program 
to be evaluated 

Eshmates must be subrmtted for any 
contammant detected m any sample requtred 
under the Part 2 samphng effort &122.26(d) 
(2)(111)(8)1. Seasonal pollutant load estimates 
are required for any pollutants hsted In 
Exhrblts 5-2, 5-3, and 5-4 that were detected 
durmg the samphng procedure described in 
!Sechon 5 3.4. Therefore, the analyses requrred 
for seasonal pollutant loads wil1 potenhahy be 
more comprehenstve than the analyses of 
annual pollutant loads Tlus results from the 
possrbtltty that addthonal pollutants wtll be 
detected as part of the storm water 
charactenzahon studies. 

In some regtons, precrpitation patterns vary 
signtficantly from season to season, resulting in 
stgruficantly different pollutant loadmgs 
throughout the year. In arid and semi-arid 
parts of the country, pollutants accumulate 
during dry spells, resulbng in slgnificantiy 
higher pollutant concentrahons m storm water 
dbcharges after extended dry weather 
E&ause of the butldup of accumulated 
pollutants, pollutant concentrattons In 
discharges from IV!% are typtcally kghest 
during &he “first flush,” or ItUhal dtscharge 

In other regions, pollutants that accumulate 
m snow may lead to hrgh pollutant concentra- 
tions n-t runoff from the sprmg thaw 
Therefore, using an annual average pollutant 
loadmg might dtsgurse the Impact of shock 
loadings (discharges that occur wlthm a very 
short time penod and which often exceed acute 
towclty critena) of certam p0llutant.s. 
Numerous factors contribute to the total 
volume of snowmelt IWlOff including 
shortwave and longwave radiatton, 
condensation or vaporizahon, convected heat 
transfer by wind, heat content of rain water, 
and conduchve heat transfer from the ground. 
Therefore, for regtons with srgruhcant snowfall, 
pollutant loading estimates need to be adlusted 
to account for the additional volume of runoff 
attnbutable to snowmelt. 

Since snowmelt runoff can occur in ather 
the presence or absence of a storm event, the 
computation of seasonal pollutant loadmgs 
becomes significantly more complex The 
determmation of total snowmelt runoff, 
however, IS beyond the scope of ti manual. 
Affected municipal&es are encouraged to 
contact the U.S. Geological Survey or the Army 
Corps of Engineers for tustoncal data on 
snowmelt runoff. 

The effects of pollutant load can also vary 
by season Nutrient pollutant loads from storm 
water discharges can promote algal blooms in 
receivmg waters durmg the sprmg and 
summer, but they may be of httle consequence 
durmg winter in surface waters with good 
flushing characteristics. Quanhfying seasonal 
variahons in pollutant loads may aid the 
development of more cost-effective storm water 
management programs. 

Pollutant loads also may vary significantly 
from one outfall to another. Within a dramage 
area, the type of land use, the percent of 
surface that IS rmpervxous, and the extent of 
exposure of storm water to contaminants affect 
the pollutant load from an outfall. Procedures 
for eshmahng seasonal pollutant loadmgs must 
be proposed for major outfalls only 
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ChurnCtmalOn Data 

Under §12226(d)(ZI(ul)(C) the regulahon 
r~pres a schedule to provrde eshmates of: 

l The seasonal potlumt load for each 
ldenhhed mapr outfall. 

l The event mean conca\trahon of a 
representahve storm for any constituent 
detected m any sample required. 

The following steps can be taken to devdop 
a proposed schedule for estimating seasonal 
loadings at mapr outfalls 

1. Use historical or long-berm hydrologic 
data to define seasons. 

2 Desd3etheprocedurebobeusai.to 
eshmate -nal loads. This could be 
an adapbon of tk simple method or 
another mathematical model used for 
annual loads (e.g., instead of using a 
total annual ramfall arrumulation, use 
an average rainfall accumulation 
assodated wth a specific season). lf 
the simple method is used, the 
munkqx&y could still use Equation 1. 
However, the amount of rainfall 8) 
would no longer be an annual value. 
Instead, it would be the amount of 
rainfaUassociatedwithaparUchr 
season defined by the municipality. In 
addition, the appbnt may have to 
adjust the average runoff c&fWnt to 
reflect sewnal dtangu (e.g., from 
ground can behave Ike an irnpcrviour 
surface axI substantMly m tk 
amount of runoff). Lastly, mlb6bnbl 
dlff- in tiw fraquency and 
duratron of seasonal sbnn events may 
increaw or decrease the amection 
factor CT (e.g., during a dry swan, th 
number of storms that actually produce 
runoff may be substantially lower than 
dunng a wet w&her season). 

3. Identlfy data &men& that need to be 
rehned. inGEJBWherethE?RiS 

SUbsMhal seasonal variation, nvised 

runoff coeffiaent values may be 

necessary For example. dumg ramy 
seasons, ground surfaces are more 
saturated than dunng the dry season 
As a result, the same amount of runfall 
mthewetseasonHrll.lleadtoagreater 
volume of storm water runoff than m 
thedryseason. 

4. Proposed procedures for collechng the 
appropriate data or otherwise 
improving estimam. 

5. Provide an approximate time frame for 
data coktion and subuussion of 
season&load estimates. 

Proposed procedures for estimahng 
S3isorial @lutant loacbngs and event mean 
concenuaUons should explain when and how 
data used for the abmabcs will be obtamed. 
The data can be based on sibspedfic 
mformation, or they can k obtained from 
muNdpal systems mth SKnilar dYiaractensda 
blxh as Regional NURP data). 

5.6 COLLECTION OF REPRESENTATIVE 
DATA FOR PROPOSED MONTTORXNG 
PROGRAM FOR THE TERM OF TKE 
PEM 

Under ~12226(dK2MiiXD), applicants are 
given the oppmunity to propose monitoring 
programs to be carried out during the term of 
mpamit 

Applicanb should consider th speafic n&s 
and identify pnonhe for the proposed 
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morutonng program After recelwng the Part 2 
dppkahon, the permitting authority b-111 
review propod morutonng program5 and 
make appropnate adjustments when estabhsh- 
mg pernut condrhons 

The appltcant must propose a monltormg 
program for representahve data coll~Qon for 
the term of the permit that describes 

l The locabon of outfalls or field 
screenmg pomts to be sampled (or the 
locahon of mstream stahons); 

l Why the locahon IS representative; 

l The frequency of samphng; 

l Parameters to be sampled, and 

. A descnphon of sampltng equpment. 

Muruc~pahhes must submit sampling data 
over the hfe of a pernut so that changes In 
storm water qua&y can be assessed Lrke 
mhal sampling data, the data from an on- 
gomg morutormg program can be used by the 
murucrpalrty to allocate resources to achreve 
redution In pollutants The motutonng data 
wtll also serve as an envtrorunental m&cator of 
the success of the storm water management 
program. Many munrapahhes may require an 
extended penod of time (possibly the entrre 
pernut term) and substanhal data to 
defmmvely evaluate the effectiveness of a 
storm water management program. Therefore, 
a plan for data collechon must be proposed by 
the munrclpahty for the five-year term of the 
pen-rut. Dunng the permit term, the results of 
the monrtonng program w11l be submitted m 
the muruapaIity+ annual report [~122.42W(4~, 
discussed m Sechon 7.3 of thrs gutdance]. 

56.1 Goals of a Monitoring Program 

The fust and most Important step in 
developmg a proposed morutonng program IS 
to define the program’s obvves as clearly as 
possrble Development of momtonng program 
goa.ls should be closely coordmated with 

development of the proposed storm water 
management program Applicants are requued 
to propose morutonng programs as part of 
therr proposed management programs to 
reduce pollutants from mdustnal site runoff. 
The morutonng plan Ls part of ChorPctenz~ahon 
Dutu I5122 26(dNZ)(uu)J. The storm water 
management program 1s discussed in Sectfon 6. 

A comprehenslve morutoring program 
should be designed to support specific goals, 
includmg 

l Charactenzmg drscharges; 

l Evaluahng the source of specific 
pollutants, 

l Evaluating the performance of specific 
source controls; and 

l Identifying the full range of chemical, 
physical, and btologcal water quahty 
Impacts. 

5.6.1.1 Characterizing Discharges 

Morutonng pollutants In drscharges from 
MS4s serves several purposes. Quantrtahve 
data on sp~~hc pollutants tn storm water 
runoff can support estimates of annual and 
seasonal pollutant loadmgs and modellmg 
efforts to identify the magmtude of water 
quality impacts. Over the long term, 
morutonng data may suggest that new outfalls 
should be selected for sampling As muniapal- 
thes gain experience in storm water sampling, 
they likely will target BMPs that a&eve the 
greatest Improvements in storm water quality. 

5.6.1.2 Evaluating the source(6) of 
spedfic Pollutanta 

Some sources of storm water (e.g., 
mdustnal sources that must be covered by 
NPDES permits, highways with heavy traffic 
flows, and Large parlang lo&) are expected to 
generate s~gn~hcantiy higher concentrahons of 
pollutants than typical urban runoff. 
!vforutonng efforts to quantify sources of 
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pnorlty pollutants can pro\lde support for 
resource allocahons to address pollutant 
sources posmg the greatest emlronmental risk 
How proposed morutormg efforts w11l be 
structured to Identify and quantify pollutant 
sources should be dlscussed In proposed storm 
water management programs. 

The monitonng program may also include 
procedures to conduct dry-weather momtoring 
over the term of the permit to help detect ilhat 
discharges and improper dumpmg. 77~s can 
include recording vrsual observations and 
odors observed m dry weather flows. 

5.6.1.3 Evaluating the Performance of 
Specific Controls 

Pollutant removal efhcienaes are fairly well 
known for certam structural BMPs. However, 
samphng may shll be necessary to ensure that 
the BhlP IS meebng ongmal design 
expectahons The expected pollutant removal 
efficiency for a structural control must take into 
account site-speafic condlhons For example, 
an infiltrahon basin has a certam expected 
pollutant removal efflaency, but actual field 
efhaency IS atiNted by subsurface so11 
condlhons and the extent and frequency of 
mamtenance 

The - efficiency of a parhcular struchu-al 
control w11l be affected by many factors, such 
as detenbon hme. However, efforts to 
determine the efficiency of structural controls 
must include conslderahon of pollutant 
concentrahons and flow volumes into and out 
of the control. The efhaency of nonstructural 
source controls can be characterized by 
comparmg discharges at a gven locahon before 
and after the control measures are 
Implemented. mer time, sufhclent monitormg 
data may be gathered to draw substantive 
conclusions about the effechveness of certain 
Bh4I’s. Alternahvely, dscharges from a 
sampling site r~~th source controls can be 
compared with dlscharges from a sumlar site 
that la& source control5 Efforts to morutor 
tht! effechvenesss of controls should be closely 

coordmated with the assessment of control 
efheennes dlscussed In Chapter 7 

5.6.1.4 identifying the Full Range of 
Chemical, Physical, and 
Biological Water Quality Impacts 

Charactemmg the effect of storm water 
discharges on water quahty IS complicated by 
a number of factors. EPA recommends an 
integrated approach to assessing water quahty 
impacts assoaated with discharges from MS& 
Motutonng procedures that help assess water 
quaky unpack Include: 

l Discharge and recelvlng water 
morutoring to support water quality 
models and to ldenhfy hydraulic 
Impacts of Increased peak flows and to 
ldenhfy parameters of concern, and 

l In-stream monitoring of water 
chemistry; 

l Bioassessments and blosurveys; and 

l Sediment samplmg 

DscharEe and Receivmp Water Momtonng 
to Suvwrt Water Quality Models 

As discussed above, when there IS sufficient 
lustorical data available from momtonng, these 
data may be used as Inputs to models that 
predict or validate the effects of pollutant 
loadmgs from MS4s on recelvmg water quality 
charactenstics. In addlhon to monitonng data, 
data on receiving water quality charactenstics 
are also necessary to cahbrate a particular 
model. 

Once the model has been calibrated to 
reflect site-specific condo tlons, future 
morutonng data could be used to validate long 
term reductions m pollutant loadmgs, the 
effectiveness of nonstructural Bhil’s, and/or 
pollutant removal efhaenaes of exlshng 
structural controls 
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The informahon gathered from this 
approach may also help dehne those BMPs that 
wluch appear to be the most effechve. For 
example, In developmg areas, monitormg data 
could eventually support future plaruung 
efforts that would seek to mlrumue the Impact 
of future development on local recelv-tng 
waters. 

In-stream Momtonn% 

Using models to eshmate pollutant 
concentrations in receiving waters can be 
inaccurate In-stream momtonng can duectly 
measure pollutant concentrations. General 
designs for m-stream morutonng are: 

l Monitoring above and below a set 
location Thus method is generally 
more useful for evaluating control 
effecbveness than documentmg the 
severIt, of a diffuse source of 
pollutants 

l Monitoring at different times 
hlorutonng at different times and 
seasons can provide valuable 
informahon on seasonal vanabons m 
pollutant concentrations Dry weather 
m-stream momtonng can be compared 
\Ivlth m-stream morutoring dunng 
storm events 

l Paired watersheds. Evaluahng simiIar 
water bodies can document 
management program improvements 
by conhollmg for meteorologic and 
hydrologc vanablllty. This approach 
can also be used to compare receiving 
waters to background condihons 
associated with undeveloped 
watersheds 

Detailed guidance on applying these 
approaches IS provided m the draft Nanpumt 
Source h!anllmly: and Ezdluhon Glude, 

February 24, 1988. Nonpomt Source Branch, 
U 5 EPA 

Bloassessments and Blosurvevs 

A blologcal assessment, or “bloassessment,” 
IS an evaluahon of the blologcal condlhon of a 
water body usmg bIologIca sumeys and other 
direct measurements of resident blota In 
surface waters . A biolo@ca.l survey or 
‘biosurvey,” consists of collecting, processing, 
and analyzmg representahve porbons of a 
resident aquatic commuruty to determine the 
community structure and funcbon Blosurveys 
and bioassessments can be used directly to 
evaluate the overall blologcal Integrity 
(structure and/or functional charactenshcs) of 
an aquatic commuruty Devlahons from the 
biological integrity can be measured directly 
usmg brosurveys only when the Impacted 
community IS compared against a 
predetermined reference cond:hon. Without 
the proper reference cond&ons, btosurveys 
may undereshmate the extent of Impairment. 

Btosurveys are useful m that they can 
assess or detect the aggregate effect of impacts 
upon an aquahc commututy where discharges 
are multiple, complex, and vanable, and where 
point, nonpomt, and storm water discharges 
are all affechng the blologlcal condlhon of the 
recelvmg water Because of this, biosurveys 
cannot measure the Impacts of one parhcular 
discharge or effluent being discharged to 
recelllng waters. Currently, blosurveys cannot 
be used as a predichve water quahty 
assessment tools. 

Blosurveys provide a useful momtor of 
both aggregate ecolog~~l Impact and historical 
trends m the condlhon of an aquabc ecosystem 
They can also detect impacts that other 
assessment methods may miss. More 
Importantly, blosurveys can detect impacts 
caused by habitat degradation such as 
channeluahon, sedimentahon, and historical 
contaminahon that disrupt the mteracbve 
balance of the components of the aquatic 
community 
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Pollutants, both orgaruc and morgamc, 
associated with storm water discharges may 
become physrcally or chemrcally bound wrth 
sediment parhcies Depending upon the stze 
distnbuhon of the sediment part~lcs, a portion 
of the contaminated sediment particles will 
settle out of the water column Consequently, 
the potenbal exists for a bluldup of 
contamrnated sediment over time. The effects 
of heavily contaminated sediments on both 
benthlc habitat and water quahty have been 
documented to the extent that EPA IS 
developing sedrment quality crrtena (SQC) that 
~111 allow assessments of the toxicological 
effects of contaminated sediments on varying 
types of receivmg waters. 

The amount of sediment matenal found In 
storm water discharges suggests that applymg 
sediment qualrtv cntena could be a useful 
component of a monitormg program. For 
example, sediment quality cntena could be a 
valuable preventahve tool to ensure that potnt 
source discharges of storm water do not cause 
or contnbute to the contammahon of 
sediments 

In addrhon, a MS4 could make compansons 
of field measurements to sedrment quality 
cntena as a means of provrdlng an early 
warrung of a potenhal problem. Consequently, 
an early warning could provide an opporhnuty 
to take correchve achon to prevent further 
contaminahon For long term plannmg, 
constderahon could also be given to the 
feaslbrlrty of estabhshrng target levels or goals 
that would ensure that pomt sources discharges 
of storm water do not contrrbute to sediment 
contaminahon 

5.6.2 Monitoring Procedures 

hlonrtonng procedures wrll depend on the 
oblechves of the momtonng effort To a large 
extent, the type of receivmg water will be an 
Important factor In developing monrtormg 
procedures and techmques. For example, grab 
samples may be approprrate for monitoring 

discharges from a retenbon pond, while 
composrte samples may be appropnatr tar 
morutonng tlokvs into the pond The iollorvlng 
mformabon, at a muumum, should be Included 
for each sampling sate. 

l The crrtena for storm selechon, 

l Whether grab, composite, conhnuous, 
or other samplmg techmques are to be 
used, 

l The cntena on when to begrn and end 
sample collectton; 

l The basis for selectmg the nme Interval 
between sequentially collectti samples, 

l How seasonal factors affect the 
selechon of monitonng freqwncies, 

l The method of esbmabng rates or 
volumes of flow passmg the samplrng 
point, and 

l The analyhcal methods used for 
analyzing pollutant parameters and 
their detechon hmlts 

Locahon of Monrtoring Sites and 
Descnphon of Drainage Basins 

The selecbon of morutonng sites should 
depend on the goals of the morutonng 
program. Applrcants should rdenhfy the 
locahon of each proposed morutormg sate and 
the boundary of its drainage basin. -l-hey 
should descnbe theestimated size and land use 
charactenshcs of the drainage basm for each 
sampling locahon The applicant also should 
explain why the sampling sites are representa- 
tive or wrll otherwise provtde Information to 
support a momtoring program goal. Other 
morutonng sites can be selected to evaluate 
unique condltrons m the drarnage area that 
have slgmhcant or unusual potennal for grner- 
ahng pollutants IIT storm water &charges 
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Chuructm=atron D&n 

Samples should be analyzed tn accordance 
with the analytrcal methods approved under 40 
CFR Part 136 

sohds, nutnent, and a metal) to charactenze the 
pollutant removal efhaency of a wet pond. 

Samplmg Equipment 
Parameters to be Analvzed 

The applicant must hst all parameters to be 
=ldy=a which should depend on the 
obtecttve of the sampling effort. For example, 
it may only be necessary to morutor several 
Indicator parameters (such as TSS, settleable 

The applicant must descnbe the equipment 
to be used in the proposed samphng program. 
Only the primary pieces of equipment need be 
identihed. Descnpbons can be made by refer- 
ence to equrpment supplied by a vendor or 
manufacturer if distinctive enough to be readily 
rdenhfied. 
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6.0 PROPOSED MANAGEMENT PROGRAM 

6.1 BACKGROUND 

Under the Part 2 application requirements, 
municipalities must propose site-specific storm 
water management programs. This is the most 
important aspect of the permit application. The 
Part 2 application requirements provide each 
MS4 with the flexibility to design a program 
that best suits its site-specific factors and 
priorities. 

The regulations require the applicant to 
provide a description of the range of control 
measures considered for implementation 
during the term of the permit. Applicants 
must meet all the requirements of the Part 2 
application regulation. However, flexibility in 
developing permit conditions is encouraged by 
allowing municipalities to emphasize the 
controls that best apply to their MS4. For 
example, a municipality that expects significant 
new development may focus more on 
requirements for new development and 
construction, while a municipality that does not 
expect significant new development may focus 
more on a program to prohibit illicit discharges 
or control industrial contributions. In any case, 
a satisfactory proposed management program 
will address- management practices; control 
techniques and systems; design and 
engineering methods, and other measures to 
ensure the reduction of pollutants to the 
“maximum extent practicable (MEP).” 

If the municipality proposes a thorough 
and complete program, the permitting 
authority is likely to incorporate all or part of 
the proposed management program into the 
NPDES storm water permit written for that 
municipality Therefore, the proposed pro- 
grams provide municipalities with the 
opportunity to have substantial input into their 
NPDES permit conditions. 

This section of the guidance manual 
describes the minimum information 

requirements for proposed storm water 
management programs. Examples of how the 
program elements should be addressed are 
provided. These examples illustrate minimum 
information requirements for the program 
elements, and occasions when municipalities 
may opt to go beyond minimum requirement 
in order to meet the MEP standard 

6.2 SUMMARY OF REGULATORY 
REQUIREMENTS 

The municipality must develop and submit 
a proposed management program that covers 
the duration of the permit The program must 
integrate the information and actions described 
in the Part 1 application and portions of the 
Part 2 application (see Chapters 3, 4, and 5 of 
this guidance). The regulatory requirements 
for the proposed management program are in 
40 CFR 122.26(d)(2)(iv) 

At a minimum, the proposed management 
program must include: 

A comprehensive planning process that 
Involves both public participation and 
intergovernmental coordination; 

A description of management practices, 
control techniques, and system design 
and engineering methods to reduce the 
discharge of pollutants to the MEP; and 

A description of staff and equipment 
available to set up and assess the storm 
water management program. 

Additional provisions under §122.26(d)(2) 
(iv)(A) require applicants to include: 

Programs to control storm water runoff 
from commercial and residential areas, 
construction sites, and industrial 
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faalihes (Includmg waste handlmg 
sites), (Sechon 6 3), 

l ldenhficahon of shuctura! control 
measures to be included m these 
proposed programs, such as detenhon 
controls, tiltrahon controls, and 
hltrabon controls that the municipality 
plans to apply to the achvlhes 
addressed in Its storm water 
management program &c&on 6.4); and 

l Programs to detect and remove ll!iat 
discharges, and to control and prevent 
Improper disposal into the MS4 of 
materials such as used 011 or seepage 
from muruapa! sarutary sewers (Section 
6.5). 

6.3 PROGRAMS TO CONTROL STORM 
WATER RUNOFF FROM 
COMMERCIAL AND RESIDENTIAL 
AREAS, CONSTRUCl-ION SITES, AND 
INDUSTRIAL FACILITIES 

A proposed management program musl 
ldenhfy the achvlhes or areas that require 
controls to reduce pollutants in storm water 
runoff Specifically, a proposed management 
program must address storm water runoff from 
commercial and residential areas (Section 
6.3.11, construction sites (!+chon 6.3.21, and 
industrial facilities (Sechon 6.3 3). Also, areas 
where llhclt connechons or illegal discharges 
may occur must be Identified (Sechon 6.5). 

In addition to the requuemenk of the 
proposed storm water management program, 
other provlslons of the Part 1 and Part 2 
appbcahons require mformahon that WI!! help 
enable the muruapahty to focus on ldenhfymg 
actilqhes and areas that may need control 
measures Examples of these provisions 
Include 

l Idenhficahon of sources [Part 1, 
$122 Z(d)c!)(111)(8J(3)-(1), and Part 2, 
$jl22 26td1\2)(11)1; 

l Ldenhhcahon of water bodies that may 
be adversely affected by storm water 
runoff (Part 1, 5122 26b(d)(l)(lvK)I, 

. Orgamzation of sources by watershed 
[Part 2, 5122 26(dUW1, 

l Descnphon of land use achvlties part 
1, 5122 26(d)(l )(III)(B)(Z)I; 

l Results of field screenmg analysis Ipart 
1, 5122 26(d)(l)(lvHD)l; 

l Results of the sampling program [Part 
2, 5122 26(d)(2)(ltl)(A)(3)1, 

l Eshmates of annual pollutant loads and 
event mean concentrahons, and sched- 
ules to submit seasonal po!!@nt loads 
and event mean concentrations IPart 2, 
§122.26(d)(2)(iu!(B) and CO], and 

l Fmdings from an on-going monitoring 
program [Part 2, 5122 26(6)(2)(110(D)]. 

6.3.1 Commercial and Residential Activities 

Under §122.26(d)(2)(lv)(A), applicants must 
propose structural and source control measures 
to reduce pollutants from commercial and 
residential areas. 

§l22.24(dM2MivNA) IThe proposed 
management program must mclude a] 
descnphon of structural and source control 
measures to reduce pollutants from runoff 
from commeraal and resldenual areas that 
are dAwgecl from the mumdpal storm 
8ewer system that are to be unplemented 
during the life of the permit, accomparued 
with an estimate of the expected reduchon of 
pollutant loads and a proposed schedule for 
unplemenhng such controls 

To ensure that proposed control measures are 
effechve, the applicant should study how storm 
water runoff from pollutant sources affects the 
exishng muruapa! system, how the proposed 
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control measures wrll enhance the exrshng 
sys tern, and what Impact the proposed 
measures ~111 have on recer\mg waters The 
control measures should recogruze and 
emphasize the mterachon behveen pollutant 
sources and the phystcal attrtbutes of the 
murucrpal system and recervmg waters. 

SpeclflC commercial and residenhat 
acbvrhes that must be addressed mclude 
maintenance activihes and a maintenance 
schedule for sb-uctural controls to reduce 
pollutants tn storm water runoff. Thrs 
provlslon 1s discussed m Sechon 6.4.2. Other 
acbvrbes to be addressed include: 

l Postconshuction controls to reduce 
pollutants in dmhrges to M!% 
resulhng from new development and 
signtficant redevelopment (Section 
631 11, 

l Practtces for mamtammg and operabng 
public streets, roads, and hrghways that 
wrll reduce the Impact on receiving 
waters from storm water runoff 
discharges (Sechon 6 3 1 2); 

l Procedures to assure that the Impacts 
on receiving waters from flood 
management projects are assessed, and 
that exlsbng structural control dellces 
ha\re been evaluated to determine if 
retrofit controls are feasible (Sectton 
6 3.1.3); 

l A program to momtor pollutants in 
runoff from operating or closed 
mumcipal landfills that rdenhftes 
prlorrtres and procedures for 
rnspechons and establishing and 
tmplemenhng control measures (Secbon 
6.3 1.4); and 

l A program to reduce to the maximum 
extent prachcable, pollutants In storm 
water runoff assoaated \n7th the 
apphcatron of peshctdes, herblades, 
and ferhhzer Gechon 6 3.1.5). 

To reduce pollutants m storm water runoff 
from commercial and resrdenbal actrirhes, a 
proposed management program mrpht Include 
the use of tiltrahon detlces, detenhon and 
retention basms, vegetated swales, water 
quahty inlets fwhrch may mclude OII and water 
or oil /gnt separators), screens, channel 
stabiluatron/ripanan habitat enhancement 
efforts, wetland restorabon and preservation 
projects, as well as various source control 
strategies and other nonstructural conbol 
measures 

6.3.1.1 New Development and 
Significant Redevelopment 

Summary of Regulatory Reaulrement 

New development or redevelopment often 
increases rmpervtous land surfaces, which 
usually leads to Increased pollutant levels m 
storm water runoff Chemical and thermal 
changes in storm water runoff are commonly 
associated wrth new development and can 
adversely affect the quak of recelvrng waters 
In addrtion, urbaruzabon results In an Increase 
m the volume of storm water drscharges. 

The Nabonwrde Urban Runoit Program 
(BURP) study (EPA, 1953) and more recent 
tnveshgahons mdrcate that controllmg the 
contribution of pollutants m storm water 
discharges at the onset of land development IS 
the most cost-effechve approach to storm water 
quahty management M.rbgabng problems 
caused by pollutants after they have entered a 
MS4 is often more expensive and less effiaent 
than preventing or reduang the discharge of 
pollutants at the source Therefore, a 
satisfactory proposed management program 
will propose structural and nonstructural 
measures to reduce pollutants in storm water 
discharges from areas of new development and 
redevelopment Examples of such measures 
are dtscussed below 
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§122.26(d)(Z)(iv)(A)(2) [The apphcant must 
include a] descnphon of planning procedures 
mcludmg a comprehennve master plan to 
develop, implement and enforce controls to 
reduce the discharge of pollutants from 
mumclpal separate storm sewers which 
recewe dlxharges from areas of new 
development and slgmficant redevelopmenl 
Such plan shall address conhols to reduce 
pollutants U-I discharges from muruclpal 
separate storm 5ewers after construction 1s 
completed 

Provisions under §122.26(d)(2)(lvHA)(2) 
focus on the reduchon of pollutants in storm 
water runoff after construchon m areas where 
new development or redevelopment is com- 
pleted Controls that are required during 
construcbon are discussed m Sectron 6.3 2 of 
ths guidance 

Post-Construction Controls 

Proposed storm water management 
programs should include plamung procedures 
for both durmg and after construction to 
implement control measures to ensure that 
pollution IS reduced to the maxlmum extent 
practicable in areas of new development and 
redevelopment. Design cntena and perform- 
ance standards may be used to assist in 
meebng this oblectlve 

Further, storm water management program 
goals should be reviewed dunng plannmg 
processes that guide development to 
appropnate locahons and steer intensive land 
uses away from sensitive envrronmental areas 
A muruapahty may, for example, Include 
pro\rlslons in the plannmg process that ensure 
that all new development m targeted areas or 
zones pro\ldes for a certam percentage of 
undisturbed area to assist III preservmg post- 
development runoff quality and velocity as 
slml1a.r as possible to pre-development 
condthons In 1t5 Part 2 application, a 
munlc~pnhty should descnbe how It plans to 
Implemrlnt the proposed stxxlards (e g , 

through an ordnance requlrmg approval of 
storm water management programs, a review 
and approval process, and adequate 
enforcement) 

The proposed storm water management 
program should idenbfy and Include planning 
procedures and control measures that ~11 be 
used in the mwcipality. 

Plannmp: Procedures 

Comprehensive planning procedures 
typically mvolve incorporation of land use 
goals and obwbves into a plan document or a 
plan map. These plans are often called Master 
Plans, Comprehensive L..and Use Plans, or 
Comprehensive Zomng Plans 

Comprehensive or master plans are often 
non-binding. They probide support and 
dlrechon to local off~aals that have the 
authonty to make land use declslons 

Wule applicants do not need to submit a 
complete comprehensive or master plan with 
the Part 2 appkahon, they should detail the 
planning process employed by the 
municipality. They must thoroughly descnbe 
how the murucipahty’s comprehenslve plan 1s 
compahble with the storm water regulahons 
The descnphon should clearly 

. Idenbfy management objecbves for 
streams, wetlands, and other recelvmg 
waters; 

l Identify areas where urban 
development IS hkely to occur and 
areas that are sensrhve to the effects of 
urbaruzation. Conslderahon should be 
given to receivmg waters, topography, 
sol1 types, ground water uses and 
potential Impacts, and other relevant 
factors; 

l Descnbe standards such as design 
cntena and performance standards for 
5 torm water controls for new 
developments, such as buffer zones, 
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open space preservahon, eroslon and 
sediment controls, etc.; 

l Descnbe other measures to mirumrze 
the effects of new development on 
storm water qualtty (these may include 
local code and ordinance requirements); 
and 

l Idenbfy or drscuss the site development 
review process for the evaluation and 
approval of storm drainage or storm 
water management programs. Require- 
ments m dramage or storm water 
management programs can be 
coordmated rvlkh review of other 
related plans such as those for site 
gradmg or landscaping. 

There ~111 be great vanation among 
mumclpahtles In their sophshcation of land 
use planning If the munlclpality has recently 
updated Its land use plan, it may detail storm 
water quality Issues In other instances, there 
may be no policy to Include storm water 
quah ty conslderahons m land use declslons. In 
such cases, the apphcant must descnbe how 
constderabon of those acbvihes that affect 
storm water quality are to be Incorporated into 
the muruclpahtfs comprehenslve or master 
plan and I& approval process for conslruchon 
prolects 

Control Measures 

Most tradlhonal storm water control 
measures focus on efhclent collection and 
conveyance of storm water runoff to an offsite 
locabon Thus approach can increase 
downstream property damage due to increased 
storm water runoff quanhty and flow velocity. 
Correchve achon often mvolves expenswe 
pubhc works prolects, such as enlargmg and 
relnforclng channels or construchng swales to 
probide an adequate outfall from affected or 
damaged areas The traditional approach has 
typlcalh Involved downstream channel 
stablhzahon projects However, these projects 
may also result In Increased storm water runoff 
quanhty and flow veloatv. 

Some recent approaches to storm water 
management Include preserl-mg th? natural 
features of a watershed by malntarnmg 
vegetative cover and estabhshmg buffer zones 
and open space or green areas. The beneht of 
employmg this approach 1s the protechon 
afforded to npanan areas and wetlands, as well 
as the preservation of a stable watershed. One 
addihonal kneht from Uus approach includes 
maintainmg ground water recharge through 
uuiltrabon. These approaches to storm water 
management mlrunuze the unpact of erosion, 
floodmg, and other damage to natural dramage 
features such as streams, wetlands, and lakes. 
Preservahon of natural habltat can be achieved 
through effective storm water quaky conbol 
measures More recent approaches use storm 
water to: 

Recharge ground water sources with 
runoff from imperL7ous areas: 

Preserve baseflows of surface water 
bodres; 

Augment water supplies used for street 
cleanmg and other municipal funtions, 
such as watenng public lawns, 

1 ncrease recreahonal opporturu ties 
mcludmg slvlmmmg, hshmg, and 
boating; and 

Sometimes, augment dnnkmg water 
supphes if it is treated and in 
compliance with all applicable dnnking 
water standards. 

The murucipahty should consider storm 
water controls and structural concerns in 
planning, zoning, and site or subdlvlsron plan 
approval. An example of effechve structural 
control is described in Exlublt 6-l. Non- 
structural control measures are tughly 
recommended for new development. They can 
be included dunng the plannmg, site-sekhon, 
and development stages. Examples of non- 
structural controls mclude street sweepmg, 
buffer stnp presemahon, and pubk educahon. 
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Exhibit 6-l 
Storm Water Programs in Delaware and Florida 

Delaware requirements for on-site measures Include water quality ponds with permanent 
pools Ponds must be deslgned to release the equn~alent volume of runoff from the first 1 /Z 
mch of runoff from the site over a 24-hour penod and have a storage volume deslgned to 
accommodate at least l/2 Inch of runoff from the site Water quality ponds without permanent 
pools may also be used m Delaware’s program. These pools are to be desqned to release the 
hrst Inch of runoff from the site over a 24-hour period. 

Developers are instructed to consider Infiltration practices only after ponds are eliminated 
for engmeenng or hardshp reasons. Infiltration struch~~~ must be designed to accept at least 
the first mch of runoff from all streets, roadways, and parlung lots Other pracbces may be 
acceptable If they meet the equivalent removal efficiency of 80 percent for suspended sohds. 
hlore stnngent requrements may be established on a case-by-case basis. 

The 80 percent removal effiaency for suspended solrds that Delaware requires takes Into 
account pollutant sertlmg. The 24-hour detenbon penod allows for substanbal settling where 
most of the pollutant removal occurs. In addibon, the requirement that the first mch of i-unoff 
be released over a penod of no less than 24 hours reduces downstream erosIon 

For slgruhcant redevelopment, murua- 
pahhes can Incorporate both structuraJ and 
nomtructural &xm eater contAs However, 
there are generally far more constramts and 
limltabons on the control opportumbes 
available at redevelopment s&s One of the 
primary ionstramts IS the avallablllty of 
sufhclent open area to accommodate sbuctural 
controls such as detention ponds. In mstances 
where redevelopment IS occurnng in densely 
urbaruzed areas, storm water runoff volumes 
may be so large that suffiaent storage capacity 
can not be provided rv~thout further 
compoundmg problems assoaated with siting 
and retrofitting exlshng storm water 
conveyance systems In such cases, the 
munlclpahty should consider nonshuctural 
control measures such as traffic flow control, 
the use of porous consb-ucbon materials for 
roads and parking lots. revIsIons to street 
5~ eepi ng or delcmg pohaes, or pubhc 
educabon programs 

6.3.1.2 Public Streets, Roads, and 
Highways 

Summary of Ree;ulatorv Requirement 

Pubhc streets, roads, and lughways can be 
slgruflcant sources of pllutants In discharges 
from M!% Therefore, proposed management 
programs must mclude a descnpbon of 
pracbces for operabon and mamtenance of 
public streets, roads, and hghways, and 
procedures for reducmg the impact of runoff 
from these areas on recelvmg waters. 

§122%(d)(Z)(iv)(A)(3) IThe appLcahon must 
urclude a] descnphon of practxes for 
operatq and mamtammg pubhc SWHS, 
roads and highways and proxdures for 
reduang the unpact on recelring waters of 
discharges fnxn muruapal storm sewer 
systems, mcludmg pollutants dlxharged as a 
result of deicing actlrlhes 
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Road mamtenance practices, especrally 
snow management and road repair, and traffic 
are signrficant sources of pollutants in storm 
water discharges Measures to reduce the 
poIlutank In storm water runoff from these 
sources should be addressed in the proposed 
management program 

Snow Management 

Deicing Salk are the main source of 
poIlutank in runoff of urban snowmelt 
Municipahhes can reduce these poIIutank by 
cahbrating equipment, educating equipment 
operators, using alternabve deicing matenak, 
and properly stonng detcing materials. As 
altemahves to dercmg salts, the Federal 
Highway Administration is considering many 
matenak that may be less polluting. However, 
most of these deicers contam sodium or 
chloride eons that are harmful to roadstde trees, 
shrubs, and solIs. One deicer, calcium 
magnesium acetate (CMA) may be the best 
ophon for environmentally sensitive areas 
(Chollar, 1990) In salt storage facilities, salt 
piles should be completely covered, storage 
and handling areas should have impervious 
surfaces, and contammated runoff should be 
contiuned 

Road Repair 

Road maintenance and repair actrvrhes may 
contribute pollutants through erosion caused 
by the elrmmation of stabilizing vegetation 
from roadside shoulders and ditches. 
Maintenance crews can de&ease the potential 
for erosion by disturbing only the area under 
repair. Graded areas should aIso be limited m 
size so that repairs can be completed the same 
day and graded areas stabilized by the end of 
the workday. Other measures to reduce 
pollutank in storm water include schedulmg 
potenhal pollutant-causing reparr work during 
dry seasons, when possible 

Muructpal equtpment yards and mainten- 
ance shops that support road maintenance 
acbvlhes can also be significant sources of 
pollutants Therefore, municipalihes should 

consider mstttuhng procedures that address 
spell prevenhon, materh3l management 
practices, and good househeeping 

Traffic 

011 and grease and metals from traffic are 
the pollutank of most concern wrth respect to 
aquahc toxtaty and their ability to “wash off’ 
roadways and enter a MS4 

In almost all instances, the poUutant 
concentrations m initial storm water discharge 
from heavily travelled streets ts sigruhcant 
When the nuual runoff reaches the velocity 
needed to entram parhculates, lughly soluble 
pollutank that have accumulated between 
storms are transported to the storm sewer 
system. Therefore, shortly after a storm event 
begins, the pollutant Ioadmg m the inihal flow 
to a MS4 IS often the greatest 

Pollutants from traffic can be rnmtmized by 
using nonstructural controls (e.g , traffic 
reduction and Improved traffic management), 
structural controls te g , tradrhonal and 
innovahve BlvlPs), and changing maintenance 
activities. Tradthonal structural controls to 
reduce pollutants in road runoff mdude 
vegetated swales, mhltrahon devices and 
detenhon/retenhon basrns Highways often 
afford opporturuhes for using structural 
controls such as detenhon basins on entrance 
or ewt ramps and upstream or downstream of 
culvert crossings (Steward, 1992). SmaIIer 
roads may also have low-cost structuraI control 
opporturuhes available at culvert crossings 
such as vegetated swales Many structural 
controls can also be placed on public or pnvak 
land that is outside the nght-of-way, but still 
may be proximate enough to capture road 
runoff. Any hme controls are placed at culvert 
crossings, potenhaI wetland impacts and 
ins&earn treatment issues need to be 
considered 

Mamtenance act-r\ihes that can reduce 
pollutants in storm water discharges include 
catch basin cleantng, litter control, and targeted 
street sweepmg For muruclpalihes that have 
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developed transportahon plans under theclean 
Air Act, applicants should describe how they 
~111 reklew the plan, and amend it where 
appropnate, to address water quahty concerns 
PotenhaI locahons for instalhng new structural 
controls to reduce pollutank from road and 
hrghway runoff should be ldenhfted by 
applicants. 

6.3.1.3 Flood Management Projects 

Summary of Reeulatorv Requirement 

The tradrhonal focus of storm water 
management in many communities has been 
water quanhty (1 e., flood) control. ‘Ihe 
proposed management program must 
demonstrate that flood management propcts 
take into account the effects on the water 
quality of receivmg water bodies, and the 
program must discuss whether existing 
structural flood control devices can be 
retrohtted to control water quahty. 

§122.26(d#2Mv)(ANTl IThe apphcahon must 
m&de al dexnphon of procedures to assure 
that flood management propas assess the 
unpacts on the water quality of recelvmg 
water bodies and that emshng structural 
flood control derxes have been evaluated to 
detemme If retrofittmg the device to provide 
addlhonal pollutant removal from storm 
water IS feasible 

Opportunities for pollutant reduction 
should be consldered when determining 
specific controls to be proposed as the MEP 
standard m the storm water management 
program. 

Control Measures 

Storm water management devices and 
structures that focus solely on water quantity 
are usually not designed to remove pollutants, 
and may somehmes harm aquahc habitat and 
aeslhehc value>. For example, channels that 
are completely IIned with concrete typically do 

not provide for aquahc habltat and tend to 
increase potenhally erosive veloclhes and 
elevate ambient water temperatures, resulting 
in downstream channel enlargement and 
increased pollutant loadings However, this 
condihon can be mihgated through altemahve 
stablllzahon methods. 

Channel management meZLSures that can 
enhance streams and their ecological values 
include corridor pfeservahon, biological bank 
treatment, and, where necessary, geomorphic 
restoration (Ferguson, 1991). The municipality 
may also install structural devices to dampen 
the hydrauhc energy of the flow and minimize 
downstream erosion. As another example, 
willow saplings could be planted between rrp- 
rap, timbers, and other stabilization structures 
that are anchored into terraces on the side of 
the streambank 

Floodcontrol projects can be built or 
subsequently modlhed to address water 
quantity and water quality concerns. 
Sometimes existing flood control skuctures can 
be retrofitted to provtde water quality benehk 
as well as water quantity control (EPA, 1989b). 
basm retrofits are a common example. For 
such a retroht, dry flood control or detenhon 
basms can be converted to wet basins by 
modifying outlet or-if-ices AddihonaI storage 
can be obtamed by raismg the e!evahon of the 
basin embankment. 

Dry retention basins, or extended dry or 
wet retenhon !xwns can be used to improve 
water quahty. Dry retention basins are not as 
efficient or as effechve in improving water 
quality as extended dry or wet retention basins, 
but dry retenhon basms are generally less 
costly to design and.mamtam. The decision to 
use dry retenhon or extended dry or wet 
retenhon basms should consider all these 
factors. 

@hmaIly, such measures should be 
constdered in the planrung process (drscussed 
previously). However, they can also be 
tmplementecl later In the land development 
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process (e g , slle review or pubhc facihties 
requirements stage) 

If a flood control authonty IS responsible 
for a portion of the I&I, the apphcant should 
take the lead m coordmahng efforts to 
incorporate pollutant reduction considerations 
in flood control pro@s EPA recommends the 
use of Memoranda of Agreement and 
Memoranda of Understandlhg to clarify roles 
and responsibihhes between two or more 
political entihes. 

6.3.1.4 Municipal Waste Facilities 

Applicants must describe programs that 
identify measures to monitor and reduce 
pollutants m storm water discharges from 
faalmes that handle muruapal waste, including 
sewage sludge. 

§lZZ.26(d)(Z)(iv)(A)(n [The apphcahon must 
mclude a] descnptlon of a program to 
momlor pollutam~ in runoft From operahng 
or closed munlapal landfills or other 
treatment, storage or dlspobal taclhhes for 
mumclpal waste which shall Identlf) 
pnonhe* and procedures for mspectlons and 
establlshmg and Implementing control 
measure? for such dwharlrge- 

The first step IS to ldenhfy faahhes thal 
handle muruclpal waste and summarize their 
operahons The type> of faclhhes that should 
be Included are 

l Achve or closed mumclpal waste 
landfIll?, 

l Pubhcl~ owned heatment works, 
mcludlng water and wastewa ter 
treatment plants, 

l lncmerators, 

l Land appllcahon sites, 

. Uncontrolled sarutary landfills, 

l Maintenance and storage yards for 
waste transportahon fleets and 
equipment, 

l Sites for disposing or treating sludge 
from municipal treatment works; and 

l Other treatment, storage, or dqxxal 
facihbes for muruapal waste. 

Applicants may combine tlus part of the 
proposed management program with the 
program established under 5122 26(d)(2)(lv)(C), 
which sets standards for monitoring and 
controlling pollutants from smular types of 
solid waste facilities (e.g , those with hazardous 
wastes, or subject to the requirements of SARA 
Title Ill-Section 313 of the Emergency 
Protecbon and Community Right-to-Know 
Act). Momtonng should Include all the 
parameters listed m 5122 26(d)(2)(lv)(C) and 
any addhonal parameters listed m an effluent 
gudelme. Procedures to evaluate, inspect, 
monitor, and estabhsh control measures for 
muniapal waste sites over the term of the 
NPDES permit should be described For 
example, after one year of momtormg each 
waste handling faclhty category listed above, 
the murucipahty may have collected enough 
data to decide which faclhhes or types of 
facihties should receive a hgher prionv for 
pollutant &u&on More attention could then 
be focused on the lugh-pnonty sites 

6.3.1.5 Pesticides, Herbicides, and 
Fertilizers 

The proposed management program must 
include a descnphon of procedures to reduce 
the contribuhon of pollutants associated wth 

pesbades, herblades, and ferhlizers discharged 
to the MS4. 

l hluruclpal sollil waste transfer facilihes 
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5122 Zb(dNZNlvNAM6) IThe apphcanon must 
mclude a] descnphon of a program to reduce 
to the maumum extent prachcable, pollutants 
m discharges from munxlpal separate storm 
sewers associated with the appbcahon of 
peshades, herblrides and fetilluer whch will 
Include, as appropnate, controls such as 
educahona! achvWes. pemuts, cerhfxahons 
and other measures for commercial 
appbcators and dlstnbutors, and controls for 
appkatlon m pubhc nghtof-ways and at 
mumapal facikes 

The proposed program should include 
educahonal measures for the pubhc and 
commerrial apphcators, and should include 
mtegrated pest management measures that rely 
on non-chenucal soluhons to pest control. The 
program should also describe how educational 
matenals will be developed and dlstnbuted 
Apphcants are encouraged to consider 
pro\ldlng informahon for the collechon and 
proper disposal of unused pestlades, 
herblcldes, and ferhhzers, or to establish their 
own pgram An eitecbve and safe program 
would Include 

l Development of an inventory of 
products that may be accepted under 
the program, and collechon of the 
Matena! Safety Data Sheets (WiDSs) for 
these products, 

l Idenbflcahon of transportahon, storage, 
and disposal requirements, 

l A shelf-life program to dlspse of 
expired products, 

l App!Kator tranlng or cerhhcahon (the 
pretreatment program may be helpful 
as a source of industry-specdlc 
lnformahon or as a model approach for 
obtammg and trackmg mformahon on 
chemical applicators and dlstnbutors), 
and 

l Sateh’ trairung 

Any cerhhcahon/trarnu\g program for the 
collmon and disposal of pesticides, herblcldes, 
and ferhhzers must be In comphance with 
Federal, State, and local laws such as the 
Resource Conservahon and Recovery Act, the 
Federal Insechade, Fungicide, and Rodenhclde 
Act, the Department of Transportahon’s 
hazardous matenals regulations, and State and 
local ordmances. 

In addition, apphcants must include a 
discussion of controls for the application of 
pesticides, herbicides, and fertilizers in public- 
rights*f-way and at munxipal facilities 
PIanting low-maintenance vegetation, such as 
perenrd ground covers, reduces pesticide and 
herbicide use. Native vegetation is often 
preferable because there IS less need to apply 
ferbhzers and herblcldes, and to perform other 
forms of maintenance, such as mowmg 
(Homer, 1988). 

If herbicides are used, a herbiade-use plan 
must be proposed as part of the storm water 
management program The plan might 
include 

. A list of selected herbicides and their 
speak uses, 

l Informahon about the formulahons of 
various products, mcludmg how to 
recognize the chemical conshtuents 
from the label, and dirtions and 
precduhons for appkators that explain 
if products should be diluted, mixed, or 
only used alone, 

l Apphcahon methods and eshmated 
quantlhes to be used, 

l Equipment use and maintenance, 

l Trammg in safe use, storage, and 
disposal of pesticides (safet) 
reqwemenls for mdlwdual products 
are listed on ‘be products’ hGDSs), 

l Inspechon and monltonng procedures, 
and 
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l Recordkeepmg and pubhc nobce 
prc)iedure> 

6.3.2 Construction Sites 

As speclfled m 5122 26(d)(2)(lv)(D), 
apphcants must descnbe propose3 regulatory 
programs to reduce pollutants m storm water 
runoff from construchon sites to the MS4. 

§l22.26(d)(Z)(iv)(D) [The epplicahon must 
include al descripon of a program to 
unplement and mamtam structuml and 
nonstructural best management practices to 
reduce pollutants m storm water runoff from 
constructIon sites to the municipal storm 
sewer system 

This part of the proposed management 
program must address 

l Implementation of BMPs, 

l Procedures for re\lei\lng site plans to 
ensure that they are consistent w~t.h 
local sediment and eroslon control 
plans, 

l Impechon of construcbon sites; and 

. Enforcement measures and educahonal 
activltles for construction site 
developers anJ operators 

EPA encourages mumclpahties to (1) 
coordmate requirements to reduce pollutants In 
construcbon site runoff ~th management 
programs to reduce pollutants from neh 
development, and (2) mamtan, to the degree 
possible, pre-construction hydrologIccondItions 
(Sechon h 3 1 1 I ApphCdnt~ are encouraged to 
de5crl bt these hco propl)sed management 
program compwnb Q&her Implementation 
of l-l-115 program iomponenl \\711 rely on the 
estabhchment and mamtenance of both 
stru;tur;ll anll nomtructural BhVs Ttu 
rtqulremenl extends (~7 all construction achlit)’ 
i\ others thp: munlclpallh 

All construction sites, regardless of size, 
must be addressed by the mutuapaiih To 
be&m to idenbfy these sites, the applicant 
should obtam hsts of construction site 
operators that are covered by general or 
n-tdl\qdual storm water NPDES perrmts from 
the NPDES permithng aulhonty However, 
construction sites not covered by a storm water 
discharge permit also need to be addressed by 
the muniapahty. The best way to identify 
these construction sites and implement an 
efktive BMP program to reduce pollutants m 
their runoff is through the sitepkmmg process 
bee Section 63.21). 

The BMPs envisioned for construction site 
runoff are generally well establlshed 
technologies and prachces They 1-4) 
predommantly on eroslon and stiment 
controls and other measures applicable to 
construction sites (e.g , control of solid wastes, 
and prolubibons on dlschargtng concrete huch 
washing run017 mto storm drams) The 
technologies proposed should be referenced, 
and a descnpbon of when and how the 
controls ~111 be uz4 should be Included 
Muruclpahty-specific techmcal guidance for 
construchon srte operators, such as handbooks 
and mspe&on checklists, are examples of 
sul table reference sources If an applicant 
chooses to develop such handbooks and 
checkhsts, they should be referenced and 
described In the appllcahon 

The major requirement5 of this program 
component Include 

l Site planmng that considers the 
potenhal Impacb on water qualit),, 

l Nonstructural and structural best 
management praL%ces, 

l Procedures that consider phjFslcal site 
characterlstlcs when ldentlf>flng 
priorities for InspectIon and 
enforcement, and 

l Educahonal and tralrung measures for 
construcbon site opera tar> 
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Each of these reqlurements, and the reasons 
that they are important elements of a proposed 
storm water management program, IS described 
In more detail below 

6.3.2.1 Site Planning 

Sediment runoff rates from conshuchon 
sites are typically 10 to 20 fimes greater than 
those of agricultural lands, and 1,000 to 2,000 
times those of forest lands. Over a short 
period, construction sites can contribute more 
sediment to streams than had been deposited 
over several decades Runoff from construchon 
sites can also include other pollutants such as 
phosphorus and mtrogen from fertihzer, 
peshades, petroleum derivahves, construction 
chemicals, and solid wastes 

To address these problems, the proposed 
management program should describe 
procedures for site planrung that consider 
potenhal water quality impacts 

I 5122 26[d)f2)(lvNDNl) (The program for 
construction sites must rndude al descnphon 
of procedure> br site planrung which 
mcorpxate ionxkratlon 01 potenhal water 
quahtv Impacts 

I 

The oblechve 1s for the muruapahty and 
the developer to address storm water 
discharges from construchon ach~ty early in 
the project design process so that polenhal 
water quality impacts can ‘be elimmated or 
mlrumized and consequences to the aquahc 
environment assessed Nonstructural 
approache:, to mirumize the generahon of 
runoft from the construction site w111 also need 
to be considered These measures may Include 
phasing deI*elopment to comclde with seasonal 
dry perlxl>, mlrumlzlng areas that are cleared 
and grad4 to onI\ the porhon of the site that 
IS necessa? for conl;truchon, exposmg areas for 
the briefest penod possible, and stabrllzmg and 
reseeding disturbed areas rapIdly after 
cilrk+truihOn ache It\ IS completed 

It IS often easier and more effechve to 
Incorporate storm water quallb contT& during 
the site plan re\lew process or earlier The 
process typically culmmates with the developer 
of the consh-uchon site submlttmg detalled 
engineenng plans lo the munlclpahty for 
re\lew and approval 

Upon complehon of the site plan review 
stage, the developer and the muniapality have 
invested conslderable tune and money into the 
Proiect If storm water quality issues are 
considered only after significant detailed 
engineenng has gone into the prolect, 
muniapal site reviewers may only address 
minor drainage issues. In recent years, 
however, many muruapahhes have developed 
separate teams of site inspectors to unplement 
erosion and sediment control measures m the 
field. In these municipahhes, site inspectors 
should be part of the site reklew team (if they 
are not already) m order to mcorporate their 
expertise on the appropnate erosion and 
sediment conbols for the given circumstances 

The abobe dIscussIon reinforces the 
Importance of site planmng, as described In the 
sechon on site planning for new dei-elopment 
kchon 6.3 1) In general, the sooner planners 
consider storm water quaho, Issues, the better 
the opportunity for efhclent and effechve 
pollutant reduction In some cases storm water 
issues should be considered rn the conceptual 
stage of planrung (e g , as a planrung or zoning 
funchonl 

Some muruclpahhes include a fmal step In 
the plannmg process that requires a developer 
to pro\lde a far Fester le\-el of design detail 
than earher conceptual design approvals Thus 
step may be required as a condlhon of the final 
approval for certam zorung categones 
hlumclpalihes with such a step m the 
development process can consider potenhal 
storm water quality Issues m deWI at thus 
stage hluruclpahhes that do not currentI>- 
require such detakl plans should consider 
adophng this procedure a5 part of their storm 
water management program 
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6.3.2.2 Nonstruchra! and Structural 
BhiPs for Construction Activities 

-l-h]> component of the proposed 
management program should describe require- 
ments for nonstruclura! and structural BMPs 
that operators of construchon ackilhes that 
discharge to MS-k must meet 

~12226~dM2Miv)(D~(2) [The pmgram for 
constructIon sites must include a] descnption 
of reqaurements for nonstructural and 

structural best management practices 

As indicated above, applicants must 
propose site re\qew and approval procedures 
that addre>s sediment and eroslon controls, 
storm water management, and other 
appropna te measures Approvals should be 
clearly bed to commltment5 to implement 
structural and nonstructural BhlPs dunng the 
construchon FKK”’ Appropriate structural 
and non5truitural control requlrements WI! 
var\ b! prolect Pro!ect type, size, and 
duration, a> me!! as ~011 composltlon, site slope, 
ani! pr0xlrnln to 5erk-lt1\ve receiving waters I\l!l 
determine the apprqxlate structural and non- 
structural Bhlf’s hluruclpallbes should acquire 
the authorlty to require operators to msta!! and 
mamtaln applicable eroslon and sediment 
contra! plans Etilblt 6-z summarizes common 
conXructxx-s!le 6hlPs 

.A dt%rlphfin of the !oia! erosion and 
sedlmcnt control law or ordmance IS needed to 
sah>l\ 11~4 program requrremenl The de- 
scrlphon should Include mfxmahon that InAs 
the enforcement ot the law or ordinance to the 
legal authority ot the applicant, as dIscussed In 
Section 3 01 U-u> manual 

11’1~1’1: mani muruclpallhes have erosion 
and :c,limtInt i~3r~trcJ! ordinances m place, their 
ettecbvent+> 14 otten Ilmlted because they are 
ne” adequately Implemented and enforced 
fI~-~rr~pll - II-I:I~J~I~ :11t fenan; that IS not 
rnallrtalntxl LV emiatec! ~11s that are placed 
d4rri11: con kq? ot the q~lt fencing Therelore, 

construcbon sites covered under NPDES permit 
regulabons must Indicate whether they are In 
compliance with State and local sediment and 
eroslon control plans Site mspect~ons are 
expected to be the pnmary enforcement 
mecharusm by w!uch eroslon and sediment 
controls are mamtamed 

To ensure that developers are m 
compliance with erosIon and sedtment control 
plans, applicants may wish to consider 
expanding the use of performance bonds. Thus 
approach might depart from a tradlbonal site 
bondmg approach For example, the size of 
bonds could be based on the amount of earth 
disturbed, the slope of the site, changes in 
grades, soil type, proximity to surface waters, 
sensitivity of surroundmg area, and other 
relevant factors. In addibon, the bond could 
clearly specify the storm water quality controls 
that must be Included m the development. 
Appropriate maintenance and site cleanup 
could be hed to the bond-release process 

6.3.2 3 Site Inspections and Enforcement 
of Controls For Construction Sites 

Storm water BhlPs associated WI~!-I con- 
struchon a&vibes are highly susceptible to 
damage due to the mtenslb of ach\lbes 
common!y associated wlh construchon Con- 
sequently, mqxctlons are crucial to the 
effechve operation of storm water BhtPs 
Ikrefore, the proposed management progam 
should describe constructlon site mspecbon and 
enforcement procedures The procedures 
should be flexible so that they can be taIlored 
to spec7flc consb-uctlon actlvlhes and physlcal 
charactenshcs of the construchon site 

5122 26(d)(ZNivMD)(3) IThe program for 
construcuon sites musl Include a! descnptlon 
of pro~tiures for Identlfilng pnonhes for 
Inspxtmg sites and etiorcmg control 
meajuPes which consider the nalure ot the 
construction ach\lty, topogaphy, and the 
charadenstlcs of sotis and recelvlng water 
quaht \’ 

RB-AR25932



Exhibit 6-2 
Construction Site Controls 

and Their Applicability 

. 
Control Type 

son-structural (cober) 

lempor~ SCcdrn~ 

mulclung & matune, 

plwc cownng 

ream narural vcgctalron 

buffer zones 

rccdiin & DIanlinn 

I soddmn 

lupwllIng 
Structural-eroslon control 

road slabllznuon 

I I I I 

surface roupherung 

I I 

strui1w~1 ~ncmtud s~abd~za~m-~ 

Structural-sudlmeol reteotlon 

illvr fence 

I 

- - I I 

t- grat 
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Effective inspection and enforcement 
requres adequate staff, systematic inspectzon 
procedures, penal&s tu deter mfracbor~, and 
mterventlon by the muniapal authonty to 
correct vlolahons. Enforcement mechanww 
such as the ability to require additiot’d Storm 
water controls, admmistrative penalties (e.g., 
stop work orders) and injunctive relief (via 
citizen suits) dso must be desaibed. In 
addition, the applxant should describe who 
has the authority to require compliance. 

spreader. The spreader would tislpate ttu 
eroswe veloaty of the runoff and release it Into 
an unbsturkl area beyond the lm~ts of the 
clearing and grading at the toe of the slope. 

Pmposul proceduraI’for hpecthg 
constnrction sites may include mintmum 
frequenciuudmiMpectof6&~ For 
example, the State of Delaware rquhs a 
minimum of one inspection evay two week6 
for sites over SOJIOO square feeL 

The pradmity and sensitwity of. the 
receiving water to whrch the conshuetlon dbe 
dischaqes is UI important consideration. For 
ccmtruftlon situ that discharge to rrcdving 
wabm that do not support their designated use 
or otkr w8ms of spedal co- additlonal 
cons-on dtc controls are probably 
warranted and should be strongly consideraL 
True recdvhg watm are identified in the Part 
1 munidpal NPDES sbnn water pamit 
rppliatron [fl2uscd~<lMiKH. 

6.314 Educational Mearuree for 
conatnlction site Operaton 

The proposed program should also spedfy 
the dnimum number of inspectzxs tit will be 
employed during the permit term ud how 
they will be trained. For example, Wme 
erosion and sediment control programs require 
that certified pnvate inqect~rs be used. In 
such case, p&ures for mspecbor training and 
cerbkabon must also be d-bed. 

co-an dbc opmton ofen nud 
trahhg and education about the sow, 
control, and impads of pollutants in ru&f 
from czommdon sites bee Virginia, 1988). 
7lwE?fore, rpp~cants must duai& examplar 
of informational materials and activities to be 
usd in education programs. 

In formulatmg procedures to Ldenttfy 
priontres for mspecting sites and cnfordng 
conhol measures, appilcana are encouraged tD 
bep early m the process (i.e., at the site 
plannmg stage, as dixussed previously~ and 
continue throughout all gnwnd disturbing 
activities. Once the nature of the constnxtion 
actwty has been estabLished or perhaps 
mo&fied dunng the site plan review proau, 
the physical 51be constramts cM be evalu&d so 
that effectwe controls can be implemented. 

$l22.%tdKl)(ivMDKa. me pgmrn for 
amsmxdm dtm must lndude a] duaiption 
of l ppropnabr ducmond and mining 
masum for awmction mte opmbm. 

For example, if the controt specified in the 
site plan prove to be ineffective, or if chqu 
OCCUI that were rot anhdpated during the 
planrung process, site inspection and 
enforcement mechansms can be required to 
nubgate the potentA for pohtanb to arta a 
downstream MZ4. In this instance, a per&n- 
bamer, such as a temporary diversion dike, 
could be used to divert the concentrated runoff 
to a pqx slope drau~ termmatmg with a level 

hnphlaItauonUld abcement of u-osfon 
and sediment cmmls have hhtorially been 
major problem8 even with many programs that 
may he otherhe aanplary. Therefore, 
technIcal information on how to incorponte 
storm wakr managanmt with erosion and 
sediment control and other BMP training 
cmsea are mxrmmmded for municipal 
employees and atruction stte operators. 
Tmning on the rvarlable altemativa will help 
operators rmognize d correct problems 
promptly. Tools for such training include 
videos, workshops, seminars, and 
demonsbations or field tips 
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An acceptable program must Include a 
trarnlng program, which should be 
supplemented by a certhcabon program for all 
consb-uchon site operators (contractors and 
developers) plan retlewers, and inspectors that 
work on sites that discharge to a MS-I For 
example. one NPDES State has a cerbflcabon 
program based on adequate hamlng and 
mn-umum-competency level teshng of all 
pnvate 1ndlvldual.s mvolved m the preparabon 
and lmpiementabon of erosIon and timent 
control plans 

63.3 Program to Control Pollutants in 
Storm water DisdMrge¶ from wa&e 
Handling Sites and from Industrial 
Facilities 

~lZZ26ddMl)~1v)~CJ IThe appkabon must 
mclude al dexnphon of a program to 
momtor and control pollutants VI storm water 
ddmrges to muruapal systems horn 
muruapal landus. hazardous waste 
treatment, dqosal and recovery faClhheS, 

mdustnal faaLhes that are subpa to SecQon 
313 of Title III ot the Superfund Amendments 
and Reauthonzatlon Act of 1966 C&RA). and 
mdunnal faahhes that the mwtlpal penrut 

I applicant determines dre conmbutmg a 
substdnhdl pollutant loading to the mwapal 
storm sewer system 

The storm water regulations envislon that 
NPDES perm~thng authonbes and muruclpal 
operators ~11 cooperate to develop programs 
to morutor and control pollutants in storm 
water dlscttarges to muruapal systems from 
various sites that handle waste and certam 
JndU5bidl fadlb~ 

Operators responsible for stoonn water 
dlxharges assoaated ~th rndustnal acb\qb 
must obhn h’PDES perrmts from EPA or an 
authonzed WDES State These lndustnal 
storm water pernuts ~11 estabhsh reqrurements 
such as controls, pracbces. and morutonng for 
st~nn lxater discharges from the lndustnal 
taallnti to the h1S4 The rtdustnal storm 

water perrmts wtll also provide a basis for 
enforcement ations &rectly agamst the 
Industrial owner or operator 

NPDES permlts for MS& HrlIl estabhsh 
responslblhbes for muruapal system operators 
to control pollutants from mdustnai storm 
water discharged through their system. 
Proposed storm water management programs 
must address the redution of pollutants m 
storm water discharges from municipal 
landfilb; hazardous waste treatment, storage 
and dsposal faalhes; facilltxs subject to SARA 
Title III; and other pnority industrial facdibes, 
as determined by the applicant. Munidpahhes 
should consider the information gathered for 
the Part 1 appkabon and other parts of the 
Part 2 apphcabon @arbcular~y the Source 
Identihcahon and Charactenzahon Data 
components) when pnontrnng St&m water 
discharges from these sites. In addition, 
Appendix 8 contams a list of pollutants 
commonty assoaated ~rlth various industries. 

In the Part 2 apphcahon, the Source Identi- 
hcabon component (see Secbon 4 of tis 
gudance manual) requves the applicant to 
provide an mventory of pollutant sources, 
orgaruzed by watershed. lhs Inventory 
ldenbhes and descrtbes the ptiucts and 
se~ces of each mdustnal faahty that may 
dlxharge storm water to the MS4. The Sours 
Zffenhficatin component suggests applicants u5e 
standard lndustnal dwrhcabon (SIC) codes for 
&us descnpbon. EPA strongly recommends 
ths mformabon be used to idenbfy priority 
waste handhng sites and mdustnal faahhes. A 
smlar kchmque could be developed for sites 
that do not meet the regulatory defirubon of 
“storm water dtiarge asmated ~rlth 
mdusti acbvlty” 6.e. not included in the 
Source fdenl~/~cat~on and DlschPrgc 
ChPract&han components), but are idenhfied 
as a htgh pnonty under the proposed 
management program. Appkants can obtain 
informanon on how SIC codes are used to 
descnbe the Lndustnal faclllbes located Hrlthm 
then pnsdrcbons from their NPDES perrmttmg 
authontj 
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Charactenzahon data should also be 
evaluated. Apphcank should analyze 
quantitative data from representativeoutfalls to 
establish a monitoring and control program. 

An integral part of this requirement is the 
adequacy of the applicant’s legal authority. If 
a municipality believes that a discharge of 
storm water associated with industrial activity 
violates the industrial facility’s NPDES permit 
limits, but the municipality does not have 
authority over the discharge, the municipality 
should contact the NPDES permitting authority 
for appropriate action. Examples of possible 
actions by the NPDES permitting authority are- 

. For a facility that already has a NPDES 
individual permit, the permit may be 
reopened and further controls imposed, 

l For a faality covered by a NPDES 
general permit, an individual site- 
specific permit apphcahon may be 
required, or 

l For a faahty not covered by a NPDES 
storm water permit, a permit may be 
required 

The munlcipallty IS ultimately responsible 
for discharges from their MS4 Consequently, 
the proposed storm water management 
program should describe how the muruapaltty 
will help EPA and authorized NPDES States 

l Identify pnor~ty industries discharging 
to their systems, 

l Re\lew and evaluate storm water 
pollution prevenhon plans and other 
procedures that industrial faclltues 
must develop under general or 
individual permits; 

l Establish and implement BhlPs to 
reduce pollutants from these mdustnal 
facil thes (or require industry to 
implement them), and 

. Inspect and morutor mdustnal faalitres 
to verify that the rndustries drscharging 
storm water to the muruapal systems 
are m compliance with their NPDES 
storm water permit, if required 

63.3.1 Identifying Priorities 

Proposed management programs must 
clearly identify priority industnal factlitres. 

~l22.26fd)(2)(iv)(c)(l~. IThe apphcant must1 
identify priorities and procedures for 
inspections and establishing and 
implementing control measures for such 

dlscha%es 

This section discusses how applicants might 
identify priority facilities Won 6.3.3.2 
discusses how munkipahhes might develop 
procedures for mspections and tmplementation 
of control measures 

At a mmimum, priority facihhes include: 

l zd;y;g and closed murucipal 
I 

l Hazardous waste treatmenl, disposal or 
recovery fadhhes, and 

l Facihhes sublect to SARA Title III 

Municipalities must idenbfy these and 
other priority industrial facilities and describe 
the criteria used to Identify them For example, 
informabon from the Toxlcs Release Inventory 
is one source a murucipality could use to 
identify industrial faalihes sublect to SARA 
Title Ill. Other sources may include CWA 
Section 205 or 208 use-at-tamability studies, 
other studies that indicate a site-specific 
beneficial use impairment immediately 
downstream of a storm water outfall, or 
records of industnal pretreatment programs or 
other permit programs that tdenhfy facihbes 
that may be the source of a use impairment or 
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a major contrtbubon of pollutants The 
program should also descnbe procedures for 
modllylng the inventory of pnonty lndustnes 
based on additional evaluahon that occurs 
throughout the pet-nut term 

Applicants may lIUtdl}r focus their 
implementabon effort3 on known polluhon 
sources The municipality may have 
previously ldentihed these sources, or they 
may be Idenhfled through existing information 
compiled during the permit application 
P-s However, the initial management 
program implementation strategy should be 
based on information gathered while 
complebng the Adequafr Legal Authority, Source 
Ident+hm, and Discharge Characlerrzahon 
secbons of the pet-nut apphcabon (See Chapters 
3, 4, and 5, respectively J 

During the term of the pernut, as addlhonal 
rnformahon becomes avalable, the muruapaht) 
should target and set pnorlhes for other 
program elements that emerge. For example, if 
the mumclpallb has mcomplete character- 
lzabon data about waste handlmg sites 
ldenhfled m thus program component because 
the Inventor\’ of dischargers to the M!S4 has not 
been completed, the muruapahty could 
propose to direct monltonng programs to those 
area3 Upon acquiring sufficient 
charactenzabon data, the pnonty of the sites 
dlschargmg to these porhons of the MS4 can be 
either determined or modlfled 

As noted above. when Idenhfjlng pnonh 
sites, apphcants must consld>r all the faallhes 
lIsted in 512 76(d1~7)(1~K)(7). When 
munlclpallhes de\-elop cntena for ldenbfymg 
addItIona prionh lndustnal facdlhes, they are 
adilseJ to consider, at a mmImuma 

l The I)p of Industrial ach\lty (SIC 
co& can help charactenze the type of 
industrial acb\iQ*), 

l The use and management of chemicals 
or rd\\ products at the facility and the 
1Ihellh~od that storm water drscharge 
tram the 51 te WIII be contammated; and 

l The size and locahon of the facility m 
relahon to sensitive watersheds 

6.3.3.2 Developing Procedures 

This program component should descnbe 
the speclhc steps that the muruclpallty ~111 take 
if it identifies a waste handling site or pnonty 
industrial facWy when preparing the Part 2 
application or during the permit term 
f§122~(d)(2)(lv)(C)(I), prmted in the box 
above]. The proposed management program 
must include procedures for rnspechng prionty 
industrial sites. The results of inspechon may 
be used as a basis for requinng storm water 
management controls and enhanced pollution 
prevention measures. It should also estabhsh 
an inspechon schedule for each pnority facility 
at the hme 11 IS rdenhhed 

Applicants may want to consider 
establishing pnor nohticahon procedures The 
applicant will need to evaluate the legal 
authority it has over pnonty facihhes to 
determine if prior nobhcahon is requued This 

IS another example of how EPA expects the 
different components of the appllcahon process 
to be lmked In thus instance, the Adequate 
Legal Authonty se&on IS bed directly to the 
prior nohhcatlon procedure of the mspecbon 
and evaluabon component of the proposed 
management plan 

Apphcants also should consider developing 
mspecbon documents such as standard forms 
or checklists for recording observations Forms 
and checkhsts can be used to Idenhb lugh risk 
areas of pnoritl facdihes and to make 
comparisons among sites When character- 
lzahon data or baseline esbmates are factored 
into the evaluabon process, the effecbveness of 
polluhon prevenhon achvlbes at a parhcular 
site could be quantified and compared to 
similar sites Other procedures thal applicants 
should describe to effectively Incorporate 
mspections as well as establish and Implement 
control measures for these types of drscharges 
can be derived from momtormg data 
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Apphcank. also should descnbe a 
procedure for cond uctlng follow-up 
mspecbons, where necessary, as part of this 
program component For example, follow-up 
mspectiom might be needed to verify the 
installation of a specific conbol or 
implementation of a pracbce specified in a 
negotiated agreement between the murucipaht) 
and the industnal site A system-wide 
approach to establishing priorihes for 
inspecbon procedures IS recommended. The 
system-wde approach should begin with the 
evaluation of exlsbng information, followed by 
the idenhflcabon and evaluation of new 
informabon dunng the permit term. Therefore, 
apphcants should lmk these procedures with 
information from the SOWCP Identificafiun and 
Discharge Chamkrr=afron components 

6.3.3.3 Establishing and Implementing 
Controls 

A mumclpallty must corwder if It should 
place more strmgent controls on discharges 
associated with mdushal achvlh’ than are 
rtlqwred in an mciusbIa1 faclh+s ewshng 
NPDES storm water permit I$122 26(d)(2)(lv) 
(011 prInted In bo\ above1 Usually, the 
mumclpahty ~111 not need to impose controls 
beyond those required In the mdustnal 
faclht!‘s NPDES storm water permit (for more 
informabon on appropriate controls, refer to 
Sform Ll.htt-r hlunapnent for fndusfrial Acliortles. 
Drwlqm~ Poll~rlr~~l Prewntm Plans and BcsC 
hl~~na~mcv~t Practrces, EPA 832-R-92-006, 
Seplember. l%C) 

Hwt’ver, nothing In the Federal 
regulatmn5 would prohrblt the muruclpallQ 
from requlnng addItional controls beyond the 
permit requirements for industnal achvlbes 
For th15 reason, EPA recommends that 
municipal applicants Incorporate a pro\uion in 
the F’“pWd storm water management 
prcjgrarn that allot\ s the municlpallty to require 
prltirlt\ induytrl.71 lacIlihe> to implement the 
controls nrlcessdr\’ for the muruclpahty to meet 
II- prmlt re~p0n51;-lbillhes 

Finally, the apphcant should suggest 
procedures for rqurnng pollutant control 
measures in runoff from pnonty lndushlal 
faclli ties Applicants should provide 
mformabon to the mdustnal facihbes that 
discharge to the MS4s and industry-speclhc 
guidance on appropriate control measures that 
Industries discharging to their systems should 
follow WDOE, 1991). 

Priority industnal facilities should focus on 
controlling activities such as the use, storage, 
and handlmg of toxic chemicals Standard 
methods for implementmg control measures at 
different @es of facilities should be desuibed 
To facilttate thus, muniapalities should obtain 
copies of the poUuhon prevenhon plans 
developed by industrial permit&es Control 
measures that the municipality may suggest 
include preventing exposure of pollutant 
sources to precipitahon, on-s] te pretreatment, 
and oil/water separators Applicants should 
proMde a schedule for sethng up this program 
component at pnonty industnal facllihes. The 
schedule shuuld include educahonal semlcei 
for mdustnal site operators and techrucal BhW 
guidance, training courses, videos, workshops, 
and seminars for plan reviewers, lwpectors, 
contractors, and developers 

6.3.3.4 Inspection and Monitoring 

The proposed management program should 
descnbe the mspecbon procedures that ~1111 be 
follorW.?d Storm water inspections can be 
coupled with inspechons for other purp05es 

(e.g., pretreatment programs, fire and safety) 
Proposed management programs should 
address mnumum frequent) for rouhne 
IIISpKhOlIS. For example, how often, hart 
much of the site, and how long an lnspcbon 
may take are appropriate to explam in ths 
proposed management program component 
Applicants should also describe procedures for 
conduchng inspecbon5 and pro\Tde an 
mspectof s checklIst 

In addltlon these InspectIon procedures 
should Idenbti the mmlmum number of 
Inspectors that ~1111 be employed and descTlbe 
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the programs to tram them For example, zf the 
number of inspectors IS expected to increase 
over the term of the permit, It should be noted 
in the proposed management program. Also, 
If storm water mspechons are combmed with 
other program inspect-ons, means of cross- 
trammg mspectors and coordinating schedules 
should be outhned 

Mumctpahbes are urged to evaluate 
pollution prevention plans and discharge 
monitoring data collected by the industrial 
facility to ensure that the facility is in 
compliance ~nth its NPDES storm water 
permit Sl te inspections should include (1) an 
evaluation of the pollution prevention plan and 
any other pertment documents, and (2) an on- 
site visual ins-on of the facility to evaluate 
the potential for discharges of contaminated 
storm water from the site and to assess the 
effechveness of the pollution prevention plan. 
A muruclpaltty could begm the inspechon 
process with information from the facilivs 
nohhcahon to the muntclpahty, which should 
have been submitted by May 15, 1991. 
Industnal faahhes must also submit an 
Indlvldual NPDES permit apphcatton, 
parbcipate in a group storm water permit 
apphcation, or file a Notice of Intent (NOI) to 
be covered by a general permit to the NPDES 
permiltmg authorih Se&on 308 of the CWA 
pro\rldes the legal authonh, for any indvidual 
(tncludlng a mumctpahty) toobbn Information 
from the NPDES permitting authority 

The proposed management program also 
must Include a descnpbon of a morutormg 
program for storm water discharges associated 
itlth tnductrlal factlthes 1~1zt26Cd)C2)Clv>COCZ)I 

The momtormg program should descnbe 
the frameworh and rabonale for selectmg 
morutonng sites Sites that may be appropriate 
for morulormg include locahons wrth several 
upstream mdustnal faclltttes, mdustnal 
facilities that are representative of a significant 
number of slmtlar facilities, and pnonty 
industrial sites \\lth sigruflcant potenhal for 
hl;+ level> of pJlutanb m their storm water 
dl>charges The decrtphon of the proposed 

~12226(d)(2)~ivM3U) [The apphcahon must 
describe] a morutonng pqram for stem 
water dlschqes assoaated Hoth the 
mdustnal faahhes identied m paragraph 
(d)(PWK~ of tb section, to be 
implemented dunng the term of the perrrut, 
including the submission of qualrtahVe data 
on the following conshtuents any pollutants 
limited in efnuent gwdelmes subcategxmes, 
where appbcable; any phtant bsted m an 
existiqWDESpernutfora~ty;oiland 
g=-e COD, pY BOD, Tss, total 
phosphorus, total Kpldahl nitrogen, nitrate 
plus r&rite nkogen, and any information on 
dkhargesrequimdunder4OCFR 
12221@VXii) and (iv). 

monitoring program should address how the 
monitoring data Hrlll be used ancj’what the 
frequency of the monitoring will be. 

Identifying who will actually conduct the 
morutonng (e g , industry or munictpalrty) IS 
appropnate to include m the program 
descnpbon. Linkmg tlus element of the 
monitonng program to the Adequate Legal 
Authority secbon of the permit app!lcation IS 
vital The legal authonty to require monitoring 
should prescribe the specific monitoring 
protocols requued elsewhere III the regulation 
Is122 26(d)(2)(t)01. Appltcants should describe 
proposed procedures for monitoring industnal 
faalthes, mcludmg methods for determinmg 
parameters to be sampled throughout the term 
of the permit At a minimum, parameters that 
must be considered for monitoring include 

l Any pollutant limited in effluent 
limitations gutdellnes for the 
subcategory of Industry; 

l Any pollutant that IS controlled m a 
NPDES permit for the process 
discharge from an mdustnal site, 

l 011 and grease, COD, pH, BOD, TSS, 
total phosphorus, total Kleldahl 
mtrogen, nitrate plus Write mtrogen; 
and 
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l Certain pollutant(s) known or 

suspected to be m the drscharge. based 
on 512221tg)(7)(111) and (IV) &cbOn 

5 3). 

II a murucrpahty belteves cbased on the 
results of morutormg and mspect~ons) that an 
mdustrtal facrhty ts not meebng its NPDES 
pernut requrrements, the muruapalq should 
pebhon the NPDES author@ to ather requrre 
the faalrty to change ik pollution prevenhon 
plan or institute an enforcement action. 
hhnkipahties may aho file amen smk under 
CWA *on 505 to enforce the condrhons of 
the NPDES per-nut. 

6.4 STRUCTURAL CONTROLS 

6.41 Description of Structural Controls 

Applicants are requued to tdenttfy the 
locauon of major structural controls for storm 
water (retenhon basms, detentton basms, major 
mfiltrahon devrces, etc) m Part 1 of the 
apphcahon 15122 26(d)(l )(m)(B)(5)1 In Part 2, 
apphcants must descrrbe adhbonal controls 
that thev plan to rmplement 15122 26(d)f2)(tv)] 
The controls must address the acbvlhes 
described m %cbOn 63 In addthon, the 
applrcan t must describe mamtenance 
procedures I5122 26(d)(2)(tv)(A)(I),d~ in 
Sectron 6 4 21 Later, when the muruapahty 
submtts its annual report, it wrll have to report 
on lk progress In Implemenbng these controls 
[§122 42(c)(l), dtscussed m Sechon 7.3 of tlus 
gurdancel 

The mamx m Exlubrt 63 prolldes 
mformatlon on commonly used structural and 
source control BMPs. Structural practxes to 
control urban storm water runoff rely on three 
basic mechamsms detention, infiltration, and 
filtration More detarled techrucal tnformahon 
about source controls (paacularly tn the 

selecbon of sbuctural BhlPs) ts avarlable in the 
techrucal Bhtl’ manuals fi~CoC, 1991, 
Schueler, 1987, WDOE 1991; and EPA 199Oc) 
The followmg summary of structural and 
source control BMPs draws extenstvely from 
those manuals 

Applicants should note that CWA Sectron 
404 permits may be requued for some 
structural controls, includmg any conbol 
projeck that Involve the drscharge of dredged 
or fill material tnto waters of the United States, 
including wetiands. States may al50 require 
permik that address water quality and 
quanhty. To the extent posstble, muniapahties 
should avotd locahng stnrctural controls in 
natural wetlands. Before consrdering siting of 
controls m a natural wetland, the muniapalrty 
should demonstrate that rt IS not possible or 
prachcable to constnxt them in sites that do 
not contam naturaI wetlands, and that the use 
of other nonstnxtural or source controls m 
not pracbcable or as effecbve. In addition, 
impack to wetlands should be mnuznlzed by 
tdenhfymg those wetlands that are severely 
degraded or that depend on runoff as the 
pnmary water source. Moreover, natural 
wetlands should only be used m conJunctton 
wtth other pracbces, so that the wetiand serves 
a “final polishmg” functron (usually targebng 

reducbon of pnmary nutnenk and sedtmenk). 
Finally, prachces should be used that settle 
sohds, regulate flow, and remove contammank 
prior to dkchargtng storm water tnto a 
wetland 

Another concern for sitmg controls IS the 
possible adverse effect that tnfiltrabon and 
detenbon controls may have on ground water. 
7Ius Issue IS addressed tn more detarl m 
Section 7.2.3 

621 

RB-AR25940



Exhibit 6-3 
Struchrral Controls Matrix 

MAINTFNANCE ADVANTAGES DISADVANTAGES 

l Pcnod~c mowing 
l Regular debris removal 
l Sediment remrlval annually 

l l’owblc to prowde ~KXI parhcula7tcs removal 
l Can serve large development 
l Requires less capital cost and land area when 

compared to wet basm 
l Does not usually release warmed or oxygen- 

depleted water downstream 
l Protects against downstream channel eroslon 
l Can umte valuable wetland and meadow habitat 

4 Generally not feasible for dramage areas less 
than 10 acres 

l If not adequately maintamed, can become a 
nuisance; (becomes unsightly, breeds mosquitos. 
and creahzs undesirable odors) 

l Periodic mowing and maintenance can be 
detrimental to nesting birds or other animals 
inhabiting the are8 

l Inspechon 
l Ferhhzer use rf necessary to 

malntam stable vegetation 

l Can be used as e runoff conveyance 

where nmoff veloaty is low to moderate 
. Enhances urban wildhfe habitat diversity 
. EconomIcal 

t removal hlghJy vanable 
ty in highly urbanized areas 

where nmoff velodties are high and flow is 
concentrated 

l Requires pehdic repair, regrading, and 
sediment removal to prevent charm&z&ion 

l Maintenance can be detrimental to neshng birds 

to higher nutrient loadings 

. Pcnodlc mowmg 
l Fertlhzer use If necessary to 

maintain stable vegetahon 

l Require mammal land area 
l Can be used as part of the runoff conveyance 

system to provide pretreatment 
l Can provide sufhaent runoff control to replace 

curb and gutter m srnglefamily resldenhal 
subdrvisions and on hlghway medians 

l Economical and aesthehcally pleasmg 

l Fertilizer use can lead to higher nutnennt Ioadmgs 
in storm water runoff 
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Exhibit 6-3 kontinued) 
Structural Controls Matrix 

CONTROL AND 
MAINTENANCE ADVANTAGES D~ADVANTAG~~~ 
REQUIREMENTS 

Forous Favement l l’rowdes ground water recharge l Requires regular maintenance 
l Prowdes water quality control wIthout addlhonal l Possible risks of ground wakr contaminahon 

l Rouhne removal of fme ccmsumphon of land l Only feasible where soil is permeable, of 
parhrles from Furface l Can provide peak flow control sufficient depth to bedrock and water table, and 

l High removal rates for sediment, nutnents, organtc gentle slopes are present 
l May need waght hmlt of matter, and h-ace metals l Not suitable for areas with )ugh traffic volume or 

haffic imposed for protection l When operating properly can replicate pre- heavy vehicles 
development hydrologc conditions l Need extensive feasibility t&s, inspections, and 

l Ehmrnates the need for storm water drainage, very high level of construchon workmanshp 
conveyance, and treatment systems off-site l High failure rate due to clogging 

l Not suilable to serve large offsite pervious areas 
l Lunited use in snowy donates where sandmg 

and salting opaations occur 

Concrete Grid Pavement 

l Pmcdic mowing, if planted 

l Provides peak flow control l Requiresregularmaintenance 
l Provides ground water recharge l Not suitable for area with high traffic volume 
l Provides water quality control without addlhonal l Possible risk of contaminating ground water 

consumption of land l Only feasible whae soil is permeable, of 
sdfident depth to bedrock and water table, and 
gentle slopes are present 

Filtration Basin 

l Penod~c vacuummg and 
power washmg 

l AbWy to accommodate moderately large-sized l Requires pretreatment of storm water through 
development G-80 acres) sedimentation to prevent filter media from 

l Flexlbllity to provide or not provide ground water premahue dogging 
recharge 

l Can provide peak volume control 
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Exhibit 6-3 (continued) 
Struchual Controls Matrix 

MAlNTENANCE! ADVANTAGES bEt3ADVANTAGES 

l Can serve large developments; most effecnve for 
9 Penod~c dredging, preferahly large, mtenslvely developed sites l Potential for safety and liability issues if not 

from forebay area, if l Etihances species diversity, aesthehcs, and provides properly built and maint&ned 
prnperly designed recreahonal benehk . If not adequately maintained, can become a 

l Little ground water discharge nuisance; (becomes unsightly, breeds mosquitos, 
l Mowing of Impoundment to l Permanent pool In wet ponds helps prevent scour and creates undesirable odors) 

prevent successional growth and resuspension of sediments l Requires considerable space, which limits use in 
l Provides moderate to kgh removal of both densely urban&d areas with expensive land and 

parhculate and soluble pollutants 

“B= (SC5 dassification) 
l Potential for themal discharge and oxygen 

Extended Detention Wet Bastn l Provtdes peak flow control l Not feasible for drainage area less than 10 acres 
. Can serve large developments; most effective for l Potential for sufe!ty and liability issues If not 

l Penodic dredging of large, mtenmvely developed sites properly built and maintaIned 
sedtment forebay l Enhances specter dtversrty, aesthencs, and provides l If not adequately maintained, can become a 

tPCreahOM1 benefits nuisance; (becomes unsightly, breeds mosquttoes, 
l Permanent pool in wet ponds helps prevent scour and a-e&es undesfrable odors) 

and resuspension of sediments l Requires considerable space, which limits use in 
l Provides better nutrient removal than traditional densely urbanized areas with expensive land and 

. Not suitable for hydrologic soil groups “A” and 
“6” 6CS dassffication) 

l Potential for thermal discharge and oxygen 

I 

depletion, which may severely impact 

I downstream aquatic life 

Sources Modlfkd from MWCOC, 1991, Sdrueler 1987, and WDOE, 1991 
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6.4.1.1 Detention Controls 

Detenbon controls temporarily store storm 
water runoff to control peak runoff rates and 
provide a reduction m pollutant concentrations 
by thegravltahonal setihng of suspended sohds 
and associated contammants Except for 
incldental losses due to evaporahon or 
percolation, essentially all the detamed water is 
subsequently discharged to a surface water 
conveyance (e.g., a stream or M!X The most 
common examples of detention practices are 
extended detention basins and wet (retention) 
basins 

Variations on these basic detention controls 
include consbucted storm water wetlands and 
mul bple pond systems These types of controls 
also rely on detalnmg flows Qeadmg to 
sedlmentahon) as the pnmary means of 
pollutant removal Recent investigations 
suggest that wetlands vegetation wthm a 
detenbon control can also reduce nutrient loads 
and certam other pollutants by mcorporatmg 
them mto plant hssue 

If properlv deslgned, detention controls can 
protect downstream channels by reducmg the 
frequency 01 banMull flood events and 
associated erosion Reduchon In velocity and 
sediment load IS also Important for mimmlzmg 
the adverse Impacts of discharges to MS4s 
Detenhon faclhhes also can provide terrestnal 
and aquatic wrlldhfe hahltat if they are 
landscaped and planted appropnately 

When consldermg detenhon cxmtrols, the 
munlilpallt\~ should comlder the potential 
negah\e errects of downstream warmmg that 
may be caused by the shallowness of the water 
In the control The municlpahty should also 
consider negative impacts of detenhon controls, 
such as reduced baseflow; bacterlal 
contammahon due to waterfowl, and potential 
ImpaiL to i~7ldllfe from concentrated 
contaminanti, waterfowl diseases, and 
maintenance prachces Safety and hablhty 
Issues and nuisance factors, such as mosquitoes 
and odor, all should be corwdered. Settmg 
detenhon controls In sensihve floodplau or In 

exlshng wetlands should generally be avoided. 
The floodmg effect of Impounding and 
detauung water IS a particular concern if the 
upstream watershed drams more than 250 
acres, because the volume of runoff and 
requued detention hmes can cause inundation 
of upstream channels to occur. 

Detention controls incorporating multiple 
pond systems and/or constructed storm water 
wetlands also treat runoff through the 
processes of absorption, filtration, biological 
uptake, volatihzation, precipitation, and 
microbial decomposition. Recent investigations 
by the Metropohtan Washington Council of 
Governments suggest that mulhple pond 
systems, in war, have sh6ti potential to 
provide hgher and more consistent levels of 
treatment than traditional detention controls 
The redundancy afforded by the multiple pond 
system generally increases the rehablllty of the 
control. However, the potenhal concerns and 
drawbacks affecbng retenhon basms also apply 
to these systems Many of these systems are 
currently bemg designed to include vegetative 
buffers and deep water areas to enhance 
mldhfe habitat and to Improve the appearance 
of the facility If a mutucipahty selects one of 
these more innovahve designs, It should 
recogruze that pertodlc maintenance is 
necessary The effectweness of these conhols, 
like most controls, depends on proper 
operation, mamtenance, and monitoring of the 
enhre sys tern 

Wet (Retention) Basins 

Wet (retenbon) basms are designed to 
mamtam a permanent pool of water and 
temporarily store storm water runoff unhl it is 
released at a controlled rate Unhke extended 
detention ponds, wet basins cannot detam 
runoff for long hmes, because most of their 
storage capaaty IS needed for holdmg the 
permanent pool Enhanced designs Include a 
forebay to trap mcommg sediment where it can 
be easily removed A fringe wetland also can 
be estabhshed around the pnmeter of the 
basin Slmtiar to detenhon controls, locating 
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retenhon basins in sensitive floodplains or 
exishng wetlands should be avolded If possible 

Extended Detention Basins 

Extended detention basins temporarily 
detain a portion of storm water runoff for 24 to 
48 hours after a storm, gradually releasing the 
stored water through a fixed opening lo allow 
urban pollutants to settle out The basins 
normally return to a “dv condition between 
storm events and do not have any permanent 
standing water. These basins are typically 
composed of two stages: an upper stage, which 
remains dry except during larger storms, and a 
lower stage, which is designed for typical 
storms. Pollutant removal from extended 
detenbon basins can be enhanced if they are 
equipped with plunge pools near the inlet, a 
mIcropool at the outlet, and an adjustable 
reverse-sloped pope as the extended detention 
control device. 

Water Quahtv Inlets 

Water quahty inlets (also referred to as 
catch basins) are small underground systems 
that, like retenhon basins, rely on settling to 
remove pollutants before discharging water to 
the MS4 Several designs of water quality 
Inlets exist. In their simplest form, catch basins 
are single-chambered storm water inlets with 
the bottom lowered to provide 2 to 4 feet of 
addlhonal space between the outlet pipe and 
the bottom of the structure for collection of 
trash and sediment. Some water quality mlets 
include a second chamber blth a sand filter to 
provide addthonal removal by hltrahon The 
first chamber provides effechve removal of 
coarse par&les and helps prevent premature 
cloggmg of the filter media. 

Water quality inlets may Include an oil/gnt 
separator. There are 3 basic types of oll/gnt 
separators the spill control EC), the coalescing 
plate mterceptor (CPI), and a design credited to 
the Amencan Petroleum Institute (API). Most 
of the 011 /gnt separators that are promoted for 
use m reducmg hydrocarbon loads in storm 
bx’afer are a modlhcahon of the API design, 

although there are appropriate apphcations for 
all three separator designs. Oil/grit separators 
based on the API design consist of three 
chambers. The first chamber removes coarse 
material and debris. The second chamber 
provides separation of oil, grease, and gasoline 
from the storm water runoff; and the third 
chamber provides a safety rehef should a 
blockage occur. 

Recent experiences have shown that, 
because of thelr volume limitations, oil/grit 
separators have limited pollutant removal 
effectiveness. They are perhaps the best 
example of a structural control that is only 
eHective with frequent maintenance. Proper 
disposal of the standing water, trapped 
sediments, and floating hydrocarbons are 
problems in the few locations that have been 
studied. 

Constructed Storm Water Wetlands 

Constructed storm water wetlands are a 
hybrid, drawing on elements of detention and 
retenhon basms. Conshwted storm water 
wetlands are shallow pools and are often 
designed to simulate the pollutant removal 
functions of natural wetlands. El-lhaINXd 
designs may include a sediment forebay, 
carefully contoured topography, and multiple 
species of wetland plants. Constructed storm 
water wetlands, while a promising technology 
for pollutant removal from storm water, may 
not replicate all the ecological functions of 
natural wetlands. 

6.4.1.2 Infiltration Controls 

Infiltration controls rely chiefly on 
absorption to treat storm water discharges. ln 
the ideal case, storm water percolates through 
a porous medium and into native soils where 
filtrahon and biological achon remove 
pollutants Typical controls of this type include 
infiltrahon trenches, infiltration basins, filtrahon 
basins, porous pavement, and concrete or block 
pavers. Systems that rely on soil absorption 
work best in deep, highly permeable soils that 
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are at least four feet away from the seasonal 
ground-water table. 

The Sal Conservation Service (SC9 
classihes soils into four major soil groups A-D. 
The soil groups are as follows: 

Croup A: Sand, loamy sand 
Group B: Sandy loam, loam 
Group C: Silt loam, sandy clay loam 
Group D: Clay loam, silty clay loam, sandy 

clay, silty clay, and clay 

Soils in Group A provide the highest 
infiltration rate while soils in Group D provide 
the lowest Suitable soils for ititration-type 
controls typically fall in soil groups A and 8. 
Other types of soils may be suitable, provided, 
the clay content does not exceed 30 percent 
(clay has very low hydrauk conductivityY). 
The clay content of sol1 may be determined 
from the !XS so11 textural triangle, which can 
be found in many civil engineermg references 
texts 

If suitable soils are available, the 
widespread use of mfrhrahon m a watershed 
can k useful m helpmg to mamtam, restore, or 
repkate predevelopment hydrology. Specihc 
benefits of InfIltration often Include increased 
dry-weather baseflow m streams and a 
reduction in the frequency of bankfull floods. 
However, mftltrahon systems are not 
recommended unless soil conditions warrant. 
Also, mhltrahon should not be used where 
ground water requires protectron. For 
example, the use of mfrltration-type controls 
may not be appropriate in areas that recharge 
sole source aquifers. 

lnflkrahon Basms 

Infiltrahon basins are areas that intercept 
incoming stann water runoff and temporanly 
sttire it until it gradually mflltrates mto the sod 

surrounding the basin. lnflltration basins 
should be designed to control dramage areas 
ranging from about 5 to 50 acres. They also 
should dram ilt.lun 4-51 to 72 hours to mamtaln 
aerotx condlhcxs favonng bacteria that aid in 

pollutant removal, and to ensure that the basin 
is ready to receive the next storm The runoff 
entering the basin IS usually pretreated to 
remove coarse sediment that may clog the 
surface soil pores on the basin floor. 
Concentrated runoff may flow through a 
sediment trap or by sheet flow (vegetahve filter 
strip). 

Infiltration Tnznches 

infiltration trenches are shallow (e.g., 2 to 
10 feet deep) excavated ditches or vaults that 
have been badcfilled with a coarse stone 
aggregate. The aggregate forms an under- 
ground reservoir that has approximately 40 
percent void space. Storm water runoff 
diverted into the trench gradually infiltrates 
from the bottom of the trench into the subsoil 
and eventually into the ground water. 
Variations in the design of infiltration trenches 
include dry wells and percolation pits that are 
designed to control small volumes of runoff, 
such as the runoff from a rooftop A more 
complex variation is the enhanced mfrltrauon 
trench, which is equipped with filter fabric or 
a more extensive pretreatment system to 
remove sediment and OIL Dependmg on the 
quality of the runoff, pretreatment may be 
necessary to lower the failure rate of the trench. 
Infiltrahon trenches are generally best suited 
for drainage areas of less than 10 acres They 
are particularly applicable for use on residential 
lots, small commercial areas, down slope from 
parking lots, and under dramage swaks. 

Grassed Swales 

A grassed swale is an intiltrahon method 
that is usually used as a form of pretreatment 
before dischargmg runoff to another storm 
water control device (e.g., a delenhon basin) 
However, the grassed swale itself IS a control 
that can remove significant amounts of 
pollutants through sediment entramment A 
grassed swale is a shallow, vegetated, man- 
made ditch with the bottom elevahon above 
the water table to allow runoff to mfrltrate into 
the ground water. The vegetahon helps to 
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prevent erosion, filters sedunent, and allows for 
some uptake of nutrients. 

Porous Pavement 

Porous pavement, which is basically 
tradlhonal asphalt aggregate without the hne 
particles, rs an alternative to conventional 
pavement. Proper design and application of 
this control can reduce or eliminate the need 
for curbs and gutters, storm drains and sewers, 
and offside controls. Instead, runoff is diverted 
through a porous asphalt layer into an 
underground stone reservoir. The stored 
runoff gradually extiltrates out of the stone 
reservoir rnto the subsoil. Soil considerations 
are important when evaluating the 
appropriateness of this control. Generally, 
grades should be gentle, and subsoil should be 
at least 3 feet thick (to bedrock) and moderately 
permeable (capable of infiltrating about one 
half Inch per hour). because porous pavement 
tends to clog wrth fine sediments and because 
It loses 16 effechveness under heavy loads, Its 
apphcation should generally be limited to low- 
traffic areas (e g., overflow parkmg areas) and 
areas that are not exposed to large beanng 
loads caused by heavy vehcles 

Concrete Grad Pavement 

Concrete gnd pavement has concrete blocks 
with regularly interdispersed void areas that 
are filled with pervious matenals, such as 
gravel, sand, or grass The blocks are typically 
placed on a sand or gravel base. They are 
usuallv deslgned to provide a load-bearmg 
surfact adequate for supportmg vehrcles, whrle 
allowmg mfiltrahon of surface water mto the 
underl)lng so11 

6.4.1.3 Filtration Controls 

Frltrahon controls treat storm water flows 
b)* using vegetation or sand to titer and settle 
FdlUlmb Generally, these controls are most 
effective before the flows become concentrated 
(e (1 sheet flow) In certain instances, 
Imlltrabon and treatment m the subsorl also 
ma\ Kcur through the processes of absorpbon 

and adsorption After passing through the 
filtrahon media. the treated water IS usually 
dtrected to a stream or MS, although it ma) 
be evaporated or percolated into the ground 
Frhrahon controls include filter strips, grass 
swales, and sand filters Sand filters are 
parhcularly useful for ground water protechon 
Apphcants must consrder the influence of 
climate when they select vegetative system5 

Veizetative Filter Strips 

Vegetative filter stnps (also called bio- 
filters) are vegetated sections of land designed 
to accept runoff as overland sheet flow from 
upstream development They may adopt any 
natural vegetated form, from grassy meadow to 
small forest. The dense vegetative cover 
facilitates sediment reducbon and. pollutant 
removal filter ships cannot treat lugh-veloaty 
flows Therefore, these strips generally have 
been recommended for use in agncult-ure and 
low-density development and other situahons 
where runoff does not tend to be concentrated 
Unhke grassed swales, filter stnps are efiechve 
only for overland sheet flow, as opposed to 
concentrated flow Grading and level 
spreaders can be used to reduce the energ! of 
concentrated flows and drstnbute the runoft 
evenly across the filter stnp Vegetduve filter 
stnps are often used as pretreatment for other 
structural prachces, such as mfilhahon 
trenches Leaving a buffer of natural 
vegetahon along an urban stream valley IS an 
example of a vegetahve filter sh-ip and also an 
example of a nonstructural control 

Flltrahon Basins 

Fdtrahon basins are usually small 
impoundments lined wrth filter media, such as 
sand or gravel Storm water drams through 
the hlter media and perforated pipes into the 
subsoil For ophmal pollutant removal, 
recommended detenhon hmes range from 24 to 
48 hours wrth a maxrmum dramage area of 
about 50 acres Grassed swales or other 
structural controls can be used to filter coarse 
sediments and thereby muunuze clogging of 
the filter medium 
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6.4.2 Maintenance Activities 

After summarizing the locahon of malor 
structural storm water controls, apphcankmust 
submit a descnphon of maintenance activities 
and a maintenance schedule for structural 
controls to reduce pollutants. 

§122.251d)(2)(lv)(A)(I) IThe application must 
include al descnphon of mamtenans 
achvlhes and a mamtenance schedule for 
ehuctwal controls to reduce pollutants 
(includmg floatable9 m discharges from 
muruapal separate storm sewers. 

Typical maintenance requirements include: 

l Inspechon of basms and ponds after 
every major storm for the first few 
months after construction and annually 
thereafter, 

l Mowmg of grass filter stnps and swales 
at the frequency necessary to prevent 
woody growth and promote dense 
vegetation, 

9 Regular removal of htter and debns 
from dry pond,, torebays, and water 
quality Inlets, 

l Perrodlc stablllzatlon and revegetahon 
of eroded areas, 

l Perlodlc removal and replacement of 
flltcr m&l,, from lnhltrabon trenches 
and hltratlon ponds, 

l Deep hlhng of infiltrahon basms to 
mamtaln mtlltratlve capablllty, and 

l Frequent vacuuming or let hosing of 
pc7rc7u’ pavement or concrete gnd 
pavements 

Laih of maintenance often lmuts the 
et irihvt3ie?~ 01 storm eater structural controls 
suih a? delentlon ‘relenbon basins and 

itiltrahon devices. Mamtenance programs 
should address measures for catch basins and 
dramage channels in addlhon to major 
structural control5 

The proposed program should prokqde for 
maintenance logs and Idenhfy spec~hc 
mamtenance activlhes for each dass of control, 
such as removmg sediment from retention 
ponds every five years, cleaning catch basins 
annually, and removing litter from channels 
twice a year. If maintenance activities are 
scheduled infrequently, inspections must be 
scheduled to ensure that the control is 
operating adequately. In cases where 
scheduled maintenance IS not appropriate, 
maintenance should be based on inspections of 
the control structure or frequency of storm 
events If mamtenance depends on the results 
of inspe&ons or if it occurs infrequently, the 
apphcant must provide an inspechon schedule. 
The apphcant should also identify the 
mumcipal department(s) responsible for the 
mamtenance program. 

Muruclpahhes should use cauhon m 
adophng controls that do not have sufficient 
tistory of use for theu performance 
charactenshcs and maintenance requirements 
to be adequately evaluated A good example IS 

the oll/grlt separator used on small commercial 
or retail sttes Some murucrpalihes have 
required the use of these technotoges, but due 
to poor performance, muniapahties have often 
resanded the requirement. In these cases, it IS 
not clear whether the control technology was 
ineffechve or the mamtenance program was 
flawed 

Because mamtenance is cnhcal to successful 
program Implementahon, it must be considered 
throughout the term of the permlt Applicants 
may wsh to develop a matnx that Identifies 
mamtenance tasks on a hmelme indlcahng 
cntena for mspecbon, repalr, and replacement 
PERT charts, GANT charts, or other crihcal 
path analyses (available for personal 
computers) can help orgamze a mamtenance 
program and schedule. For a surnm~zed 
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hstmg of appropnate maintenance ach\qhes 
and schedules refer to the matrix in Exhibit 6-3. 

6.4.3 Considerations for Planning and 
Siting Controls 

The storm water management program 
should descnbe the cnteria used to Identify 
that a particular structural cbntrol is warranted 
and the circumstances under which it will be 
required. The possiblhbes for new control sites 
should be evaluated fbr their storm water 
quality control potential. - Guidelines and 
performance standards that identify specific 
structural controls for new development should 
be proposed m the procedures for new 
development. From ths evaluation, priorities 
based on the feaslbillty of implementing a 
parhcular control at a pven location can be 
determined. 

6.4.3.1 Use of Municipal Lands 

Applicants should discuss exlshng major 
structural controls and sites that have the 
potenhal for new structural controls which 
could be mstalled on murucipal lands and other 
major nghts-of-wav (e g , major roads and 
highways) Rote that exlstmg controls are 
ldenhfled In Part 1 apphcahons 16122 26(d) 
(1)(11lKE5)(5)] The location of pubhcly ow~~ed 
parks, recreahonal areas, and other open areas 
are also ldentrfled I5122 26(d)(I)(luH6)J 

To determine what storm water quahb 
controls are necessary for public lands and 
facilihes, current acbvihes 2nd funchons that 
ma\ affect the quality of storm water 
d&harges should be ldenhhed Such achvlhes 
and funchons include parks, trawls, and other 
recreahonal land uses, road mamtenance and 
snow management, and storage and repar 
yards/shops for muruapal vehicles An 
rnventor\* of public land uses may be necessan 
to help make deterrnmahons of what controls 
are needed An effechve inventory should 
involve coordinahon among all of the local 
departments and agencies that have authonh 
oi’er the u>e of put7hc lands and facllihes 

Opporturubes for controllmg storm water 
quality problems that are Identified through the 
inventory process can be evaluated on a srte- 
speaflc basis and Included m the proposed 
management program 

There are several benefits to the 
establrshment of structural controls on 
mumapal lands: 

Municrpal lands often provide greater 
retrofit opporhlnitles because they 
typically do not require additional 
PVerty Purcha- 

Murucipal landsensureopporhmities to 
provide future maintenance and 
secunty in preservation of the retroht 
control, 

Applicants may be able tu adapt 
exlshng muniapal functions (such as 
lndustrlal pretreatment program 
Implementahon, fire-safety insmons, 
and flood-control activities) to address 
storm water quality concerns 
(Expanding their mlsslon to address 
storm water concerns may be more 
cost-effectn~e than iruhahng entireI> 
new programs.), 

Applicants may be abte to adapt 
funchons of development on mumcipal 
lands (such as planrung, zorung, and 
construchon oversight funchons), and 

After consldenng controls on muruclpal 
lands, the applicant ~5111 be m a better 
position to address the pnvate land 
under 1t.s jurisdlchon 

As a precaution, however, applicants need to 
consider potenhal confhcts ansmg over the 
mulhple use of pubhc lands Cntena other 
than land ownerstip (e g , locatmg controls 
downstream of developed areas) also should be 
considered when decldmg where to locate 
storm water runoff controls 
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6.4.3.2 Use of Private Lands 

A mumclpallty alco may Incorporate storm 
water qualIly controls Into US land use plan to 
indicate controls that may be necessary for new 
development Some of the best opportunities 
to prevent polluhon and to implement effechve 
storm water quahty controls occur during 
development Local governments typically 
play a strong role in overseemg new 
development and have, or can adapt, 
administrative infrastructure to address storm 
water quahty concerns. 

The storm water management process 
should begin with land use planning and 
zoning and conbnue through the development 
and redevelopment processes. Municipalities 
generally can obtain commitments from land 
developers more easily pnor to re!mquis!ung 
junsdlchona! leverage over the parcel where 
the potenbal control IS to be located Leverage 
can be achieved through plan approval or 
zonmg changes me negotiation process for 
the dedlcahon, condemnation, or other 
acqulsltlon of land and the process for getting 
the land developer to construct or otherhlse 
implement conhols WI!! varv drama&a!!) 
among muruclpahhes. parbcularly among those 
In different States 

Source ant! structural controls are most 
cost-eftectlve when development IS planned 
mth storm water quaky controls in mmd 
However, It IS probably more appropnate for 
the mumclpallty to propse a flexible plan that 
specifies a vaneh’ of program ob!mves 
through Ihr det-elopment process rather than 
Idenhf>mg a certam pnonty and ngd 
schedule Other benehts of early and flexible 
plannmg mclude ecolopca! dlverslty, wetlands 
preservahon, and the creation of controls that 
also funchon as amemhes Comprehenslve 
land use Flaw zonmg ordmances, and 
subdlvlslon ordinances are important 
mecharusms to implement these controls early 
In the development process Conslderahon of 
storm ~.ater qudhh- during predevelopment IS 
one ot the mo>t eItech\e brass to Implement 
controls This IS because the maximum 

flexibility (and opporturuty) to Incorporate 
BMPs exists prior to fmal land uw declsrons 
and construction actikihes (see Sechon 6.3 1 1) 

6.4.3.3 Siting Considerations 

lmwrviousness 

The degree of imperviousness affects the 
concentration of pollutants m storm water, 
which in turn affects the type of structural 
controls that may be necessary. As the 
imperviousness of an area increases, the runoff 
volume and the pollutant loading increase. 
Studies show that runoff from indusba! areas, 
which generally have a high degree of 
imperviousness, can have a wider variety and 
greater concentration of pollutants than runoff 
from other iand uses Recent studies also 
indicate that the degree of imperviousness can 
be inferred from the level of degradation in 
urban recelvmg streams For example, see 
Schueler 1991 and Kllen 1979 1 Population 
projechons ~111 not mdlcate the degree to 
which industrial land use WI!! increase unless 
planning and zorung mformahon 1s also 
considered 

Soil Conditions 

Controls designed to ltiltrate storm water 
will be affected by site specific SOI! conditions 
For example, clay content of the so11 and the 
antecedent moisture content (degree of soi! 
saturahon at the time of a given storm event) 
wi!! strongly mf!uence the effectiveness, and 
therefore the applicability, of infiltration 
controls for a @ven locahon 

6.5 PROGRAM AND SCHEDULE TO 
DETECT AND REMOVE ILLICIT 
DISCHARGES AND IMPROPER 
DISPOSAL 

NPDES permits for &charges from MS& 
require et-fechve detecbon and removal from 
the MS4 of llllclt or improper discharges and 
disposal 
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5122 26(d)(2)(lv)(B) IThe apphcatlon must 
mclude a] descnphon of a progmm, includmg 
a schedule, to detect and remove (or rqure 
the drscharger to the mumcipal separate 
stoRn sewer to obtam a separate NPDES 
pernut for) llhat discharges and Improper 
disposal mto the storm sewer 

The NURP study concluded that the quality 
of urban runoff can be adversely impacted by 
i&it co~fxtions ad illegal dumping. Ofk?n, 
large amounts of wastes, particularly used ok, 
are improperly disposed of in storm sewers. 
Elrminahon of these sources of pollutants 
would result m a dramatic unprovement in the 
quality of storm water discharges from MS4s. 
Procedures to elimmate such d&charges should 
be an important part of the proposed 
management program. 

The regulatory requirement cited above IS 

Intended to ckectly implement the mandate of 
Sechon 402(pM3)(8)(11) of the CWA, w!uch 
requires permits for MS4s to effechveiy 
prohbit non-storm water discharges into storm 
sewers In certam instances, the most 
appropnate achon WI!! be for the muniapality 
to ensure thal I!!ICI~ discharges become covered 
by a NPDES permit However, In most cases, 
ellmmation of llllclt drscharges or improper 
dumping IS the appropnate focus of tlus 
program component The quality of storm 
water runoH from inner-a5 core areas, 
parbcularl! m older parts of the country, 
would beneht most from t!us component 

The apphcant should propose a schedule 
for implemenhng this program component 
throughout the miha! permit term Thus 
schedule should reflect the pnonbes idenhhed 
by the mumapalltv durmg the application 
procesb and be based on the problems 
parixular to the speck IL14 

6.5.1 Prohibiting IIlicit Discharges 

The proposed management program must 
Include a descnpbon of inspechon procedures, 

orders, ordinances, and other legal authoribes 
necessary to prevent ll!lclt discharges to the 
Ms4. 

~122.26(d)(2MvMB)(1) [The appkahon must 
include al descriphon of a program, mdudmg 
inspecttons, to Lmplement and enforce an 
ordmance, orders or similar means to prevent 
illicit discharges to the muruclpal eqxuate 
storm sewer system; ths program descnptlon 
rhdlddlessal!typesofluiclt~, 
however the following c24tep-y of non-storm 
water discharges or flows shaIl be addressed 
where such dieckrges are ldentied by the 
murudpalq as souwes of pollutants to 
watersoftheUnitedStates....lthcscdourocs 
rmcbiadmtkgudana]. 

This proposed management progra m 
component also should descnbe how the 
prolublhon on illlclt discharges ~11 be 
implemented and enforced. The descnption 
should include a schedule and allocahon of 
staff and resources A direct linkage should 
exist between thus program component and the 
adequate legal authorltg requirements for the 
ordmances and orders to effechvely Implement 
the pro!ublbon of llllat dscharges 

‘I 

I 

While tl115 program component is required 
to prohibit all types of llhat discharges, the 
followmg categories of non-storm water 
discharges need only be pro!ublted by the MS4 
when they are ldenhfied by the MS4 as sources 
of pollutants to waters of the Uruted States: 

. Water hne flwhmg 
l Landscape irngahon 
. Dverted stream flows 
l Rxmg ground waters 
l Uncontaminated ground water 

mflltrahon las defined al 40 CFR 
352005(2OiI to separate storm sewers 

. Uncontaminated pumped ground water 
l nscharges from potable water sources 
. Foundahon drams 
l kr condthonmg condensabon 
l Irrigation water 
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l Springs 
l Water from crawl space pumps 
l Footmgdrams 
l Lawn watenng 
l Individual residential car washing 
. Flows from riparian habitats and 

wetlands 
l Dechlorinated swimming pool 

discharges 
l Street wash water 

While EPA does not consider these flows to 
be innocuous, they are only regulated by the 
storm water program to the extent that they 
may be idenhfied as significant soumzs of 
pollutants to waters of the United States under 
certain circumstances. If an applicant knows, 
for example, that landscape imgation water 
from a particular site flows through and PI&S 
up peshades or excess nutnents from fertilizer 
apphcations, there may be a reasonable 
potential for a storm water discharge to result 
in a water quahty impact. In such an event, 
the apphcant should contact the NPDES 
perrmttmg authonty to request that the 
authonty order the lscharger to the MS4 to 
obtam a separate NPDES permlt (or m thJs 
case, the dticharge could be controlled through 
the storm water management program of the 
hlS4) 

The apphcant should consider the spec~hc 
land use, age, and stage of development HI O-us 
program component. For example, one stud, 
m an estabhshed metropohtan area found that 
60 percent of automobile-related busmesses had 
improper storm drain co~ect~ons. While some 
of the problems dlscovered m this study were 
the result of Improper plumbmg or illegal 
co~ecbons to storm drains, the ma)onty of the 
connechons were approved by the muniapality 
when they were bull1 

For problem ldenbhcahon and problem- 
solving, a murucipality may elect to Implement 
a follow-up stud:, that traces idenhfled 
polluhon rncldents to their source (e.g , up the 
svsteml A variety of pollutant-tracmg 
techmques and field screerung can be used to 
ldenhfy llhc~t discharges 

6.5.2 Field Screening 

Part 1 of the applicabon requires applicants 
to submit the results of field screemng studres 
to evaluate the possible occurrence of illicit 
connections and improper dumping 
&122 26(d)(l)(iv)(D)j. Dry weather flows that 
were encountered durmg the initial field 
screening were sampled and analyzed. The 
analysis was intended to provide information 
about illicit conr~~Gons and improper 
dumping. 

In Part 2, applicants are required to 
propose procedures for contmued field 
screening during the term of the permit. 

&!2 26(d)(Z)(lv)(B)(2) [The applicaaon must 
mclude a] descnphon of procedures to 
conduct on-gomg field meening achmhes 
dunng the Me of the pemut, mcludmg areas 
or locahons that ~111 be evaluated by such 
field screens 

Appkants can propose to use procedures 
snnilar to those used for held screenmg 
required m Part 1 of the apphcahon or they can 
propose altemabve procedures and techniques. 
The Part 1 field screemng requirements are 
found in §122.26(d)(l)(lvHD) and are explained 
in the Part 1 guidance manual 

The Part 2 proposed field screening 
program component should describe areas of 
the system where the contmuatlon of the held 
screening program w111 be conducted and the 
rationale for selecbng these areas For 
example, the rabonale for conbnumg field 
screenmg at a given locabon might be that a 
wide vanahon m results was obtamed dunng 
the uuhal screens In addition, the applicant 
should propose field screerung for a portion of 
any recently-ldentrfled major outfalls that were 
not knohm to the appkant when it prepared 
its Part 1 appkahon, pro\ldecl samplmg of 
these outfalls is safe and practicable 
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The potenhal for ilkit discharges and 
improper dqosal is generally higher for areas 
of older development, areas with many 
aytomoblle-related mdustnes, and areas with 
significant numbers of heavy industnal 
facilihes Therefore, in most cases applicants 
should include these areas in the proposed 
held screening program. 

The descripbon of the field kng 
component should provide a detailed summary 
of the departmental responsibility for field 
activities, frequency of inspections, procedures 
and equipment to be used, and the procedures 
for documenting field actkties, both in the 
field and in the office. Generally, the Part 2 
field screening program should reflect a 
conbnuously narrowing pnxpss to trace ilkit 
and Improper sources. 

6.5.3 Investigation of Potential Illicit 
Discharges 

In order to submit a comprehenslve 
proposed management program, apphcants are 
required to describe procedures for 
mvestigahng porbons of the murucipal system 
where field screenmg or other information 
Indlcatej a reasonable potential for 1111c1t 
discharges 

5122 26(d)(2I(lu)tB)(3). [The apphcahon must 

Include al descnption of procedures to be 
followed to mvestlgate portions of the 

separate storm sewer system that, based on 

the results of the held screen, or other 

apprapnate InformatIon, lndlcate a reasonable 

potenrlal of c@ntammg IIIKII discharges or 

other scxxces of non-storm water (such 

procedures mav Include samplmg 

procedures for constituents such as fecal 
colitorm, fecal streptococcus, surfactants 

WEUS), rtirdual chlorine, fluorides and 
potas<lum, te5tlng Hqth fluorometnc dyes, or 

cc7nduiilng In AXTTI sewer msphmons where 
safet\ and other conslderahons allow Such 
descnptlon shall Include the kicahon of storm 

sewers that haie been Idenhhed for such 

evaluation) 

Applicants should propose critena to 
identify potions of the system where follow-up 
inveshgabons are appropnate For example, 
calculating a frequency drstnbuhon of dry 
weather flows at each screening site could aid 
in establishmg cnteria to ldenbfy where follow- 
up investigations are appropriate. 

Procedures to investigate priority locations 
for ikit connections include inspection of the 
storm sewer system, use of remote-control 
cameras, on-site inspections and dye-testing at 
priority or suspect facilihes, and additional 
discharge monitoring to prnpoint pollutant 
sources. ln some cases, these investigations 
maybecoordinated with pretreatment program 
inspections. Such approaches are summarized 
in Exhibit 6-4. Coordinahng inspechons can be 
a very effective use of resources. For example, 
portions of the sanitary sewer system that need 
evaluation to detect ilhclt discharge may 
already be undergomg Inspection by operators 
of the municipal treatment plant. 

A checklst should be developed for 
inspectors to use to detect llllclt connections. 
The checkhst should be structured to ensure a 
comprehensive evaluahon of the problem and 
stipulate the use of the easiest and least 
expensrve detechon methods first 

Regardless of the format m whrch 
informabon IS compkd (e.g., table, list, text 
description), EPA suggests that the apphcant 
prepare a map idenhfymg the locahon of 
suspected problem areas. The map should be 
provided as part of the Part 2 application. 

The proposed program component 
descriphon should descnbe a step-bystep 
process to investigate, idenbfy, and prohibit 
ilhclt discharges If field screenmg leads to 
posibve tests of fecal cohform, fecal strept- 
ococcus, surfactants, residual chlorme, 
fluondes, or potassium, a munlclpahty should 
reconsider whether any of the non-storm water 
discharges described m Sechon 6.5.1 are the 
source (see previous se&on) 
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Exhibit 6-4 
Sample Illicit Discharge Investigation Procedures Options 

Results of initial Procedures for 
Field Screen Detailed Analysis 

Plumbmg umdentihable Cameras 

Comments 

Effechve for identi- 
fying detenorahon 

uncertain use 
of facihty 

Several facilities 
or complex plumbmg 

Unusual pollutants 

On-site inspections 

Dyetesting 

Monitoring 

May be combined with 
other inspections 

Simple and accurate if 
system not interconnected 

Parhcularly useful 
for fingerprinting 

a 

6.5.4 Spill Response and Prevention 

The proposed management program must 
describe procedures that the muniapahty ~111 
Implement dunng the term of the permit to 
prevent contarn, and respond to spills that 
may discharge Into the hlG 

5122 2h(dlf2l(1v)IR)(4I [The applrcatlon must 

include d] descnptton of procedures to 

prevent, contam, and respond to spti that 

m;ly discharge UIIO the muruapal separate 
storm Sewer 

management. The goal of a spill-prevention 
program is to reduce the frequency and extent 
of spills of hazardous materials, oils, and other 
mater& which a cause water quality 
impatrment. Splll-contamment programs may 
estabhsh mimmum chemical storage and 
handling requirements, require users to submit 
prevenbon and control plans, and ensure site 
mspechons The content of the descnphons 
that should be submitted with the Part 2 
appbcahon for each of these program elements 
is discussed m more deml below 

The muruclpall~ and the property owners 
(and #‘or operator>) of sites where spills ma) 
occur need to Implement procedures to 
prevent, contarn and respond to spills One 
i<‘a>’ to Implement these procedures is to 
mochfy the land use planrung process and 
ordinance enforcement Such modlficahons 
would require not lircahon and emergenq 
prepJredne+ FrCxedures for any land use 
achiity that could lead to leaks and sp1Ils 
Another method 15 to coordmate with on-gomg 
Frc3crarn5 In other regulated areas where 
detkhi~n of splIl> IS Important, such as 
pretreatment and hazardous materials 

Spill-response programs are Intended to 
reduce risk to the pubhc and the environment 
Although these programs tend to focus on 
Issues of pubhc health and safety, such as 
exposure to toxic matenaIs, hres, or explosions, 
spill-response teams should attempt to prevent 
or mmimize contaminahon of surface water, 
ground water, and soil. Spll l-response 
programs often require a coordinated response 
from a number of muruapal departments (e.g., 
fire, police, health, and publrc works). 
Muruclpahhes should descnbe how response 
procedures hlt.hm these programs attempt to 
mlbgate potenhal pollutant discharges to 
surface waters 
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For example, some mdustnal pretreatment 
programs spec~hcally require that leaks or spills 
be routed to the storm sewer rather than the 
sarutary sewer generally to protect worker 
health and safety and to protect blolog& 
treatment capabllihes Ths issue serves to 
renforce the need for coordmation between the 
vanous mumapal programs that are related in 
some way to storm water. 

The proposed program should identify the 
municipal departments responsible for 
implementing the program, and also should 
address employee training, reporting 
procedures, contamment of spills, storage and 
disposal acbvlhes, documentation, and follow- 
up procedures Generally, the proposed 
program for sp111 response and prevention 
should focus on good housekeeping and 
matenals management prachces, which are 
dlscussed In more detail below. 

One of the irubal elements m the 
development of a successful sp111 response and 
prevenhon program IS to assess the potenhal of 
vanou5 source3 at a paticular properb to 
contrlbute pollutanb to the storm water 
dlxharges from the site llus assessment 
should Inventory the land use, types of 
malerlals handled, and the locahon and types 
of materials management acbvlhes. Factors to 
consider when evaluahng the polluhon 
potenhal of runoff from various portions of a 
site Include those that are hkely to lead to the 
Identlflcabon of SpeclflC structural or 
nonstructural controls to address problems 

Other factors LO consider are the toxlat) 
and quanhty of any chemicals used, produced, 
stored, or discharged from the site, the history 
of any NPDES permit violahons from a site, 
hlstory of slgruflcant leaks or spills of toxic or 
hazardous pollutants, and the desrgnated uses 
of the reielting waters 

This program element should also Include 
a descnphon of storm water management 
conh-olc that arc appropriate for the site that 
IXLYIIJ iL,ntrtil or alloy tar the mihgahon of 
an\ leah or 5~111 and a proposal to Implement 

such controls. The pnorlhes developed m the 
implementahon propsal should reflect the 
nature of rdentlfled sources of pollutants at the 
site 

The descnphon of sp111 response and 
prevenhon achvlhes should include the steps a 
mumcipahty will take to prevent, and when 
n--y, adequately respond to spills 
discharged to its MS4. The M!34 nught identify 
special traming requirements for murucipal 
employees in order to respond to spills of 
hazardous chemicals from a particular facihty 
into the storm sewer system. 

%xmes with the greatest potenhal for spills 
to occur (or cause the most severe damage) 
should be idenhhed in the proposed storm 
water management program If appropriate, 
specihc mater&s handlmg procedures and 
storage requirements should be idenhfied for 
these sources Requirements for these sources 
could be modeled after the Spill Prevenhon, 
Control, and Countermeasure (SPCC) Plans 
that are required for certain faclhhes under 
Sechon 311 of the CWA 

Under the SPCC program, for example, 
personnel are tramed and gven responslbiht) 
for mspechng the faclhty for leaks and spills. 
These msptions Include equipment and 
matenals handling areas, wluch need to be 
mvesbgated for evidence of, or the potenhal 
for, pollutants entenng the dramage system 
Procedures to ensure the avallablllty of 
appropriate personnel and equipment for 
cleanmg up spills must be ldentifled A system 
to ensure that appropnate correchve achon has 
occurred m response to Inadequacies ldenhfwd 
durmg the inspechon IS also estabhshed under 
the program. 

Not all of the SPCC program elements ma) 
be necessary for muruapal apphcants 
However, EPA recommends that the proposed 
storm water management program descnbe 
how the records of mspect~ons w11l be 
marntalned and made available for 
mvesh&ahons of causal factors and program 
effechveness lncldents of leaks, spills, and 
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improper dumping, along wth other 
mformatlon descnbmg the quahty and quanhh 
of storm water discharges should be included 
m the records lnspect~ons and maintenance 
achwbes, such as contamment berm mtegnty 
teshng or the cleanmg of oil/water separators 
should be documented and recorded m a 
mavrtenance log 

6.5.5 Public Awareness and Reporting 
Program 

Apphcants must propose a management 
program component that promotes, pubhazes, 
and fac~htates public reporhng of ilhat 
discharges or water quahty Impacts associated 
with discharges from MS4s 

gallons of used 011 from dc+lr-yourself 
automoblle 011 changes, are disposed of 
Improperly An addlhonal 70 rrulbon gallons 
of used 011, most coming from serwe stabons 
and repar shops, are used for road o~lrng (55 
FR 48056, November 16, 1990). If private 
mdl\qduals find the proper disposal of used oil 
or toxic mater& difficult, lncldents of 
improper &sposal increase For example, when 
a large fraction of serwce stahons do not accept 
do-It-yourself used 011, Improper dqosal into 
the mwcipal storm sewer rises. Therefore, 
applrcants are required to propose a program 
component that ~111 facilitate the proper 
disposal of used 011 and toxi.cs from households 
by estabbshmg mumapally operated collection 
sites, or ensuring that pnvately*perated 
collmon sites are aviulable. 

5122 zbfd)lXlv)~BX7 (The applrcation must 
tnclude al descnphon of a program to 
promote, pubhclze, and faahtate public 
repomng of the presence of llbat dscharges 
or water qualrty tmpacts as-ted wnth 
dscharges from muruc~pal separate storm 
sewers 

Timely reporhng by the public of improper &s- 
pod and 11hclt discharges are cnbcal com- 
ponents of programs to conhol such sources. 

To enhance public awareness, programs 
may mdude semng up a public mformahon 
hodtne number, educabng school students, 
estabhshmg community and volunteer 
“watchdog” groups (e g , “Adopt-a-Stream 
Program”), usmg mserts Into uhhty bills; and 
newspaper, telebulon and radio announce- 
ments to mfonn the pubhc about what to look 
for and how to report mcidents The public 
awareness efforts should clanfy to the publrc 
that thev are the ulhmate beneficlanes of a 
successful storm water management program 

6.5.6 Proper Management of Used Oil and 
Toxics 

~12226(dX2)W(B#6) ‘(The rppkation must 
tnclude al descnptlon of eduC8hOnd 

achvttk, pubhc mformahon aChVIhe5, and 
other appropriate achvltles to fatitate the 
proper management and disposal of used OII 
and toxic m~tenals 

The proposed program should d-be 
outreach plans to handlers of used 011 and to 
the publrc, and operahng plans for orl and 
household waste collection programs. 

Examples of effecbve public outreach for 
these types of programs mdude ddcated 
mwapal phone numbers (e.g , a used 
oil/toxic mater& hotlme), pamphlets, and 
requwements that od rekulks post the locatron 
of the nearest used oil dechon fadity. 
Progmms can also mform the pubhc about 
altemahves to towc materials.. Catch 
basin/storm sewer inlet stencllmg programs 
can al.50 be proposed as part of the program to 
mcrease public awareness of the connechon 
between storm sewers and local water 
resources 

EPA estimates that annually, 267 million 
gallons of used OIL mcludmg 135 million 
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6.5.7 Lnfiltration of Seepage 

In order to effecbvely complete this potion 
of a proposed management plan, the applicant 
must d-be controls to lunit infiltration of 
sqage from muruapal sa~tary sewers m 
MS45, if necessary. 

R&WsCmge~scepfromblnituymVr~ 
collection systems through leaks ud axks tn 
agog pipes, poorly constructed manholes and 
joha, and mam bra&s. Sewage from a IrqJEy 
sanitary sysmn cur flow to storm #war or 
contaminate ground water supplies. 
Intaation between sanitary sewas and 
sepamte stmm sewas may -r at manholes 
and where sanitary sewer laterals and storm 
wwa trenches cross. Separate sbpm sewers 
and sanitary sewer may share the same Wnch, 
whrch is generally f&d mth wry pm116 
matenal such 8s gravel. 

One indication of seepage from a sewage 
collection syskm may be infiltration of water. 
Often, the rate of exfiltration (seepage) from 
Mniiary coliechon sysbxns is significantiy 
greater than the rate of infiltration into the 
system. An EPA study on sewer aiUtralion 
found slgrufkant ratios of the IME of 
exhbtion of sewage to the nle of infilhatlon 
of ground water or storm wata into sanitary 
sewers. Field and labomtory results found this 
ratio to vary behveen 15 to 1 and 14 to 1. 

ln some case!s, preventive mainknance 
surveys or ongoing infiltration and inflow 
(I&II prqrams to deterrmne where ~ter is 
entenng a 5a.r-uta.t~ sewer sysbem may be 
mtified to laate the Source and fate of 
exfdfrahon from the system 
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ldenhfymg urfiltranon of seepage mto a 
MS4 is a good example of the need for various 
muruclpal funcbons to be effechvely 
coordinated. Proposed storm water 
mansgement programs might discuss how 
personnel responsible for inspections of the 
sanitary sewer system could inspect for sources 
of afiltration during Iti inspections, and pass 
any findings to personnel responsible for 
main~theMs4. If~gcb~wedto 
be a pmblcm, a mrdinated effort with the 
main- department of the municipal 
nnituystweraystanlamxlmmadcd. 

The proposal storm wakr nunaganent 
program da should include provision &J 
ad&as the dkovay of prrriously unknown 
@kau+. Tbre should k procedures to enact 
acoo~tedprogrambehveentheoperatora 
ofthestormsewerandsanihuy#wabhkh 
tnmanycasalwillkwithinthea8me 
munlclpl agency or department). 

EPA mcornmads that the pmposal storm 
water management program d&be clontrols 
that will be used to address seepage from 
lnalfunciioning septic systems in areas IY)t 
saved by a sewage treatment works. 
Maifunctioning septic sysbmu may lead b 
more significant surbx runoff pollution 
problems than ground water problems. A 
malfun~oning sepuc systm is less likely &I 
calm ground wr&r canhmiMd0n where 8n 
impaviousba~matinthesoilrravdstht 
downward movm\ent of wastewam. (Poorly 
locakd septic systems thst &W operating 
pqxriyuethegN!abat~t~~ 
Wrba). 

slufacc malflmtins of septic sys&ms UT 
caused by dogged or impenncabk soils, or 
when stopped up or collapsed pipes force 
unmated wastewater to the surhce. Suhce 
malfunctioM an vary in degree from 
occasional damp pa&es on the sm to 
mnshnt pooling or rurroff of mtcwaba to a 
storm wwa. An imppa randy for a 
surface mlfunchon is to ins&ill a pipe or 
trench ova sod absorption systems to route 
umeated overflow away from the septic 

RB-AR25957



Proposed h4nnagemrnt P rOgrPm 

systh. Thrs results m drrect dtscharges to 
dramage drtches, empv lots, or surface waters 

Proper controls range from prescnblng 
mawmum mtervals between tank pumpout to 
the mstallahon of sand hlters. Drxharge from 
sand hlters to surface waters may requue a 
separate NPDES permit, because such 
discharge ts not storm water. 

Addmona! information about the most 
appropriate controls for use in correcting 
malfunctioning septic systems is probably best 
obtained from local or regional sources. 
&ganizabons such as extension 8ervice!s, soil 
and water Conservabon districts,, and planning 
agenaes may be good sources of mformation 
about methods that have been successful (and 
also those that have fded). 

By obtaining this type of informahon, the 
apphcant can determine what control 
techruques have kn successful KI correcting 
malfunctrorung septic systems rn similar types 
of soolls The value of t!us approach is that the 
appkant wtl! know that a certam control 
tec!uuque has been used to correct a 
malfunchorung sephc system m the same types 
of ~011s that occur in the muxuapality. Where 
only part ot the M!+! dramage area ts served by 
sephc systems, proposed programs should 
address setbng and mamtenance of septic 
systems, mdudmg draft requnements and 
implementation procedures. 

6.6 SIGNATORY AND CERTIFICATION 
REQUIREMENTS 

Under the Federal NPDES regulahons 
!§12222(a~l, a!! NPDES ‘permit applcahons 
(mcludmg muruclpal storm water pernut 
ap!J’!Kahons) must be signed by an authorized 
person, as defined m the regulations Pemut 
apphcahons submrtted by a mwapahty, State, 
Federal. or other pubk agency must be signed 
by either a pnncrpa! executrve officer or 
ranlung elected ofhaa! [§I22 22fa)WI To fuulfi!! 
the signatory requrements, the person stgnmg 
the munlapal apphcahon must provide hrs or 

her name fpnnted or typed), ht!e, and date 
Slgtld In addrhon. the applicant should 
provrde the name, address, and telephone 
number of the person signmg the app!lCdhOn or 
another pomt of contact that can answer 
queshorU about the app!#abon. 

In addlhon, §12222(d) states that any 
person signmg a pemut apphcahon must make 
the following certihcahon: 

1axtifyundapnrltyofLwtlutthirdocurnerttand 
allrtt8chmntswacprepemiundamydinetionor 
supavlan in Mord~a wtth a 8yWm designed to 
assure that qualified pno~cl w!y gather urd 
evaluate the lnkmmhon submitted. Based on my 
inq&yofrheprronarpmon,whomuugtthe 
system, or those pnonr directly rcrporuiblc for 
pthenng the II'thmahOn, the rnformrhon submltt4 ir, 
to the best of my knowledge md be!ief, true, ICCLUII, 
and coxnplet~~ I UTI aware that there ue nigruknt 
pendhes for r&meting fahe informatlo~ indudlng tt~ 
pabday of he md “p nsonment for knowing 
vlolatlons ” 

6.7 IMPLEMENTATION OF THE STORM 
WATER PROGRAM 

EPA anhcipates that muniapa! storm water 
management programs wrl! mature over hme 
to reflect advances m technology, addrhona! 
data collechon, chan~ng con&tions, program 
development, stage of Implementation, and 
improvements in water qua!ity. Therefore, 
apphcants may emphasize different program 
components to reflect implementation 
prlorlties. T!Ie proposed managelnent program 
should dearly rdenhfy each of the program 
components and mdude a schedule for 
implementation. Each component of the Part 2 
appbcabon should be daswfied as: fu!l 
rmplementation, phased implementahon, pUot 
study, or feasrbrlrty analysis In annual reports 
on the progress of storm water management 
programs, muniapalrties must report on the 
status of unp!emenhng program provisions 
[§lt2 42(c)(l), or Sechon 7.3 of the gurdancel. 

l Full Implementation. Fully 
implemented components should be 
proposed when the muniapahty is 
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prepa& to begm or conhnue full 
impiementabon after its pemut 1s 
issued and it expecls to conbnue the 
component throughout the hk of the 
perrmt Full unplemenmhon of a 
program component i5 genedy the 
preferred way of demonstraIxng the 
required level of control. 

l phased Implcmentatio~~ Plused 
implementation should be proposal 
when the level of effort to implement 
the componmt will vary dwing thr 
term of the permit Ph8Wd 
implanentation may be l ppropria& 
when additional data must be cdlatad 
or technical guidance, training 
materials, or appropriate o&wwes 
must be developed prior to full 
implementation Ascheduktht 
includes m&stones should be part of 
the desuipon. 

. Pilot Studier. Although the 
murwipa.lrty must implement and 
comply with each prowsion of the 
murucipal sbDrm water pmmt, the 
municipality may choose to can-y out 
pilot studws that involve lirmbed 
experimental implementation of a 
program component In some cases, 
pilot studio may be authored by the 
pamit Used to emhate the 
cffectlvaws of a program component, 
pibt stud& may be l ppmpdak when 
l technobgyisunpmm orwhcndata 
must k cokctml to develop operating 
standad or pocedkues. A 8chedule 
including milestones should be 
included in the description of a pilot 
study. This dedule should provide 
options for phased impknentation of 
the pmgmm component, Showing 
dtemativcs based on various possible 
mndts of the pilot study. 
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7.0 ASSESSMENT OF CONTROLS 

7.1 BACKGROUND 

fart 2 applications require that 
municipalities estimate the effectiveness of their 
proposed storm water quality management 
programs The regulations require an initial 
estimate or assessment because the 
performance of appropriate management 
controls IS highly dependent on site-specific 
factors Program effectiveness can be estimated 
through both direct measurements (such as 
reductions in annual pollutant loads) and 
indirect measurements (such as measurements 
that demonstrate increased public awareness of 
storm water quality issues) At a minimum, 
applicants must submit estimated reductions in 
pollutant loads expected to result from 
implemented controls and describe known 
impacts of storm water controls on ground 
water 

Reductions in pollutant loads due to the 
implementation and maintenance of structural 
controls provide direct measurements of the 
effectiveness of the storm waler management 
program In addition, EPA encourages 
applicant to go beyond the minimum 
requirement and assess the effectiveness of 
their storm water management program 
through other direct measurements as well as 
indirect measurements As discussed below-. 
indirect measurements provide surrogate 

estimates of qualitative factors, such as 
increased public awareness of storm water 
quality Issues 

Estimates of the effectiveness of the storm 
water management program will assist the 
municipality and the permit writer in: 

Determining whether the most cost- 
effective best management practices 
(BMPs) are included in the storm water 
management program; 

Ensuring that the storm water 
management program Includes 
adequate public participation programs 
and intergovernmental coordination, 

Establishing on-going monitoring 
inspection and surveillance programs 
that help refine estimates of program 
effectiveness, and 

Developing a strategy to evaluate 
progress toward achieving water 
quality goals 

7.2 ASSESSMENT OF STORM WATER 
MANAGEMENT PROGRAM 

For some components of a proposed storm 
water management program, such as structural 
controls (e.g., vegetative streambank 
stabilization, sediment pond or basin, etc.), the 
effect on pollution in storm water runoff is 
observable, and pollutant removal efficiencies 
can be estimated directly) For other 
components, pollutant reductions may be 
difficult to quantify Applicants may need to 
use indirect estimates. For example, a program 
component may address source controls such 
as changing the behavior of citizens in the 
community, or improving the municipal control 
of industrial or commercial runoff For 
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component> ot the proposed management 
program \\ here pollutant removal efhcwncy 
cannot be rez4nablv estimated, applicants are 
strongly encouraged to tdenhfy some mdtrect 
measurement thal ian be used to evaluate the 
success of lhe pracbce 

7.2.1 Direct Measurements of Program 
Effectiveness 

As discussed above, 40 CFR 122.UdN2)W 
requires that apphcants submrt estimates of 
expected pollutant load reducbons with their 
Part 2 apphcahons To supplement these 
eshmates, apphcants could provide eshmates of 
other direct measurements of program 
effecbveness tncludmg 

l Removal efflclencles of BMPs that 
control storm water quality, 

l Reduihons In the volume of storm 
1% at~r dt5iharged, 

l lWuibv7: In event mean concentra- 
non> or 

S~cll direct e>hmate> do not have to be 
~rrllwj. \\1111 quantltatlve data. but can be 
ba& on aci+xl englneenng design practices 
H,Iwe\-er the applxnnt should descnbe its 
pr,w?dure- f<v eshmatlng the effechveness of 
tht contrcA Appkant5 should present 
e:tlmat+ irl p4Iutant load reductions or other 
mr.i~ur~mei~L. <epdrJtt?lI tar each component 
C’I Ihe FrOFf~*rd management program 
A~plliarlt~ sh~~uld provide estimated 
rmluuihiln> cw a ~xatershxi basis and system- 
ii I& ba>t : 

r;‘. Ill~-h~w: In p~llutimt loadmgs can be 
e- timatt43 b\ hr>t ectimahng the pollutant 
111 IJIII~ lbased on conientTahons and flows) 
111 I’ ~~wlil result \\ Ithou! the control measure 
T* ‘. .i I * 1 *h~~ul;l tlkn be mUlhFild bv the 
E:lh -11.11.’ 01 the control e\pres5ed in term5 of 

a fracbon or percentage. Eshmated control 
efhcrenctes can be obtamed from pubhshed 
SOUIXXS, such as S&meter (1987) (see 
bibliography In Appendrx A) Note that for 
most control measures, the pollutant removal 
efficiency differs for different classes of 
pollutants 

After the municrpali~s storm water 
management program IS implemented, the 
municipahty can work to refine its initial 
assessment of the program. For example, the 
permit Hnll requn-e applicants to submit 
estimates of event mean concentrahons and 
estimates of annual pollutant loadings for each 
outfall in the system [§122.26(d)(2)(lil)(C), 
discussed m Section 5.5 of this guidance]. 
These estimates can be compared with the 
apphcanrs mitral eshmates 

In addrhon, the eshmated removal 
efhcrenctes can be refined through the 
morutonng program requued by §12226(d)(2) 
bNl3) (discussed rn Se&on 5.6 of U-us 
gwdance) To reline these eshmates, the 
momtonng program should include measure- 
ments at the ~nflorv and outflow potnts of the 
control Throughout the prrntt term, the 
mumcrpaltty must submrt refmements to its 
assessment or addthonal dtrect measurements 
of program effechveness In its annual report 
&ct3on 7 3) 

The applicant should use direct measure- 
ments of program effecbveness as It begns to 
assess its long-term progress in Improving 
water quality through storm water 
management pracbces Direct measurements of 
program ef fech veness ma! not pro\lde 
meanmgful conclusrons on trends m water 
quality improvements for a couple of prrrut 
terms. HohTever, applicants are encouraged to 
use drrect measurement5 of program 
effecbveness, such as annual pollutant loads, 
event mean concentrabons, and seasonal 
pollutant loadings, to begm to estimate long- 
term trends Several stahsbcal methods that 
rely on linear regression ha\re been de\*eloped 
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to model these measurements to determine If 
trends exlbt 

7.22 Indirect Measurements of Program 
Effectiveness 

When pollutant reductions cannot be 
estimated through direct measurement, 
appropriate indirect measurements may be 
used. These may include the eshmated level of 
increased enforcement achvity, inaeas4 public 
awareness, or reduction in number of illegal 
dumping incidents For example, a field 
screening program to idenhfy illicit connections 
and improper dumping m Fort Worth, Texas, 
used redutions In observations of indicator 
pollutank as a measure of the success of the 
program (Fort Worth, 1988). 

Other possible m&rect measurements 
include. 

l Gallons of used 011 recycled, 

l Amount of household hazardous waste 
collected, 

l Number of educahonal brochures on 
storm waler quality dlstrlbuted; 

l Number of public heanngs on storm 
water and attendance at these hearings, 

l Circulation of an annual report or 
periodic newsletters on progress in 
meebng storm water quahty goals, 

l Number 01 reports of llhclt discharges 
or illegal dumping 

l Number of spill clean-ups, 

l Number of server Inlets stenaled, 

l Acre> o1 open Space, 

l Kumber 01 construcbon and erosion 
and sediment control pIam submitted 
and approved 

Many of these indirect measurements hqll 
help to indicate whether the storm water 
management program includes adequate pubhc 
parhapahon and intergovernmental coordma- 
hon. 

72.3 Impacts of Storm Water Controls on 
Ground Water 

Structural BMPs may have an impact on 
other media. Therefore, the Part 2 application 
requires that applicants discuss known impacts 
of storm water controls on ground water. 
Impacts should be identified separately for 
each component of the proposed management 
program. These controls may increase the 
quantity of ground water (such as infiltration 
leading to recharge), but degrade the quality of 
the ground water For example, In and park 
of the Southwest, imported water is often used 
for irrigation. ms ma-eases the quanhty of 
g-round water, but, because of high levels of 
nutnents and total suspended and dissolved 
solids in the irrigahon water, also results In 
Impacts on ground water quahty 

In addlhon, the applicant should evaluate 
whether structural controls for storm water 
impact other mecha, such as wetlands 

7.3. ANNUAL REPORTS ON THE 
EFFECTIVENESS OF THE STORM 
WATER MANAGEMENT PROGRAM 

Under 5122.42(c), applicants must provide 
annual report5 on the progress of their storm 
water management programs. These reports, 
whch are due on the anniversanes of pernut 
issuance, must Include 

l The status of implemenhng the 
components of the storm water 
management program that are requued 
by the permit, 

l Proposed changes to the storm water 
management programs that are 
established as permit condlbons, 
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l Revrsrons, rf necessary, to the 
assessment of controls and the fiscal 
analysis reported in the pernut 
apphcatron; 

l Summary of data, mcludmg morutoring 
data, that are accumulated throughout 
the reporbng year, 

l Projected annual expenditures and 
budget for the year following each 
annual report; 

l A summary describmg the number and 
nature of enforcement actions, 
inspections, and public education 
programs; and 

l ldentifrcation of water quality 
improvements or degradation 

Apphcants should refer to the speclhc 
regulatory language in 5122 42(c) for a more 
complete drscussion of annual reporting 
requirements 

Although the Part 2 applicatron 
requrrements do not specrfrcally address annual 
reportxrg requrrements, applicants should 
consider their strategy for preparing annual 
reports when they complete theu Part 2 
apphcatrons. A murucrpahty may develop a 
strategy to assess the progress of its storm 
water management program throughout the 
term of the permit m addrbon to proildmg a 
baseltne assessment of its program. To develop 
the strategy, applrcants should 

Identify the direct or Indirect 
measurements that HIII be used to track 
the long-term progress of the 
appbcant’s program towards achieving 
rmprovements in storm water qualrt) 
(the results of thus assessment would 
appear m the municrpahty’s annual 
report); 

DMISS the role of monitoring data in 
substantiating or refming their 
assessment of the progress of their 
program towards established objectives 
and goals; and 

DMUSS how future addlbons or 
revisions to the assessment measure- 
ments or strategy ~111 be implemented 
by the mutucrpahty fe.g , what roles 
and responsiblhhes will participating 
municrpal agencres and /or 
organrzauons have m thus area) 

It is antrcrpated that many murucrpahhes 
will use the same criterra or measurements that 
were used rn the baseline assessment to 
develop theu long-term assessment strategy. 
This rs an acceptable approach provrded that 
the munupahty delmeates how theu program 
provides for a longer term assessment of the 
progress of therr storm water management 
program The munrapality 15 encouraged to 
consider m advance the information 
requrements for annual reporung that are 
idenhhed above when developrng theu long- 
term assessment strategy 
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8.0 FISCAL ANALYSIS 

8.1 BACKGROUND 

NPDES permits for discharges from MS4s 
will require municipal permittees to implement 
management programs, conduct long term 
storm water monitoring, and provide other 
information Because theseactivities will result 
in expense to the municipality, a fiscal analysis 
is required in the Part 2 application 

Applicants must provide yearly cost 
estimates for these programs. Applicants also 
must provide a schedule indicating when funds 
will be available Examining the levels of 
proposed spending and funding allows the 
permitting authority to gauge the ability of the 
applicant to Implement the program and 
predict its effectiveness The fiscal analysis also 
will help the permit writer determine whether 
the applicant has met the statutory requirement 
of reducing the discharge of pollutant to the 
MS4 to the maximum extent practicable 
Finally, the estimates help the applicant 
evaluate the feasibility and cost-effectiveness of 
its program A municipality must update its 
fiscal analysis each year for the annual report 
on the progress in implementing their storm 
water management program [40 CFR 
122.42(c)(3) and (5), discussed in Section 7.3 of 
this guidance] 

8.2 PROCEDURE FOR CONDUCTING A 
FISCAL ANALYSIS 

Under §122.26(d)(2)(vi), each applicant 
must demonstrate sufficient financial resources 
to Implement the conditions of the permit 

Adequate resources may be demonstrated 
by performance, a fiscal analysis of the estimated 
capital and operation and maintenance 
expenditures required to complete the activities 
required by the regulations This fiscal analysis 
must be performed for each fiscal year to be 

covered by the permit (5 years, in most cases). 
The analysis must describe the source of the 
funds used to meet the necessary expenditures, 
including any legal restrictions on the 
appropriated funds 

The following procedure is an example of 
a method of conducting the necessary fiscal 
analysis 

Step 1. Identify the major tasks for each 
component covered by this application 
requirement, including 

Elements of the proposed management 
program 

Estimates of seasonal loads and event 
mean concentrations for each major 
outfall covered by the permit, and 

Proposed monitoring program. 

Step 2. Develop a schedule outlining when 
each of the tasks identified in Step 1 will be 
undertaken Some tasks may be performed 
just once, others may be on-going For 
example, the schedule should include, among 
other things 

The installation of any new control 
measures identified in the proposed 
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management program I§1 22 26(d)(2)(lv), 
dlscussed m Sechon 6 41, 

l A maintenance schedule for structural 
best management pracbces (BMW 
I§122 26(d)(2)(lv)(A)(l), discussed in 
Sechon 6 4.31; 

l Development of seasonal pollutant 
loadings and event mean concentra- 
tions of a representative storm 
&122.26(d)(2)(iii)(C), discussed in 
Section 5.51; 

l Monitonng program for representative 
data colltion for the term of the 
perrni t [§lu.26(d)(2)(ili)(D), discussed 
In !%?chon 5 61, 

l Monitoring program for industrial 
facilities I§122 26(d)(2)W(C)(2), d~s- 
cussed m Section 6.3.31; 

l On-gomg held screerung program for 
11hclt discharges [§122.26(d)(2)W(B), 
dlscussed m Section 6 51, 

l Development of cerhhcation programs 
for construchon workers or peshcide 
apphcators, If appropriate I5122 26(d) 
(Z~IV), dlscvssed m Sections 6.3.1 and 
6 3 21, and 

l Implementabon schedules for other 
components of the storm water 
apphcatlon that have not been fully 
Implemented at the hme of apphcahon, 
such as addlhonal legal authority or 
comprehensive development plans 

Step 3. Estimate the capital expenses 
necessary to accomplish the tasks identified in 
Step 1 and deterrnme a schedule for purchase 
Applicants may elect to define categories of 
capital expenditures such as “motutormg 
equipment,” “miscellaneous monitoring 
sufplles.” “personal protechve equipment,” etc 

Step 4. Estimate other non-capital costs to 
implement the tasks identified in Step 1. Use 
the schedule developed in Step 2 to spread 
costs over the term of the permit Costs should 
be presented as a total annual cost for each 
proposed program component In addlhon, 
estimates of the total annual costs and annual 
per cqxta costs should be provided. Per capita 
costs can be compared with the per capita costs 
of other programs, such as sewage treatment 
programs- 

These costs may include items such as : 

l Newspaper ads announcing new 
programs or recydmg centers; 

l Holding public meehngs or hearings, 
and 

l Labor for department personnel to 
speak to cihzens groups 

Step 5. Identify funding to be applied. 
Apphcants must describe the sources of 
fundmg and any legal restnctions on that 
funding Sources may Include general 
revenues, storm water uhhhes, plan reklew 
fees, permit fees, mdustnal/commercial user 
fees, special assessment chstnct funds, and 
revenue bonds Some fundlng sources, such as 
general revenues based on property taxes, are 
generally unrestncted, but can be allocated by 
local officials annually In a few cases, a local 
property tax may be dedicated to finance a 
storm water management program For 
example, one county fmances its storm water 
management program through a dedcated 
property tax of $0.135 per $100 assessed 
valuahon Other murucipallhes add special 
assessments to property tax bills. 

A storm water uhhty IS another source of 
fundmg dedicated to fmanang storm water 
management ach\lhes The storm water utihty 
offers the advantage of a stable and predlctable 
source of funds. Other advantages of storm 
water uhlltles over general revenues are that 
uhllty charges can be more equitably based on 
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the u>er > iontrlbuhcm to local storm water 
prohlem~, and a uhlitv provtdes a mecharusm 
to incorporate incentives for on-Me storm 
water management 

In man? cases, municipalities fill evaluate 
sources 01 fund5 that are not current]) 
available, such as a new storm water utility. In 
these cases, applicants must include a schedule 
of when funds will be avaIlable. For example, 
it usually takes a muruapahty 18 to 24 months 
of planrung before local elected ofhaals 
authonze a storm water utihty, and another 6 
to 12 months to Implement the uhllty (Ltndsey, 
1988) Key mllestones for plannmg and 
lmplemenhng the funding mecharusm must be 
idenhfled In the schedule The following 
components have been found to be important 
In establlshng storm water ubllbes 

l Determlrung the most appropnate 
admInIstratIve structure lor Implement- 
1°C a 5t~m-l water management 
program, 

Adopbng a storm water utlhn- 
ordinance, 

Eshmabng revenue needs and planning 
for cost recovery, 

Estabhshmg a uhhty rale structure and 
blllmg system, 

Establlshng a system for developer 
contribuhons, and 

lmplemenhng a pubhc informahon 
program 

Step 6. Compare the funding sources with 
the funding needs. As a last step m thus 

process, the muruclpallty must ensure that 
adequat? funding IS avarlable to cover the cost 
of implemenhng the storm water management 
program If adequate funding IS not a\Talabl?, 
the mumapallt> must consider alternate 
source3 of funding such as a storm water 
UtIll t> 
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Confrcll Prosratn, House Document No 15, Richmond, L’A. 1988. 

\\‘DOE, Publrc RCVWW Drafl - Stormwuter Management Manual for the Puget Sound Basin, 
\\‘a41mgtc~n State Department of Ecology Publlcabon #90-73 June 1991 
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Appendix A Blblrography 

Wetlands Their Use and Rqplatin, U.S. Congress, Ofhce of Technology Assessment, OTAXIO-206 
March 1984 

’ For addloonal wurces of tnformahon, applicants may wsh to consult the documents Lsti III the blbhoghraphy ot Urban 

Dramage & Fkwd Control f3smct. Urbun Skvm Dmmagr Cr~kw M~nulll, Voi 111, Urban Dralnage and Flood Control Dutnct, 
Lkng.rr CO September 1, 1992 
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certify, pursuant to 5 U.S.C. 605(b) that 
these amendments do not, have a 
significant impact on a substantial 
number of small entities. 
List of Subjects in 10 CFR parts 122, 123, 
and 124 

Administrative practice end 
procedure Environmental protection. 
Reporting and recordkeeping 
requirements. Waler pollution control 

Authority Clean Water Act. 33 U.S.C. 1251 
et seq 

Dated October 31, 1990 
William K. Reilly, 
Administrator 

For the reasons stated in the 
preamble, parts 122, 123, and 124 of title 
40 of the Code of Federal Regulations 
are amended as follows 
PART 122-EPA ADMINISTERED 
PERMIT PROGRAMS; THE NATIONAL 
POLLUTANT DISCHARGE 
ELIMINATION SYSTEM 

Subpart B-Permit Application and 
Special NPDES Program Requirements 

1 The authority citation for part 122 
continues to read as follows 

Authority Clean Waler Act 33 USC 1251 
et seq 

2 Section 122.1 is amended by 
revising paragraph (b)(2)(iv) to read as 
follows 
§ 122.1 Purpose and scope 

(iv) Discharges of storm water as set 
forth in § 122.26. and 

3 Section 122.21 is amended by 
revising paragraph (C)(1) by removing 
the last sentence of paragraph (f)(7). by 
removing paragraph (1)(9) by adding 
two sentences at the end of paregraph 
(g)(3) by revising paragraph (g)(7) 
introductory text by removing and 
reserving paragraph (g)(10) and by 
revising the Introductory text of 
paragraph (k) to read as follows 
§ 122.21 Application for a permit 
(applicable to State programs, see 
§ 123.25) 

(c) Time to apply (1) Any person 
proposing a new discharge, shall submit 
an application at least 180 days before 
the date on which the discharge IS IO 
commence unless permission for a later 
dare has been granted by the Director 
Facilities proposing a new discharge of 
storm, water associated with industrial 
activity shall submit an application 180 
days before that facility commences 

industrial activity which may result in a 
discharge of storm water associated 
with that industrial activity Facilities 
described under § 122.26(b)(14)(x) shall 
submit applications al least 90 days 
before the date on which construction is 
to commence. Different submittal dates 
may be required under the terms of 
applicable general permits Persons 
proposing a new discharge are 
encouraged to submit their applications 
well in advance of the 90 or 180 day 
requirements to avoid delay. See also 
paragraph (k) of this section and 
§ 122.26 (c)(1)(i)(G) and (c)(1)(ii). 

(g) . . . 
(3) . . . The average flow of point 

sources composed of storm water may 
be estimated. The basis for the rainfall 
event and the method of estimation must 
be indicated. 

(7) Effluent characteristics. 
Information on the discharge of 
pollutants specified in this paragraph 
(except information on storm wafer 
discharges which is to be provided as 
specified in § 122.26) When 
“quantitative data” for a pollutant are 
required, the applicant must collect a 
sample of effluent and analyze it for the 
pollutant in accordance with analytical 
methods approved under 40 CFR part 
136 When no analytical method IS 
approved the applicant may use any 
suitable method but must provide a 
description of the method When en 
applicant has two or more outfalls with 
substantially identical effluents the 
Director may allow the applicant to test 
only one outfall and report that the 
quantitative data also apply to the 
substantially identical outfalls The 
requirements in paragraphs (g)(7)(iii) 
and (iv) of this section that an applicant 
must provide quantitative data for 
certain pollutants known or believed to 
be present do not apply to pollutants 
present in a discharge solely as the 
result of their presence in intake water. 
however. en applicant must report such 
pollutants as present Grab samples 
must be used for pH. temperalure. 
cyanide total phenols. residual chlorine. 
oil and grease, fecal coliform and fecal 
streptococcus For all other pollutants 
24-hour composite samples must be 
used However, a minimum of one grab 
sample may be taken for effluents from 
holding ponds or other impoundments 
with a retention period greater than 24 
hours In addition. for discharges other 
than storm water discharges, the 
Director may waive composite sampling 
for any outfall for which the applicant 
demonstrates that the use of an 
automatic sampler is infeasible and that 

the minimum of four (4) grab samples 
will be a representative sample of the 
effluent being discharged For storm 
waler discharges. all samples shall be 
collected from the discharge resulting 
from a storm event that is greater than 
0.1 inch and al leas! 72 hours from the 
previously measurable (greater than 0.1 
inch rainfall) storm event Where 
feasible. the variance in the duration of 
the event and the total rainfall of the 
event should not exceed SO percent from 
the average or median rainfall event in 
that area For all applicants. a flow- 
weighted composite shall be taken for 
either the entire discharge or for the first 
three hours of the discharge. The flow- 
weighted composite sample for a storm 
water discharge may be taken with a 
continuous sampler or es a combination 
of a minimum of three sample aliquots 
taken-in each hour of discharge for the 
entire discharge or for the first three 
hours of the discharge, with each aliquot 
being separated by a minimum period of 
fifteen minutes (applicants submitting 
permit applications for storm water 
discharges under § 122.26(d) may collect 
flow weighted composite samples using 
different protocols with respect to the 
time duration between the collection of 
sample aliquots. subject to the approval 
of the Director) However. a minimum of 
one grab sample may be taken for storm 
waler discharges from holding ponds or 
other impoundments with a retention 
period greater then 24 hours For a flow- 
weighted composite sample, only one 
analysis of the composite of aliquots is 
required For storm water discharge 
samples taken from discharges 
associated with industrial activities. 
quantitative data must be reported for 
the grab sample taken during the first 
thirty minutes (or as soon thereafter as 
practicable) of the discharge for all 
pollutants specified in § 122.26(c)(1) For 
all storm waler permit applicants taking 
flow-weighted composites quantitative 
data must be reported for all pollutants 
specified in § 122.26 except pH 
temperature, cyanide total phenols 
residual chlorine, oil end grease local 
coIiform, and fecal streptococcus. The 
Director may allow or establish 
appropriate site-specific sampling 
procedures or requirements including 
sampling locations. the season in which 
the sampling takes place the minimum 
duration between the previous 
measurable storm event and the storm 
event sampled the minimum or 
maximum level of precipitation required 
for an appropriate storm event, the form 
of precipitation sampled (snow melt or 
rein fall] protocols for collecting 
samples under 40 CFR part 136 and 
additional time for submitting data on a 

(b) . . . 
(2) . . . 
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use-by-case basis. An applicsnt is 
expected lo “know or have mason lo 
believe” lhat a poMant is pnsent in an 
cfh~ent based on an cvsluation of the 
expected use. production, or sforaga of 
tbc paUulanl. or on any previour 
analyses for the pollutant. (For example. 
my perliclde manufuclured by s facility 
may be sxpecled to bs present in 
contaminated rlorm water runofT from 
lbe facility.) 
. . . . . 

(k) A&kotion rrguirententa fororaew 
wums ond new dmha~. New 
manufaduring. commercial. ml&g and 
silvicuhuml dtschrgers rpplyln8 for 
NPDES permits (except for new 
discharges of hcihhes subject to the 
requirements of paragraph (h) of this 
secllon or new ducheges of storm 
water sssoclated w~tb industrial sctivrly 
which are subject lo Ihe requirements of 
4 12228(c)(l) and this section (except as 
provided by ) IZZ~~(C)(I)(I~)) shall 
provide the followvlg information lo the 
Dtrector. usmg the applrcatlon forms 
provided by the Director: 
. . . . . 

4 Secbon 122 Z(b) mtroduclory Lexl 
IS reblsed IO read a9 follows 

4 122.22 Slgnstorloa to pormlt sppllcstlons 
and r~po* (applkabh to Ststo prosrsms, 
404 p 123.25). 
. . . . . 

(b) All reports required by permits. 
and other InformatIon requested by the 
DIrector shall be signed by a penon 
described In paragraph (a] of this 
9ecflon. or by a duly aurhonzed 
representalive of Iha! person A person 
IS a duly authorized representallve only 
If 
. . . . . 

5 Section 12226 IS revised lo read a9 
rollows 

4 122 26 Slalm water dlachargrs 
(appksblc to Stale NPDES progrsms. so 
p 123.25) 

la) Permit regudrement [I) Prior lo 
October 1, 1992. drscherges composed 
entirely of storm waler ehell not be’ 
required lo obtain a h’PDES perml! 
except 

(I) A discharge with respect 10 which 
a pem11 ha9 been Issued prior IO 
Feb-uary 4 1487. 

(II) A discharge assocraled with 
mdusfnal acllvlly (see 0 122 26(a)(4)]. 

[III] A discharge from a large 
municipal separate storm sewer system, 

(I\ ] A discharge from a medium 
municipal separate storm sewer system. 

1~ I A discharge which the DlrecLor. or 
rn Stares wrlh approved NPDES 
prsg:Ams erther the DIrector or the EPA 
Reflonal Admmlsfrator. deterrnmes IO 
r’,nfr tnlJfe fo a ~‘ldd~lon of 9 water 

quallly slsndurd or is a significant 
contnbutor of pollulants to wa~crs of the 
United Slates. This desiipration may 
Include a discharge from any 
conveyance or ryrlem of conveyancea 
used for collecting end conveying slorm 
water runoff or s system of discharges 
from municipal sepsrale storm wwers, 
except for those discharges fron 
conveymar which do not rsqulrs s 
permit under psrsgrsph (s)(2) of Lhis 
sectin or agricultural storm water 
nmofl which is exempted from lhe 
definllion of point sourcs al ) 12Z2. 
Tba Dlrsclor may designate discharges 
from munlcipsl repsrate storm sswsrs 
WI I systsm-wide or jurisdlctlon-wide 
brie. In makhg (his datuminalion the 
;z; may amider the following 

(A) Tha location of lhe dmcharge wrlh 
mpecl lo walers of the United Stales a9 
defined at (0 CFR 122.2 

(B) The sire of the discharge. 
(C) Tbs quantity and nslure of the 

pollutants discharged LO waters of the 
United bstn; snd 

ID) Other relevant factors. 
{2) The Dlreclor may not require a 

permil for dlscharges of 9lorm waler 
runoff from mmlng operations or 011 and 
gas exploration. production. processmg 
or trealmenl 0peraLonr or transmission 
faclh~~es. composed entirely of !Iows 
which are from conveyances or systems 
of conveyance9 (mcludmg but not 
lImIted 10 popes. condulu. ditches. and 
channels) used for collecbng and 
conveymg preclpltatlon runoff and 
which are noI contammated by contact 
with or thal has not come into conlacl 
with, any overburden. raw mslenal. 
mlermecbate produck finished pro&cl. 
byproduct or waste products located on 
the mte of such operailons. 

(31 Loge andmedum munqn2l 
separore storm sewer systems I I ) 
Permits must be obtained for all 
discharges from large and medium 
municipal separate sLorm sewer 
systems. 

(II] The DIrector may either issue one 
system-wide permit covering all 
discharger from munlclpal separate 
storm sewen within s large or medium 
municipal 9lorm sewer sy9lem or Issue 

dlstmct permits for appropriate 
categories of discharge9 within a large 
or medium muruclpal separate slorm 
sewer system indudmg. but not lImIted 
IO et1 discharges owned or operaled by 
the same munlclpahty. located wlthln 
the same junsdlctlon; all discharges 
wlthm a system lhat dlscherge to the 
same watershed. drscharges withan a 
syslem theI ere slmllar In nature. or for 
mdrvldual drscharges from municipal 
separate storm sewers within Ihe 
system 

(III) The operalor of a dlschage from 
a municipal sepamle ~lorrn sewer whtrh 
is part of e lerge or medium muntnpal 
reparale storm sewer system must 
either: 

[A) Parlicipale in a permit epphcatlon 
(IO be a permlllee or a co-permIttee] 
with one or more olher operslors of 
discharges from the large or medium 
municipal storm sewer syslem which 
covers all., or s portIon of all. dlschagrs 
from Be municipal separate storm 
sawer system; 

[B) Submit s distend pennil 
l pphcatlon which only covers 
dlschages from the municqsl separete 
storm sewers for which Ihe operator Is 
responsible. or 

(CJ A regaonal authorily may be 
responsible Ior submllllng a permit 
apphcauon under the followmg 
guldchnes 

(1) The regional aulbonly together 
with co-apphcants shall have authonry 
over a storm water managemen! 
program rhal IS III exlslence. or shall be 
in l ustence al the time part 1 of the 
appllcatlon 19 due, 

(2) The permrl applicant or co 
eppkant9 shall eslabllsh their ab hty to 
make a tImeI) rubmlssron of part I and 
part z of the munlclpel apphcatlon. 

1~) E.ach of the operelors of munrclpal 
separate slorm sewers wjlhrn the 
syslems described In paragraphs Ib)[4) 
(I). [II), and (III) or (bJ(7) (I) (II). and (III) 
of 011s sectlon. thal are under the 
purview of the designated region31 
authority. shall comply WI&I Ibe 
appkahon requlremenls of paragraph 
(d) of this sectIon 

(IV) One permit appljcatlon may be 
submItted for all or a portlon of all 
munlclpal separate storm sewers wIthIn 
adjacenl or Interconnected large or 
medrum mumclpal separale storm sewer 
sj stems The Director may Issue or&e 
system-wide permit covermg all or a 
porhon of all municipal separate 6:orm 
9ewers In adlacen\ or Interconnected 
large or medium munlclpal separate 
9lorm sewer syslems 

(v) Permrls for all or a porlion of all 
discharges from lage or medium 
municipal separale slorm 9ewer sgs!ems 
[hat are Issued on s system-wide. 
lurlsdlctlon-wrde walershed or other 
basis may specify dIfferen condlllons 
relatmg to Me.rent discharges covered 
by the permrt. mcludlng different 
management programs for dlfferent 
dralnege areas k hlch contrrbule storm 
water to the s) stem 

(VI) Co-permIttee need only comply 
wllh permll condlrlons relating IO 
discharges from the mumcJpal seperale 
storm sewers for which they am 
operators 
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(4) lhschageb lhmugh laqe and 
mcdrum munrcipal repmk storm sewer 
system8 ln addition to mcctlng the 
raquinmcnt8 of parrgrrph (c) of h 

8ecUon. an operator of l Norm water 
dlrcharge l s8odated with Indu8trial 
actMy which dlrcharge8 through a 
large or medium municipal aepnrale 
storm sewer ayatem rball submit, lo the 
operrtor of the municipal aeparata 8torm 
wwer ry~tem hiving the discharge no 
later than May 16.1991. or 1e0 dayr 
prior lo cotnmendng ~ucb dImcbge: lbc 
nmttr of lbe fedlilr. a ooontact person 
end phone numk the location of the 
dlachgc a deeui Uoa Lndudlng 
Stenderd lttdwtrl s Clar&uUon. 
which best rrfleclr lbe principal 

P 
roductr or rcnrlcer provided by each 
adtity; md any exMing NPDES permit 

number. 
(5) Olher municipal cepnmte storm 

8ewe~. The Director may 188~s permits 
for municipal separate rtorm 8cwen 
that are derignrted under peragraph 
(a)[l)(v) of this nection on a ryrtcm-wide 
bark. jurirdicUon-wide bark 
waterrhcd barln or other appropriate 
bana. or may I8ue permita for 
indlvldual dlrcharger 

(6) Non-municipl sepamfe storm 
LCIYCH For rtorm water dlachages 
as8ociated with lnduutnel actrvlty from 
point rourcer which ducha l through a 
non-munlclpel or non-pubhc P y owned 
rcperale rtorm sewer ryrlem, the 
Director, in hi8 dlecrction. may isruc a 
8mgle NPDES pernut. with each 
dlrcharger a co-permittee to e permit 
irrucd to the operator of the portion of 
the ryrtem that dl8charger into wntem 
of the United Stater: or. indlvldual 
permltr to each drrchager of 8tonn 
water arsoclated with indu8tnal acuvlry 
through the non-municipal conveyance 
ryrtcm 

(I) A.lI storm water &rcharges 
arrociated with indurtnal acbvlty that 
dincharge through a atom water 
dlccharge system tk-Jt ir not a murucipal 
reparate nlom 8ewer munt be covered 
by an individual permit. or a permit 
insued to the operator of the portlon of 
the 8yrtem that dlacharger to watern of 
the UnIted Slates. ~th each dincharger 
lo the non-municipal conveyance a co- 
pcnlttee to that permit 

(II) Where there II more than one 
operator of a rtngle nyntem of ruch 
conveyancer. all operator8 of ntorm 
water dlrchage8 a8nocialed wth 
lndustrlel acbvity muat 8ubmlt 
appl~cel~ona 

(1111 Any permrt covenng more than 
one operator nhall ldentlfy the effluent 
hmltalrona or other penmt condltlonn. d 
any that epply to each operetor 

(7) Combrnedsewer systems 
Conbryances that dlachege storm 

wlter runoff combined with munldpal 
newage an point 8ourcen lhat must 
obtain NPDES pmnitn in accordance 
with the procedure, of fi s22.2l and are 
not rubject to the pmvinionr of this 
asclh. 

(a) Whether a dircharge from a 
muddpal reparata rtonn newer II or is 
not rubject to regulation under thi8 
aecUon ahall have no bearing on 
whelh lbr owner or oprmtor of the 
dkharga is eUgll& for fundiug under 
titlaILUlleUfortiUeWoftbeClean 
Water Act. See 40 CFR part 35. rubpart 
t wmnh AOHJI. 

(b) Lkfinitiona. 11) CoqWnittee 
meetu a pertn~lea to a NPDES permit 
that b only rrrpoaalble for pennit 
condiUoa~ relating to the dkbags for 
whlcb It la opntor. 

(2) /Ilicit dicchuge mean8 my 
&charge lo a munidpal rcprnte storm 
sewer tbrt I8 not cornpored entirely of 
atonn waler except dkbager pursuant 
to a fWDES permit (other than the 
NPDES permit for dirchago from tht 
municipal reparate alonn 8ewer) and 
dircharger resulting from fire fighting 
activitier. 

(3) Incoqom!edpluce mean8 the 
District of Columbia, or a city. town. 
township. or vllbge Lhat ir incorporated 
under the lew8 of tbe Slate in which it ir 
located. 

(4) Large municlpol sepamfe storm 
sewer system mean8 sll mumclpal 
reparate storm aewen that are either: 

(i] Located In an lncorporaled place 
with a population of 250.000 or more as 
determined by the Iatot Decennial 
Cenrur by the Bureau of Census 
(eppendix F): or 

(U) Localed In the counUe8 urted in 
appendix H. except municipal repamle 
sform rewen that are located in the 
hcorporaled placer. townrLp8 or town8 
within such counties: or 

(bi) Owned or operated by a 
municipahty other than there described 
in paragraph (b)(4) (1) or (ii) of Lhlr 
recbon and that are denmated by the 
Director aa part of the large or medium 
municipal ripsrate rlom sewer system 
due to the Inten-elaUonrhip between the 
dlrchager of the derignated 8lorm 
rewer snd the dirchuger from 
municipal reparale 8torm sewers 
dercribed under paragraph (b)(4) (I) or 
[ii) of thlr 8ecUon. In making thl3 
determinallon the DIrector may connider 
the following facton- 

(A) Phynlcal inlerconnecllona 
between the mumcipal reparete IIO~~ 
rewem, 

(B) The location of dwbagen from 
the designated muruclpal reparate 8lorm 
newer relative to dlrchrger from 
munlcipai 8eparate 8lorm rewers 

dercobed in paragraph (b)(4)(i) of th 
meclion: 

(C] The quantity and nature of 
pollutant8 diDcharged lo waler8 of the 
United Staler: 

[D] The natum of the ncelving waten. 
and 

(E) Other relevant facloh. or 
(iv) The Director may, upon petItion. 

demignate aI l large municipal aeprrale 
storm rewer myrlem. municipal reparate 
rtocm aewem located within the 
bowdarlsr of a region defined by a 
rtorm waler management regional 
authority bared on a juriadictbnal. 
watenhed, or other appropriate bar18 
thet include8 one or more of the 8frtemn 
deralbed in paragraph (b)(4) (I). (II), (III) 
of W8 acction. 

(5) Major munxipol repomle rtonn 
aewur ou%fl (or “major outfall”) mean8 
l munidpd reparate rtorm sewer outfall 
chat cIL8cbarge8 from a ringle pipe with 
an inrlde diameter of 26 inches or more 
or it8 equlvalenl (&rchargc from a mingle 
conveyance other than circulu pipe - 
which ln l rrociated wltb l drainage 
area of more than 50 4crer). or for 
municipal reparate ntorm mewera that 
receive storm water from lands zoned 
for indurtnal actlvlty [baled on 
comprehenrive ronmg plan8 or the 
equnalent). an outfall that dlrchargr 
from a nmgle pipe with an innlde 
Qameter of 12 inche8 or more or from its 
equlbalent (dlnchagc from other thrn a 
circular pipe arroclated with a drainage 
area of 2 acre8 or more] 

(6) MQJO~ ouffoll means a ma jar 
municipal reparate rtorm 8ewer outfall. 

(7) h-fed/urn munlclpal repomte rtorm 
sewer sysrem meann all municipal 
reparate rtorm newern that are either: 

(I) Located In an Incorporated place 
wrth a population of 100.000 or more but 
lenr than 260.060. a8 detemuned by the 
latert Decennial Cennun by the Bureau 
of Census (appendix G). or 

(II) Located in the countler llsted in 
appendtx I. except municipal neperate 
rtorm newer1 that are located In the 
incorporeted placer. town8hlpa or towns 
wlthm ruch counties. or 

(III) Owned or operated by a 
muniapsltty olher than thone dercnbed 
in paragraph (b)(4) (I] or (II) of this 
rectlon and that are derlgneted by the 
DIrector a8 part of the lage or medium 
municipal neparate Norm rewer eyrtem 
due lo the mterrelatlonrhlp between the 
dIncharges of the derlgnated rtorm 
sewer and the dlncharges from 
mumclpal neparale nlorm lewefs 
dercrlbed under paragraph (bl(41 (il r- 
(II) of this sectIon in malung this 
determmatton the Dlrector may conb 
the foliowq factors 
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(A) Physical interconnections 
between the muuiclpal separate storm 
IItWCH; 

[B) The location of discharges horn 
the designated muniapal separate storm 
sewer rrletivt lo &scharger from 
munlclpal separate rlornll sewem 
described In paragraph (b][7)(i) of th18 
recllon: 

[C) The quanUty and nature of 
pc+htantr discharged to waters of the 
UnIted States; 

(D) The nalw of the nceivmg waters. 

@I Other relevant facton; or 
(iv] The Director may, upon peuuon, 

designate as a m:dium munlc~prl 
-ate storm 8ewer system. munldpat 
separate storm rewem located within 
the boundaries of a region defined by a 
storm water management regional 
l utborlty based on II jurirdictlonal. 
watemhed, or other appropriate ba~ir 
that include8 one or more of the ryrtemr 
dercnbed in paragraph8 [b)(7) (i). (II]. 
(Ur) of this rection. 

{a) Munrclpal seporde storm de wer 
mean8 a conveyance or ry8tem of 
conveyance8 [mcludmg road8 with 
dramage myatennf, mnmcipal streets. 
catch basins, curbs. gutters, ditches. 
man-made channels. or storm drams] 

(I) Owned or operated by a State, c11y. 
town, borough. counly, parish. dlrtrict. 
rsaociallon, or other public body 
(created by or pursuant to State lew) 
having junsdlctlon over disposal of 
sewage. Industrial waster. storm waler, 
or other wastes. Includmg special 
dlrtnctr under Stale law such a8 a 
sewer &stnct, Rood control d~etrict or 
drainage dlstnct. or rlmllar entrty. or an 
lndlan tnbe or an authonzed lndlan 
tribal organlzatlon. or a designated and 
approved management agency under 
sectron 208 of the CWA that discharges 
to watera of the UnIted States, 

(II) Designed or used for collectmg or 
conveying storm water: 

(HI) Which II not a combmed sewer, 
and 

(IV) Which IO not part of a Publlcly 
Owned Treatment Worka IPOTWI an 
defined at 40 CFR 122 2 ’ 

(9) Our(all mean3 a pornt source a8 
defined by 40 CFR 122 2 at the point 
where a munlclpal separate storm 8ewer 
dlscharges to waters bf the United 
Slate8 and doer not include open 
conveyances cormectmg two mumctpal 
repare te storm sewers or pipes. tunnel8 
or other conveyances which connect 
segments of the same stream or olher 
vafers 01 the Umted Slates and are used 
o conve) walers of the Umted States. 

(IO] Oberbmden means an> metenal 
of any nature. consotldated or 
mcoosolldated. that overllee a mmeral 

~C-SSII excllrdlnp topsorl or slmllar 

naturally-occurrfng 8urfec.e material8 
that are not disturbed by mining 
operations. 

111) Runoffcoefic~enr mearu the 
fractAon of total rainfall that till l ppear 
at 8 conveyanca as nmoff. 

(12) Signlficunt moteriuls includes. 
but Is not limited to: raw metcri8l8: 
fuelr. materials such 48 aokents, 
detergent* and plastic Nets: flni#hed 
materiab such as mala r Ic psciductr; raw 
materlaIr wed In food procarrlng or 
producuos hazudow 8ub8tallce8 
designated undo section lOl(l4) of 
CERCLAi any che~~~Id the fmdky Ia 
reqti lo report purauMt to aacuou 
51s of Uda In of SAM LrtiLLLwn: 
pe8tldde8: and warta products such as 
ashes. 8188 and skd@ that bavr the 
potenUa1 to be nlrarrd with storm 
water disc&gas. 

(13) S&m wuter means storm waler 
runoff, snow mel! runoff, and surface 
runoff and drainage. 

(14) Storm water d&hag8 associated 
wirh induslriol activity mean8 the 
discharge kn any conveyance wbicb is 
used for collecting and conveying storm 
water and which Is directly related to 
manufacturing, processing or raw 
material8 storage areas at an industrial 
plani. The tern doer not include 
&rcharges from facilrtier or activltlee 
excluded from the NPDES program 
under 40 CFR part 122. For the 
categories of industries identified in 
paragraph8 (b)(l4) (I] through [x] of th18 
section, the term Includes, but Is not 
hmlted 10, storm water discharge8 from 
Industrial plant yards: lmmed!ate access 
roads and reIl lines used or traveled by 
carrier8 of raw materials, manufactured 
products. waste material. or by-products 
used or created b the facility: material 
handing sites: re km e sites; liter used for 
the application or dirporal of pmcese 
waste watem (an defined at 10 CFR part 
101): rites ured for the storage and 
mamtenance of material handling 
equipment. sites used lor remdual 
treatment. storage, or dlsporal: shipping 
and receiving areas: manufacm 
buildm 8: mtorage erear [Lncludmg tank 
farms) or raw materlab, and f 
intermediate and finished product*: and 
arean where Industrial ectivily ha8 
laken plece tn the past and rlgnificant 
malena remain and art exposed to 
storm water For the categorier of 
industries ldenttfied in paragraph 
(b)[lr)(xi] of thir rection. the term 
includes only rtonn water dischager 
from all the areas (excepl acce8m roads 
and rad hnes] that are luted in the 
prevlour sentence where material 
handling equipment or acbvltrer, raw 
matenelr. intermediate products. final 
products. waste ma~erialr. by-products, 
or mdurtrial machmery sre exposed to 

storm water. For the purposes of this 
paragraph. material handhng activltler 
include the storage. loading and 
unloading. tranaportabon. or 
conveyance of any rew material. 
intermediate product, finished product, 
by-product or waste proch~ct. The term 
excluder area8 located on plant lands 
separate from the plant’s industrial 
rctMtie8. such aa offlce buIldInga and 
rcwmpmnying parking lots a8 long aa 
the drainage from the excluded ueas is 
not mlxed with storm weter drained 
&om the above deacrlbed ereas. 
induetial facUltk8 (Including industrial 
facilities that are Faderally. State, or 
q unidpally owned or opereted that 
meet the description of tha h4liUer 
listed ln Thor paragraph (b)[14)(1)-(xi) of 
this section) include those fadlitler 
derignatcd under the provisIons of 
paragraph (r)[i)[v) of this 8ecUon. The 
following categoner of facilltIe8 are 
considered to be engaglng in ‘IndurMal 
activity” for purposes 01 this 8ubrecUon. 

II) Fadlltier subject to storm waler 
effluent Inutationn guIdeliner. new 
source performance standards, or toxic 
pollutant effluent standards under 10 
CFR subchapter N (except facUee8 tith 
toxic pollutant effluenl rtandards which 
are exempted under category (xl) in 
paragraph (bJ[14) of this rect~on); 

[II) Faclhtles clarsffied as Standard 
lndurtrial Classifications 24 (excepl 
2434). 28 IexceL t 265 and 267). 26 (except 
243). 29.311.32 (except 323). 33.3441. 37% 

(ill) Faclhtur classified a8 Standard 
lndustnal Class~ficatlons IO through 14 
(mlneral indurtry) Includmg acbve or 
lnsctive nuning operation8 (except for 
area8 of coal mining operations no 
longer meebng the defml Lion of a 
redamatlon area under M CFR 434 11(l) 
beuure the performance bond issued lo 
the facility by the appropnale SMCRA 
authority haa been released or except 
for area8 of non-coal mimng operations 
which have been wtmed from 
apphcabIe State or Federal reclamahon 
requirementr after December 17,lesO) 
and oil and gas exploration. productron. 
procerring. or treatment operations, or 
traosmlsaon faclllttes that discharge 
storm water contaminated by contact 
w~tb or thal has come into contact with. 
any overburden. raw material. 
IntermeLate products. fmlrhed 
products, byproduct8 or waste pruductm 
located on the rote of such operahons. 
(inactive nunmg operations are mlnlng 
sites that are not being rdlvely mined 
but which have an Identdiable owner/ 
operator. inactlve mmmg 8ltes do noi 
include siter where minmg claims are 
being mamtained prior to dIsturbancea 
associated with the extractron. 
beneficiation or procersmg of mln?d 
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muterhk nor alto where minimal 
l ctivitiu err undertaken for the sole 
purpose of meintnining a mining daimj: 

(iv) Hazardour week treatment. 
storage. or dqoeal facilities. indudmg 
thow lhat are opting under intefim 
elatue or l permit under e&title C of 
RCXA; 

(v] Landfilla land apphcation eitcr. 
and opan dumpr that receive or hew 
recahd l ny induetriel wartee (mete . 
lhat le recaivad horn eny of the fadl~tiae 
dceaihed under Qia eubeeckm) 
includmg Thea that are l uhjact to 
ngulatioa under eubUUa D of RCRA. 

(vi) FuibGs involved In the mcycluq 
of rn8twiJI. hdudIng mabl ecmpyarda 
tuttavy redeimcn. ealvage yarb. and 
aotomobile junkyardr including hut 
I~rnMd to khorc daee~fied 8s Standard 
lnJueMal Ciaasificatlon 5015 and 5093. 

(vii) Steam electric power generating 
faclhtree. lncludmg coal haodllng alter. 

(VW) Traneporturron furilltlea 
claeer~cd as Standard Indurtnel 
Claeufiullonr 4tl.41.42 (excepl lzzl- 
~5). 43. CL 45, end 5171 which have 
\eblde mamhmance ehopr equipment 
cleaning operetionr. o8 airport delcmg 
opcretionr Only hone porWma 01 Ihe 
facdlty that are either involved io 
vehicle malatenana (mdudw vehlclr 
rehrrblhtatron mechanical rcpeln. 
palntlng. fuclmg. and lubricalron). 
equipment clearung operabonn. a:rpofi 
derclng operstlons. or wb~ch are 
othrrnise Idenllfied under progrcrphr 
(bl(l4) (I)-(vII] or (LX)-(XI] of this eectlon 
are aasoclated with indurtrlrl actlvlty. 

(lx) treatmelll worka trerting 
domcalic rewage ur any other sewdgc 
sludge or wurtcwater treatment devlcc 
or rlstem. used m the storage treatment. 
rrcgcimg and reclamatmon of municlpai 
or domesllc newage lnciudmg land 
dedlcakd to the dlsporal of wwagp 
sludge that are lOCdl@d ~ithm the 
co~finra of 0-t~ fac~ht) wllh a design . 
flowf l$ mgd or mnre or requbred to 
fire an hpprobed pretlcstnlrlll program 
undu 40 CFF4 part 403 hot InrlJded e:e 
farm lands domestic p trdens or lands 
used lor sludge management when 
sludge II beneficlaliy reused and which 
are no1 physIcaNy locnled In the 
confines of the facilrty. or aPeas that are 
In compliance with section MS of the 
CWA. 

1~) Construchon ~CIIVII~ InciJdlng 
cleenng. grsdlngand excavahon 
aclrwt~ea except operatIona that remA 
~1 the disturbance of lass then five awes 
of total land area which are not part of a 
larger common plan of de\ elopment or 
sale 

Ial) Faahtieo under Standard 
lndustnal Classifications 20. 21.22. 23. 
243-1 25 26& 267.27.283.265.30.31 
lc-cv 511) 323 M fercept WI) 35.58, 

37 (except 373). 36.39.4221-25. (and 
which are not olhcrwlee included within 
cetegonee (h)-(x)). 

(c) A&~cvtion requrremente for rtortn 
wuter dirchofges oeaocioted with 
tnduslrid activity-+] hd~v#uof 
opplrcotion. DLechagere of etonn water 
l reoclatsd wilh indu&fal l cUvity are 
raqulnd lo rp Iy for an indivfdual 
parrnIL ap 

flp 
ly ore pennil through l 

group epp cation or eeek coverage 
under a promulgated elorm water 
grncral pvmit. Facilltiae that are 
required lo obtain an lndlviduel permit. 
or any discharge of storm weter which 
the Dlrccfor b evehUng fw 
deeignation (rse 40 CRI 124.52(cJ] under 
pemgnph (m)(l)(V) of thle mctlon md is 
not l mwrlapel eeparule etorm eewer. 
and which ie not perl of a grwp 
l ppbcation deecrihed under paragrepb 
(q(2) of tbie eection. shall eubmit en 
NPDES application in accordance with 
rhe requiremente of 4 12L2l a~ modified 
and ruppiemcnted by the provieione of 
the remainder of thihir paragraph 
Applkontr for discharger Oompoeed 
cntlrelv of etorm wcrter shall eubmil 
Form I l d Form ZF Appkantr for 
duchurgel composed of rtorm wuter 
and non-storm watrr rhull rubout Form 
I. Form 2C. and Form 2F Appkenl~ for 
new eources or new cbsrhargea (as 
defined in j 122.2 of ha part) cornpored 
of dorm waler rnd non-storm water 
shall eubmit Form 1. Form ZD. end Form 
2F 

(II Except aa provided in 0 122 %(c#l I 
(ii)-( the operelor of a etorm water 
discharge esroclated with Ind!rstnal 
activity subject to this rection bhaU 
provldc 

[A) A site map rhowmg tupography 
(or bdlceting the outhne of drainage 
areas eerved by the oulfatl(e) covered in 
the epphcation if a topographic mai i6 
unavailable) of Ihe facility mcludmg 
each of its dramage end becharge 
structures. the drainage area of each 
storm water outfall. paved npeaa and 
bulldIngs within the dramage are(l of 
each storm walu outfall. each purl or 
prerent area ured for outdoor rlurage or 
disposal of aignifiunt matennla eecb 
l astlng Wuctural control mensure lo 
reduce pollutanle in dorm water runoff. 
materiels loading and euxns JreS8. 
arean whew peetrcidee. herbicides. soil 
condlkmers end fertlllzrr are appbed 
each or its bJXJdOll8 waste trealment. 
elorage or &rporal fecihties (indudkg 
each area not required lo have a RCRA 
permit which II ured for accumulating 
hazardous warte under (0 CFR 262 341. 
each well where fluidr from the fecdIty 
JR! in/e&d undergroruld: Springa end 
other w&e weter k&a which 
recerve tinem water dlechsges from Iire 
facility: 

(B) An eatimate of the area of 
Impervious rurfaces (includtng paved 
areas and bulldrng roofs) and the total 
ue~ drained by each oulrpll (wlthrn e 
mile rudrue of lbe Sac&y] and a 
narrative deecr@Uon of the following 
Slgnikent materia!e IhJt in the lhree 
yeen prior to Ihe rubmittal of thin 
l pplketioa have been treated, stored or 
dlePoeed in a menasr lo allow seporure 
to etorm weter, method al treatment 
etorage oc dieporal of euch materials; 
maleride management praclicee 
employed, in the three yeare prior IO Ihr 
l umtal d th:e l pph&~n to 
minimlee ooatad hy theee matenrle 
wilb Slonn wrtar mnom matenule 
loading and am areas the loca~on. 
manner and fmqm in which 
peetkldcr. betbidder. rod coodltloners 
and ktilleen are l p@td: the location 
and a deecriptkm of axnthg etwcttu~l 
l d wa-Dtnlclurlll control meseurcB to 
reduce pollutants in storm wator runoff 
and a deecripclon of the freatment the 
etorm water receives. indudrng the 
ultimate dLpoal of any rolld or fluid 
wostce other than by die&age: 

(C) A certificetion lhrt a?1 outfallr lhet 
rhould contaut storm waler discharges 
arsociated with indurtrfal acfrvity havp 
been tested or evaluated for the 
precrnce of non+torm waler drschargp- 
which en not covered by a NPDES 
pannri. ferfe for such non-elorm w0lC1 
dlachrrges may utclude rmoke lest& 
fluorometrlc dye teats. analysis of 
accurate schema&e. an well as other 
appropriate tests The certification shall 
Include a descnptlon of the method 
used the date of any testfnp. and the 011 
rite dralnegr poinla that were directly 
observed during a test. 

(D) Ruiehng infwmation regordmg 
Jl@kJnt leaks or ep~lls of touC or 
harardoua polhttentr at the fac~hy that 
have taken place within the three )ears 
prior to the rubmlttal of this spphcation 

(E) Quantitative date based on 
BernpIes collected dunng rtorm events 
and collected in accordance with 
0 122.2l of tNa part fmm afl outfillle 
contaiomg a e~orm waler dwhorge 
srrocirled with industrial activity fol 
the following parameters 

(I) Any pollutant limited v) en effluen 
guldehne to ~hicb the facih my ia rubject 

(21 Any pollulaal Wed in the facillty’l 
NPDES permit for rte process 
wastewater (if the fadtity is Jperalrng 
under an exi&ng NPDES pe.rmiil; 

(31 Oil and grease. pH. BOD5. COD. 
‘ES, total phosphonu. total Kjeldahl 
nitma. and nitrate plu: nitrite 
niUogMI. 

(I) Any Information oa the dndmr, 
required under pJBB#Jph $ IZUl~)( 
(1111 and (IV) of this part 
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(5) Flow mcaruremenlr or crlimaler of 
the flow rate and the total amount of 
discharge for lhe storm event(s) 
rampled. and the method of flow 
measurement or ertlmation: and 

(6j The date and duration (in hours) of 
the rtorm event(s) sampled, rainfall 
measurements or estunater of the storm 
event (In inches] which generated the 
rampled runoff and the duration 
between the storm event earnpled and 
the end of the previour mearurable 
(greater than 0.1 Inch rainfall) rtorm 
event (in houre); 

(Fj Opemton of a dlrcharge which ir 
compoacd entirely of rtorm water am 
exempt from the nqulnmente of 
4 ma rsx21. (8X31. (s)(4). [elW 
(sl(7l(tl. MW). and [e)(7)(v); and 

(C) Operaton of new sources or new 
discharges (as defined in 0 122.2 of lie 
part) which are composed In part or 
cnttrely of rlorm water murt include 
esttmates for the pollufanls or 
parameters Itsted in paragraph 
(c)(l)(~)(E) of thts eectlon innteed of 
actual samplmg data. along with the 
eource of each estimate. Operators of 
new sources or new discharges 
composed In part or entirely of storm 
water must provide quantitative data for 
the parameters hsted in paragraph 
(c)(l)(~)(E) of this section within two 
yeara after commencement of dttcharge. 
unless such dafa has already been 
reported under the monltonng 
requirements of the NPDES permit for 
the discharge Operators of a new 
source or new discharge which 1s 
composed entirely of storm water are 
extbmpt from the requlrements of 
0 122 21 (k](3)(u). (k](3j(ul). and (k)(5) 

(II) The operator of an existing or new 
starm water dlscharge that is associated 
wllh industrial actlvlty solely under 
paragraph (b)(lr)(x) of this section, (s 
exempt from the requirements of 
) 122 21(gl and paragraph (C)(Y)(I) of this 
sectlon Such operator shall provide a 
narrative descnptlon of 

(A) The location (mcludtng a map] 
and the nature of the constructlon 
acllvlty. 

(B) The total area of the site and the 
area ol the note that is expected IO 
undergo excavation dunng the hle of the 
permil 

(Cl Proposed measures includmg best 
menagemenl pracficee lo control 
pollutants In storm water dtscharges 
during constructron mcludmg a bnef 
descrlptlon of appbcable State and local 
erosion and aedlment control 
requlrcmenls 

(Dj Proposed measures to control 
pollutants In storm water discharges 
[h&l ~111 occur after construction 
opt allong ha\e been completed, 
mcl ding a bnef descnptlon of 

applicable State or local erdon and 
rediment control re 

9 
uirements: 

@) An ertlmale 0 the runoff 
cocfficlent of the rite and the Lncreare ln 
impervious area after the conrtmctlon 
addressed In the permit applloatton Is 
completed the nature of fill material 
and existing data describing the soil or 
the quality 61 the dlrchage~ and 

m The name of the recciti waler. 
ill;) The operalor of an axlAg or new 

dlrchage cornpored entirely of rlorm 
water from an oil or gar exploration. 
productton. procerdng, or b-erbnenl 
operation. or tmnrmladon facility le not 
required to rubmlt a permit lpplkation 
In accordance with paragraph (c)(l)(l) of 
this rectloh unleer the hcilityz 

(A) Har bad a dirchsrge of rtonn 
waler rerulling ln the dlrchrge of a 
reportable quantity for which 
nollIlcetion Ir or wae required pursuant 
1040CFR117.2l0r40CFR3026a1 
anytime rince November 16.1887. or 

(B) Has had a discharge of rlorm 
water resultmg In the discharge of a 
reportable quantity for which 
notification ir or wae required pumuant 
to 40 CFR 110 8 al any time rince 
November 16.3987; or 

(C) Contnbutes to a violatton of a 
water quality standard 

(iv] The operator of an existing or new 
discharge composed entirely of slam 
waler from a mining operalton l6 not 
required to submtt a permit apphcation 
unless the discharge haa come info 
contact with. any overburden, raw 
material, Infermedlate produclr. fmished 
product, byproducl or waste products 
located on the site of such operations 

(v] Apphcanls shall provide such 
other information the Duector may 
reasonably require under 0 122.2l(g)(W 
of 011s part to determine whether to 
issue a permit and may require any 
facility subject lo paragraph (c)(l)l111 of 
thus sectrcn to comply with paragraph 
(c)(1)(1] of this section 

(2) Croup opphcatran for drscharges 
assocrated with JnduSlrrOi llCtJVJty h 
lieu of indivtdual apphcallons or notice 
of intent lo be covered by a general 
permit for storm water discharges 
associated with industrial activrty. a 
group apphcatlon may be filed by an 
enuty represenling a group of applicants 
(except facihber that have existmg 
individual NPDES permtfs for rtorm 
water) that are part of the same 
rubcategory (see 49 CFR subchapter N. 
pert 105 to 471) or. where such grouping 
is inapplrcable. are rufficlenlly similar 
as to be appropriate for general permit 
coverage under ) 122 29 of lbrs part The 
part I apphcatlon shall be rubmltted IO 
the Office of Water Enforcement and 
Permits. U.S EPA. 101 M Slreel. SW. 
Washington. DC 29489 (m-338) for 

approval Once a part 1 applicel~on IO 
approved. group apphcants are to 
submit Part 2 of the group eppllcatton to 
the Oflice of Water Enforcement and 
Permits. A group apphcatlon shall 
conrist of 

(I) Parf I Par1 1 of a group application 
shall: 

(A) Identify the parttcipanls in the 
group epphcation by name and location. 
Facilities partrctpating in the group 
application ihall be listed In nine 
rubdlvtsions. based on the facility 
location relative IO the nine 
precipttatton zones tndtcated in 
appendix E lo thir part. 

(B) Include a narrative dercripllon 
rummarlzing the tndustrial aclinlles of 
participants of the group apphcatlon and 
explaining why the parllclpants. as a 
whole. are suficlently similar to be a 
covered by a general permit 

(C) Include a IISI of stgmficant 
materials stored exposed IO 
preclpitatlon by partlctpants in the 
group apphcatlon and materials 
management practices employed to 
dlmuush contact by these materials wtth 
preclpltatlon and slot-m water runoff. 

(D) ldenttfy ten percent of the 
dlschargers partlclpatmg In the group 
apphcetlon (with a mIntmum of 10 
dischargers. and either a mmlmum of 
two dischargers from each preclprtalton 
zone indicated In appendix E of thrs part 
In which ten or more members ol the 
group are located, or one dtscharger 
from each preclpltatlon zone tndlcated 
Ln appendix E of this par1 In which nine 
or fewer members of the group are 
located) Irom which quantttatlve data 
will be submitted In part 2 11 more than 
2.000 facllltles are rdentdied tn a group 
apphcatlon. no more than 300 
dlschargerr must submu quantltatlve 
data in Part 2 Groups of belween four 
and ten dischargers may be formed 
However, In groups of between four ano 
ten, at least hall the faclhtles must 
aubmlt quantltatlve data and at least 
one faclhty In each prectpltatlon zone In 
which members of the group are located 
must rubmlt data A descrlptlon of why 
the faclhtles selected to perform 
ramplmg and analysts are 
represenletlve of the group as a whole in 
terms of the mformatlon provided in 
paragraph (c)(l) (I)(B) and (I)(C) of this 
aectton. shall accompany this sectlon 
Different fsclorr ImpactIng the nature of 
the r~otm waler discharger such as 
processes used and material 
management shall be represented to 
the extent leasable In a manner roughly 
equtvalent IO their proportlon In the 

group 
(II) Part 2 Part 2 of a group 

appllcatmn shall contaln quantltattve 
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dais INR)Es Form ZFL as mod&d by 
paragraph (c)(l) of this scckm. IO lhal 
when part s rnd part 2 of the group 
application l ru taken tog&a. a 
complete NHIES l ppkation (Form 1, 
Form 2C and Form 2fl can be eveh~akd 
bc each dacbarger idenllfied in 
paragraph (c)(2)(1)(D) of this scc~oo. 

(d) Apphcafm reqwrrntenls fat Iage 
undmedun nwnx~palaepute rtorm 
uuer &acIiager The opera- ol a 
discharge frcnn s kga armrxhun~ 
munldpal #eparalc rlarm uwer or a 
municipal wpamle rlam uwa that la 
deslgnatad by rhr Director rmdct 
pvrgrapb WW) of thlr -oa. MY 
wbmlt l jurisd~dioa-wide ar ryrtan- 
wide permit l pphcatim. Wher+ man 
than auc public cnwy ownr or apasta 
a municipal separate storm wwer withm 
l geographic area (including adjacent or 
iatcrconnccted municipal -la 
rtonn newer syrtems). ruch operatam 
may be a coapphcanl to tk same 
l ppllcalio& Permit l pphcations ror 
dlscherges from large and ma&urn 
munlc~pal slorm rewm or munic@l 
storm sewers dealgneted under 
Pnacr;grtrph @Ml)(v) of this rectaon rhall 

11) Pdrf 1 Part 1 of Qe apphllon 
shall consist of. 

(I) Geneml rnformo&oon The 
~ppl~cantr’ name. eddreas. telephone 
number of contact person. ownersblp 
alehu and stalus as a Shle or local 
gotemment enllty. 

(11) &al oulhor~~y A description of 
cxistmg Legal authonty lo control 
dlscharges to the munlupal separate 
storm sewer syslem When existing 
legal autbonty is not sticient to meet 
the cntena provided in paragraph 
(d)(Z)(l) of this secllon. the descnption 
shall lrst additional authorities as will 
be necessary to meel the &ens and 
shall include a schedule end 
commllment lo seek such sddltlonal 
authonty that will be needed IO meet the 
cnterla 

(III) Source rdenlrficalion (A) A 
descnption of the hlstonc use of 
ardmancer. mdance or other controls 
which limited the dlscharge of non. 
storm water discharges lo any PubLcly 
Owned Treatment Works serving the 
rame area aa the municipal separate 
storm sewer rplem 

@) A USGS 7.5 minute ropograpk 
map (or equivalent topographrc map 
vnth a scale between 110.01X1 and 
124.ooO If cosl effectwe) extandmg one 
mile bebond the aervlce bouodanes of 
the mmcrpal storm rewer system 
corered by the pemHt apphcatton. The 
fdtOwng mformahon#hal! be pmvrde& 

III The locetlon of known munlcrpal 
llorm lewer nyrlem uutfalls dvfchargng 
Ii, walm of the Umted Slalcl: 

(2) A deauiption of rho land tWC 
activities (cg division8 hrdicatmg 
undeveloped. residenhsl. commercial. 
agicultnral and indastrisl uses) 
l almpMlad uilh crumska cd 
pop&Gun densltia and probled 
growth for a ten year al wtthin Ihe 
drainage area urwul r y Ie sepamte 
WWOI sewer. For l rcb land use type. an 
ertimate of an l vemge nmofl coefficient 
shall be ~NV&M 

(8) ‘Ibe loatioa and a desblption of 
the rctlvitlea of lbe facllily of 0ad1 
cumody apeming or dosed municipal 
IuuUiU or otbvr beatmeot rtonge or 
dbpo8alfedDtyformunidpalurrtc; 

(r)Tbe locanon and the t 
number of soy knowo di P ergs to the 
munidpal storm sewer that has been 
IMued 8 NPDB permit: 

(5) The laatioo of major sln~ctural 
cafdrch far rionn water dudmge 
(relention basins. delentlon basins. 
major infiltration devfces. tic): and 

(6) The Identificastlon of publidy 
owned Parke. recreational areas, and 
her open lands. 

(iv) Dirchurge chumcterizution (A) 
Monthly mean rain and snow fall 
estimates (or summary of weather 
bureau data) and the monthly average 
number of storm events 

(B) Existing quanhtahve data 
describmg the volume and quahty of 
dlscheger from the munlclpa1 rlorm 
sewer. including a descnphcm of the 
outfalls sampled. samphng procedures 
and analflcal methods used. 

(C) A 11~1 of water bodies that receive 
discharges from the mwclpal separate 
dorm sewer wyrtem. includmg 
downstream segments, lakes and 
estuaries. where pollutants from the 
system dIscbarges may accumulate and 
cause watadegmdatlon and a bnef 
dercriptlon of known water qushty 
impacts At a mtmmum. lhe descnptron 
of impacts shall include a descnphon of 
whether the water b&es receiving such 
dlscbarges have beew 

(1) Assessed and reported Ln seclion 
305(b) reports submlned by the State. 
the basis for the sssessment (evaluated 
or monitored). a summary of dcslgaafed 
use support and attamment of Clean 
Water Act (CWA] goals (fishable and 
swimmable waters). and causes of 
nonsupport of deslgnated uses. 

(2) Ltrkd under sectlon 304(1)(1)(A){i), 
aechon 3~(l)(A](u). or reclion 
XM(lHl)(B) of the CWA that Is not 
expected IO meet water quality 
standards or waler quality goals. 

(3 l.mtecl In State Nonpomt Source 
Assessmenlr required by sectmn 319(a) 
of the CWA that. without addltronal 
acllon to contrul noupoint sources of 
pollutton. cannot reasonably be 
expected lo atistn or mamtain water 

quality rtandards due lo 8lorm sewen 
consllucfion. highwey meintenana l m 
nmoff from municipal landfills and 
mumclpal sludge adding rlgrdficant 
pollution (or amtribatlng to a v&&tioa 
d water quality stmtdardst. 

(4) ldcntified and classified accord@ 
to culrophic colKlltfon of publicly owned 
lakes listed In State reporta nqukd 
under section Sl4(a) of the CWA 
(lndnde Ihe foUowlng: A daacrlption of 
those publldy owned laLer for which 
uurrnkI?owIlIobelmpalrrd;r 
delcnpllon of pmcedures, proawes and 
methadm to conbol the discharge of 
pollutants from mwklpal separate 
storm sewers into such laker; and a 
descrlptioo of methoda and p~~~&~ras 
to nrtom the qualily &I such lakes); 

15) Area8 of concan 01 tbo Great 
Laker ldenti5ed by IIKJ lnkn~tional 
Joint Commission; 

@) Derlguated estuaries under the 
National Estuary Program vader sactim 
320 of lhe Cwk 

(7) Recagulwd by Qe applicant as 
highly valued or aensitic waters 

(8) Defined by the Slale or US F&I 
and Wddhfe Senrican’a Nelronel 
Wetlands lnven~ory na wethdu and 

(8) Found to have pollutants ln bottom 
BedIman& fish tissue or biosurvey data. 

(D) F~ldrctuen~. Results of a fir 
screenlog anrlym for Illicit mrmect 
and Illegal dumping for e&u saiectcb 
fietd screemng points or major outfalls 
covered in the permit applrcatiw At a 
minimum, a screening analFiB shall 
Include I narrabve dascnptroe for 
eilher each field screening point or 
ma)or outfalL of nsual observahons 
made dunng dry weather periods. If any 
llow is observed. two grab samples shall 
be collected dunng a u hour pcrlod 
with a minimum penod of Iw houn 
between samples. For all such samples. 
a narrative descrlpllon of the color. 
odor. turbldrty. the presents of an oil 
sheen or surface scum as well as any 
other relevanl observelions rrg8rdllrg 
the potenlial presence of non-storm 
water dscharges or Illegal dumping 
sh611 bs provided In addition, a 
narrellve descnption of the ttsdts of a 
field snalysla using suftable methods 10 
estimate pH. total chlorine, total copper. 
total phenol, and detegenlr (or 
surfactants) shall be pronded along 
with a description of the Row rate. 
Where the field analysis dam nol 
invo~ analytical methods approved 
under 40 CFX pert 138. the apphcant 
shalt provide a descnpbon of the 
method used includmg the name of the 
manufacturef of the lest method alone 
with the range and accuracy al the ’ 
Field screerung pomts ahall be alhe. 
major outfalls or other outfan points 6 
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rny 0tbe.r point of access ruch as 
manholea] randomly located thmughout 
the storm uwcr system by placing a 
grid over a dramage syrtem map and 
idcntifymg those cells of the grid whkh 
contain a segment of tbe storm sewer 
ryrtem or major outfelL The field 
rcreenLng points ahall be catabliabed 
using the following guidelines and 
crlterie: 

(I) A grid system consMing of 
erpendicuhu north-soutb and east-weal 

iin u spaced I4 mile a 
overlayed on a map o P 

art shall be . 
the munidpal 

atom0 rrwer system, creating a series of 
cauai 

[Z) AU C&I that contain a segmant of 
thr storm uwer system shall be 
identified: one field screening point shall 
be relectcd in each cell; ma}or outfalla 
may be used as field screening poinb; 

(3) Field screening points mhould be 
located downstream of any source8 of 
suspected illegal or illicit actrvit 

(I) Field screening points she lr be 
located to the degree practkable at the 
farthest manhole or other eccerelble 
Iocatlon downstream in the system, 
wlthm each cell. however. rafety of 

P 
erronnel and eccessibihty of the 

ocalfon should be considered tn making 
Ous determination: 

(5) Hydrological conditions; total 
dramage area of the site: populauon 
density of the site. traffic densi@ age of 
the structures or buildings in the area: 
history of the area: and land use types; 

(6) For medium mumctpal separate 
storm sewer systems. no more than 250 
cells need to have IdenMied field 
acreenmg pomts. in large municipal 
separate rtonn sewer systems, no more 
than 500 cells need to have Identified 
field screening pomk cellr established 
by the gnd that contem no storm sewer 
segments will be ehminn&d from 
conaideratlon. if fewer than 250 cella in 
mecbum municipal sewers are created 
and fewer than 500 us large systems are 
created by the overlay on the munkrpal 
sewer map then aU those cells which 
contam a segment of Ihe sewer system 
shall be rubtect to field acreemng 
(unless access to the separate storm 
sewer system II unposr~ble). and 

(I) Large or me&urn mwnpal 
reparele storm sewer ryslemr which are 
unable to utke the procedures 
described tn paragrapha [d](l)(lv)m) (I) 
through (6) of Thor secbon. because a 
auffrclenlly detelled map of the aeparete 
storm sewer ryrtema ~a unavalable, 
shall field screen no more than 500 or 
2.W major outfaIls respecWely (or all 
major oulfalh m the rystem. if less). Ln 
such CucumLstance~ the applicant aball 
eetebhsh a gnd s)atem consrstmg of 
nonh-so& and east-west lures spaced 
5+ TT Ile aparl a8 an overlay to the 

bouadariar of the muddpal rtom sewer 
ryrtem lhereby creattng a series of 
cdl* the applicant will then select 
major outfalls in as many ceUs as 
possible unt11 at least 500 major outfalls 
(large munidpaher) or 250 major 
0utfmUs (medhun municipalties) are 
deck& a Bold screeniq analysis shall 
be undertaken at these major outfah. 

(E) Chan?crcr;iatian plan. krfomution 
and a proposed program to meet the 

Zi!tZE!.“s”’ ucr 
rgwh WWULII) Qf 

deauIptioa shall 
LndpQ: thm bcatiom of 0utfaUs or Betd 
scredng point8 l ppmprlab for 
rapaantative data e2dmcfion under 
pursnph (dI~2WWUV uf ti s=tion. a 
&a&ptlon of why the c&all us tleld 
ScrelmnIng point la npfeuntadw. the 
aemsau during whlcb aampliag Is 
intended, m duaipdon of the samplhg 
equipment. ‘Ibe propored .jocatloo of 
outfaUr or field screen@ points for mcb 
sampling should nlkct water quality 
concerns (~8 paragraph (d)(llWl(C) of 
thir section] to the extent practicable. 

(v) Management progmmr. (A) A 
description of the exlating management 
programs to control pollutant4 from the 
municipal separate storm sewer system. 
The dercripuon ahaU provide 
information on exlrting structural and 
source controls. includmg operation and 
maintenance measures for structural 
controls, that are currently being 
implemented. Such control4 may 
include. but are not limited to. 
Procedures to control pollution resulting 
from conrtrucbon activldeai floodplain 
management controls; wetland 
protection meauurer; bast management 
practicer for new subdlviaions. and 
emergency rpti rerponae programs. The 
desciiptiin may address cont@s 
l stabbshed under Stale law aa weU as 
local requiremenlk 

(B) A description of the existing 
program to Identify illicit connecbons to 
the municipal storm aewer system The 
description should include inspecnon 
procedurea and methoda far detecting 
and preventrng ilkit Bscbarger, and 
describe areas where this program has 
been implemented. 

{VI) Fiscal msomea. (A] A 
description of the financial resources 
currentl 

T 
available to the municipality 

to camp ete part 2 of the permit 
rppkahon. A dercripuon of Is 
munldpality’r budget for sxlsting storm 
water programs, induckg an overview 
of the mu~.Icipality’r finandal PCIIXNXI 
and budget, hclud.lng overall 
indebtedness and assets. and aourcee of 
fundo for storm water 

(2) Port 2 Part 2 of i 
r~grama. 
e rppUcatioa 

shall consirt of. 
(I) Adequate legal outh@v. A 

demonabatlon that the appkant can 

operete pursuant to legal l utbonty 
eatablirhed by stalufe. ordmance or 
serier of contracta which authorizes or 
enables the apphcant at a minunum to. 

(A) Control through ordinance. pennI L. 
contract order or rdar meana, the 
contribution of pollutants to the 
municipal storm sewer by storm water 
diacbuges associated with lndustnal 
activtty and the quaLty of storm water 
discharged from sites of industrial 
l cwiitr 

(B] ProMbit through ardinurce. order 
ur abnhr means, illid d&charges to the 
muaidPal separate storm aeweI; 

(cjcidrolthfcmgbofdinancaordel 
O?ShilU-tbcdkhU@tO~ 
munldpal separate rtonn sewer of 
spilla, dump@ or disposal of materials 
other than atom water 

(D) Contml through interagency 
agreements among coappbunts the 
conrrfbution of poUutanta !kom one 
portion of the mtiapal system to 
another portion of the municipal system: 

fE) Require compbance wtth 
conditions In ordraancer. permrta. 
contracta or orden; and 

(Fj Carry out all inrpection. 
surveillance and monrtonng procedures 
necesrary to determine comphanu and 
noncampbance with pernut condltlonr 
including the prohlhhon on illicit 
dischsger to the municipal separate 
storm sewer. 

[b) Source idenfrfrcoUon The location 
of any major outfall that cbrchager to 
waters of the United Staler that was not 
reported under paragraph (dlllIWiHB)(JI 
of thin sectron Provide an inventory. 
organized by watershed of the name an3 
address. end a descnphon (such as SIC 
coder) whch best rellecta the principal 
product8 or rerviur provided by each 
facility which may dlacharge. to the 
munlcfpal separate storm sewer. rtorm 
water arsocleted ~th industnal 
acbwty: 

(id) Chcfmcfer~zaf~on data When 
“quantitative data” for a poUutaot are 
required under paragraph 
(d)(a)[ui)(A)(I) of tlus paragraph, the 
applicant must collect a sample of 
effluent in accordance wrth 40 CFII 
122.2l(g](7) and analyze it for tie 
pollutant III accordance with analyt.4 
methods approved under 10 CFR part 
138. When no analytical method ia 
approved the applicant may use any 
aultable method but mull provide a 
description of the method The applicant 
must provide information cbaractenaing 
the quality and quanlrty of drscharges 
covered in the pernut appbcauon. 
hC\Uduyl 

(A) Quantitative data born 
repreaentatwe outfalls deslIplrttd by tbe 
Duector (based on informabon mcelved 
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in part 1 of Iht spphcabon. Ihe Direclor 
6hali de6lgnak between five and ten 
oulfallr or field 6cnening point6 a6 
reprerentellve of the commercial. 
re6ldcnt~ai and industrial land use 
l ctivitier of Ihe bsinage area 
conkhuhg to the syrlem or, when 
lhem am lerr th6n five outfall6 covered 
in the Appilcation. the DIrector shall 
derignate ail outfalir) developed a8 
rollow8 

(1) For each outfall or field screening 
point designated under this 
rubparagraph, sampler rhall be 
wllechd of rtonn water dkcharger from 
Uuw rtonn eventa occurring a! IcArl one 
month rpert in l ccordrncc with the 
requirements al i 122.Zl(gl[7) (the 
Director mey allow exemptkonr lo 
umpiing three 6torm even16 when 
ciimrtlc condIllon CmAtt! good cAu6e 
for ruch exemptions). 

(2) A narretive dercripllon rhrii be 
provided of the date And duratron of the 
rtonn l venl(6] sampled. ramfali 
e6timakr of Ihe storm event which 
generated the sampled dlschage and 
the durahon between Be rtorm even1 
rempled and the end of Ihe previous 
measurable (greater than o 1 Inch 
minfali] rtorm event, 

(31 For rempies collecled And 
described under paragraph6 (d)[Z)(ul) 
(A)( I) And (A)(Z) of Ihlr 6ecllon, 
quaniltsll\e data shall be provided for 
Ihe organic pollulants llsted m Tsble Il. 
the pollutant6 hsted In Table Ill itox~c 
melair. cyamde and total phenolr) of 
Appendix D of 40 CFR part 122 and for 
the followmg poilulanls 
Total ,ulpcndeJ solIds (TSSI 
TohI dla,olvcd molldl ITDSI 
COD 
BOIX 
011 and greasr 
Fecal colrlonn 
Fecal wreptococcus 
PH 
Total klrldahl nitrogen 
Nl~re~r plus nIlrIle 
Dlwolrcd phosphorus 
Total ammonia plus oganlc n,lrogen 
Total phorphoru6 

idI AddItIonal hmlted quanlltetwe 
dela required by the Director for 
delermmmg permll condltlonr (the 
Dlreclor mey require that quanhtatave 
data shell be provided for eddlllonal 
paramelerr. and may erlabhsh samphng 
condIllon 6uch a6 the locatIon. 6ea6on 
of sample collecllon. form of 
preclpllalion (mow mell. rslnfell) And 
olher paremeterr necessary lo m6ure 
representalIkeness] 

IS] Estimates 01 Ihe annual pollutant 
load of the cumufallve dlrcharges lo 
walers of the UnIted States from all 
ldentlfbed mumclpal outfalls and the 
event mean concentrotlon of the 

cumulative dNhsrge6 to water6 of the 
United State8 from ail identified 
municipal OUtfAii8 during A rtorm event 
(Ar dncrlbed under 0 12~2l(c)(71) for 
80R. COD, TSS. dilsoived 6ohd6. lolaI 
nitNge!L total 6InInOniA piU8 OrgAfIiC 
nitrogen, total phorphorur. dirrolved 
phosphoru8. cadmium. copper. lead. And 
zinc. E6timAter rhali be Accomprnied by 
A drrcriphon of Lhe procedure8 for 
crtimr~ng conatitnent load6 And 
concentrationr. tncluding any modcUing. 
drta Anriyrir. And c~ickdatioa melhod6; 

(Cl A proposed schedule to provide 
astimrt68 lor each m8jor outfall 
identtfied in either pAmgmph (d](ZHii) or 
(d](lHiii)(B)(Y) of thi6 8ectton of tha 
8eaIonrl pollutrnt load and of the event 
mean c0ncentrAtion of a raprerentative 
rtonn for Any constituent detectad tn 
any rample required under pArAlpAph 
(d)(t)(iii)(A) of Lhir aection: And 

(D) A proposed monitoring program 
for representalrve dala c0Uection for the 
term of the permit that dercrtber the 
location of outfall8 or field rcreening 
point6 to be rampied (or the loulion of 
inrtream rlations), why the loution i6 
repnrentatlve. the frequency of 
ramphng. parameters lo be rampled, 
And a description of rampilng 
equipment 

(iv] Proposed management ptvgrum A 
propored manAgemen program covera 
the durstlon of the permll It #hell 
Include a comprehenslve planning 
process whlcb Involve6 public 
parllclpallon And where necessary 
mtergovemmentel coordmellon. to 
reduce the discharge of poliulanrr to the 
maximum exlenl practlcAble U6lng 
managemenl precticcc. control 
technique6 and syslem. de6ign And 
engineering methods. and 6uch other 
provisIon which are appropnale. The 
program rhail also Include A description 
of staff and equipment Ave~lable to 
implement the program Seperate 
proposed program6 may be rubmltted by 
each coapphcanl. Proposed progrems 
may impose controls on 6 rystemwlde 
besl6. a watemhed barer. a junsduzlron 
bA616, or on mdlvidual oulfelir. Proposed 
program6 WIII be considered by the 
Director when developmg pennIl 
condltionc lo reduce poliutants in 
dlschargee to the maxlmum extend 
practicable Proposed management 
program6 shall descnbe pnontles for 
lmplementmg controin Such programs 
shall be bared on. 

(A) A dercnptlon of slructural And 
6ource control tTICA6UE!6 lo reduce 
pollutants from runoff from commercidl 
And resldenllal Area6 theI are 
dircherged from the municipal 6torm 
6ewer syslem that are to be 
lmpiemented durmg the life of rhe 
permit accompamed with An e6tlmate of 

the expecled reduction of pollutant 
ford6 and 6 propored rchedule for 
implementing 8uch conlmlr At A 
minimum, the delcription 8haii indude. 

(1) A dercription of maintenance 
Activitier and a maintenance rcheduie 
for rtnrclural controls lo reduce 
pollulantr (including lloatrble~) in 
diecharger km municipal reparete 
6tom1 sewers; 

(2) A d68crlptiOn of planning 
procedure8 including a coxnprehmrlve 
marter pirn to develop. tmplement and 
enhce control8 to reduce the dlrchage 
of poUuUnt6 from municipal repaWe 
rtonn sewers which retcalve dircbrrge8 
from area6 of new dewiopmenl and 
rignificanl redevelopment. Such piAn 
rhali addrear controin to redurx 
pollutant6 In dkhager from municipal 
repamte rtorm rewen after conrtruction 
in completed. (Control6 to reduce 
pollutantr in dirchager from municipal 
repsrAte 8lorm rewen conlain@ 
conrlnrction 8ite rwroff are addreared m 
paragraph (d)(Z){lv)(D) of lhls rection. 

(3) A deraiption of practrcer for 
operating and m~int~iaing pubhc 
rtreels, road6 and highway6 and 
procedure6 for mducmg the impact on 
nceivlng water6 of dIschAger frOm 
municipal 6torm rewer ryrtema. 
inciudmg poilutanlr discharged as a 
reruil of deicing ac!tviUer. 

(4) A dercnptlon of procedure6 lo 
As6ure thhal flood menagemenl pro]ecls 
a66e66 the impac!r on le water quahty 
of receiving waler bodler and thal 
exlslmg rtruckr~l flood conlrol device6 
have been evaluated IO determine of 
retdittmg the device lo provide 
eddlbonal pollulanl removal from 6tOm7 
weter I8 ferabie. 

(5) A dencnption of A program lo 
monitor pollutant6 in runoff from 
operatmg or closed municlpai landfills 
or other treetmenl. rtorage or dlrposal 
facilitler for munlc;pal waste. which 
shell ldentliy pnorllles and procedure6 
for in6peclronr and e6tabhrhing And 
implementing conk01 measure6 for such 
dIschager (thir program can be 
coordmrtecl with the program developed 
under paragraph (d)(Zl(lv)iC) of lh16 
recllon). And 

(6) A dercriptlon of a program tlr 
reduce 10 the maximum extent 
prACtlCAbl6.pOllUlAnt6 in discharges 
from municipal reparale storm sewem 
666ociAted With the AppilcAtrOn Of 
perl Icider. hcrbiclder And fertditer 
which will include, 16 appropnate. 
control6 such as educational ecUwlles. 
permlts. certlhcatlonr And other 
meaeurec for commercial l pplrcatorr 
end dlstclbulors. And control6 for 
Apphcellon In public nghl-of-way6 Am 
al munlclpal facrlitles 
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(B) A dercnpllon of a program 
including a Jchcdule. IO de&cl and 
remove (or require the dkharger IO the 
munidpai Jeparate Jlorm 8ewer IO 
obtain a wparate IWDES permit for) 
iliicil dircharger and improper dirpoaai 
In10 lhe Jlorm newer. l%e propo8ed 
program rball include: 

(I) A description of a program, 
inciudmg in8pecUow IO implemeal and 
enforce an ordmance. order8 or Jimilar 
means to prevent ULcil dischuge I0 Ibe 
municipal Jeparale rtonn newer 8yJlem; 
t; program deru IpUon JhaU l dbgr 

Le Y 
80fiUcitdi~charge8,howctvu 

ollowhg alagory of non-8torm 
water dircharger or flow8 Jball bc 
addreJJed wbere 8~31 QJchargeJ are 
identified by Be municlpah~y an rourcer 
of pollutanta lo walera of the United 
Staten: waler 5s flurbiag. ha&cape 
htgei~~~, dlverted e~nam flowa, ri~b~ 
ground waten. nncontamlnakd ground 
waler infiltration (as de5ed a1 10 CFR 
3!5.2005(20)) lo reparale Jlorm rcwera. 
uncomlaminated pumped ground water, 
discharges from potable waler rources. 
foundetlon draina, air con&Uoning 
condenrahon. irrigabon water, rprmgs. 
water horn crawl rpece pumps. footing 
drainr. lawn walenng. indlvlduei 
residenhel car washq, flow, from 
npanan habItal and wedands. 
dechlonnared Jwimmmg pool 
discharges. and JIreel wash waler 
(program descnpllons shall address 
discharger or ilows from fire fighrmg 
only where such discharges or flows are 
idenhfied as significant 8ources of 
poliu(anls 10 waler8 of le Urnled 
Stales). 

(2) A descnphon of procedures lo 
conduct on-gomg field Jcreenrng 
actlvitles dunng Ihe life of Ihe perkI. 
indudmg areas or IocatJonr that will be 
evaluated by such field ecreells. 

(3) A descnptron of procedure8 to be 
followed to lnvestlgale portions of the 
reparate 8lorn1 newer system that. based 
on the results of Ihe held screen, or 
other appropnale mformabon. mbcale a 
reasonable polenbel of conlammg IIIICI~ 
dlechager or olher Jources of non-Jtoun 
water (such procedures may mciude 
ramphng procedures for constltuenls 
ruch as fecal cohfonn. fecal 
rtreptococcus. rurfectanls (MBAS). 
resldual chlorine. Cluondes and 
potaesnmk. tesbng with nuoromelnc 
dyes, or conductmg u1 slorm sewer 
mspechons where safely and other 
conslderatlons allow. Such descnphon 
ahall include the locallon of storm 
sewers that hebe been ldentlfied for 
such e%&luahon). 

(4) A descnphon of procedures to 
prevent conlam. and respond lo ep~lis 
Ihdf ma) discharge Inlo the munlclpal 
separate slorm sewer: 

(5) A description of a program to 
promok publicize. and faciii~atc public 
reporting of the prerence of iiiiclt 
dirchager or water quality impeclr 
aasoda!ed with diuhargea from 
municipal separate rtonn rawem 

(a A dercriptlon of eduuUonrrl 
acbvitle8. public informatIon activilres. 
gnd other appropriate activitier to 
fadiitale &a proper management and 
dl 

T 
nd of used OII and Ioxk maIerial8: 

an 
[fl A deruiption of oonIrol8 to limit 

MiltraUon ofsaepage ~NXI munidpal 
aanhy sewers lo muddpal wpamte 
rtorm rawer8yBlelM wbem lleanmry- 

’ (C) A dercripHon of a plosrun to 
monitor and conbol pollulannlr in Jtorm 
water dkbargu Io muaidpal Jyrlem~ 
from munidpal landfill& kardou8 
warte Iream& di8 

r 
al and recovery 

facilitler. indurlrial ci!iUeJ that are 
rubject lo 8ectioa 913 of title RI of Ihe 
Superfwrd Amendmentr and 
ReauIhorizaUon Acl of 1QM (SARA). 
and hduatrial facilitier that the 
munidpal permit applicant determiner 
an contributing a JubalanUal pollulant 
loading lo Ibe municipal rtorm newer 
Jyrtem. The program Jhall: 

(I) Identify priorities and procedure8 
for mspeclions and eslabbshmg and 
implementrng control measures for 8uch 
dlschages; 

(2) Deecnbe a moniloring program for 
Jlorm water discharger arrociakd with 
Ihe industnal facihtles idenhfied in 
paragraph (d)[Z)(lv)(CJ of this section. to 
be implemented dunng the lena of the 
permit. including le Jubmierion of 
quanhlative dale on Ihe following 
constituents- any poilutan!~ limited In 
effluent guidelines rubcategories. where 
applicable: any polLtan bsted in an 
existing NPDES permit for a fadlily: 011 
and greare. COD, pH, BOIL. TBS. lotal 
phosphorus. total Kjeldahl nilrogen. 
nitrate plur nitnte nitrogen. and any 
InformaUon on lscbarges required 
under 40 CFR 122 21(g)(7) (III) and (IV) 

(D) A description of a program to 
implement and maintain JWIICW~ and 
non-JUuctural beat managemenl 
practicer IO reduce polluIanl8 in 8torm 
water runoff from construction rile8 to 
Ihe munlcipai Jlonn Jewer Jyrtem. 
which Jhaii include. 

(1) A description of procedures for 8lle 
planning wbch Incorporate 
consideration of po!enIial water quahly 
Impacts: 

(2) A deacriplion of requiremenlr for 
nonrkuclural and Jtruclurai beat 
management precbces; 

(3) A descnphon of procedures for 
idenhfying pnoriher for in@ecImg 8iIes 
and enhcing control measures which 
connder Ihe nature of fhe conrkuchon 
acIrviIy. topography. and Ihe 

cbaractenrIic8 of roil8 and receiving 
water quality. and 

(I) A deJcnpUon of appropriate 
educalionai and treming mea8ure8 for 
construction rile opemlon. 

(v) Ausersm~nt of canlnok EMmaled 
nducIlon8 in loadmgr of pollutant8 from 
diIchacge8 of municipal Jlorm Jewer 
conrliluentr from munlcipai Jtorm Jewer 
Jyrlemr expected as Be result of the 
municipal rlorm waler quality 
managemanr -am. The aueramenl 
rhali l lro idenlify known impact8 of 
rtorm water controir on ground waler. 

(ti) fiuwl analysis. For each &al 
year to be ooverad by tbs parmk a 
fiil l naiyJi8 of lbe nece88ary apital 
and operation and maintenance 
expenditurer neoerrary to accomplish 
the acUvitie8 of the unarm under 
paragraphs (d)(2) (ii) azd (iv) of thb 

reclron. Such analvria 8haU include a 
description of the iource of fund8 LhaI 
are proposed to meet the necessary 
expewhrea including legal mlriclionr 
on Ihe use of Juch funds. 

(vii) Where more Ihan one legal l nUIy 
rubmU an application. ~he applkalion 
rhall con\am a deJcripbon of rhe roles 
and responslblhher of each legal entity 
and procedures to ensure effective 
coordmalon. 

(nil) Where requirements under 
pawwh l4~lHlv)(El. l4l2llW. 
(d)(2)(m)(B) and (d)(2)(lv) of thus rectlon 
are not practicable or ar8 not applrcable. 
the Dueclor may exclude any operalor 
of a discharge from a municipal 8eparate 
storm sewer which is deJignaIed under 
paragraph (a)(l)(v). (b)(4)(u) or (b)(7)(11) 
of this rechon from Juch requiremenls. 
The Director shall nol exclude Ihe 
operator of a dlrcharge from a municlpai 
separate storm rewer ldenhfied In 
append\% F. G. H or I of parl122. from 
any of Be permit apphcahon 
requlremenls under this paragraph 
except where authorized under lhls 
8echon 

(e) Appltcaoon deadhnes Any 
operator of a point source required to 
oblam a perrru~ under paragraph (a)(l) 
of lhi8 Jection Ihal doe8 not have an 
effective NPDES permit covering its 
slorm waler outfall8 rhali Jubmll an 
apphcahon In accordance with the 
followmg deadimcs 

(I) For any elorm waler discharge 
associated wilh industrial acIlvily 
identified u1 paragraph (b)(l4) (I~+I) of 
this ~ecbon. Ihat IS not part of a group 
apphcatlon as described In paragraph 
(c)(2) of thn sechon or which II no1 
covered under a promulgated 8torm 
waler general permit. a permit 
apphcatron made pursuant to paragraph 
(c) of IJIIJ sectIon shall be rubmIlled lo 
the Dlreclor by November 18.1991. 
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(2) For any gmup l pptication 
rubmilted in accordance with paragraph 
(c](2] of thir mcuon: 

(I) Part 1 of the application lhali be 
rubmitled to the Director. Office of 
Water Enforcement and permlu by 
Much ia mm: 

(ii) Bawd on information in the part 1 
l pplicattoh the Director wiu rppmvc or 
den 

h 
the member8 in the group 

l pp ution within 6~ dayr after 
receiving part 1 of the lpoup l ppIicaUon. 

(iii) Part 2 of the l pplicaUlXl rbrll be 
aubndltad to the Director. O&e of 
Water Enforcement and w(r no later 
than 12 montba rftcr thm dale of 
approval of the part 1 ap~licatkn. 

(iv) FacilMer that are mjectd l e 
membera of a group by the parmltlfne 
l utharity rhall bavs 12 montha to file an 
Lndividual permit l pplicaUon from the 
date they mceive notificalioa of their 
rejection 

Iv) A fadMy lrlted under paragraph 
(b)(lr) (I)+) of thin rection may add on 
to a group rpplical~on rubmitted in 
l ccordrnce wtth paragraph (r](2)(i) of 
thh rection at the dircretion of the 
Office of Water Enforcement and 
Permits. and only upon a rhowing of 
good UUIC by the facility and the group 
l pphcant, the request for the ad&ion of 
the facility 8hall be made no later than 
February l&1992: the addition of the 
faclllty chell not came the percentage of 
the facilllles the! are required to rubmit 
quantltabve data to be lerr than IO%, 
unIea8 Ihere am over 100 facllitie~ in the 
gruup that are rubmitt@ quantitahve 
data. approval to become part of group 
application must be obtained from the 
group or the trade a88ociaUon 
reprerrntt~ the IRLvldual facilitier. 

(31 For any discharge from a large 
munlclpal reparate rtonn 8cwer ry8tem: 

Ii) Parr 1 of the appllcatlon rhall be 
rubmilted to the Director by Novcm?er 
1a199l. 

(ii] Bared on information received in 
Be part I apphcation the Dmctor will 
approve or deny a rampling plan under 
paragraph (d)[l][iv)(E) of thir 8ecUon 
within 90 day8 after mctivlng the part I 
application. 

(III) Parl2 of the apphcation rhali be 
rubmitted to the Director by November 
18.1992 

(4) For any dlrchage from a mchum 
munlclpa~ reparale rtorm rewer ryrlem. 

(1) Part 1 of the appllcallon shall be 
aubmltted to the Dueclor by May 18. 
1092 

(II] Bared on informallon received 1~ 
the parl 1 application tie Director will 
approve or deny a ramphng plan under 
paragraph Id)(l)(tv)F) of thi8 8ecUon 
whn 90 day8 after receiving lhe parl 1 
rpplxation 

(III) Part 2 of the l pplicaUon #ball be 
rubmitted to the Director by May 17, 
1983. 

(a) A penntt l pplicaUon #hall& 
rubmitted to the Dlmctor within ~JO dayr 
of notice. uderr penuirrion for a later 
date ir granted by the Director (rue 10 
cm124az(c)~, for. 

(I) A 8tonn water dirchaqe which the 
Director, or In Slater with approved 
NPDES programe. either the Director or 
the EPA RegIonal Adminirfrator, 
determiner that the 
cmmtaltm to a vlo 

rtaadardoriraaIgnlficaat 
is!xlJtor of pollutam to waiem of the 
&J&Mad;:; b= P-mph (~XlXVl of 

[II) A rloA water dkhaqe subject to 
Paragraph [C)[l)[V) of thir rectioa 

[a) Facilitier with existing NPDES 
ptrmitm for atom waler diadwger 
l rrodated with indurtrid activity rha II 
malntain exir 

9 
panda. New 

applicationa rha be rubmilled in 
l ccordnnu with the raquirtmenb of 40 
CFR 12221 and 10 CFR 12228(c) 160 
dayr before the expiration of ruch 
ptmnits. FacUitier with expired ptrmitl 

or pemutm due to expire befom May 18. 
IQQZ 8hall rubmit appllcationr In 
accordance with the deadhne act forth 
under paragraph [c)(l) of this @ecUon. 

(fj Pebfions. [l) Any operator of a 
municipal reparale storm 8ewer ryrtem 
may petition the Dmxror to require a 
rtparate NPDES pennit (or a permll 
isrued under an approved NPDES Stale 
progmm) for any dirchargc into the 
municipal reparate rlorm sewer ryrlem. 

12) Any penon may pctitlon the 
Director to require I NPDES per&t for a 
dircharge which ir compo8ed entirely of 
storm waler which contibuttr to a 
vIolaboa of a water quality 8tandard or 
ir a rlgnificant contnbulor of potiulantr 
to water8 of the Unlted Staler. 

(3) Tbe owner or operator of a 
municipal repamle rlorm rewer ryrtem 
may peutlon the Duector IO mduce the 
Cen8u8 oUmate8 of the population 
rerved by 8uch reparaie 8yrtem to 
l c~MI for 8rorm water discharged to 
combined 8ewen 18 defined by 40 CFR 
35 ZOOS@)(II) that is trerted in a 
pubhdy owned treatment work8 In 
municipeliber In whuzb combined 
rewerr are operated, the Cenrus 
trhmaten of popnlatlon may be reduced 
proport~onai to lhe fraction, bared on 
trtimaled lengtha. of rha Ieng!b of 
combined 8ewem over the 111111 of the 
length of combined 8ewen and 
mumclpal reparate rtorm 8ewen where 
an rpphcanl bar rubml t led the NpDE!j 
permil number r8tociated with each 
dj8chage polnl and a map indxatfng 
area8 rerved by combined rewen and 

the location of any combined sewer 
overflow dhchagr point 

(4) Any penon may petItion the 
Director for the ds8ignaUon of a large or 
medium munidpal reparatt mm eewer 
ryrttm aa defined by paragraph8 
(b)(l)(iv) or (b](7)(iv) of thlr rectloh 

(5) The Dtrrctor ahall make a final 
dcterminrUon ou any petition recelvtd 
under tblr rection within 00 dryr after 
mcaiving the petiUoh 

a Section izLtb@)(2)(1) ie revised to 
mad u followr 

#‘- ----zE” 8tatewoE8pognmr, 
. . l . . 

~~&kitg on indrvidualpenniL (i) 
The Director may raauAm any drschamer 
authorized by a ,neial p&it to rppiy 
for and obtain an individual NPDES 
permit Any lntererttd penon may 
patition the Director to take action 
under thir paragraph. Cam where mn 
individual NPDES pennit may be 
required include the follomag: 

(A) The dircbagcr or “treatmenl 
work8 treating domestic rcwage” ir not 
in compliance with the condition8 of the 
general NPDES permit. 

(S) A change ha8 occurmdinthe 
avaiiabibly of demonrtrated techno 
or practice8 for the control or abate 
of pollutant, apphcabit to the poinl 
mourct or treatment work8 treating 
domertlc rewage. 

(C) Effluent MtnUon guideline8 are 
promulgated for point 8ourcea covered 
by the general NPDES permll, 

(D] A Waler Quality Management 
plan containing requlmrnent~ applicable 
to ruch point 8ources la approved 

[E) Circumrtancer have chawd 8ince 
the time of the mquert to be covtmd ao 
that the dlrcherger I8 no longer 
l ppmpriately controlled under the 
general permll. or either e temporary or 
permanent mductlon or elimination of 
the authorized discharge ir ntcorary, 

[F) Standard8 for rewage rludge UIC 
or dlrporal have been promulgated for 
Ihe 8ludge use and dupo8al praclice 
covered by the general NPDES permit, 
or 

[GJ The dlrchrge(8) ir a rignificanl 
contnbutor of poiiutanl& ln making thir 
determination. the Dwector may 
con8ider lhe following facton: 

[I) The location of the drrcharge wtth 
mrpecl to water8 of the United Stater. 

[2) The rize of the dlrchagt: 
13) The quantity and nature of the 

pollutanlr dr8chaged lo water8 of the 
Unl led Staler. and 

(4) Other relevant factom. 
. . . . . 
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7. Section la42 lr l manded by 
l ddlnq paragraph (c) to mad aa follows. 

. . . . . 

(cl Municipd repanrfe rtorm sewer 
8jWcms. The operator of a lugs or 
medtum munidpal aeparate rtorm 8awer 
ryatem or 4 munfdpal acparate rtorm 
sewer ht baa been dealgnated by the 
Dhctor under I 122.28(a)(l)(v) of tbir 
part murt aubmtt an annual report by 

the l nnivenary of the date of the 
lrrudnce of the permit for ruch oyatem 
The report rhall mclude 

(I) The rlalus of implemenlmg the 
componentr of the Ilorm water 
management program that are 
crtabhshed aa pertnIt condttions. 

(2) hponed changer to the dorm 
waler management program8 that are 
eatabhrhed a~ permit con&on Such 
proporad change6 rbalf be corMrtent 
with 1 lf228(d)(2)(lii] of thlr part; and 

(3) Reviaiona, if neceraary. to tbe 
l arersment of controla and tbe Racal 
l nalyrll reported in tbs permtl 

l ppbcation under 0 122 26(d)(2)(w) awl 
(d)(t)(v) of thtr pert. 

(I) A mummery of data includmg 
momtonng data, thai II accumulated 
thmughout the nportmg year; 

(5) Annual expenditures and budget 
for year following each annual report: 

(6) A rummaty dercnbing tbe number 
and nature of enforcement actions. 
inspectiona, and public education 
prolplma: 

[I) Identtfkation of water quality 
improvementa or degradation: 

Ta. Pert 122 la amended by addtng 
appcndtcer E through I as followr: 

Append&c E lo Part l22-binfall Zoner - of tie Unitad States 

n I 

Not Shown Alah (Zone 7). Hswal~ (Zone 
7). Northern Manrna lrlrnda [Zone 7) Curm 
[Zone 7). Amcrlcm Samoa [Zone 7). Trurt 
Temtoy of Ihe PmAfic Mrndr (Zone 7) 
Puerto RICO (Zonr 3) Vlrgm blrnd~ (Zone 31 

sou!w Mclhodol~ for AnalyBl~ or 
Deterwon klnr for Control of Urban Runoff 
Qurllty prepared for lJ S Envwonmcntal 
ProtectJon Agency. Office of Water. Nonpomt 
Source Dwlwon Wsrhmgton DC 1888 

Appendix F to Part 1?2-lecorporatad 
Placer With Populationm Cmater Than 
250.000 Acurrdiug to later; Decennial 
Canrua by Bureau of Ceonur. 
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Appendix C b Pul %-lncorporahd 
Placer Wilb Poprdabom Cnaler Tbsn 
IOO,OOO and ISM Baa tsQaoa Auxwtiii~ 
IO Latest Decadal Cavu, by Bureau d 
Gnsus 

. - 
am8 

lbUn.------~ 

- ---- 
Larrvv- ---- 

uuuchum----” 

--- - - 

w --- - 
umam I.. 

N&w&8- - 
uu8a8 - - --- 

N49Juwf - --- 

fwacorolrv- 

ona- -- - 

m--...- 
PmmyMfu - 

Rhoa8I5m8-~ 
samcM(nl~- . . 
18mm55n- 

loa8 

CLppslldtc I lo Part -tiBs with 
Udnmfpomtd LkbBaizdd has 
Grader ‘Ibm lOtl,WO, But Leaa Than 
Bosw Accordiag to h SAtart 
Decw~aiol Gnrnr by abe kau of 
Gtnrrl 

- -_- .- 

sul8 
-.--- 

- -. 

Ezb-. -- 

lw.D:7 
111470 
107.474 
156.452 
117.231 
2lOBS3 
ll5lf9 
149.6U 
150 370 
147 CO? 
236292 
245 32s 
167 029 
rsd 388 
104 154 
IlO& 
100 742 
204r2r 
I 10.519 
224958 
I40.636 
142727 
201 m 
(41 loo 

roo.3u 
~~ 
a2a84 
152.5M 
HI- 
la3a 
mm3 
fm.ff3 

Flwr -- 

PART 123-STATE PROORAM 
REOUIREMENTS 

8 The authonly c1!at1on for part 129 
conhnuea IO read as follows 
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Autlmdty: Clean Waler Act. 23 USC 1251 
II 8q. 

5. Sectlon 12225 ir amended by 
reviktg paragraph (r)(5) to read aa 
follows: 

512225 Requkementr~~ 

I:,’ ;I;;z26+storm water 
dlrchager]; 
. 1 . . . 

PART Itl--PROCEDUR& FOR 
DEClSlOIMAKINO 

10. The rutbotity cltatlon for part 124 
continuea IO read a~ followr: 

AMhaityt Resource Consenrallm and 
hcovety Act. 42 USC OKn 8I req.; Sek 
DrMtng Waler Act. 42 U S C 3aol8r rq, 
Clran Welrr ACI. 32 U S C 12til et IW; end 
Clean Air Act. 12 U SC Y857 e/ rq. 

Il. Scctlon 124.52 is revised to read as 
foilowr. 

f 124.52 PennHa requked on a case+ 
cm. baa& 

(a) Vanous aection8 of part 122. 
subpart B allow the Illrector to 

determine. on a ceme-by-care bark that 
certain concentretcd snimel feeding 
operattonr [I 12~~2). concentrated 
aquatic animel production fecthtter 
($122.21), mtotm water dlrcharges 
(I 1~28). end certain other faclbtler 
covered by general pennitr (4 122.22) 
thal do not generally require an 
lndtvldual permit may be required IO 
obtain an lndrviduel permit becaure of 
their contnbutlonr IO water pollution. 

(b) Whenever tbe Regional 
Admlniatrator decider that an individual 
pertnit 1m reqti under lhir rection, 
except aa provided in paragraph (c) of 
tbla aectlon, the Reglonal AdmlnlHrator 
rhall notify the diecharger &I writ@ of 
that de&ion and the rearonr for it, and 
rhall rend an appbcatton form with the 
notice. Tbe diecharger mumt apply for a 
permit under 0 122.21 within 60 day1 of 
notlce. unlerr permirrton for a later date 
Ir granted by the Regional 
Admimstrator. The questlon whether the 
deslgnatton was proper ~111 remam 
open for condderatlon durmg the pubhc 
comment penod under 4 124 11 or 
1 124 118 and m any subsequent heanng 

(c) Rior to a care-by-case 
determinatlon that an indlvtdual permil 
Ir required for a rtorm water dlschage 
under this section (see 10 CFR 1~~38 
(a)(l)(v) and (c)[l)(v)). the Reglonal 
Administrator may require the 
dirchager to submit a permit 
appltcalion or other lnformntion 
ngardmg the discharge under rectlon 
308 of the CWA. In requiring ruch 
informabon, the Regional Admlnlntratof 
rhall notify the diachager in writing and 
rhall rend an apphcabon form with the 
notlce. The dkharger mwt apply for a 
permlt under ! 1~28 within 110 dayr of 
notice, unlear pennirrlon for a later date 
Ir granted by the Regional 
Admlnlatrator. Ths qucrtion whether the 
Initial dertgnation was proper will 

remain open for conrtderatton during 
the pubtlc comment penod under 
4 1~ II or I 124.118 and in any 
rubrequent heanng 

Nolo- The followlng fom w-111 not appear in 
the Code of Federal Rcgulrtlonr 
mlLunawm~Iw 
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contrivance for the elimination or destruction of human waste, within those 
portions of the watershed of the city contiguous to the intake of the city’s water 
supply, as hereinafter described, or by placing any foul or putrescible substance, 
whether solid or liquid, and whether the same be buried or not, within the limits 
of the portion of the watershed so described. 

Sec. 49-6. Application for permit. 
(a) Any person who desires to use or develop any vegetated wetland and on and 
after January 1, 1983, any nonvegetated wetland, within this city, other than for 
those activities specified in section 49-3 above, shall first file an application for 
a permit with the wetlands board 

Sec. 49-22. Application for permit. 
(a) Any person who desires to use or alter any coastal primary sand dune within 
this city, other than for those activities specfied in section 49-20 above, shall 
first file an application for a permit with the wetlands board 

1.6 Authority to Meet Part 2 Permit Requirements 
The NPDES stormwater permit application regulations require an assessment of 

whether existing legal authority is sufficient to meet the criteria for Part 2 of the 
permit application provided in 40 CFR 122.26(d)(2)(i) as follows: 

40 CFR 122.26(d)(2)(i) 
A demonstration that the applicant can operate pursuant to legal authority 

established by statute, ordinance or series of contracts which authorizes or enables the 
applicant at a minimum to: 

(A) Control through ordinance, permit contract, order or similar means, the 
contribution of pollutants to the municipal storm sewer system by storm water 
discharges associated with industrial activity and the quality of storm water 
discharged from sites of industrial activity; 

(B) Prohibit through ordinance, order or similar means, illicit discharges to the 
municipal separate storm sewer; 
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(C) Control through ordinance, order or similar means rhe ducharge to a 

municipal separate scotm sewer of spills, dumping or disposal of materials orher 
rhan s~onn water; 

(D) Control through inmagency agreements among coapplicants the 
con rnbution ojpollutanrs jkorn one ponion of the municipal system to anorhcr 

pomon of the municipal system; 

(E) Require compliance with codtions in ordinances, pemh, contm~~~ or 
order; and 

(F) Carry out all inspect&, sweilhnce and monitoting ptvcedures necessary 
to derermme compliance and noncompliance wrth permit conditions including 

the prohlbmon on illicit discharges to the municipal separate storm sewer. 

The Gty Code sections identified above are referenced in an assessment of the 
indrvldual Part 2 legal authority criteria. 

(A) Con& through ordinance, pamis comnxt, order or similar means, the 

conmb~nof~~t~ttK~sronnsmcrjyslanbystonnwata 

dirchargcsavociatcdwirh~a~Mdrhtquclliryofsconnwllrlcr 

dirchwgcd from s&s of i&&a! acriviry. Section 39. l- 19 of the Cn-y Code 
prohlblts the discharge of sanitary sewer flow to the storm sewer system. 
Section 39.2-5 of the City Code prohibits the discharge of any sewage from 
a private sewage disposal facility on any public or private property in the 
City. Section 4X.1-4 of the City Code prohibits poIIuta.nts to be discharged 
to the storm sewer system including the discharge of industria1 process water, 
wash water, or other unpermitted industrial discharges in Section 41.1-4(c). 
Section 41.1-5 of the City Code provides the City with authority to order the 
correction of drainage probkms on any site in the City. Sections 910,30-69, 
41-16, and 41-17 of the City Code prohibit pollution of waters of the City 
and Littering. Sections 42-20.1 and 42-20.2 of the City Code prohibit the 
obstruction of drains or drainage areas. Sections 4%24,42-25, and 42-46 of 
the Cq Code establish regulations for protecting the City from spills or 
deposits of hqurd wastes. Section 46-28 of the City Code prohibits pollution 
of rhe Cq’s water supply. 
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For development or redevelopment of mdustrial sites, the C~ty’s Zonmg 
Ordinance establishes lot size, yard size, and maximum lot coverage 
requirements for industrial activity. Chapter 15 of the City Code establishes 
erosion and sedimentation control regulations If development or 
redevelopment of industrial sites occurs unthm a Chesapeake Bay 
Preservation Area, Section 494 of the C~ty’s Zoning Ordinance and Chapter 
32.2 of the City Code establish stringent criteria for stormwater management. 
protection of water quality, and use of Best Management Practices. Chapter 
49 of the City Code protects development within wetlands or coastal primary 
sand dunes by requiring a permit application with the wetlands board. 

Enforcement provisions and penalties for violations of the referenced 
sections of Ciry Code are also provided in specific chapters. Chapter 27 of 

the City Code provides additional authority for the abatement of nuisances. 

(B)Aohibir~o~~ordaorsimilar~iIlici~dirdrargcrrothc 

lllluLicigal scpumfe sconn SCWCK Section 39.1-19 of the City Code prohibits 
the discharge of sanitary sewer flow to the stem sewer system. Section 39.2. 
5 of the City Code prohibits the discharge of any sewage from a private 
sewage disposal facility on any public or private property in the City. Section 
41.1-4 of the Gty Code prohibits pollutants to be discharged to the storm 

sewer system. Section 41.1-5 of the Gty Code provides the City with 

authoricy to order the correction of dramage problems on any site in the 

City. Secttons 9-10, 30-69, 41-16, and 41-17 of the City Code prohibit 
pollution of waters of the City and tittering. Sections 42-20.1 and 42-20.2 of 
the City Code prohibit the obstruction of drains or drainage areas. Sections 

42-24,42-Z, and 42-46 of the City Code establish regulations for protecting 
the City from spills or deposits of liquid wastes. Section 46-28 of the City 
Code prohibits pollution of the City’s water supply. 

Enforcement provisions and penalues for volatlons of the referenced 
sections of City Code are also provided m specrfic chapters. Chapter 27 of 
the C~ry Code provides additional authonry for the abatement of nuisances. 
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(C) COna through Odinancc, ordef or sim&r mearu the didurtge w a 

munkipdsepumte swnn srwcrof spi& dumping or diqxxal of mareMs other 
than storm water. Section 39.1-19 of the City Code prohibits the discharge 
ot’ sanitary sewer flow to the storm sewer system. Section 39.2-5 of the City 
Code prohibits the discharge of any sewage from a private sewage disposal 
faciliry on any public or private property in the City. Section 41.1-4 of the 
City Code prohibits pollutants to be discharged to the storm sewer system. 
Sections 9-10,30-69,41-16, and 41-17 of the City Code prohibit pollution of 
waters of the City and littering. Sections 42.24,42-25, and 424 of the City 
Code establish regulations for protecting the City from spills or doposits of 
liquid-wastes. Section 46-28 of the Cny Code prohrbits pollution of the City’s 
water supply. 

Enforcement provisions and penalttes for violations of the referenced 
sectrons of City Code are also provided tn specific chapters. Chapter 27 of 
the Crty Code provides additional authority for the abatement of nuisances. 

(0) Gmml thrvugh immgenq agreemen among c0appikan.B the 

corun3udonofpollrriantsfromonepotin ofrhcmwkipalJrstan Wan&m 

ponion of the mwricipol syscan The Cq of Norfolk owns the entire separate 
storm water system and is an mdtndual FJPDES permit applicant. 

The Cq of Norfolk relies on its In-Town Reservoir System as a vital pan of 
the water supply system. To protect water qualny within the In-Town 
Reservoir System, the City of Norfolk will seek an intermunicipal agreement 
with the City of Virginia Beach to control nonpoint source pollution for the 
areas of the In-Town Reservoir System bordering and located within the 
junsdiction of the City of Virginia Beach. After approval of Part 1 of the 
applxation by the EPA, the Cny of Norfolk will meet with the City of 
Vlrgmta Beach to discuss the development of an agreement before submittal 
of Pan 2 of the application on November 16, 1992. 

(E) Require comphnce with condirions in otdhnca, pemria, confnzct~ or 

ords. Enforcement provistons and penalucs for vlolattons of the referenced 
sections of Gty Code are provided rn spectfic chapters. Chapter 27 of the 
CI~) Codes provides addttlonal authorlry for the abatement of nutsances. 
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(F) Cony out all bupection, s~~eii.bnce and nwniwting pmcedun?s necessary 

Co dccenninc Compliance and ~~ompliance wish pmnir condirbnr indudhg 

the p?Vhibirion on i&it dkha~e.3 w ihe mwicipd sepumrc slonn sewer. 

Chapter 41.1, entitled “Storm Water Management”, provides authority for the 
City’s Director of Pubhc Works to establrsh procedures and enforce 
regulattons pertaining 10 the storm water system m Sectton 41.1-3. Authori? 
to prohibit and inspect for illicit connecttons to the storm sewer system is 
provided to the Department of City Planning and Codes Administration in 
Section 39.1-19. Authority to enforce violations of private sewage disposal 
regulations is provided to the Department of Health in Section 39.2-l of the 
City Code. For development and red&elopment, the Department of Cry 
Planning and Codes Administration has authonty over erosion and sediment 
control plans, the site review process, and stormwater management 
regulations required for actiwty wxhln the Chesapeake Bay Presetvatron 
Area. Additional authority for enforcemenr of eroston and sediment control 
regulations and stormwater management is betng established for rhe 
Department of Public Works In an ordinance currently under review by the 
state. Authority to enforce regulauons and permits of the C~ty’s Tree 
Ordinance IS provided in Section 30-23 of the CI~ Code 

1.7 Legal Authority Overview 
Overall, the City of Norfolk has the exlsung legal aurhonty, or IS m the process 

of modlfymg etisting City Code with ordmances, to control discharges to the 
municipal storm sewer system and meet the legal aurhonty requirements of 40 CFR 

I22 26(d)(Z)(i). 
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DISCLAIMER

The Engineering and Analysis Division, of the Office of Science and Technology, has reviewed and
approved this report for publication.  Neither the United States Government nor any of its employees, contractors,
or their employees make any warranty, expressed or implied, or assumes any legal liability or responsibility for any
third party’s use of or the results of such use of any information, apparatus, product, or process discussed in this
report, or represents that its use by such party would not infringe on privately owned rights.
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SECTION 1

INTRODUCTION

1.1   This manual describes chronic toxicity tests for use in the National Pollutant Discharge Elimination System
(NPDES) Permits Program to identify effluents and receiving waters containing toxic materials in chronically toxic
concentrations.  The methods included in this manual are referenced in Table IA, 40 CFR Part 136 regulations and,
therefore, constitute approved methods for chronic toxicity tests.  They are also suitable for determining the toxicity
of specific compounds contained in discharges.  The tests may be conducted in a central laboratory or on-site, by the
regulatory agency or the permittee.
 
1.2   The data are used for NPDES permits development and to determine compliance with permit toxicity limits. 
Data can also be used to predict potential acute and chronic toxicity in the receiving water, based on the LC50,
NOEC, IC50 or IC25 (see Section 9, Chronic Toxicity Endpoints and Data Analysis) and appropriate dilution,
application, and persistence factors.  The tests are performed as a part of self-monitoring permit requirements,
compliance biomonitoring inspections, toxics sampling inspections, and special investigations.  Data from chronic
toxicity tests performed as part of permit requirements are evaluated during compliance evaluation inspections and
performance audit inspections.

1.3   Modifications of these tests are also used in toxicity reduction evaluations and toxicity identification
evaluations to identify the toxic components of an effluent, to aid in the development and implementation of toxicity
reduction plans, and to compare and control the effectiveness of various treatment technologies for a given type of
industry, irrespective of the receiving water (USEPA, 1988c; USEPA, 1989b; USEPA 1989c; USEPA, 1989d; 
USEPA, 1989e; USEPA, 1991a; USEPA, 1991b; and USEPA, 1992).

1.4   This methods manual serves as a companion to the acute toxicity test methods for freshwater and marine
organisms (USEPA, 2002a), the short-term chronic toxicity test methods for marine and estuarine organisms
(USEPA, 2002b), and the manual for evaluation of laboratories performing aquatic toxicity tests (USEPA, 1991c). 
In 2002, EPA revised previous editions of each of the three methods manuals (USEPA, 1993a; USEPA, 1994a;
USEPA, 1994b).

1.5   Guidance for the implementation of toxicity tests in the NPDES program is provided in the Technical Support
Document for Water Quality-based Toxics Control (USEPA, 1991a).

1.6   These freshwater short-term toxicity tests are similar to those developed for marine and estuarine organisms to
evaluate the toxicity of effluents discharged to marine and estuarine waters under the NPDES permit program. 
Methods are presented in this manual for three species of freshwater organisms from three phylogenetic groups. 
The methods are all static renewal type seven-day tests except the green alga, Selenastrum capricornutum, test
which lasts four days.  

1.7   The three species for which test methods are provided are the fathead minnow, Pimephales promelas; the
daphnid, Ceriodaphnia dubia; and the green alga, Selenastrum capricornutum. 
  
1.7.1   Two of the methods incorporate the chronic endpoint of growth in addition to lethality and one incorporates
reproduction.  The fathead minnow, Pimephales promelas, embryo-larval survival and teratogenicity test
incorporates teratogenic effects in addition to lethality.  The green alga, Selenastrum capricornutum, growth test has
the advantage of a relatively short exposure period (96 h).

1.8   The validity of the freshwater chronic methods in predicting adverse ecological impacts of toxic discharges
was demonstrated in field studies (USEPA, 1984; USEPA, 1985b; USEPA, 1985c; USEPA, 1985d; USEPA, 1986a;
USEPA, 1986b; USEPA, 1986c; USEPA, 1986d; Birge et al., 1989; and Eagleson et al., 1990).
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1.9   The use of any test species or test conditions other than those described in the methods summary tables in this
manual shall be subject to application and approval of alternate test procedures under 40 CFR 136.4 and 40 CFR
136.5.

1.10   These methods are restricted to use by, or under the supervision of, analysts experienced in the use or conduct
of aquatic toxicity tests and the  interpretation of data from aquatic toxicity testing.  Each analyst must demonstrate
the ability to generate acceptable test results with these methods using the procedures described in this methods
manual.

1.11   This manual was prepared in the established EMSL-Cincinnati format (USEPA, 1983). 
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SECTION 2 

 

SHORT-TERM METHODS FOR ESTIMATING CHRONIC TOXICITY

 

2.1   INTRODUCTION

2.1.1   The objective of aquatic toxicity tests with effluents or pure compounds is to estimate the "safe" or "no
effect" concentration of these substances, which is defined as the concentration which will permit normal
propagation of fish and other aquatic life in the receiving waters.  The endpoints that have been considered in tests
to determine the adverse effects of toxicants include death and survival, decreased reproduction and growth,
locomotor activity, gill ventilation rate, heart rate, blood chemistry, histopathology, enzyme activity, olfactory
function, and terata.  Since it is not feasible to detect and/or measure all of these (and other possible) effects of toxic
substances on a routine basis, observations in toxicity tests generally have been limited to only a few effects, such as
mortality, growth, and reproduction. 

2.1.2   Acute lethality is an obvious and easily observed effect which accounts for its wide use in the early period of
evaluation of the toxicity of pure compounds and complex effluents.  The results of these tests were usually
expressed as the concentration lethal to 50% of the test organisms (LC50) over relatively short exposure periods
(one-to-four days). 
 
2.1.3   As exposure periods of acute tests were lengthened, the LC50 and lethal threshold concentration were
observed to decline for many compounds.  By lengthening the tests to include one or more complete life cycles and
observing the more subtle effects of the toxicants, such as a reduction in growth and reproduction, more accurate,
direct, estimates of the threshold or safe concentration of the toxicant could be obtained.  However, laboratory
life-cycle tests may not accurately estimate the "safe" concentration of toxicants because they are conducted with a
limited number of species under highly controlled, steady-state conditions, and the results do not include the effects
of the stresses to which the organisms would ordinarily be exposed in the natural environment. 
 
2.1.4   An early published account of a full life-cycle, fish toxicity test was that of Mount and Stephan (1967).  In
this study, fathead minnows, Pimephales promelas, were exposed to a graded series of pesticide concentrations
throughout their life cycle, and the effects of the toxicant on survival, growth, and reproduction were measured and
evaluated.  This work was soon followed by full life-cycle tests using other toxicants and fish species.

2.1.5   McKim (1977) evaluated the data from 56 full life-cycle tests, 32 of which used the fathead minnow,
Pimephales promelas, and concluded that the embryo-larval and early juvenile life-stages were the most sensitive
stages.  He proposed the use of partial life-cycle toxicity tests with the early life-stages (ELS) of fish to establish
water quality criteria. 
 
2.1.6   Macek and Sleight (1977) found that exposure of critical life-stages of fish to toxicants provides estimates of
chronically safe concentrations remarkably similar to those derived from full life-cycle toxicity tests.  They reported
that "for a great majority of toxicants, the concentration which will not be acutely toxic to the most sensitive life
stages is the chronically safe concentration for fish, and that the most sensitive life stages are the embryos and fry". 
Critical life-stage exposure was considered to be exposure of the embryos during most, preferably all, of the
embryogenic (incubation) period, and exposure of the fry for 30 days post-hatch for warm water fish with
embryogenic periods ranging from one-to-fourteen days, and for 60 days post-hatch for fish with longer
embryogenic periods.  They concluded that in the majority of cases, the maximum acceptable toxicant concentration
(MATC) could be estimated from the results of exposure of the embryos during incubation, and the larvae for 30
days post-hatch. 

2.1.7   Because of the high cost of full life-cycle fish toxicity tests and the emerging consensus that the ELS test data
usually would be adequate for estimating chronically safe concentrations, there was a rapid shift by aquatic
toxicologists to 30 - 90-day ELS toxicity tests for estimating chronically safe concentrations in the late 1970s.  In
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1980, USEPA adopted the policy that ELS test data could be used in establishing water quality criteria if data from
full life-cycle tests were not available (USEPA, 1980a). 

2.1.8   Published reports of the results of ELS tests indicate that the relative sensitivity of growth and survival as
endpoints may be species dependent, toxicant dependent, or both.  Ward and Parrish (1980) examined the literature
on ELS tests that used embryos and juveniles of the sheepshead minnow, Cyprinodon variegatus, and found that
growth was not a statistically sensitive indicator of toxicity in 16 of 18 tests.  They suggested that the ELS tests be
shortened to 14 days posthatch and that growth be eliminated as an indicator of toxic effects. 

2.1.9   In a review of the literature on 173 fish full life-cycle and ELS tests performed to determine the chronically
safe concentrations of a wide variety of toxicants, such as metals, pesticides, organics, inorganics, detergents, and
complex effluents, Woltering (1984) found that at the lowest effect concentration, significant reductions were
observed in fry survival in 57%, fry growth in 36%, and egg hatchability in 19% of the tests.  He also found that fry
survival and growth were very often equally sensitive, and concluded that the growth response could be deleted
from routine application of the ELS tests.  The net result would be a significant reduction in the duration and cost of
screening tests with no appreciable impact on estimating MATCs for chemical hazard assessments.  Benoit et al.
(1982), however, found larval growth to be the most significant measure of effect, and survival to be equally or less
sensitive than growth in early life-stage tests with four organic chemicals. 
 
2.1.10   Efforts to further reduce the length of partial life-cycle toxicity tests for fish without compromising their
predictive value have resulted in the development of an eight-day, embryo-larval survival and teratogenicity test for
fish and other aquatic vertebrates (USEPA, 1981; Birge et al., 1985), and a seven-day larval survival and growth
test (Norberg and Mount, 1985). 

2.1.11  The similarity of estimates of chronically safe concentrations of toxicants derived from short-term,
embryo-larval survival and teratogenicity tests to those derived from full life-cycle tests has been demonstrated by
Birge et al. (1981), Birge and Cassidy (1983), and Birge et al. (1985).

2.1.12   Use of a seven-day, fathead minnow, Pimephales promelas, larval survival and growth test was first
proposed by Norberg and Mount at the 1983 annual meeting of the Society for Environmental Toxicology and
Chemistry (Norberg and Mount, 1983).  This test was subsequently used by Mount and associates in field
demonstrations at Lima, OH (USEPA, 1984), and at many other locations.  Growth was frequently found to be more
sensitive than survival in determining the effects of complex effluents. 

2.1.13   Norberg and Mount (1985) performed three single toxicant fathead minnow larval growth tests with zinc,
copper, and DURSBAN®, using dilution water from Lake Superior.  The results were comparable to, and had
confidence intervals that overlapped with, chronic values reported in the literature for both ELS and full life-cycle
tests. 

2.1.14   Mount and Norberg (1984) developed a seven-day cladoceran partial life-cycle test and experimented with a
number of diets for use in culturing and testing the daphnid, Ceriodaphnia reticulata (Norberg and Mount, 1985). 
As different laboratories began to use this cladoceran test, it was discovered that apparently more than one species
was involved in the tests conducted by the same laboratory.  Berner (1986) studied the problem and determined that
perhaps as many as three variant forms were involved and it was decided to recommend the use of the more
common Ceriodaphnia dubia rather than the originally reported Ceriodaphnia reticulata.  The method was adopted
for use in the first edition of the freshwater short-term chronic methods (USEPA, 1985e).  

2.1.15   The green alga, Selenastrum capricornutum, bottle test was developed, after extensive design, evaluation,
and application, for the National Eutrophication Research Program (USEPA, 1971).  The test was later modified for
use in the assessment of receiving waters and the effects of wastes originating from industrial, municipal, and
agricultural point and non-point sources (USEPA, 1978a).
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2.1.16   The use of short-term toxicity tests including subchronic and chronic tests in the NPDES Program is
especially attractive because they provide a more direct estimate of the safe concentrations of effluents in receiving
waters than was provided by acute toxicity tests, at an only slightly increased level of effort, compared to the fish
full life-cycle chronic and 28-day ELS tests and the 21-day daphnid, Daphnia magna, life-cycle test.

2.2   TYPES OF TESTS

2.2.1   The selection of the test type will depend on the NPDES permit requirements, the objectives of the test, the
available resources, the requirements of the test organisms, and effluent characteristics such as fluctuations in
effluent toxicity.

2.2.2   Effluent chronic toxicity is generally measured using a multi-concentration, or definitive test, consisting of a
control and a minimum of five effluent concentrations.  The tests are designed to provide dose-response
information, expressed as the percent effluent concentration that affects the hatchability, gross morphological
abnormalities, survival, growth, and/or reproduction within the prescribed period of time (four to seven days).  The
results of the tests are expressed in terms of the highest concentration that has no statistically significant observed
effect on those responses when compared to the controls or the estimated concentration that causes a specified
percent reduction in responses versus the controls.

2.2.3   Use of pass/fail tests consisting of a single effluent concentration (e.g., the receiving water concentration or
RWC) and a control is not recommended.  If the NPDES permit has a whole effluent toxicity limit for acute
toxicity at the RWC, it is prudent to use that permit limit as the midpoint of a series of five effluent concentrations. 
This will ensure that there is sufficient information on the dose-response relationship.  For example, the effluent
concentrations utilized in a test may be:  (1) 100% effluent, (2) (RWC + 100)/2, (3) RWC, (4) RWC/2, and (5)
RWC/4.  More specifically, if the RWC = 50%, appropriate effluent concentrations may be 100%, 75%, 50%, 25%,
and 12.5%. 

2.2.4   Receiving (ambient) water toxicity tests commonly employ two treatments, a control and the undiluted
receiving water, but may also consist of a series of receiving water dilutions. 

2.2.5   A negative result from a chronic toxicity test does not preclude the presence of toxicity.  Also, because of the
potential temporal variability in the toxicity of effluents, a negative test result with a particular sample does not
preclude the possibility that samples collected at some other time might exhibit chronic toxicity.

2.2.6   The frequency with which chronic toxicity tests are conducted under a given NPDES permit is determined by
the regulatory agency on the basis of factors such as the variability and degree of toxicity of the waste, production
schedules, and process changes. 

2.2.7   Tests recommended for use in this methods manual may be static non-renewal or static renewal.  Individual
methods specify which static type of test is to be conducted. 

2.3   STATIC TESTS

2.3.1   Static non-renewal tests - The test organisms are exposed to the same test solution for the duration of the test.

2.3.2   Static-renewal tests - The test organisms are exposed to a fresh solution of the same concentration of sample
every 24 h or other prescribed interval, either by transferring the test organisms from one test chamber to another, or
by replacing all or a portion of solution in the test chambers.
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2.4   ADVANTAGES AND DISADVANTAGES OF TOXICITY TEST TYPES

2.4.1   STATIC NON-RENEWAL, SHORT-TERM TOXICITY TESTS:

Advantages:

1. Simple and inexpensive.
2. Very cost effective in determining compliance with permit conditions.
3. Limited resources (space, manpower, equipment) required; would permit staff to perform many more

tests in the same amount of time.
4. Smaller volume of effluent required than for static renewal or flow-through tests.

Disadvantages:

1. Dissolved oxygen (DO) depletion may result from high chemical oxygen demand (COD), 
biological oxygen demand (BOD), or metabolic wastes. 

2. Possible loss of toxicants through volatilization and/or adsorption to the exposure vessels.
3. Generally less sensitive than static renewal, because the toxic substances may degrade or be adsorbed,

thereby reducing the apparent toxicity.  Also, there is less chance of detecting slugs of toxic wastes, or
other temporal variations in waste properties.

2.4.2  STATIC RENEWAL, SHORT-TERM TOXICITY TESTS:

Advantages:

1. Reduced possibility of DO depletion from high COD and/or BOD, or ill effects from 
metabolic wastes from organisms in the test solutions.

2. Reduced possibility of loss of toxicants through volatilization and/or adsorption to the 
exposure vessels. 

3. Test organisms that rapidly deplete energy reserves are fed when the test solutions are 
renewed, and are maintained in a healthier state.

Disadvantages:

1. Require greater volume of effluent than non-renewal tests.
2. Generally less chance of temporal variations in waste properties. 
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SECTION 3

HEALTH AND SAFETY

3.1  GENERAL PRECAUTIONS 

3.1.1   Each laboratory should develop and maintain an effective health and safety program, requiring an ongoing
commitment by the laboratory management. This program should include (1) a safety officer with the responsibility
and authority to develop and maintain a safety program, (2) the preparation of a formal, written, health and safety
plan, which is provided to each of the laboratory staff, (3) an ongoing training program on laboratory safety, and (4)
regularly scheduled, documented, safety inspections.

3.1.2   Collection and use of effluents in toxicity tests may involve significant risks to personal safety and health. 
Personnel collecting effluent samples and conducting toxicity tests should take all safety precautions necessary for
the prevention of bodily injury and illness which might result from ingestion or invasion of infectious agents,
inhalation or absorption of corrosive or toxic substances through skin contact, and asphyxiation due to lack of
oxygen or presence of noxious gases.
 
3.1.3   Prior to sample collection and laboratory work, personnel will determine that all necessary safety equipment
and materials have been obtained and are in good condition.

3.1.4   Guidelines for the handling and disposal of hazardous materials must be strictly followed.

3.2   SAFETY EQUIPMENT 
 
3.2.1   PERSONAL SAFETY GEAR
 
3.2.1.1   Personnel should use safety equipment, as required, such as rubber aprons, laboratory coats, respirators,
gloves, safety glasses, hard hats, and safety shoes.  Plastic netting on glass beakers, flasks, and other glassware
minimizes breakage and subsequent shattering of the glass.

3.2.2   LABORATORY SAFETY EQUIPMENT

3.2.2.1   Each laboratory (including mobile laboratories) should be provided with safety equipment such as first aid
kits, fire extinguishers, fire blankets, emergency showers, chemical spill clean up kits, and eye fountains.

3.2.2.2   Mobile laboratories should be equipped with a telephone or other means to enable personnel to summon
help in case of emergency.

3.3   GENERAL LABORATORY AND FIELD OPERATIONS 

3.3.1   Work with effluents should be performed in compliance with accepted rules pertaining to the handling of
hazardous materials (see safety manuals listed in Section 3, Health and Safety, Subsection 3.5).  It is recommended
that personnel collecting samples and performing toxicity tests not work alone. 

3.3.2   Because the chemical composition of effluents is usually only poorly known, they should be considered as
potential health hazards, and exposure to them should be minimized.  Fume and canopy hoods over the toxicity test
areas must be used whenever possible. 
 
3.3.3   It is advisable to cleanse exposed parts of the body immediately after collecting effluent samples.

3.3.4   All containers are to be adequately labeled to indicate their contents.
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3.3.5   Staff should be familiar with safety guidelines on Material Safety Data Sheets for reagents and other
chemicals purchased from suppliers.  Incompatible materials should not be stored together.  Good housekeeping
contributes to safety and reliable results.

3.3.6   Strong acids and volatile organic solvents employed in glassware cleaning must be used in a fume hood or
under an exhaust canopy over the work area.

3.3.7   Electrical equipment or extension cords not bearing the approval of Underwriter Laboratories must not be
used.  Ground-fault interrupters must be installed in all "wet" laboratories where electrical equipment is used.

3.3.8   Mobile laboratories should be properly grounded to protect against electrical shock.

3.4   DISEASE PREVENTION 

3.4.1   Personnel handling samples which are known or suspected to contain human wastes should be immunized
against tetanus, typhoid fever, polio, and hepatitis B. 
 
3.5  SAFETY MANUALS

3.5.1  For further guidance on safe practices when collecting effluent samples and conducting toxicity tests, check
with the permittee and consult general safety manuals, including USEPA (1986e) and Walters and Jameson (1984).
 
3.6   WASTE DISPOSAL

3.6.1   Wastes generated during toxicity testing must be properly handled and disposed of in an appropriate manner. 
Each testing facility will have its own waste disposal requirements based on local, state, and Federal rules and
regulations.  It is extremely important that these rules and regulations be known, understood, and complied with by
all persons responsible for, or otherwise involved in performing the toxicity testing activities.  Local fire officials
should be notified of any potentially hazardous conditions.
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SECTION 4

QUALITY ASSURANCE

4.1   INTRODUCTION 
 
4.1.1   Development and maintenance of a toxicity test laboratory quality assurance (QA) program (USEPA, 1991a)
requires an ongoing commitment by laboratory management.  Each toxicity test laboratory should (1) appoint a
quality assurance officer with the responsibility and authority to develop and maintain a QA program; (2) prepare a
quality assurance plan with stated data quality objectives (DQOs); (3) prepare a written description of laboratory
standard operating procedures (SOPs) for culturing, toxicity testing, instrument calibration, sample chain-of-custody
procedures, laboratory sample tracking system, glassware cleaning, etc.; and (4) provide an adequate, qualified
technical staff for culturing and testing the organisms, and suitable space and equipment to assure reliable data.

4.1.2   QA practices for toxicity testing laboratories must address all activities that affect the quality of the final
effluent toxicity test data, such as:  (1) effluent sampling and handling; (2) the source and condition of the test
organisms; (3) condition of equipment; (4) test conditions; (5) instrument calibration; (6) replication; (7) use of
reference toxicants; (8) record keeping; and (9) data evaluation.  

4.1.3   Quality control practices, on the other hand, consist of the more focused, routine, day-to-day activities
carried out within the scope of the overall QA program.  For more detailed discussion of quality assurance and
general guidance on good laboratory practices and laboratory evaluation related to toxicity testing, see FDA, (1978);
USEPA, (1979d), USEPA (1980b), USEPA (1980c), and USEPA (1991c); DeWoskin (1984); and Taylor (1987).

4.1.4   Guidance for the evaluation of laboratories performing toxicity tests and laboratory evaluation criteria may
be found in USEPA (1991c).
 
4.2   FACILITIES, EQUIPMENT, AND TEST CHAMBERS 

4.2.1   Separate test organism culturing and toxicity testing areas should be provided to avoid possible loss of
cultures due to cross-contamination.  Ventilation systems should be designed and operated to prevent recirculation
or leakage of air from chemical analysis laboratories or sample storage and preparation areas into organism
culturing or testing areas, and from testing and sample preparation areas into culture rooms.
 
4.2.2   Laboratory and toxicity test temperature control equipment must be adequate to maintain recommended test
water temperatures.  Recommended materials must be used in the fabrication of the test equipment which comes in
contact with the effluent (see Section 5, Facilities, Equipment and Supplies; and specific toxicity test method).

4.3   TEST ORGANISMS

4.3.1   The test organisms used in the procedures described in this manual are the fathead minnow, Pimephales
promelas, the daphnid, Ceriodaphnia dubia, and the green alga, Selenastrum capricornutum.  The fish and
invertebrates should appear healthy, behave normally, feed well, and have low mortality in the cultures, during
holding, and in test controls.  Test organisms should be positively identified to species (see Section 6, Test
Organisms).

4.4   LABORATORY WATER USED FOR CULTURING AND TEST DILUTION WATER

 
4.4.1   The quality of water used for test organism culturing and for dilution water used in toxicity tests is extremely
important.  Water for these two uses should come from the same source.  The dilution water used in effluent toxicity
tests will depend in part on the objectives of the study and logistical constraints, as discussed in detail in Section 7,
Dilution Water. For tests performed to meet NPDES objectives, synthetic, moderately hard water should be used. 
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The dilution water used for internal quality assurance tests with organisms, food, and reference toxicants should be
the water routinely used with success in the laboratory.  Types of water are discussed in Section 5, Facilities,
Equipment and Supplies.  Water used for culturing and test dilution should be analyzed for toxic metals and
organics at least annually or whenever difficulty is encountered in meeting minimum acceptability criteria for
control survival and reproduction or growth.  The concentration of the metals Al, As, Cr, Co, Cu, Fe, Pb, Ni, and
Zn, expressed as total metal, should not exceed 1 mg/L each, and Cd, Hg, and Ag, expressed as total metal, should
not exceed 100 ng/L each.  Total organochlorine pesticides plus PCBs should be less than 50 ng/L (APHA, 1992). 
Pesticide concentrations should not exceed USEPA's Ambient Water Quality chronic criteria values where
available. 

4.5   EFFLUENT AND RECEIVING WATER SAMPLING AND HANDLING 

4.5.1   Sample holding times and temperatures of effluent samples collected for on-site and off-site testing must
conform to conditions described in Section 8, Effluent and Receiving Water Sampling, Sample Handling, and
Sample Preparation for Toxicity Tests. 
 
4.6   TEST CONDITIONS 
 
4.6.1   Water temperature should be maintained within the limits specified for each test.  The temperature of test
solutions must be measured by placing the thermometer or probe directly into the test solutions, or by placing the
thermometer in equivalent volumes of water in surrogate vessels positioned at appropriate locations among the test
vessels.  Temperature should be recorded continuously in at least one test vessel for the duration of each test.  Test
solution temperatures should be maintained within the limits specified for each test.  DO concentration and pH
should be checked at the beginning of each test and daily throughout the test period.

4.7   QUALITY OF TEST ORGANISMS

4.7.1   The health of test organisms is primarily assessed by the performance (survival, growth, and/or reproduction)
of organisms in control treatments of individual tests.  The health and sensitivity of test organisms is also assessed
by reference toxicant testing.  In addition to documenting the sensitivity and health of test organisms, reference
toxicant testing is used to initially demonstrate acceptable laboratory performance (Subsection 4.15) and to
document ongoing laboratory performance (Subsection 4.16).  

4.7.2   Regardless of the source of test organisms (in-house cultures or purchased from external suppliers), the
testing laboratory must perform at least one acceptable reference toxicant test per month for each toxicity test
method conducted in that month (Subsection 4.16).  If a test method is conducted only monthly, or less frequently, a
reference toxicant test must be performed concurrently with each effluent toxicity test.
 
4.7.3   When acute or short-term chronic toxicity tests are performed with effluents or receiving waters using test
organisms obtained from outside the test laboratory, concurrent toxicity tests of the same type must be performed
with a reference toxicant, unless the test organism supplier provides control chart data from at least the last five
monthly short-term chronic toxicity tests using the same reference toxicant and control conditions (see Section 6,
Test Organisms).

4.7.4   The supplier should certify the species identification of the test organisms, and provide the taxonomic
reference (citation and page) or name(s) of the taxonomic expert(s) consulted.

4.7.5   If routine reference toxicant tests fail to meet test acceptability criteria, then the reference toxicant test must
be immediately repeated.  
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4.8   FOOD QUALITY

4.8.1   The nutritional quality of the food used in culturing and testing fish and invertebrates is an important factor
in the quality of the toxicity test data.  This is especially true for the unsaturated fatty acid content of brine shrimp
nauplii, Artemia.  Problems with the nutritional suitability of the food will be reflected in the survival, growth, and
reproduction of the test organisms in cultures and toxicity tests.  Artemia cysts, and other foods must be obtained as
described in Section 5, Facilities, Equipment, and Supplies. 

4.8.2   Problems with the nutritional suitability of food will be reflected in the survival, growth, and reproduction of
the test organisms in cultures and toxicity tests.  If a batch of food is suspected to be defective, the performance of
organisms fed with the new food can be compared with the performance of organisms fed with a food of known
quality in side-by-side tests.  If the food is used for culturing, its suitability should be determined using a short-term
chronic test which will determine the affect of food quality on growth or reproduction of each of the relevant test
species in culture, using four replicates with each food source.  Where applicable, foods used only in chronic
toxicity tests can be compared with a food of known quality in side-by-side, multi-concentration chronic tests, using
the reference toxicant regularly employed in the laboratory QA program.

4.8.3   New batches of food used in culturing and testing should be analyzed for toxic organics and metals or
whenever difficulty is encountered in meeting minimum acceptability criteria for control survival and reproduction
or growth.  If the concentration of total organochlorine pesticides exceeds 0.15 mg/g wet weight, or the
concentration of total organochlorine pesticides plus PCBs exceeds 0.30 μg/g wet weight, or toxic metals (Al, As,
Cr, Cd, Cu, Pb, Ni, Zn, expressed as total metal) exceed 20 μg/g wet weight, the food should not be used (for
analytical methods see AOAC, 1990 and USDA, 1989).  For foods (e.g., such as YCT) which are used to culture
and test organisms, the quality of the food should meet the requirements for the laboratory water used for culturing
and test dilution water as described in Section 4.4 above.

4.9   ACCEPTABILITY OF SHORT-TERM CHRONIC TOXICITY TESTS 

4.9.1   For the tests to be acceptable, control survival in fathead minnow, Pimephales promelas, and the daphnid,
Ceriodaphnia dubia, tests must be 80% or greater.  At the end of the test, the average dry weight of surviving
seven-day-old fathead minnows in control chambers must equal or exceed 0.25 mg.  In Ceriodaphnia dubia
controls, 60% or more of the surviving females must have produced their third brood in 7 ± 1 days, and the number
of young per surviving female must be 15 or greater.  In algal toxicity tests, the mean cell density in the controls
after 96 h must equal or exceed 1 x 106 cells/mL and not vary more than 20% among replicates.  If these criteria are
not met, the test must be repeated.

4.9.2   An individual test may be conditionally acceptable if temperature, DO, and other specified conditions fall
outside specifications, depending on the degree of the departure and the objectives of the tests (see test condition
summaries).  The acceptability of the test would depend on the experience and professional judgment of the
laboratory investigator and the reviewing staff of the regulatory authority.  Any deviation from test specifications
must be noted when reporting data from the test. 

4.10   ANALYTICAL METHODS

4.10.1   Routine chemical and physical analyses for culture and dilution water, food, and test solutions must include
established quality assurance practices outlined in USEPA methods manuals (USEPA, 1979a and USEPA, 1979b).

4.10.2   Reagent containers should be dated and catalogued when received from the supplier, and the shelf life
should not be exceeded.  Also, working solutions should be dated when prepared, and the recommended shelf life
should be observed.
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4.11   CALIBRATION AND STANDARDIZATION

4.11.1   Instruments used for routine measurements of chemical and physical parameters such as pH, DO,
temperature, and conductivity, must be calibrated and standardized according to instrument manufacturer's
procedures as indicated in the general section on quality assurance (see USEPA Methods 150.1, 360.1, 170.1, and
120.1 in USEPA, 1979b).  Calibration data are recorded in a permanent log book. 

4.11.2   Wet chemical methods used to measure hardness, alkalinity and total residual chlorine must be standardized
prior to use each day according to the procedures for those specific USEPA methods (see USEPA Methods 130.2
and 310.1 in USEPA, 1979b).

4.12   REPLICATION AND TEST SENSITIVITY

4.12.1   The sensitivity of the tests will depend in part on the number of replicates per concentration, the
significance level selected, and the type of statistical analysis.  If the variability remains constant, the sensitivity of
the test will increase as the number of replicates is increased.  The minimum recommended number of replicates
varies with the objectives of the test and the statistical method used for analysis of the data.

4.13   VARIABILITY IN TOXICITY TEST RESULTS

4.13.1   Factors which can affect test success and precision include (1) the experience and skill of the laboratory
analyst; (2) test organism age, condition, and sensitivity; (3) dilution water quality; (4) temperature control; and (5)
the quality and quantity of food provided.  The results will depend upon the species used and the strain or source of
the test organisms, and test conditions, such as temperature, DO, food, and water quality.  The repeatability or
precision of toxicity tests is also a function of the number of test organisms used at each toxicant concentration. 
Jensen (1972) discussed the relationship between sample size (number of fish) and the standard error of the test, and
considered 20 fish per concentration as optimum for Probit Analysis.
 
4.14   TEST PRECISION 
 
4.14.1   The ability of the laboratory personnel to obtain consistent, precise results must be demonstrated with
reference toxicants before they attempt to measure effluent toxicity.  The single-laboratory precision of each type of
test to be used in a laboratory should be determined by performing at least five tests with a reference toxicant.

4.14.2   Test precision can be estimated by using the same strain of organisms under the same test conditions and
employing a known toxicant, such as a reference toxicant.

4.14.3   Interlaboratory precision data from a 1991 study of chronic toxicity tests with two species using the
reference toxicants potassium chloride and copper sulfate are shown in Table 1.  Table 2 shows interlaboratory
precision data from a study of three chronic toxicity test methods using effluent, receiving water, and reference
toxicant sample types (USEPA, 2001a; USEPA, 2001b).  The effluent sample was a municipal wastewater spiked
with KCl, the receiving waster sample was a river water spiked with KCl, and the reference toxicant sample
consisted of moderately-hard synthetic freshwater spiked with KCl.  Additional precision data for each of the tests
described in this manual are presented in the sections describing the individual test methods.
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TABLE 1. NATIONAL INTERLABORATORY STUDY OF CHRONIC TOXICITY TEST PRECISION, 1991: 
SUMMARY OF RESPONSES USING A REFERENCE TOXICANT1

________________________________________________________________________________________

Organism Endpoint No. Labs % Effluent2 SD CV(%)
________________________________________________________________________________________

Pimephales Survival, NOEC 146 NA NA NA
 promelas Growth, IC25 124 4.67 1.87 40.0

Growth, IC50 117 6.36 2.04 32.1
Growth, NOEC 142 NA NA NA

________________________________________________________________________________________

Ceriodaphnia Survival, NOEC 162 NA NA NA
 dubia Reproduction, IC25 155 2.69 1.96 72.9

Reproduction, IC50 150 3.99 2.35 58.9
 Reproduction, NOEC 156 NA NA NA
________________________________________________________________________________________

1 From a national study of interlaboratory precision of toxicity test data performed in 1991 by the Environmental
Monitoring Systems Laboratory- Cincinnati, U.S. Environmental Protection Agency, Cincinnati, OH 45268.
Participants included Federal, state, and private laboratories engaged in NPDES permit compliance monitoring.

2 Expressed as % effluent; in reality it was a reference toxicant (KCl) but was not known by the persons conducting
the tests.
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TABLE 2. NATIONAL INTERLABORATORY STUDY OF CHRONIC TOXICITY TEST PRECISION, 2000:
PRECISION OF RESPONSES USING EFFLUENT, RECEIVING WATER, AND REFERENCE
TOXICANT SAMPLE TYPES1.

Organism Endpoint Number of Tests2 CV (%)3

Pimephales promelas Growth, IC25 73 20.9

Ceriodaphnia dubia Reproduction, IC25 34 35.0

Selenastrum capricornutum 
(with EDTA) Growth, IC25 21 34.3

Growth, IC50 22 32.2

Selenastrum capricornutum (without
EDTA) Growth, IC25 21 58.5

Growth, IC50 22 58.5

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 Represents the number of valid tests (i.e., those that met test acceptability criteria) that were used in the analysis

of precision.  Invalid tests were not used. 
3 CVs based on total interlaboratory variability (including both within-laboratory and between-laboratory components

of variability) and averaged across sample types.  IC25s or IC50s were pooled for all laboratories to calculate the
CV for each sample type.  The resulting CVs were then averaged across sample types.  

4.14.4   Additional information on toxicity test precision is provided in the Technical Support Document for Water
Quality-based Control (see pp. 2-4, and 11-15 in USEPA, 1991a).

4.14.5   In cases where the test data are used in Probit Analysis or other point estimation techniques (see Section 9,
Chronic Toxicity Test Endpoints and Data Analysis), precision can be described by the mean, standard deviation,
and relative standard deviation (percent coefficient of variation, or CV) of the calculated endpoints from the
replicated tests.  In cases where the test data are used in the Linear Interpolation Method, precision can be estimated
by empirical confidence intervals derived by using the ICPIN Method (see Section 9, Chronic Toxicity Test
Endpoints and Data Analysis).  However, in cases where the results are reported in terms of the No-Observed-Effect
Concentration (NOEC) and Lowest-Observed-Effect Concentration (LOEC) (see Section 9, Chronic Toxicity Test
Endpoints and Data Analysis) precision can only be described by listing the NOEC-LOEC interval for each test.  It
is not possible to express precision in terms of a commonly used statistic.  However, when all tests of the same
toxicant yield the same NOEC-LOEC interval, maximum precision has been attained.  The "true" no effect
concentration could fall anywhere within the interval, NOEC ± (NOEC minus LOEC).

4.14.6   It should be noted here that the dilution factor selected for a test determines the width of the NOEC-LOEC
interval and the inherent maximum precision of the test.  As the absolute value of the dilution factor decreases, the
width of the NOEC-LOEC interval increases, and the inherent maximum precision of the test decreases.  When a
dilution factor of 0.3 is used, the NOEC could be considered to have a relative variability as high as ± 300%.  With
a dilution factor of 0.5, the NOEC could be considered to have a relative variability of ± 100%.  As a result of the
variability of different dilution factors,  USEPA recommends the use of the dilution factor of 0.5 or greater. 
Other factors which can affect test precision include:  test organism age, condition, and sensitivity; temperature
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control; and feeding.

4.15   DEMONSTRATING ACCEPTABLE LABORATORY PERFORMANCE

4.15.1   It is a laboratory's responsibility to demonstrate its ability to obtain consistent, precise results with reference
toxicants before it performs toxicity tests with effluents for permit compliance purposes.  To meet this requirement,
the intralaboratory precision, expressed as percent coefficient of variation (CV%), of each type of test to be used in
the laboratory should be determined by performing five or more tests with different batches of test organisms, using
the same reference toxicant, at the same concentrations, with the same test conditions (i.e., the same test duration,
type of dilution water, age of test organisms, feeding, etc.), and the same data analysis methods.  A reference
toxicant concentration series (0.5 or higher) should be selected that will consistently provide partial mortalities at
two or more concentrations.

4.16   DOCUMENTING ONGOING LABORATORY PERFORMANCE

4.16.1   Satisfactory laboratory performance is demonstrated by performing at least one acceptable test per month
with a reference toxicant for each toxicity test method conducted in the laboratory during that month.  For a given
test method, successive tests must be performed with the same reference toxicant, at the same concentrations, in the
same dilution water, using the same data analysis methods.  Precision may vary with the test species, reference
toxicant, and type of test.  Each laboratory’s reference toxicity data will reflect conditions unique to that facility,
including dilution water, culturing, and other variables; however, each laboratory’s reference toxicity results should
reflect good repeatability.

4.16.2   A control chart should be prepared for each combination of reference toxicant, test species, test conditions,
and endpoints.  Toxicity endpoints from five or six tests are adequate for establishing the control charts.  Successive
toxicity endpoints (NOECs, IC25s, LC50s, etc.) should be plotted and examined to determine if the results (X1) are
within prescribed limits (Figure 1).  The chart should plot logarithm of concentration on the vertical axis against the
date of the test or test number on the horizontal axis.  The types of control charts illustrated (see USEPA, 1979a) are
used to evaluate the cumulative trend of results from a series of samples, thus reference toxicant test results should
not be used as a de facto criterion for rejection of individual effluent or receiving water tests.  For endpoints that are
point estimates (LC50s and IC25s), the cumulative mean ( ) and upper and lower control limits (± 2S) are re-X̄
calculated with each successive test result.  Endpoints from hypothesis tests (NOEC, NOAEC) from each test are
plotted directly on the control chart.  The control limits would consist of one concentration interval above and below
the concentration representing the central tendency.  After two years of data collection, or a minimum of 20 data
points, the control chart should be maintained using only the 20 most recent data points.

4.16.3   Laboratories should compare the calculated CV (i.e., standard deviation / mean) of the IC25 for the 20 most
recent data points to the distribution of laboratory CVs reported nationally for reference toxicant testing (Table 3-2
in USEPA, 2000b).  If the calculated CV exceeds the 75th percentile of CVs reported nationally, the laboratory
should use the 75th and 90th percentiles to calculate warning and control limits, respectively, and the laboratory
should investigate options for reducing variability. Note:  Because NOECs can only be a fixed number of discrete
values, the mean, standard deviation, and CV cannot be interpreted and applied in the same way that these
descriptive statistics are interpreted and applied for continuous variables such as the IC25 or LC50. 

4.16.4  The outliers, which are values falling outside the upper and lower control limits, and trends of increasing or
decreasing sensitivity, are readily identified.  In the case of endpoints that are point estimates (LC50s and IC25s), at
the P0.05 probability level, one in 20 tests would be expected to fall outside of the control limits by chance alone.  If
more than one out of 20 reference toxicant tests fall outside the control limits, the laboratory should investigate
sources of variability, take corrective actions to reduce identified sources of variability, and perform an additional
reference toxicant test during the same month.  Control limits for the NOECs will also be exceeded occasionally,
regardless of how well a laboratory performs.  In those instances when the laboratory can document the cause for
the outlier (e.g., operator error, culture health or test system failure), the outlier should be excluded from the future
calculations of the control limits.   If two or more consecutive tests do not fall within the control limits, the results
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must be explained and the reference toxicant test must be immediately repeated.  Actions taken to correct the
problem must be reported.

4.16.5  If the toxicity value from a given test with a reference toxicant falls well outside the expected range for the
other test organisms when using the standard dilution water and other test conditions, the laboratory should
investigate sources of variability, take corrective actions to reduce identified sources of variability, and perform an
additional reference toxicant test during the same month.  Performance should improve with experience, and the
control limits for endpoints that are point estimates should gradually narrow.  However, control limits of ± 2S will
be exceeded 5% of the time by chance alone, regardless of how well a laboratory performs.  Highly proficient
laboratories which develop very narrow control limits may be unfairly penalized if a test result which falls just
outside the control limits is rejected de facto.  For this reason, the width of the control limits should be considered in
determining whether or not a reference toxicant test result falls “well” outside the expected range.  The width of the
control limits may be evaluated by comparing the calculated CV (i.e., standard deviation / mean) of the IC25 for the
20 most recent data points to the distribution of laboratory CVs reported nationally for reference toxicant testing
(Table 3-2 in USEPA, 2000b).  In determining whether or not a reference toxicant test result falls “well” outside the
expected range, the result also may be compared with upper and lower bounds for ±3S, as any result outside these
control limits would be expected to occur by chance only 1 out of 100 tests (Environment Canada, 1990). When a
result from a reference toxicant test is outside the 99% confidence intervals, the laboratory must conduct an
immediate investigation to assess the possible causes for the outlier.  

4.16.6   Reference toxicant test results should not be used as a de facto criterion for rejection of individual effluent
or receiving water tests.  Reference toxicant testing is used for evaluating the health and sensitivity of organisms
over time and for documenting initial and ongoing laboratory performance.  While reference toxicant test results
should not be used as a de facto criterion for test rejection, effluent and receiving water test results should be
reviewed and interpreted in the light of reference toxicant test results.  The reviewer should consider the degree to
which the reference toxicant test result fell outside of control chart limits, the width of the limits, the direction of the
deviation (toward increased test organism sensitivity or toward decreased test organism sensitivity), the test
conditions of both the effluent test and the reference toxicant test, and the objective of the test.

4.17   REFERENCE TOXICANTS

4.17.1   Reference toxicants such as sodium chloride (NaCl), potassium chloride (KCl), cadmium chloride (CdCl2),
copper sulfate (CuSO4), sodium dodecyl sulfate (SDS), and potassium dichromate (K2Cr2O7), are suitable for use in
the NPDES Program and other Agency programs requiring aquatic toxicity tests.  EMSL-Cincinnati hopes to release
USEPA-certified solutions of cadmium and copper for use as reference toxicants through cooperative research and
development agreements with commercial suppliers, and will continue to develop additional reference toxicants for
future release.  Standard reference materials can be obtained from commercial supply houses, or can be prepared
inhouse using reagent grade chemicals.  The regulatory agency should be consulted before reference toxicant(s) are
selected and used.
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Figure 1.  Control charts. (A) hypothesis testing results;  (B) point estimates (LC, EC, or IC).
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Where: Xi = Successive toxicity values from toxicity tests.

n = Number of tests.

= Mean toxicity value.X̄

S = Standard deviation.
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4.18   RECORD KEEPING

4.18.1   Proper record keeping is important.  A complete file should be maintained for each individual toxicity test
or group of tests on closely related samples.  This file should contain a record of the sample chain-of-custody; a
copy of the sample log sheet; the original bench sheets for the test organism responses during the toxicity test(s);
chemical analysis data on the sample(s); detailed records of the test organisms used in the test(s), such as species,
source, age, date of receipt, and other pertinent information relating to their history and health; information on the
calibration of equipment and instruments; test conditions employed; and results of reference toxicant tests. 
Laboratory data should be recorded on a real-time basis to prevent the loss of information or inadvertent
introduction of errors into the record.  Original data sheets should be signed and dated by the laboratory personnel
performing the tests.

4.18.2   The regulatory authority should retain records pertaining to discharge permits.  Permittees are required to
retain records pertaining to permit applications and compliance for a minimum of 3 years [40 CFR 122.41(j)(2)].
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SECTION 5

FACILITIES, EQUIPMENT, AND SUPPLIES

5.1   GENERAL REQUIREMENTS 
 
5.1.1   Effluent toxicity tests may be performed in a fixed or mobile laboratory.  Facilities must include equipment
for rearing and/or holding organisms.  Culturing facilities for test organisms may be desirable in fixed laboratories
which perform large numbers of tests.  Temperature control can be achieved using circulating water baths, heat
exchangers, or environmental chambers.  Water used for rearing, holding, acclimating, and testing organisms may
be ground water, receiving water, dechlorinated tap water, or reconstituted synthetic water.  Dechlorination can be
accomplished by carbon filtration, or the use of sodium thiosulfate.  Use of 3.6 mg (anhydrous) sodium
thiosulfate/L will reduce l.0 mg chlorine/L.  After dechlorination, total residual chlorine should be non-detectable. 
Air used for aeration must be free of oil and toxic vapors.  Oil-free air pumps should be used where possible. 
Particulates can be removed from the air using BALSTON® Grade BX or equivalent filters, and oil and other
organic vapors can be removed using activated carbon filters (BALSTON®, C-1 filter, or equivalent).

5.1.2   The facilities must be well ventilated and free from fumes.  Laboratory ventilation systems should be
checked to ensure that return air from chemistry laboratories and/or sample holding areas is not circulated to test
organism culture rooms or toxicity test rooms, or that air from toxicity test rooms does not contaminate culture
areas.  Sample preparation, culturing, and toxicity test areas should be separated to avoid cross contamination of
cultures or toxicity test solutions with toxic fumes.  Air pressure differentials between such rooms should not result
in a net flow of potentially contaminated air to sensitive areas through open or loosely- fitting doors.  Organisms
should be shielded from external disturbances.

5.1.3   Materials used for exposure chambers, tubing, etc., that come in contact with the effluent and dilution water
should be carefully chosen.  Tempered glass and perfluorocarbon plastics (TEFLON®) should be used whenever
possible to minimize sorption and leaching of toxic substances.  These materials may be reused following
decontamination.  Containers made of plastics, such as polyethylene, polypropylene, polyvinyl chloride, TYGON®,
etc., may be used as test chambers or to ship, store and transfer effluents and receiving waters, but they should not
be reused unless absolutely necessary, because they could carry over adsorbed toxicants from one test to another, if
reused.  However, these containers may be repeatedly reused for storing uncontaminated waters, such as deionized
or laboratory-prepared dilution waters and receiving waters.  Glass or disposable polystyrene containers can be used
for test chambers.  The use of large (� 20 L) glass carboys is discouraged for safety reasons. 

5.1.4   New plastic products of a type not previously used should be tested for  toxicity before initial use by
exposing the test organisms in the test system where the material is used.  Equipment (pumps, valves, etc.) which
cannot be discarded after each use because of cost, must be decontaminated according to the cleaning procedures
listed below (see Section 5, Facilities, Equipment and Supplies, Subsection 5.3.2).  Fiberglass and stainless steel, in
addition to the previously mentioned materials, can be used for holding, acclimating, and dilution water storage
tanks, and in the water delivery system, but once contaminated with pollutants the fiberglass should not be reused. 
All material should be flushed or rinsed thoroughly with the test media before using in the test.

5.1.5   Copper, galvanized material, rubber, brass, and lead must not come in contact with culturing, holding,
acclimation, or dilution water, or with effluent samples and test solutions.  Some materials, such as several types of
neoprene rubber (commonly used for stoppers), may be toxic and should be tested before use. 

5.1.6   Silicone adhesive used to construct glass test chambers absorbs some organochlorine and organophosphorus
pesticides, which are difficult to remove.  Therefore, as little of the adhesive as possible should be in contact with
water.  Extra beads of adhesive inside the containers should be removed. 
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5.2   TEST CHAMBERS 

5.2.1   Test chamber size and shape are varied according to size of the test organism.  Requirements are specified in
each toxicity test method.

5.3   CLEANING TEST CHAMBERS AND LABORATORY APPARATUS

 
5.3.1   New plasticware used for sample collection or organism exposure vessels does not require thorough cleaning
before use.  It is sufficient to rinse new sample containers once with dilution water before use.  New glassware must
be soaked overnight in 10% acid (see below) and rinsed well in deionized water and dilution water.
 
5.3.2   All non-disposable sample containers, test vessels, tanks, and other equipment that have come in contact with
effluent must be washed after use to remove contaminants as described below.   

1. Soak 15 min in tap water and scrub with detergent, or clean in an automatic dishwasher.
2. Rinse twice with tap water.
3. Carefully rinse once with fresh, dilute (10%, V:V) hydrochloric or  nitric acid to remove scale, metals

and bases.  To prepare a 10% solution of acid, add 10 mL of concentrated acid to 90 mL of deionized
water. 

4. Rinse twice with deionized water.
5. Rinse once with full-strength, pesticide-grade acetone to remove organic compounds (use a fume hood

or canopy).
6. Rinse three times with deionized water.

5.3.3   Special requirements for cleaning glassware used in the green alga, Selenastrum capricornutum, toxicity tests
(Method 1003.0, Section 14).  Prepare all graduated cylinders, test flasks, bottles, volumetric flasks, centrifuge
tubes and vials used in algal assays as follows: 

1. Wash with non-phosphate detergent solution, preferably heated to � 50°C.  Brush the inside of flasks
with a stiff-bristle brush to loosen any attached material.  The use of a commercial laboratory glassware
washer or heavy-duty kitchen dishwasher (under-counter type) is highly recommended.

2. Rinse with tap water.
3. Test flasks should be thoroughly rinsed with acetone and a 10% solution (by volume) of reagent grade

hydrochloric acid (HCl).  It may be advantageous to soak the flasks in 10% HCl for several days.  Fill
vials and centrifuge tubes with the 10% HCl solution and allow to stand a few minutes; fill all larger
containers to about one-tenth capacity with HCl solution and swirl so that the entire surface is bathed.

4. Rinse twice with MILLIPORE® MILLI-Q® OR QPAK™2, or equivalent, water.
5. New test flasks, and all flasks which through use may become contaminated with toxic organic

substances, must be rinsed with  pesticide-grade acetone or heat-treated before use.  To thermally  
degrade organics, place glassware in a high temperature oven at 400°C for 30 min.  After cooling, go to
7.  If acetone is used, go to 6.

6. Rinse thoroughly with MILLIPORE® MILLI-Q® or QPAK™2, or equivalent  water, and dry in an 105°C
oven.  All glassware should be autoclaved before use and between uses.

7. Cover the mouth of each chamber with aluminum foil or other closure, as appropriate, before storing.

5.3.4   The use of sterile, disposable pipets will eliminate the need for pipet washing and minimize the possibility of
contaminating the cultures with toxic substances.

5.3.5   All test chambers and equipment must be thoroughly rinsed with the dilution water immediately prior to use
in each test. 
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5.4   APPARATUS AND EQUIPMENT FOR CULTURING AND TOXICITY TESTS

5.4.1   Apparatus and equipment requirements for culturing and testing are specified in each toxicity test method. 
Also, see USEPA, 2002a.

5.4.2   WATER PURIFICATION SYSTEM

5.4.2.1   A good quality, laboratory grade deionized water, providing a resistance of 18 megaohm-cm, must be
available in the laboratory and in sufficient quantity for laboratory needs.  Deionized water may be obtained from
MILLIPORE® Milli-Q®, MILLIPORE® QPAK™2 or equivalent system.  If large quantities of high quality
deionized water are needed, it may be advisable to supply the laboratory grade deionizer with preconditioned water
from a Culligan®, Continental®, or equivalent mixed-bed water treatment system.

5.5   REAGENTS AND CONSUMABLE MATERIALS

5.5.1   SOURCES OF FOOD FOR CULTURE AND TOXICITY TESTS

1. Brine shrimp, Artemia sp., cysts -- Many commercial sources of brine shrimp cysts are available.
2. Frozen adult brine shrimp, Artemia -- Available from most pet supply shops or other commercial

sources.
3. Flake fish food -- TETRAMIN® and BIORIL® are available from most pet shops.
4. Trout chow -- Available from commercial sources.
5. Cereal leaves, CEROPHYLL® or equivalent -- Available from commercial sources.
6. Yeast -- Packaged dry yeast, such as Fleischmann's, or equivalent, can be purchased at the local grocery

store or commercial sources.
7. Alfalfa Rabbit Pellets -- Available from feed stores as Purina rabbit chow.
8. Algae - Available from commercial sources.

5.5.1.1   All food should be tested for nutritional suitability and chemically analyzed for organochlorine pesticides,
PCBs, and toxic metals (see Section 4, Quality Assurance).

5.5.2   Reagents and consumable materials are specified in each toxicity test method section.  Also, see Section 4,
Quality Assurance.

5.6   TEST ORGANISMS

5.6.1   Test organisms should be obtained from inhouse cultures or from commercial suppliers (see specific test
method; Section 4, Quality Assurance; and Section 6, Test Organisms).

5.7   SUPPLIES

5.7.1   See test methods (see Sections 11-14) for specific supplies.
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 SECTION 6

TEST ORGANISMS

6.1   TEST SPECIES

6.1.1   The species used in characterizing the chronic toxicity of effluents and/or receiving waters will depend on the
requirements of the regulatory authority and the objectives of the test.  It is essential that good quality test organisms
be readily available throughout the year from inhouse or commercial sources to meet NPDES monitoring
requirements.  The organisms used in the toxicity tests must be identified to species.  If there is any doubt as to the
identity of the test organism, representative specimens should be sent to a taxonomic expert to confirm the
identification.

6.1.2   Toxicity test conditions and culture methods for the species listed in Subsection 6.1.3 are provided in this
manual also, see USEPA, 2002a.

6.1.3   The organisms used in the short-term chronic toxicity tests described in this manual are the fathead minnow,
Pimephales promelas, the daphnid, Ceriodaphnia dubia (Berner, 1986), and the green alga, Selenastrum
capricornutum. 

6.1.4   Some states have developed culturing and testing methods for indigenous species that may be as sensitive, or
more sensitive, than the species recommended in Subsection 6.1.3.  However, USEPA allows the use of indigenous
species only where state regulations require their use or prohibit importation of the recommended species in
Subsection 6.1.3.  Where state regulations prohibit importation of non-native fishes or the use of recommended test
species, permission must be requested from the appropriate state agency prior to their use.

6.1.5   Where states have developed culturing and testing methods for indigenous species other than those
recommended in this manual, data comparing the sensitivity of the substitute species and the one or more
recommended species must be obtained in side-by-side toxicity tests with reference toxicants and/or effluents, to
ensure that the species selected are at least as sensitive as the recommended species.  These data must be submitted
to the permitting authority (State or Region) if required.  USEPA acknowledges that reference toxicants prepared
from pure chemicals may not always be representative of effluents.  However, because of the observed and/or
potential variability in the quality and toxicity of effluents, it is not possible to specify a representative effluent.

6.1.6   Guidance for the selection of test organisms where the salinity of the effluent and/or receiving water requires
special consideration is provided in the Technical Support Document for Water Quality-based Toxics Control
(USEPA, 1991a).

1. Where the salinity of the receiving water is < 1‰, freshwater organisms are used regardless of the
salinity of the effluent.

2. Where the salinity of the receiving water is � 1‰, the choice of organisms depends on state water
quality standards and/or permit requirements.

6.2   SOURCES OF TEST ORGANISMS

6.2.1   The test organisms recommended in this manual can be cultured in the laboratory using culturing and
handling methods for each organism described in the respective test method sections.  The fathead minnow,
Pimephales promelas, culture method is given in Section 11 and not repeated in Section 12.  Also, see USEPA
(2002a).
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6.2.2   Inhouse cultures should be established wherever it is cost effective.  If inhouse cultures cannot be maintained
or it is not cost effective, test organisms or starter cultures should be purchased from experienced commercial
suppliers (see USEPA, 2002a).

6.2.3   Starter cultures of the green algae, Selenastrum capricornutum, S. minutum, and Chlamydomonas reinhardti
are available from commercial suppliers.

6.2.4   Because the daphnid, Ceriodaphnia dubia, must be cultured individually in the laboratory for at least seven
days before the test begins, it will be necessary to obtain a starter culture from a commercial source at least three
weeks before the test is to begin if they are not being cultured inhouse.

6.2.5   If, because of their source, there is any uncertainty concerning the identity of the organisms, it is advisable to
have them examined by a taxonomic specialist to confirm their identification.  For detailed guidance on
identification, see the individual test methods.
 
6.2.6   FERAL (NATURAL OCCURRING, WILD CAUGHT) ORGANISMS

6.2.6.1   The use of test organisms taken from the receiving water has strong appeal, and would seem to be a logical
approach.  However, it is generally impractical and not recommended for the following reasons:

1. Sensitive organisms may not be present in the receiving water because of previous exposure to the
effluent or other pollutants.

2. It is often difficult to collect organisms of the required age and quality from the receiving water.
3. Most states require collecting permits, which may be difficult to obtain.  Therefore, it is usually more

cost effective to culture the organisms in the laboratory or obtain them from private, state, or Federal
sources.  The fathead minnow, Pimephales promelas, the daphnid, Ceriodaphnia dubia, and the green
alga, Selenastrum capricornutum, are easily cultured in the laboratory or readily available
commercially.

4. The required QA/QC records, such as the single laboratory precision data, would not be available.
5. Since it is mandatory that the identity of the test organism be known to species level, it would be

necessary to examine each organism caught in the wild to confirm its identity.  This would usually be
impractical or, at the least, very stressful to the organisms.

6. Test organisms obtained from the wild must be observed in the laboratory for a minimum of one week
prior to use, to assure that they are free of signs of parasitic or bacterial infections and other adverse
effects.  Fish captured by electroshocking must not be used in toxicity testing.

6.2.6.2   Guidelines for collecting natural occurring organisms are provided in USEPA (1973), USEPA (1990) and
USEPA (1993b).

6.2.7   Regardless of their source, test organisms should be carefully observed to ensure that they are free of signs of
stress and disease, and in good physical condition.  Some species of test organisms can be obtained from
commercial stock certified as "disease-free".

6.3   LIFE STAGE

6.3.1   Young organisms are often more sensitive to toxicants than are adults.  For this reason, the use of early life
stages, such as larval fish, is required for all tests.  In a given test, all organisms should be approximately the same
age and should be taken from the same source.  Since age may affect the results of the tests, it would enhance the
value and comparability of the data if the same species in the same life stages were used throughout a monitoring
program at a given facility.
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6.4   LABORATORY CULTURING

6.4.1   Instructions for culturing and/or holding the recommended test organisms are included in the respective test
methods (also, see USEPA, 2002a).

6.5   HOLDING AND HANDLING TEST ORGANISMS

6.5.1   Test organisms should not be subjected to changes of more than 3°C in water temperature in any 12 h period
or 2 units of pH in any 24-h period.

6.5.2   Organisms should be handled as little as possible.  When handling is necessary, it should be done as gently,
carefully, and quickly as possible to minimize stress.  Organisms that are dropped or touch a dry surface or are
injured during handling must be discarded.  Dipnets are best for handling larger organisms.  These nets are
commercially available or can be made from small-mesh nylon netting, silk batting cloth, plankton netting, or
similar material.  Wide-bore, smooth glass tubes (4 to 8 mm ID) with rubber bulbs or pipettors (such as
PROPIPETTE®) should be used for transferring smaller organisms such as larval fish.

6.5.3   Holding tanks for fish are supplied with good quality water (see Section 5, Facilities, Equipment, and
Supplies) with flow-through rate of at least two tank volumes per day.  Otherwise use a recirculation system where
water flows through an activated carbon or undergravel filter to remove dissolved metabolites.  Culture water can
also be piped through high intensity ultraviolet light sources for disinfection, and to photodegrade dissolved
organics.

6.5.4   Crowding must be avoided because it will stress the organisms and lower the DO concentrations to
unacceptable levels.  The solution of oxygen depends on temperature and altitude.  The DO must be maintained at a
minimum of 4.0 mg/L.  Aerate gently if necessary.

6.5.5   The organisms should be observed carefully each day for signs of disease, stress, physical damage, or
mortality.  Dead and abnormal organisms should be removed as soon as observed.  It is not uncommon for some
fish mortality (5-10%) to occur during the first 48 h in a holding tank because of individuals that refuse to feed on
artificial food and die of starvation.  Organisms in the holding tanks should generally be fed as in the cultures (see
culturing methods in the respective methods).

6.5.6   Fish should be fed as much as they will eat at least once a day with live brine shrimp nauplii, Artemia, or
frozen adult brine shrimp, or dry food (frozen food should be completely thawed before use).  Adult brine shrimp
can be supplemented with commercially prepared food such as TETRAMIN® or BIORIL® flake food, or equivalent. 
Excess food and fecal material should be removed from the bottom of the tanks at least twice a week by siphoning.

6.5.7   A daily record of feeding, behavioral observations, and mortality should be maintained.

6.6   TRANSPORTATION TO THE TEST SITE

6.6.1   Organisms are transported from the base or supply laboratory to a remote test site in culture water or standard
dilution water in plastic bags or large-mouth screw-cap (500 mL) plastic bottles in styrofoam coolers.  Adequate DO
is maintained by replacing the air above the water in the bags with oxygen from a compressed gas cylinder, and
sealing the bags or by use of an airstone supplied by a portable pump.  The DO concentration must not fall below
4.0 mg/L.

6.6.2   Upon arrival at the test site, the organisms are transferred to receiving water if receiving water is to be used
as the test dilution water.  All but a small volume of the holding water (approximately 5%) is removed by siphoning
and replaced slowly over a 10 to 15 minute period with dilution water.  If receiving water is to be used as the
dilution water, caution must be exercised in exposing the test organisms to it, because of the possibility that it might
be toxic.  For this reason, it is recommended that only approximately 10% of the test organisms be exposed initially
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to the dilution water.  If this group does not show excessive mortality or obvious signs of stress in a few hours, the
remainder of the test organisms may be transferred to the dilution water.

6.6.3   A group of organisms must not be used for a test if they appear to be unhealthy, discolored, or otherwise
stressed, or if mortality appears to exceed 10% preceding the test.  If the organisms fail to meet these criteria, the
entire group must be discarded and a new group obtained.  The mortality may be due to the presence of toxicity, if
the receiving water is used as dilution water, rather than a diseased condition of the test organisms.  If the
acclimation process is repeated with a new group of test organisms and excessive mortality occurs, it is
recommended that an alternative source of dilution water be used.

6.7   TEST ORGANISM DISPOSAL

6.7.1   When the toxicity test(s) is concluded, all test organisms (including controls) should be humanely destroyed
and disposed of in an appropriate manner.
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SECTION 7

DILUTION WATER

7.1   TYPES OF DILUTION WATER

7.1.1   The type of dilution water used in effluent toxicity tests will depend largely on the objectives of the study. 
 
7.1.1.1   If the objective of the test is to estimate the absolute chronic toxicity of the effluent, a synthetic (standard)
dilution water is used.  If the test organisms have been cultured in water which is different from the test dilution
water, a second set of controls, using culture water, should be included in the test.

7.1.1.2   If the objective of the test is to estimate the chronic toxicity of the effluent in uncontaminated receiving
water, the test may be conducted using dilution water consisting of a single grab sample of receiving water (if
non-toxic), collected either upstream and outside the influence of the outfall, or with other uncontaminated natural
water (ground or surface water) or standard dilution water having approximately the same characteristics (hardness,
alkalinity, and conductivity) as the receiving water.  Seasonal variations in the quality of receiving waters may
affect effluent toxicity.  Therefore, the pH, alkalinity, hardness, and conductivity of receiving water samples should
be determined before each use.  If the test organisms have been cultured in water which is different from the test
dilution water, a second set of controls, using culture water, should be included in the test.

7.1.1.3   If the objective of the test is to determine the additive or mitigating effects of the discharge on already
contaminated receiving water, the test is performed using dilution water consisting of receiving water collected
immediately upstream or outside the influence of the outfall.  A second set of controls, using culture water, should
be included in the test.

7.1.2   An acceptable dilution water is one which is appropriate for the objectives of the test; supports adequate
performance of the test organisms with respect to survival, growth, reproduction, or other responses that may be
measured in the test (i.e., consistently meets test acceptability criteria for control responses); is consistent in quality;
and does not contain contaminants that could produce toxicity.  Receiving waters, synthetic waters, or synthetic
waters adjusted to approximate receiving water characteristics may be used for dilution provided that the water
meets the above listed qualifications for an acceptable dilution water. USEPA (2000a) provides additional guidance
on selecting appropriate dilution waters.

7.1.3   When dual controls (one control using culture water and one control using dilution water) are used (see
Subsections 7.1.1.1 - 7.1.1.3 above), the dilution water control should be used to determine test acceptability.  It is
also the dilution water control that should be compared to effluent treatments in the calculation and reporting of test
results.  The culture water control should be used to evaluate the appropriateness of the dilution water source. 
Significant differences between organism responses in culture water and dilution water controls could indicate
toxicity in the dilution water and may suggest an alternative dilution water source.  USEPA (2000a) provides
additional guidance on dual controls.

7.2   STANDARD, SYNTHETIC DILUTION WATER

7.2.1   Standard, synthetic dilution water is prepared with deionized water and reagent grade chemicals or mineral
water (Tables 3 and 4).  The source water for the deionizer can be ground water or tap water.

7.2.2   DEIONIZED WATER USED TO PREPARE STANDARD, SYNTHETIC, DILUTION WATER

7.2.2.1   Deionized water is obtained from a MILLIPORE® MILLI-Q®, MILLIPORE® QPAK™
2 or equivalent

system.  It is advisable to provide a preconditioned (deionized) feed water by using a Culligan®, Continental®, or
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equivalent system in front of the MILLIPORE® System to extend the life of the MILLIPORE® cartridges (see
Section 5, Facilities, Equipment, and Supplies). 

7.2.2.2   The recommended order of the cartridges in a four-cartridge deionizer (i.e., MILLI-Q® System or
equivalent) is (1) ion exchange, (2) ion exchange, (3) carbon, and (4) organic cleanup (such as ORGANEX-Q®, or
equivalent) followed by a final bacteria filter.  The QPAK™

2 water system is a sealed system which does not allow
for the rearranging of the cartridges.  However, the final cartridge is an ORGANEX-Q® filter, followed by a final
bacteria filter.  Commercial laboratories using this system have not experienced any difficulty in using the water for
culturing or testing.  Reference to the MILLI-Q® systems throughout the remainder of the manual includes all
MILLIPORE® or equivalent systems. 

7.2.3   STANDARD, SYNTHETIC FRESHWATER

7.2.3.1   To prepare 20 L of synthetic, moderately hard, reconstituted water, use the reagent grade chemicals in
Table 3 as follows:

1. Place 19 L of MILLI-Q®, or equivalent, water in a properly cleaned plastic carboy.
2. Add 1.20 g of MgSO4, 1.92 g NaHCO3, and 0.080g KCl to the carboy.
3. Aerate overnight.
4. Add 1.20 g of CaSO4•2H20 to 1 L of MILLI-Q® or equivalent deionized water in a separate flask.  Stir

on magnetic stirrer until calcium sulfate is dissolved, add to the 19 L above, and mix well.
5. For Ceriodaphnia dubia culturing and testing, add sufficient sodium selenate (Na2SeO4) to provide 2

mg selenium per liter of final dilution water.
6. Aerate the combined solution vigorously for an additional 24 h to dissolve the added chemicals and

stabilize the medium.
7. The measured pH, hardness, etc., should be as listed in Table 3.

TABLE 3.  PREPARATION OF SYNTHETIC FRESHWATER USING REAGENT GRADE CHEMICALS1

Water Reagent Added (mg/L)2 Approximate  Final Water Quality
Type  Alka-

NaHCO3 CaSO4•2H2O MgSO4 KCl            pH3 Hardness4      linity4

Very soft 12.0 7.5 7.5 0.5 6.4-6.8 10-13 10-13
Soft 48.0 30.0 30.0 2.0 7.2-7.6 40-48 30-35
Moderately
  Hard 96.0 60.0 60.0 4.0 7.4-7.8 80-100 57-64
Hard 192.0 120.0 120.0 8.0 7.6-8.0 160-180 110-120
Very hard 384.0 240.0 240.0 16.0 8.0-8.4 280-320 225-245

1 Taken in part from Marking and Dawson (1973).
2 Add reagent grade chemicals to deionized water.
3 Approximate equilibrium pH after 24 h of aeration.
4 Expressed as mg CaCO3/L.
 
7.2.3.2   If large volumes of synthetic reconstituted water will be needed, it may be advisable to mix 1 L portions of
concentrated stock solutions of NaHCO3, MgSO4, and KCl for use in preparation of the reconstituted waters.

7.2.3.3   To prepare 20 L of standard, synthetic, moderately hard, reconstituted water, using mineral water such as
PERRIER® Water, or equivalent (Table 4), follow the instructions below.
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1. Place 16 L of MILLI-Q® or equivalent water in a properly cleaned plastic carboy.
2. Add 4 L of PERRIER® Water, or equivalent.
3. Aerate vigorously for 24 h to stabilize the medium.
4. The measured pH, hardness and alkalinity of the aerated water will be as indicated in Table 4.
5. This synthetic water is referred to as diluted mineral water (DMW) in the toxicity test methods.

    TABLE 4.  PREPARATION OF SYNTHETIC FRESHWATER USING MINERAL WATER1

Approximate Final Water Quality
Volume of Proportion 

Water Mineral Water of Mineral Alka-
Type Added (mL/L)2 Water (%) pH3 Hardness4 linity4

Very soft                     50               2.5 7.2-8.1 10-13 10-13
Soft 100 10.0 7.9-8.3 40-48 30-35
Moderately Hard 200 20.0 7.9-8.3 80-100 57-64
Hard 400 40.0 7.9-8.3 160-180 110-120
Very hard5  --- --- --- ---  ---

1 From Mount et al. (1987), and data provided by Philip Lewis, EMSL-Cincinnati, OH.
2 Add mineral water to Milli-Q® water, or equivalent, to prepare Diluted Mineral Water (DMW).
3 Approximate equilibrium pH after 24 h of aeration.
4 Expressed as mg CaCO3/L.
5 Dilutions of PERRIER® Water form a precipitate when concentrations equivalent to "very hard water" are

aerated. 

7.3   USE OF RECEIVING WATER AS DILUTION WATER

7.3.1   If the objectives of the test require the use of uncontaminated receiving water as dilution water, and the
receiving water is uncontaminated, it may be possible to collect a sample of the receiving water upstream of, or
close to, but outside of the zone influenced by the effluent.  However, if the receiving water is contaminated, it may
be necessary to collect the sample in an area "remote" from the discharge site, matching as closely as possible the
physical and chemical characteristics of the receiving water near the outfall.

7.3.2   The sample should be collected immediately prior to the test, but never more than 96 h before the test begins. 
Except where it is used within 24 h, or in the case where large volumes are required for flow through tests, the
sample should be chilled to 0-6°C during or immediately following collection, and maintained at that temperature
prior to use in the test.

7.3.3   Receiving water containing debris or indigenous organisms that may be confused with or attack the test
organisms should be filtered through a sieve having 60 mm mesh openings prior to use.

7.3.4   Where toxicity-free dilution water is required in a test, the water is considered acceptable if test organisms
show the required survival, growth, and reproduction in the controls during the test. 

7.3.5   The regulatory authority may require that the hardness of the dilution water be comparable to the receiving
water at the discharge site.  This requirement can be satisfied by collecting an uncontaminated receiving water with
a suitable hardness, or adjusting the hardness of an otherwise suitable receiving water by addition of reagents as
indicated in Table 3.
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7.4   USE OF TAP WATER AS DILUTION WATER

7.4.1   The use of tap water as dilution water is discouraged unless it is dechlorinated and passed through a
deionizer and carbon filter.  Tap water can be dechlorinated by deionization, carbon filtration, or the use of sodium
thiosulfate.  Use of 3.6 mg/L (anhydrous) sodium thiosulfate will reduce 1.0 mg chlorine/L (APHA, 1992). 
Following dechlorination, total residual chlorine should not exceed 0.01 mg/L.  Because of the possible toxicity of
thiosulfate to test organisms, a control lacking thiosulfate should be included in toxicity tests utilizing thiosulfate-
dechlorinated water.

7.4.2   To be adequate for general laboratory use following dechlorination, the tap water is passed through a
deionizer and carbon filter to remove toxic metals and organics, and to control hardness and alkalinity.

7.5   DILUTION WATER HOLDING

7.5.1   A given batch of dilution water should not be used for more than 14 days following preparation because of
the possible build-up of bacterial, fungal, or algal slime growth and the problems associated with it.  The container
should be kept covered and the contents should be protected from light.
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SECTION 8

EFFLUENT AND RECEIVING WATER SAMPLING, SAMPLE HANDLING,

AND SAMPLE PREPARATION FOR TOXICITY TESTS

8.1   EFFLUENT SAMPLING 
 
8.1.1   The effluent sampling point should be the same as that specified in the NPDES discharge permit (USEPA,
1988a).  Conditions for exception would be:  (l) better access to a sampling point between the final treatment and
the discharge outfall; (2) if the processed waste is chlorinated prior to discharge, it may also be desirable to take
samples prior to contact with the chlorine to determine toxicity of the unchlorinated effluent; or (3) in the event
there is a desire to evaluate the toxicity of the influent to municipal waste treatment plants or separate wastewater
streams in industrial facilities prior to their being combined with other wastewater streams or non-contact cooling
water, additional sampling points may be chosen. 
 
8.1.2   The decision on whether to collect grab or composite samples is based on the objectives of the test and an
understanding of the short and long-term operations and schedules of the discharger.  If the effluent quality varies
considerably with time, which can occur where holding times are short, grab samples may seem preferable because
of the ease of collection and the potential of observing peaks (spikes) in toxicity.  However, the sampling duration
of a grab sample is so short that full characterization of an effluent over a 24-h period would require a prohibitively
large number of separate samples and tests.  Collection of a 24-h composite sample, however, may dilute toxicity
spikes, and average the quality of the effluent over the sampling period.  Sampling recommendations are provided
below (also see USEPA, 2002a).

8.1.3   Aeration during collection and transfer of effluents should be minimized to reduce the loss of volatile
chemicals.

8.1.4   Details of date, time, location, duration, and procedures used for effluent sample and dilution water
collection should be recorded.

8.2   EFFLUENT SAMPLE TYPES 
 
8.2.1   The advantages and disadvantages of effluent grab and composite samples are listed below:

8.2.1.1   GRAB SAMPLES

    Advantages: 
 

1. Easy to collect; require a minimum of equipment and on-site time. 
2. Provide a measure of instantaneous toxicity.  Toxicity spikes are not masked by dilution. 

    Disadvantages: 

1. Samples are collected over a very short period of time and on a relatively infrequent basis.  The
chances of detecting a spike in toxicity would depend on the frequency of sampling and the probability
of missing a spike is high.

8.2.1.2   COMPOSITE SAMPLES

Advantages:

1. A single effluent sample is collected over a 24-h period.
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2. The sample is collected over a much longer period of time than a single grab sample and contains all
toxicity spikes.

Disadvantages:

1. Sampling equipment is more sophisticated and expensive, and must be placed on-site for at least 24 h.
2. Toxicity spikes may not be detected because they are masked by dilution with less toxic wastes. 

8.3   EFFLUENT SAMPLING RECOMMENDATIONS 

8.3.1   When tests are conducted on-site, test solutions can be renewed daily with freshly collected samples, except
for the green alga, Selenastrum capricornutum, test which is not renewed. 

8.3.2   When tests are conducted off-site, a minimum of three samples are collected.  If these samples are collected
on Test Days 1, 3, and 5, the first sample would be used for test initiation, and for test solution renewal on Day 2. 
The second sample would be used for test solution renewal on Days 3 and 4.  The third sample would be used for
test solution renewal on Days 5, 6, and 7. 

8.3.3   Sufficient sample volume must be collected to perform the required toxicity and chemical tests.  A 4-L (1-
gal) CUBITAINER® will provide sufficient sample volume for most tests.

8.3.4   THE FOLLOWING EFFLUENT SAMPLING METHODS ARE RECOMMENDED:

8.3.4.1   Continuous Discharges

8.3.4.1.1  If the facility discharge is continuous, a single 24-h composite sample is to be taken. 

8.3.4.2   Intermittent discharges 

8.3.4.2.1   If the facility discharge is intermittent, a composite sample is to be collected for the duration of the
discharge but not more than 24 hours.

8.4   RECEIVING WATER SAMPLING 

8.4.1   Logistical problems and difficulty in securing sampling equipment generally preclude the collection of
composite receiving water samples for toxicity tests.  Therefore, based on the requirements of the test, a single grab
sample or daily grab sample of receiving water is collected for use in the test.

8.4.2   The sampling point is determined by the objectives of the test.  In rivers, samples should be collected from
mid-stream and at mid-depth, if accessible.  In lakes the samples are collected at mid-depth.

8.4.3   To determine the extent of the zone of toxicity in the receiving water downstream from the outfall, receiving
water samples are collected at several distances downstream from the discharge.  The time required for the effluent-
receiving-water mixture to travel to sampling points downstream from the outfall, and the rate and degree of
mixing, may be difficult to ascertain.  Therefore, it may not be possible to correlate downstream toxicity with
effluent toxicity at the discharge point unless a dye study is performed.  The toxicity of receiving water samples
from five stations downstream from the discharge point can be evaluated using the same number of test vessels and
test organisms as used in one effluent toxicity test with five effluent dilutions. 
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8.5   EFFLUENT AND RECEIVING WATER SAMPLE HANDLING, PRESERVATION, AND SHIPPING

8.5.1   Unless the samples are used in an on-site toxicity test the day of collection (or hand delivered to the testing
laboratory for use on the day of collection), they should be chilled and maintained at 0-6°C until used to inhibit
microbial degradation, chemical transformations, and loss of highly volatile toxic substances.

8.5.2   Composite samples should be chilled as they are collected.  Grab samples should be chilled immediately
following collection.

8.5.3   If the effluent has been chlorinated, total residual chlorine must be measured immediately following sample
collection.

8.5.4   Sample holding time begins when the last grab sample in a series is taken (i.e., when a series of four grab
samples are taken over a 24-h period),  or when a 24-h composite sampling period is completed.  If the data from
the samples are to be acceptable for use in the NPDES Program, the lapsed time (holding time) from sample
collection to first use of each grab or composite sample must not exceed 36 h.  EPA believes that 36 h is adequate
time to deliver the samples to the laboratories performing the test in most cases.  In the isolated cases, where the
permittee can document that this delivery time cannot be met, the permitting authority can allow an option for on-
site testing or a variance for an extension of shipped sample holding time.  The request for a variance in sample
holding time, directed to the USEPA Regional Administrator under 40 CFR 136.3(e) should include supportive data
which show that the toxicity of the effluent sample is not reduced (e.g., because of volatilization and/or sorption of
toxics on the sample container surfaces) by extending the holding time beyond more than 36 h.  However, in no
case should more than 72 h elapse between collection and first use of the sample.  In static-renewal tests, each grab
or composite sample may also be used to prepare test solutions for renewal at 24 h, 48 h, and/or 72 h after first use,
if stored at 0-6°C, with minimum head space, as described in Subsection 8.5.  If shipping problems (e.g.,
unsuccessful Saturday delivery) are encountered with renewal samples after a test has been initiated, the permitting
authority may allow the continued use of the most recently used sample for test renewal.  Guidance for determining
the persistence of the sample is provided in Subsection 8.7.

8.5.5   To minimize the loss of toxicity due to volatilization of toxic constituents, all sample containers should be
"completely" filled, leaving no air space between the contents and the lid. 

8.5.6   SAMPLES USED IN ON-SITE TESTS 
 
8.5.6.1   Samples collected for on-site tests should be used within 24 h.

8.5.7   SAMPLES SHIPPED TO OFF-SITE FACILITIES 
 
8.5.7.1   Samples collected for off-site toxicity testing are to be chilled to 0-6°C during or immediately after
collection, and shipped iced to the performing  laboratory.  Sufficient ice should be placed with the sample in the
shipping container to ensure that ice will still be present when the sample arrives at the laboratory and is unpacked. 
Insulating material should not be placed between the ice and the sample in the shipping container unless required to
prevent breakage of glass sample containers.

8.5.7.2   Samples may be shipped in one or more 4-L (l-gal) CUBITAINERS® or new plastic "milk" jugs.  All
sample containers should be rinsed with source water before being filled with sample.  After use with receiving
water or effluents, CUBITAINERS® and plastic jugs are punctured to prevent reuse. 

8.5.7.3   Several sample shipping options are available, including Express Mail, air express, bus, and courier
service.  Express Mail is delivered seven days a week.  Saturday and Sunday shipping and receiving schedules of
private carriers vary with the carrier. 
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8.6   SAMPLE RECEIVING

8.6.1   Upon arrival at the laboratory, samples are logged in and the temperature is measured and recorded.  If the
samples are not immediately prepared for testing, they are stored at 0-6°C until used.

8.6.2   Every effort must be made to initiate the test with an effluent sample on the day of arrival in the laboratory,
and the sample holding time should not exceed 36 h unless a variance has been granted by the NPDES permitting
authority.

8.7   PERSISTENCE OF EFFLUENT TOXICITY DURING SAMPLE SHIPMENT AND HOLDING

8.7.1   The persistence of the toxicity of an effluent prior to its use in a toxicity test is of interest in assessing the
validity of toxicity test data, and in determining the possible effects of allowing an extension of the holding time. 
Where a variance in holding time (> 36 h, but � 72 h) is requested by a permittee, (see Subsection 8.5.4 above),
information on the effects of the extension in holding time on the toxicity of samples must be obtained by
comparing the results of multi-concentration chronic toxicity tests performed on effluent samples held 36 h with
toxicity test results using the same samples after they were held for the requested, longer period.  The portion of the
sample set aside for the second test should be held under the same conditions as during shipment and holding.

8.8   PREPARATION OF EFFLUENT AND RECEIVING WATER SAMPLES FOR TOXICITY TESTS

8.8.1   When aliquots are removed from the sample container, the head space above the remaining sample should be
held to a minimum.  Air which enters a container upon removal of sample should be expelled by compressing the
container before reclosing, if possible (i.e., where a CUBITAINER® is used), or by using an appropriate discharge
valve (spigot). 

8.8.2   With the daphnid, Ceriodaphnia dubia, and fathead minnow, Pimephales promelas, tests, effluents and
receiving waters should be filtered through a 60-μm plankton net to remove indigenous organisms that may attack
or be confused with the test organisms (see the daphnid, Ceriodaphnia dubia, test method for details).  Receiving
waters used in green alga, Selenastrum capricornutum, toxicity tests must be filtered through a 0.45-μm pore
diameter filter before use.  It may be necessary to first coarse-filter the dilution and/or waste water through a nylon
sieve having 2- to 4-mm mesh openings to remove debris and/or break up large floating or suspended solids. 
Because filtration may increase the dissolved oxygen (DO) in the effluent, the DO should be checked both before
and after filtering.  Low dissolved oxygen concentrations will indicate a potential problem in performing the test. 
Caution:  filtration may remove some toxicity.

8.8.3   If the samples must be warmed to bring them to the prescribed test temperature, supersaturation of the
dissolved oxygen and nitrogen may become a problem.  To avoid this problem, samples may be warmed slowly in
open test containers.  If DO is still above 100% saturation after warming to test temperature, samples should be
aerated moderately (approximately 500 mL/min) for a few minutes using an airstone.  If DO is below 4.0 mg/L after
warming to test temperature, the solutions must be aerated moderately (approximately 500 mL/min) for a few
minutes, using an airstone, until the DO is within the prescribed range (�4.0 mg/L).  Caution:  avoid excessive
aeration. 

8.8.4   The DO concentration in the samples should be near saturation prior to use.  Aeration may be used to bring
the DO and other gases into equilibrium with air, minimize oxygen demand, and stabilize the pH.  However,
aeration during collection, transfer, and preparation of samples should be minimized to reduce the loss of volatile
chemicals. 

8.8.4.1   Aeration during the test may alter the results and should be used only as a last resort to maintain the
required DO.  Aeration can reduce the apparent toxicity of the test solutions by stripping them of highly volatile
toxic substances, or increase their toxicity by altering pH.  However, the DO in the test solutions should not be
allowed to fall below 4.0 mg/L.

RB-AR26042



34

8.8.4.2   In static tests (renewal or non-renewal), low DOs may commonly occur in the higher concentrations of
wastewater.  Aeration is accomplished by bubbling air through a pipet at a rate of 100 bubbles/min.  If aeration is
necessary, all test solutions must be aerated.  It is advisable to monitor the DO closely during the first few hours of
the test.  Samples with a potential DO problem generally show a downward trend in DO within 4 to 8 h after the test
is started.  Unless aeration is initiated during the first 8 h of the test, the DO may be exhausted during an unattended
period, thereby invalidating the test.

8.8.5   At a minimum, pH, conductivity, and total residual chlorine are measured in the undiluted effluent or
receiving water, and pH and conductivity are measured in the dilution water.

8.8.5.1   It is recommended that total alkalinity and total hardness also be measured in the undiluted effluent test
water, receiving water, and the dilution water.

8.8.6   Total ammonia is measured in effluent and receiving water samples where toxicity may be contributed by un-
ionized ammonia (i.e., where total ammonia � 5 mg/L).  The concentration (mg/L) of un-ionized (free) ammonia in
a sample is a function of temperature and pH, and is calculated using the percentage value obtained from Table 5,
under the appropriate pH and temperature, and multiplying it by the concentration (mg/L) of total ammonia in the
sample.

8.8.7   Effluents and receiving waters can be dechlorinated using 6.7 mg/L anhydrous sodium thiosulfate to reduce 1
mg/L chlorine (APHA, 1992).  Note that the amount of thiosulfate required to dechlorinate effluents is greater than
the amount needed to dechlorinate tap water (see Section 7, Dilution Water, Subsection 7.4.1).  Since thiosulfate
may contribute to sample toxicity, a thiosulfate control should be used in the test in addition to the normal dilution
water control.

8.8.8   Mortality or impairment of growth or reproduction due to pH alone may occur if the pH of the sample falls
outside the range of 6.0 - 9.0.  Thus, the presence of other forms of toxicity (metals and organics) in the sample may
be masked by the toxic effects of low or high pH.  The question about the presence of other toxicants can be
answered only by performing two parallel tests, one with an adjusted pH, and one without an adjusted pH. 
Freshwater samples are adjusted to pH 7.0 by adding 1N NaOH or 1N HCl dropwise, as required, being careful to
avoid overadjustment.
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TABLE 5. PERCENT UNIONIZED NH3 IN AQUEOUS AMMONIA SOLUTIONS:  TEMPERATURES 15-
26°C AND pH 6.0-8.91

pH TEMPERATURE (°C)

 
15 16 17 18 19 20 21 22 23 24 25 26

6.0 0.0274 0.0295 0.0318 0.0343 0.0369 0.0397 0.0427 0.0459 0.0493 0.0530 0.0568 0.0610
6.1 0.0345 0.0372 0.0400 0.0431 0.0464 0.0500 0.0537 0.0578 0.0621 0.0667 0.0716 0.0768
6.2 0.0434 0.0468 0.0504 0.0543 0.0584 0.0629 0.0676 0.0727 0.0781 0.0901 0.0901 0.0966
6.3 0.0546 0.0589 0.0634 0.0683 0.0736 0.0792 0.0851 0.0915 0.0983 0.1134 0.1134 0.1216
6.4 0.0687 0.0741 0.0799 0.0860 0.0926 0.0996 0.107 0.115 0.124 0.133 0.143 0.153
6.5 0.0865 0.0933 0.1005 0.1083 0.1166 0.1254 0.135 0.145 0.156 0.167 0.180 0.193
6.6 0.109 0.117 0.127 0.136 0.147 0.158 0.170 0.182 0.196 0.210 0.226 0.242
6.7 0.137 0.148 0.159 0.171 0.185 0.199 0.214 0.230 0.247 0.265 0.284 0.305
6.8 0.172 0.186 0.200 0.216 0.232 0.250 0.269 0.289 0.310 0.333 0.358 0.384
6.9 0.217 0.234 0.252 0.271 0.292 0.314 0.338 0.363 0.390 0.419 0.450 0.482
7.0 0.273 0.294 0.317 0.342 0.368 0.396 0.425 0.457 0.491 0.527 0.566 0.607
7.1 0.343 0.370 0.399 0.430 0.462 0.497 0.535 0.575 0.617 0.663 0.711 0.762
7.2 0.432 0.466 0.502 0.540 0.581 0.625 0.672 0.722 0.776 0.833 0.893 0.958
7.3 0.543 0.586 0.631 0.679 0.731 0.786 0.845 0.908 0.975 1.05 1.12 1.20
7.4 0.683 0.736 0.793 0.854 0.918 0.988 1.061 1.140 1.224 1.31 1.41 1.51
7.5 0.858 0.925 0.996 1.07 1.15 1.24 1.33 1.43 1.54 1.65 1.77 1.89
7.6 1.08 1.16 1.25 1.35 1.45 1.56 1.67 1.80 1.93 2.07 2.21 2.37
7.7 1.35 1.46 1.57 1.69 1.82 1.95 2.10 2.25 2.41 2.59 2.77 2.97
7.8 1.70 1.83 1.97 2.12 2.28 2.44 2.62 2.82 3.02 3.24 3.46 3.71
7.9 2.13 2.29 2.46 2.65 2.85 3.06 3.28 3.52 3.77 4.04 4.32 4.62
8.0 2.66 2.87 3.08 3.31 3.56 3.82 4.10 4.39 4.70 5.03 5.38 5.75
8.1 3.33 3.58 3.85 4.14 4.44 4.76 5.10 5.46 5.85 6.25 6.68 7.14
8.2 4.16 4.47 4.80 5.15 5.52 5.92 6.34 6.78 7.25 7.75 8.27 8.82
8.3 5.18 5.56 5.97 6.40 6.86 7.34 7.85 8.39 8.96 9.56 10.2 10.9
8.4 6.43 6.90 7.40 7.93 8.48 9.07 9.69 10.3 11.0 11.7 12.5 13.3
8.5 7.97 8.54 9.14 9.78 10.45 11.16 11.90 12.7 13.5 14.4 15.2 16.2
8.6 9.83 10.5 11.2 12.0 12.8 13.6 14.5 15.5 16.4 17.4 18.5 19.5
8.7 12.07 12.9 13.8 14.7 15.6 16.6 17.6 18.7 19.8 21.0 22.2 23.4
8.8 14.7 15.7 16.7 17.8 18.9 20.0 21.2 22.5 23.7 25.1 26.4 27.8
8.9 17.9 19.0 20.2 21.4 22.7 24.0 25.3 26.7 28.2 29.6 31.1 32.6

1 Table provided by Teresa Norberg-King, ERL, Duluth, Minnesota.  Also see Emerson et al. (1975), Thurston et
al. (1974), and USEPA (1985a).

8.9   PRELIMINARY TOXICITY RANGE-FINDING TESTS

8.9.1   USEPA Regional and State personnel generally have observed that it is not necessary to conduct a toxicity
range-finding test prior to initiating a static, chronic, definitive toxicity test.  However, when preparing to perform a
static test with a sample of completely unknown quality, or before initiating a flow-through test, it is advisable to
conduct a preliminary toxicity range-finding test.

8.9.2   A toxicity range-finding test ordinarily consists of a down-scaled, abbreviated static acute test in which
groups of five organisms are exposed to several widely-spaced sample dilutions in a logarithmic series, such as
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100%, 10.0%, 1.00%, and 0.100%, and a control, for 8-24 h.  Caution:  if the sample must also be used for the full-
scale definitive test, the 36-h limit on holding time (see Subsection 8.5.4) must not be exceeded before the definitive
test is initiated.

8.9.3   It should be noted that the toxicity (LC50) of a sample observed in a range-finding test may be significantly
different from the toxicity observed in the follow-up chronic definitive test because:  (1) the definitive test is longer;
and (2) the test may be performed with a sample collected at a different time, and possibly differing significantly in
the level of toxicity.

8.10   MULTI-CONCENTRATION (DEFINITIVE) EFFLUENT TOXICITY TESTS 

8.10.1   The tests recommended for use in determining discharge permit compliance in the NPDES program are
multi-concentration, or definitive, tests which provide (1) a point estimate of effluent toxicity in terms of an IC25,
IC50, or LC50, or (2) a no-observed-effect-concentration (NOEC) defined in terms of mortality, growth,
reproduction, and/or teratogenicity and obtained by hypothesis testing.  The tests may be static renewal or static
non-renewal.

8.10.2   The tests consist of a control and a minimum of five effluent concentrations.  USEPA recommends the use
of a �0.5 dilution factor for selecting effluent test concentrations.  Effluent test concentrations of 6.25%, 12.5%,
25%, 50%, and 100% are commonly used, however, test concentrations should be selected independently for each
test based on the objective of the study, the expected range of toxicity, the receiving water concentration, and any
available historical testing information on the effluent.  USEPA (2000a) provides additional guidance on choosing
appropriate test concentrations.

8.10.3   When these tests are used in determining compliance with permit limits, effluent test concentrations should
be selected to bracket the receiving water concentration.  This may be achieved by selecting effluent test
concentrations in the following manner:  (1) 100% effluent, (2) [RWC + 100]/2, (3) RWC, (4) RWC/2, and (5)
RWC/4.  For example, where the RWC = 50%, appropriate effluent concentrations may be 100%, 75%, 50%, 25%,
and 12.5%. 

8.10.4   If acute/chronic ratios are to be determined by simultaneous acute and short-term chronic tests with a single
species, using the same sample, both types of tests must use the same test conditions, i.e., pH, temperature, water
hardness, salinity, etc.

8.11   RECEIVING WATER TESTS

8.11.1   Receiving water toxicity tests generally consist of 100% receiving water and a control.  The total hardness
of the control should be comparable to the receiving water.

8.11.2   The data from the two treatments are analyzed by hypothesis testing to determine if test organism survival
in the receiving water differs significantly from the control.  Four replicates and 10 organisms per replicate are
required for each treatment (see Summary of Test Conditions and Test Acceptability Criteria in the specific test
method).

8.11.3   In cases where the objective of the test is to estimate the degree of toxicity of the receiving water, a multi-
concentration test is performed by preparing dilutions of the receiving water, using a � 0.5 dilution series, with a
suitable control water.
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SECTION 9

CHRONIC TOXICITY TEST ENDPOINTS AND DATA ANALYSIS 

9.1   ENDPOINTS 
 
9.1.1   The objective of chronic aquatic toxicity tests with effluents and pure compounds is to estimate the highest
"safe" or "no-effect concentration" of these substances.  For practical reasons, the responses observed in these tests
are usually limited to hatchability, gross morphological abnormalities, survival, growth, and reproduction, and the
results of the tests are usually expressed in terms of the highest toxicant concentration that has no statistically
significant observed effect on these responses, when compared to the controls.  The terms currently used to define
the endpoints employed in the rapid, chronic and sub-chronic toxicity tests have been derived from the terms
previously used for full life-cycle tests.  As shorter chronic tests were developed, it became common practice to
apply the same terminology to the endpoints.  The terms used in this manual are as follows:

9.1.1.1   Safe Concentration - The highest concentration of toxicant that will permit normal propagation of fish and
other aquatic life in receiving waters.  The concept of a "safe concentration" is a biological concept, whereas the
"no-observed-effect concentration" (below) is a statistically defined concentration.

9.1.1.2   No-Observed-Effect-Concentration (NOEC) - The highest concentration of toxicant to which organisms
are exposed in a full life-cycle or partial life-cycle (short-term) test, that causes no observable adverse effects on the
test organisms (i.e., the highest concentration of toxicant in which the values for the observed responses are not
statistically significantly different from the controls).  This value is used, along with other factors, to determine
toxicity limits in permits.

9.1.1.3   Lowest-Observed-Effect-Concentration (LOEC) - The lowest concentration of toxicant to which organisms
are exposed in a life-cycle or partial life-cycle (short-term) test, which causes adverse effects on the test organisms
(i.e., where the values for the observed responses are statistically significantly different from the controls).

9.1.1.4   Effective Concentration (EC) - A point estimate of the toxicant concentration that would cause an
observable adverse affect on a quantal, "all or nothing," response (such as death, immobilization, or serious
incapacitation) in a given percent of the organisms, calculated by point estimation techniques.  If the observable
effect is death or immobility, the term, Lethal Concentration (LC), should be used (see Subsection 9.1.1.5).  A
certain EC or LC value might be judged from a biological standpoint to represent a threshold concentration, or
lowest concentration that would cause an adverse effect on the observed response.

9.1.1.5   Lethal Concentration (LC) - The toxicant concentration that would cause death in a given percent of the
test population.  Identical to EC when the observed adverse effect is death.  For example, the LC50 is the
concentration of toxicant that would cause death in 50% of the test population.

9.1.1.6   Inhibition Concentration (IC) - The toxicant concentration that would cause a given percent reduction in a
non-quantal biological measurement for the test population.  For example, the IC25 is the concentration of toxicant
that would cause a 25% reduction in mean young per female or in growth for the test population, and the IC50 is the
concentration of toxicant that would cause a 50% reduction.

9.2    RELATIONSHIP BETWEEN ENDPOINTS DETERMINED BY HYPOTHESIS TESTING AND

POINT ESTIMATION TECHNIQUES

9.2.1   If the objective of chronic aquatic toxicity tests with effluents and pure compounds is to estimate the highest
"safe or no-effect concentration" of these substances, it is imperative to understand how the statistical endpoints of
these tests are related to the "safe" or "no-effect" concentration.  NOECs and LOECs are determined by hypothesis
testing (Dunnett's Test, a t test with the Bonferroni adjustment, Steel's Many-one Rank Test, or the Wilcoxon Rank
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Sum Test with the Bonferroni adjustment), whereas LCs, ICs, and ECs are determined by point estimation
techniques (Probit Analysis, Spearman-Karber Method, Trimmed Spearman-Karber Method, Graphical Method or
Linear Interpolation Method).  There are inherent differences between the use of a NOEC or LOEC derived from
hypothesis testing to estimate a "safe" concentration, and the use of a LC, EC, IC, or other point estimates derived
from curve fitting, interpolation, etc.

9.2.2   Most point estimates, such as the LC, IC, or EC, are derived from a mathematical model that assumes a
continuous dose-response relationship.  By definition, any LC, IC, or EC value is an estimate of some amount of
adverse effect.  Thus the assessment of a "safe" concentration must be made from a biological standpoint rather than
with a statistical test.  In this instance, the biologist must determine some amount of adverse effect that is deemed to
be "safe", in the sense that from a practical biological viewpoint it will not affect the normal propagation of fish and
other aquatic life in receiving waters.

9.2.3   The use of NOECs and LOECs, on the other hand, assumes either (1) a continuous dose-response
relationship, or (2) a non-continuous (threshold) model of the dose-response relationship.

9.2.3.1   In the case of a continuous dose-response relationship, it is also assumed that adverse effects that are not
"statistically observable" are also not important from a biological standpoint, since they are not pronounced enough
to test as statistically significant against some measure of the natural variability of the responses.

9.2.3.2   In the case of non-continuous dose-response relationships, it is assumed that there exists a true threshold, or
concentration below which there is no adverse effect on aquatic life, and above which there is an adverse effect. 
The purpose of the statistical analysis in this case is to estimate as closely as possible where that threshold lies.

9.2.3.3   In either case, it is important to realize that the amount of adverse effect that is statistically observable
(LOEC) or not observable (NOEC) is highly dependent on all aspects of the experimental design, such as the
number of concentrations of toxicant, number of replicates per concentration, number of organisms per replicate,
and use of randomization.  Other factors that affect the sensitivity of the test include the choice of statistical
analysis, the choice of an alpha level, and the amount of variability between responses at a given concentration.

9.2.3.4   Where the assumption of a continuous dose-response relationship is made, by definition some amount of
adverse effect might be present at the NOEC, but is not great enough to be detected by hypothesis testing. 

9.2.3.5   Where the assumption of a non-continuous dose-response relationship is made, the NOEC would indeed be
an estimate of a "safe" or "no-effect" concentration if the amount of adverse effect that appears at the threshold is
great enough to test as statistically significantly different from the controls in the face of all aspects of the
experimental design mentioned above.  If, however, the amount of adverse effect at the threshold were not great
enough to test as statistically different, some amount of adverse effect might be present at the NOEC.  In any case,
the estimate of the NOEC with hypothesis testing is always dependent on the aspects of the experimental design
mentioned above.  For this reason, the reporting and examination of some measure of the sensitivity of the test
(either the minimum significant difference or the percent change from the control that this minimum difference
represents) is extremely important.

9.2.4   In summary, the assessment of a "safe" or "no-effect" concentration cannot be made from the results of
statistical analysis alone, unless (1) the assumptions of a strict threshold model are accepted, and (2) it is assumed
that the amount of adverse effect present at the threshold is statistically detectable by hypothesis testing.  In this
case, estimates obtained from a statistical analysis are indeed estimates of a "no-effect" concentration.  If the
assumptions are not deemed tenable, then estimates from a statistical analysis can only be used in conjunction with
an assessment from a biological standpoint of what magnitude of adverse effect constitutes a "safe" concentration. 
In this instance, a "safe" concentration is not necessarily a truly "no-effect" concentration, but rather a concentration
at which the effects are judged to be of no biological significance.
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9.2.5   A better understanding of the relationship between endpoints derived by hypothesis testing (NOECs) and
point estimation techniques (LCs, ICs, and ECs) would be very helpful in choosing methods of data analysis. 
Norberg-King (1991) reported that the IC25s were comparable to the NOECs for 23 effluent and reference toxicant
data sets analyzed.  The data sets included short-term chronic toxicity tests for the fathead minnow, Pimephales
promelas, and the daphnid, Ceriodaphnia dubia.  Birge et al. (1985) reported that LC1s derived from Probit
Analysis of data from short-term embryo-larval tests with reference toxicants were comparable to NOECs for
several organisms.  Similarly, USEPA (1988d) reported that the IC25s were comparable to the NOECs for a set of
daphnid, Ceriodaphnia dubia, chronic tests with a single reference toxicant.  However, the scope of these
comparisons was very limited, and sufficient information is not yet available to establish an overall relationship
between these two types of endpoints, especially when derived from effluent toxicity test data.

9.3   PRECISION

9.3.1   HYPOTHESIS TESTS

9.3.1.1   When hypothesis tests are used to analyze toxicity test data, it is not possible to express precision in terms
of a commonly used statistic.  The results of the test are given in terms of two endpoints, the No-Observed- Effect
Concentration (NOEC) and the Lowest-Observed-Effect Concentration (LOEC).  The NOEC and LOEC are limited
to the concentrations selected for the test.  The width of the NOEC-LOEC interval is a function of the dilution
series, and differs greatly depending on whether a dilution factor of 0.3 or 0.5 is used in the test design.  Therefore,
USEPA recommends the use of the � 0.5 dilution factor (see Section 4, Quality Assurance).  It is not possible to
place confidence limits on the NOEC and LOEC derived from a given test, and it is difficult to quantify the
precision of the NOEC-LOEC endpoints between tests.  If the data from a series of tests performed with the same
toxicant, toxicant concentrations, and test species, were analyzed with hypothesis tests, precision could only be
assessed by a qualitative comparison of the NOEC-LOEC intervals, with the understanding that maximum precision
would be attained if all tests yielded the same NOEC-LOEC interval.  In practice, the precision of results of
repetitive chronic tests is considered acceptable if the NOECs vary by no more than one concentration interval
above or below a central tendency.  Using these guidelines, the "normal" range of NOECs from toxicity tests using
a 0.5 dilution factor (two-fold difference between adjacent concentrations), would be four-fold.

9.3.2   POINT ESTIMATION TECHNIQUES

9.3.2.1   Point estimation techniques have the advantage of providing a point estimate of the toxicant concentration
causing a given amount of adverse (inhibiting) effect, the precision of which can be quantitatively assessed
(1) within tests by calculation of 95% confidence limits, and (2) across tests by calculating a standard deviation and
coefficient of variation.

9.3.2.2   It should be noted that software used to calculate point estimates occasionally may not provide associated
95% confidence intervals.  This situation may arise when test data do not meet specific assumptions required by the
statistical methods, when point estimates are outside of the test concentration range, and when specific limitations
imposed by the software are encountered.  USEPA (2000a) provides guidance on confidence intervals under these
circumstances.

9.4   DATA ANALYSIS

9.4.1   ROLE OF THE STATISTICIAN

9.4.1.1   The use of the statistical methods described in this manual for routine data analysis does not require the
assistance of a statistician.  However, the interpretation of the results of the analysis of the data from any of the
toxicity tests described in this manual can become problematic because of the inherent variability and sometimes
unavoidable anomalies in biological data.  If the data appear unusual in any way, or fail to meet the necessary
assumptions, a statistician should be consulted.  Analysts who are not proficient in statistics are strongly advised to
seek the assistance of a statistician before selecting the method of analysis and using any of the results. 
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9.4.1.2   The statistical methods recommended in this manual are not the only possible methods of statistical
analysis.  Many other methods have been proposed and considered.  Certainly there are other reasonable and
defensible methods of statistical analysis for this kind of toxicity data.  Among alternative hypothesis tests some,
like Williams' Test, require additional assumptions, while others, like the bootstrap methods, require computer-
intensive computations.  Alternative point estimation approaches most probably would require the services of a
statistician to determine the appropriateness of the model (goodness of fit), higher order linear or nonlinear models,
confidence intervals for estimates generated by inverse regression, etc.  In addition, point estimation or regression
approaches would require the specification by biologists or toxicologists of some low level of adverse effect that
would be deemed acceptable or safe.  The statistical methods contained in this manual have been chosen because
they are (1) applicable to most of the different toxicity test data sets for which they are recommended, (2) powerful
statistical tests, (3) hopefully "easily" understood by nonstatisticians, and (4) amenable to use without a computer, if
necessary.

9.4.2   PLOTTING THE DATA

9.4.2.1   The data should be plotted, both as a preliminary step to help detect problems and unsuspected trends or
patterns in the responses, and as an aid in interpretation of the results.  Further discussion and plotted sets of data
are included in the methods and the Appendices.

9.4.3   DATA TRANSFORMATIONS

9.4.3.1   Transformations of the data, (e.g., arc sine square root and logs), are used where necessary to meet
assumptions of the proposed analyses, such as the requirement for normally distributed data.

9.4.4   INDEPENDENCE, RANDOMIZATION, AND OUTLIERS

9.4.4.1   Statistical independence among observations is a critical assumption in all statistical analysis of toxicity
data.  One of the best ways to insure independence is to properly follow rigorous randomization procedures.  
Randomization techniques should be employed at the start of the test, including the randomization of the placement
of test organisms in the test chambers and randomization of the test chamber location within the array of chambers. 
Discussions of statistical independence, outliers and randomization, and a sample randomization scheme, are
included in Appendix A.

9.4.5   REPLICATION AND SENSITIVITY

9.4.5.1   The number of replicates employed for each toxicant concentration is an important factor in determining
the sensitivity of chronic toxicity tests.  Test sensitivity generally increases as the number of replicates is increased,
but the point of diminishing returns in sensitivity may be reached rather quickly.  The level of sensitivity required
by a hypothesis test or the confidence interval for a point estimate will determine the number of replicates, and
should be based on the objectives for obtaining the toxicity data.

9.4.5.2   In a statistical analysis of toxicity data, the choice of a particular analysis and the ability to detect
departures from the assumptions of the analysis, such as the normal distribution of the data and homogeneity of
variance, is also dependent on the number of replicates.  More than the minimum number of replicates may be
required in situations where it is imperative to obtain optimal statistical results, such as with tests used in
enforcement cases or when it is not possible to repeat the tests.  For example, when the data are analyzed by
hypothesis testing, the nonparametric alternatives cannot be used unless there are at least four replicates at each
toxicant concentration.

9.4.6   RECOMMENDED ALPHA LEVELS

9.4.6.1   The data analysis examples included in the manual specify an alpha level of 0.01 for testing the
assumptions of hypothesis tests and an alpha level of 0.05 for the hypothesis tests themselves.  These levels are
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common and well accepted levels for this type of analysis and are presented as a recommended minimum
significance level for toxicity test data analysis.

9.5   CHOICE OF ANALYSIS

9.5.1   The recommended statistical analysis of most data from chronic toxicity tests with aquatic organisms follows
a decision process illustrated in the flowchart in Figure 2.  An initial decision is made to use point estimation
techniques (the Probit Analysis, the Spearman-Karber Method, the Trimmed Spearman-Karber Method, the
Graphical Method, or Linear Interpolation Method) and/or to use hypothesis testing (Dunnett's Test, the t test with
the Bonferroni adjustment, Steel's Many-one Rank Test, or the Wilcoxon Rank Sum Test with the Bonferroni
adjustment).  NOTE: For the NPDES Permit Program, the point estimation techniques are the preferred

statistical methods in calculating end points for effluent toxicity tests.  If hypothesis testing is chosen,
subsequent decisions are made on the appropriate procedure for a given set of data, depending on the results of the
tests of assumptions, as illustrated in the flowchart.  A specific flow chart is included in the analysis section for each
test.

9.5.2   Since a single chronic toxicity test might yield information on more than one parameter (such as survival,
growth, and reproduction), the lowest estimate of a "no-observed-effect concentration" for any of the responses
would be used as the "no-observed-effect concentration" for each test.  It follows logically that in the statistical
analysis of the data, concentrations that had a significant toxic effect on one of the observed responses would not be
subsequently tested for an effect on some other response.  This is one reason for excluding concentrations that have
shown a statistically significant reduction in survival from a subsequent hypothesis test for effects on another
parameter such as reproduction.  A second reason is that the exclusion of such concentrations usually results in a
more powerful and appropriate statistical analysis.  In performing the point estimation techniques recommended in
this manual, an all-data approach is used.  For example, data from concentrations above the NOEC for survival are
included in determining ICp estimates using the Linear Interpolation Method.

9.5.3   ANALYSIS OF GROWTH AND REPRODUCTION DATA

9.5.3.1   Growth data from the fathead minnow, Pimephales promelas, larval survival and growth test are analyzed
using hypothesis testing or point estimation techniques according to the flowchart in Figure 2.  The above
mentioned growth data may also be analyzed by generating a point estimate with the Linear Interpolation Method. 
Data from effluent concentrations that have tested significantly different from the control for survival are excluded
from further hypothesis tests concerning growth effects.  Growth is defined as the dry weight per original number of
test organisms when group weights are obtained.  When analyzing the data using point estimation techniques, data
from all concentrations are included in the analysis.  

9.5.3.2   Reproduction data from the daphnid, Ceriodaphnia dubia, survival and reproduction test are analyzed
using hypothesis testing or point estimation techniques according to the flowchart in Figure 2.  In hypothesis testing,
data from effluent concentrations that have significantly lower survival than the control, as determined by Fisher's
Exact test, are not included in the hypothesis tests for reproductive effects.  Data from all concentrations are
included when using point estimation techniques.

9.5.4   ANALYSIS OF ALGAL GROWTH RESPONSE DATA

9.5.4.1   The growth response data from the green alga, Selenastrum capricornutum, toxicity test, after an
appropriate transformation, if necessary, to meet the assumptions of normality and homogeneity of variance, may be
analyzed by hypothesis testing according to the flowchart in Figure 2.  Point estimates, such as the IC25 and IC50,
would also be appropriate in analyzing algal growth data.
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9.5.5   ANALYSIS OF MORTALITY DATA

9.5.5.1   Mortality data are analyzed by Probit Analysis, if appropriate, or other point estimation techniques (i.e., the
Spearman-Karber Method, the Trimmed Spearman-Karber Method, or the Graphical Method) (see Appendices I-L
and the discussion below).  The mortality data can also be analyzed by hypothesis testing, after an arc sine square
root transformation (see Appendix B-F), according to the flowchart in Figure 2.

9.5.5.2   Mortality data from the daphnid, Ceriodaphnia dubia, survival and reproduction test are analyzed by
Fisher's Exact Test (Appendix G) prior to the analysis of the reproduction data.  The mortality data may also be
analyzed by Probit Analysis, if appropriate or other methods (see Subsection 9.5.5.1).
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Figure 2.  Flowchart for statistical analysis of test data
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9.6   HYPOTHESIS TESTS

9.6.1   DUNNETT'S PROCEDURE

9.6.1.1   Dunnett's Procedure is used to determine the NOEC.  The procedure consists of an analysis of variance
(ANOVA) to determine the error term, which is then used in a multiple comparison procedure for comparing each
of the treatment means with the control mean, in a series of paired tests (see Appendix C).  Use of Dunnett's
Procedure requires at least three replicates per treatment to check the assumptions of the test.  In cases where the
numbers of data points (replicates) for each concentration are not equal, a t test may be performed with Bonferroni's
adjustment for multiple comparisons (see Appendix D), instead of using Dunnett's Procedure.

9.6.1.2   The assumptions upon which the use of Dunnett's Procedure is contingent are that the observations within
treatments are normally distributed, with homogeneity of variance.  Before analyzing the data, these assumptions
must be tested using the procedures provided in Appendix B.

9.6.1.3   If, after suitable transformations have been carried out, the normality assumptions have not been met,
Steel's Many-one Rank Test should be used if there are four or more data points (replicates) per toxicant
concentration.  If the numbers of data points for each toxicant concentration are not equal, the Wilcoxon Rank Sum
Test with Bonferroni's adjustment should be used (see Appendix F).

9.6.1.4   Some indication of the sensitivity of the analysis should be provided by calculating (1) the minimum
difference between means that can be detected as statistically significant, and (2) the percent change from the
control mean that this minimum difference represents for a given test.

9.6.1.5   A step-by-step example of the use of Dunnett's Procedure is provided in Appendix C.

9.6.2   T TEST WITH THE BONFERRONI ADJUSTMENT

9.6.2.1   A t test with Bonferroni's adjustment is used as an alternative to Dunnett's Procedure when the number of
replicates is not the same for all concentrations.  This test sets an upper bound of alpha on the overall error rate, in
contrast to Dunnett's Procedure, for which the overall error rate is fixed at alpha.  Thus Dunnett's Procedure is a
more powerful test.

9.6.2.2   The assumptions upon which the use of the t test with Bonferroni's adjustment is contingent are that the
observations within treatments are normally distributed, with homogeneity of variance.  These assumptions must be
tested using the procedures provided in Appendix B.

9.6.2.3   The estimate of the safe concentration derived from this test is reported in terms of the NOEC.  A
step-by-step example of the use of the t test with Bonferroni's adjustment is provided in Appendix D.

9.6.3   STEEL'S MANY-ONE RANK TEST

9.6.3.1   Steel's Many-one Rank Test is a multiple comparison procedure for comparing several treatments with a
control.  This method is similar to Dunnett's Procedure, except that it is not necessary to meet the assumption of
normality.  The data are ranked, and the analysis is performed on the ranks rather than on the data themselves.  If
the data are normally or nearly normally distributed, Dunnett's Procedure would be more sensitive (would detect
smaller differences between the treatments and control).  For data that are not normally distributed, Steel's
Many-one Rank Test can be much more efficient (Hodges and Lehmann, 1956).

9.6.3.2   It is necessary to have at least four replicates per toxicant concentration to use Steel's test.  Unlike Dunnett's
procedure, the sensitivity of this test cannot be stated in terms of the minimum difference between treatment means
and the control mean that can be detected as statistically significant.
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9.6.3.3   The estimate of the safe concentration is reported as the NOEC.  A step-by-step example of the use of
Steel's Many-one Rank Test is provided in Appendix E.

9.6.4   WILCOXON RANK SUM TEST WITH THE BONFERRONI ADJUSTMENT

9.6.4.1   The Wilcoxon Rank Sum Test with the Bonferroni Adjustment is a nonparametric test for comparing
treatments with a control.  The data are ranked and the analysis proceeds exactly as in Steel's Test except that
Bonferroni's adjustment for multiple comparisons is used instead of Steel's tables.  When Steel's test can be used
(i.e., when there are equal numbers of data points per toxicant concentration), it will be more powerful (able to
detect smaller differences as statistically significant) than the Wilcoxon Rank Sum Test with Bonferroni's
adjustment.

9.6.4.2   The estimate of the safe concentration is reported as the NOEC.  A step-by-step example of the use of the
Wilcoxon Rank Sum Test with Bonferroni Adjustment is provided in Appendix F.

9.6.5   A CAUTION IN THE USE OF HYPOTHESIS TESTING

9.6.5.1   If in the calculation of an NOEC by hypothesis testing, two tested concentrations cause statistically
significant adverse effects, but an intermediate concentration did not cause statistically significant effects, the results
should be used with extreme caution.

9.7   POINT ESTIMATION TECHNIQUES

9.7.1   PROBIT ANALYSIS

9.7.1.1   Probit Analysis is used to estimate the LC1, LC50, EC1, or EC50 and the associated 95% confidence
interval.  The analysis consists of adjusting the data for mortality in the control, and then using a maximum
likelihood technique to estimate the parameters of the underlying log tolerance distribution, which is assumed to
have a particular shape.

9.7.1.2   The assumption upon which the use of Probit Analysis is contingent is a normal distribution of log
tolerances.  If the normality assumption is not met, and at least two partial mortalities are not obtained, Probit
Analysis should not be used.  It is important to check the results of Probit Analysis to determine if use of the
analysis is appropriate.  The chi-square test for heterogeneity provides one good test of appropriateness of the
analysis.  The computer program (see Appendix I) checks the chi-square statistic calculated for the data set against
the tabular value, and provides an error message if the calculated value exceeds the tabular value.

9.7.1.3   A discussion of Probit Analysis, and examples of computer program input and output, are found in
Appendix I.  

9.7.1.4   In cases where Probit Analysis is not appropriate, the LC50 and associated confidence interval may be
estimated by the Spearman-Karber Method (Appendix J) or the Trimmed Spearman-Karber Method (Appendix K). 
If the test results in 100% survival and 100% mortality in adjacent treatments (all or nothing effect), the LC50 may
be estimated using the Graphical Method (Appendix L).

9.7.2   LINEAR INTERPOLATION METHOD

9.7.2.1   The Linear Interpolation Method (see Appendix M) is a procedure to calculate a point estimate of the
effluent or other toxicant concentration [Inhibition Concentration, (IC)] that causes a given percent reduction (e.g.,
25%, 50%, etc.) in the reproduction or growth of the test organisms.  The procedure was designed for general
applicability in the analysis of data from short-term chronic toxicity tests.
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9.7.2.2   Use of the Linear Interpolation Method is based on the assumptions that the responses (1) are
monotonically non-increasing (the mean response for each higher concentration is less than or equal to the mean
response for the previous concentration), (2) follow a piecewise linear response function, and (3) are from a
random, independent, and representative sample of test data.  The assumption for piecewise linear response cannot
be tested statistically, and no defined statistical procedure is provided to test the assumption for monotonicity. 
Where the observed means are not strictly monotonic by examination, they are adjusted by smoothing.  In cases
where the responses at the low toxicant concentrations are much higher than in the controls, the smoothing process
may result in a large upward adjustment in the control mean.

9.7.2.3   The inability to test the monotonicity and piecewise linear response assumptions for this method makes it
difficult to assess when the method is, or is not, producing reliable results.  Therefore, the method should be used
with caution when the results of a toxicity test approach an "all or nothing" response from one concentration to the
next in the concentration series, and when it appears that there is a large deviation from monotonicity.  See
Appendix M for a more detailed discussion of the use of this method and a computer program available for
performing calculations.
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SECTION 10

REPORT PREPARATION AND TEST REVIEW

10.1   REPORT PREPARATION

The following general format and content are recommended for the report: 

10.1.1   INTRODUCTION 

 1. Permit number
 2. Toxicity testing requirements of permit
 3. Plant location
 4. Name of receiving water body
 5. Contract Laboratory (if the tests are performed under contract)

a        Name of firm
b.       Phone number
c.       Address

6.  Objective of test

10.1.2   PLANT OPERATIONS

 1. Product(s)
 2. Raw materials
 3. Operating schedule
 4. Description of waste treatment
 5. Schematic of waste treatment
 6. Retention time (if applicable)
 7. Volume of waste flow (MGD, CFS, GPM)
 8. Design flow of treatment facility at time of sampling

10.1.3   SOURCE OF EFFLUENT, RECEIVING WATER, AND DILUTION WATER

 1. Effluent Samples 
a.     Sampling point (including latitude and longitude)
b.     Collection dates and times 
c.      Sample collection method
d.     Physical and chemical data 
e.     Mean daily discharge on sample collection date
f.      Lapsed time from sample collection to delivery
g.     Sample temperature when received at the laboratory

 2. Receiving Water Samples
a.     Sampling point (including latitude and longitude)
b.     Collection dates and times
c.      Sample collection method
d.     Physical and chemical data
e.     Streamflow  (at time of sampling)
f.      Sample temperature when received at the laboratory
g      Lapsed time from sample collection to delivery

 3. Dilution Water Samples 
a.     Source
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b.     Collection date(s) and time(s)
c.     Pretreatment
d.     Physical and chemical characteristics 

10.1.4   TEST METHODS 

 1. Toxicity test method used (title, number, source)
 2. Endpoint(s) of test
 3. Deviation(s) from reference method, if any, and the reason(s) 
 4. Date and time test started 
 5. Date and time test terminated 
 6. Type and volume of test chambers 
 7. Volume of solution used per chamber 
 8. Number of organisms per test chamber 
 9. Number of replicate test chambers per treatment 
10. Acclimation of test organisms (temperature mean and range) 
11. Test temperature (mean and range)
12. Specify if aeration was needed
13. Feeding frequency, and amount and type of food
14. Specify if (and how) pH control measures were implemented

  
10.1.5   TEST ORGANISMS 
 

 1. Scientific name and how determined
 2. Age 
 3. Life stage 
 4. Mean length and weight (where applicable) 
 5. Source 
 6. Diseases and treatment (where applicable) 
 7. Taxonomic key used for species identification 

10.1.6   QUALITY ASSURANCE

 1. Reference toxicant used routinely; source
 2. Date and time of most recent reference toxicant test, test results, and current control chart
 3. Dilution water used in reference toxicant test 
 4. Results (NOEC or, where applicable, LOEC, LC50, EC50, IC25 and/or IC50); report percent minimum

significant difference (PMSD) calculated for sublethal endpoints determined by hypothesis testing in
reference toxicant test

 5. Physical and chemical methods used 

10.1.7   RESULTS 
 

 1. Provide raw toxicity data in tabular form, including daily records of affected organisms in each
concentration (including controls) and replicate, and in graphical form (plots of toxicity data)

 2. Provide table of LC50s, NOECs, IC25, IC50, etc. (as required in the applicable NPDES permit)
 3. Indicate statistical methods used to calculate endpoints
 4. Provide summary table of physical and chemical data
 5. Tabulate QA data
 6. Provide percent minimum significant difference (PMSD) calculated for sublethal endpoints
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10.1.8   CONCLUSIONS AND RECOMMENDATIONS

 1. Relationship between test endpoints and permit limits
 2. Actions to be taken

10.2  TEST REVIEW

10.2.1  Test review is an important part of an overall quality assurance program (Section 4) and is necessary for
ensuring that all test results are reported accurately.  Test review should be conducted on each test by both the
testing laboratory and the regulatory authority. 

10.2.2  SAMPLING AND HANDLING 

10.2.2.1  The collection and handling of samples are reviewed to verify that the sampling and handling procedures
given in Section 8 were followed.  Chain-of-custody forms are reviewed to verify that samples were tested within
allowable sample holding times (Subsection 8.5.4).  Any deviations from the procedures given in Section 8 should
be documented and described in the data report (Subsection 10.1). 

10.2.3  TEST ACCEPTABILITY CRITERIA

10.2.3.1  Test data are reviewed to verify that test acceptability criteria (TAC) requirements for a valid test have
been met.   Any test not meeting the minimum test acceptability criteria is considered invalid.  All invalid tests must
be repeated with a newly collected sample. 

10.2.4  TEST CONDITIONS

10.2.4.1  Test conditions are reviewed and compared to the specifications listed in the summary of test condition
tables provided for each method.  Physical and chemical measurements taken during the test (e.g., temperature, pH,
and DO) also are reviewed and compared to specified ranges.  Any deviations from specifications should be
documented and described in the data report (Subsection 10.1).

10.2.4.2  The summary of test condition tables presented for each method identify test conditions as required or
recommended.  For WET test data submitted under NPDES permits, all required test conditions must be met or the
test is considered invalid and must be repeated with a newly collected sample.   Deviations from recommended test
conditions must be evaluated on a case-by-case basis to determine the validity of test results.   Deviations from
recommended test conditions may or may not invalidate a test result depending on the degree of the departure and
the objective of the test.  The reviewer should consider the degree of the deviation and the potential or observed
impact of the deviation on the test result before rejecting or accepting a test result as valid.  For example, if
dissolved oxygen is measured below 4.0 mg/L in one test chamber, the reviewer should consider whether any
observed mortality in that test chamber corresponded with the drop in dissolved oxygen.

10.2.4.3  Whereas slight deviations in test conditions may not invalidate an individual test result, test condition
deviations that continue to occur frequently in a given laboratory may indicate the need for improved quality control
in that laboratory.  

10.2.5  STATISTICAL METHODS

10.2.5.1  The statistical methods used for analyzing test data are reviewed to verify that the recommended
flowcharts for statistical analysis were followed.  Any deviation from the recommended flowcharts for selection of
statistical methods should be noted in the data report. Statistical methods other than those recommended in the
statistical flowcharts may be appropriate (see Subsection 9.4.1.2), however, the laboratory must document the use of
and provide the rationale for the use of any alternate statistical method.  In all cases (flowchart recommended
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methods or alternate methods), reviewers should verify that the necessary assumptions are met for the statistical
method used. 

10.2.6  CONCENTRATION-RESPONSE RELATIONSHIPS

10.2.6.1  The concept of a concentration-response, or more classically, a dose-response relationship is “the most
fundamental and pervasive one in toxicology” (Casarett and Doull, 1975).  This concept assumes that there is a
causal relationship between the dose of a toxicant (or concentration for toxicants in solution) and a measured
response.  A response may be any measurable biochemical or biological parameter that is correlated with exposure
to the toxicant.  The classical concentration-response relationship is depicted as a sigmoidal shaped curve, however,
the particular shape of the concentration-response curve may differ for each coupled toxicant and response pair.  In
general, more severe responses (such as acute effects) occur at higher concentrations of the toxicant, and less severe
responses (such as chronic effects) occur at lower concentrations.  A single toxicant also may produce multiple
responses, each characterized by a concentration-response relationship.  A corollary of the concentration-response
concept is that every toxicant should exhibit a concentration-response relationship, given that the appropriate
response is measured and given that the concentration range evaluated is appropriate.  Use of this concept can be
helpful in determining whether an effluent possesses toxicity and in identifying anomalous test results.

10.2.6.2  The concentration-response relationship generated for each multi-concentration test must be reviewed to
ensure that calculated test results are interpreted appropriately.  USEPA (2000a) provides guidance on evaluating
concentration-response relationships to assist in determining the validity of WET test results.  All WET test results
(from multi-concentration tests) reported under the NPDES program should be reviewed and reported according to
USEPA guidance on the evaluation of concentration-response relationships (USEPA, 2000a).  This guidance
provides review steps for 10 different concentration-response patterns that may be encountered in WET test data. 
Based on the review, the guidance provides one of three determinations: that calculated effect concentrations are
reliable and should be reported, that calculated effect concentrations are anomalous and should be explained, or that
the test was inconclusive and the test should be repeated with a newly collected sample.  It should be noted that the
determination of a valid concentration-response relationship is not always clear cut.  Data from some tests may
suggest consultation with professional toxicologists and/or regulatory officials.  Tests that exhibit unexpected
concentration-response relationships also may indicate a need for further investigation and possible retesting. 

10.2.7  REFERENCE TOXICANT TESTING

10.2.7.1  Test review of a given effluent or receiving water test should include review of the associated reference
toxicant test and current control chart.  Reference toxicant testing and control charting is required for documenting
the quality of test organisms (Subsection 4.7) and ongoing laboratory performance (Subsection 4.16).  The reviewer
should verify that a quality control reference toxicant test was conducted according to the specified frequency
required by the permitting authority or recommended by the method (e.g., monthly).  The test acceptability criteria,
test conditions, concentration-response relationship, and test sensitivity of the reference toxicant test are reviewed to
verify that the reference toxicant test conducted was a valid test.  The results of the reference toxicant test are then
plotted on a control chart (see Subsection 4.16) and compared to the current control chart limits (± 2 standard
deviations).

10.2.7.2  Reference toxicant tests that fall outside of recommended control chart limits are evaluated to determine
the validity of associated effluent and receiving water tests (see Subsection 4.16).  An out of control reference
toxicant test result does not necessarily invalidate associated test results.  The reviewer should consider the degree
to which the reference toxicant test result fell outside of control chart limits, the width of the limits, the direction of
the deviation (toward increasing test organism sensitivity or toward decreasing test organism sensitivity), the test
conditions of both the effluent test and the reference toxicant test, and the objective of the test.  More frequent
and/or concurrent reference toxicant testing may be advantageous if recent problems (e.g., invalid tests, reference
toxicant test results outside of control chart limits, reduced health of organism cultures, or increased within-test
variability) have been identified in testing.  
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10.2.8   TEST VARIABILITY

10.2.8.1   The within-test variability of individual tests should be reviewed.  Excessive within-test variability may
invalidate a test result and warrant retesting.  For evaluating within-test variability, reviewers should consult EPA
guidance on upper and lower percent minimum significant difference (PMSD) bounds (USEPA, 2000b).  

10.2.8.2   When NPDES permits require sublethal hypothesis testing endpoints from Methods 1000.0,1002.0, or
1003.0 (e.g., growth or reproduction NOECs and LOECs), within-test variability must be reviewed and variability
criteria must be applied as described in this section (10.2.8.2).  When the methods are used for non-regulatory
purposes, the variability criteria herein are recommended but are not required, and their use (or the use of alternative
variability criteria) may depend upon the intended uses of the test results and the requirements of any applicable
data quality objectives and quality assurance plan.

10.2.8.2.1   To measure test variability, calculate the percent minimum significant difference (PMSD) achieved in
the test.  The PMSD is the smallest percentage decrease in growth or reproduction from the control that could be
determined as statistically significant in the test.  The PMSD is calculated as 100 times the minimum significant
difference (MSD) divided by the control mean.  The equation and examples of MSD calculations are shown in
Appendix C.  PMSD may be calculated legitimately as a descriptive statistic for within-test variability, even when
the hypothesis test is conducted using a non-parametric method. The PMSD bounds were based on a representative
set of tests, including tests for which a non-parametric method was required for determining the NOEC or LOEC. 
The conduct of hypothesis testing to determine test results should follow the statistical flow charts provided for each
method.  That is, when test data fail to meet assumptions of normality or heterogeneity of variance, a non-
parametric method (determined following the statistical flowchart for the method) should be used to calculate test
results, but the PMSD may be calculated as described above (using parametric methods) to provide a measure of test
variability. 

10.2.8.2.2   Compare the PMSD measured in the test with the upper PMSD bound variability criterion listed in
Table 6.  When the test PMSD exceeds the upper bound, the variability among replicates is unusually large for the
test method.  Such a test should be considered insufficiently sensitive to detect toxic effects on growth or
reproduction of substantial magnitude.  A finding of toxicity at a particular concentration may be regarded as
trustworthy, but a finding of "no toxicity" or "no statistically significant toxicity" at a particular concentration
should not be regarded as a reliable indication that there is no substantial toxic effect on growth or reproduction at
that concentration.

10.2.8.2.3   If the PMSD measured for the test is less than or equal to the upper PMSD bound variability criterion in
Table 6,  then the test's variability measure lies within normal bounds and the effect concentration estimate (e.g.,
NOEC or LOEC) would normally be accepted unless other test review steps raise serious doubts about its validity.

10.2.8.2.4   If the PMSD measured for the test exceeds the upper PMSD bound variability criterion in Table 6,  then
one of the following two cases applies (10.2.8.2.4.1, 10.2.8.2.4.2).

10.2.8.2.4.1   If toxicity is found at the permitted receiving water concentration (RWC) based upon the value of the
effect concentration estimate (NOEC or LOEC), then the test shall be accepted and the effect concentration estimate
may be reported, unless other test review steps raise serious doubts about its validity.

10.2.8.2.4.2   If toxicity is not found at the permitted RWC based upon the value of the effect concentration estimate
(NOEC or LOEC) and the PMSD measured for the test exceeds the upper PMSD bound, then the test shall not be
accepted, and a new test must be conducted promptly on a newly collected sample.

10.2.8.2.5   To avoid penalizing laboratories that achieve unusually high precision, lower PMSD bounds shall also
be applied when a hypothesis test result (e.g., NOEC or LOEC) is reported.  Lower PMSD bounds, which are based
on the 10th percentiles of national PMSD data, are presented in Table 6.  The 10th percentile PMSD represents a
practical limit to the sensitivity of the test method because few laboratories are able to achieve such precision on a
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regular basis and most do not achieve it even occasionally.  In determining hypothesis test results (e.g., NOEC or
LOEC), a test concentration shall not be considered toxic (i.e., significantly different from the control) if the relative
difference from the control is less than the lower PMSD bounds in Table 6.  See USEPA, 2000b for specific
examples of implementing lower PMSD bounds. 

10.2.8.3   To assist in reviewing within-test variability, EPA recommends maintaining control charts of PMSDs
calculated for successive effluent tests (USEPA, 2000b).  A control chart of PMSD values characterizes the range of
variability observed within a given laboratory, and allows comparison of individual test PMSDs with the
laboratory’s typical range of variability.  Control charts of other variability and test performance measures, such as
the MSD, standard deviation or CV of control responses, or average control response, also may be useful for
reviewing tests and minimizing variability.  The log of PMSD will provide an approximately normal variate useful
for control charting.

TABLE 6.  VARIABILITY CRITERIA (UPPER AND LOWER PMSD BOUNDS) FOR SUBLETHAL
HYPOTHESIS TESTING ENDPOINTS SUBMITTED UNDER NPDES PERMITS.1 

Test Method Endpoint Lower PMSD Bound Upper PMSD Bound

Method 1000.0, Fathead Minnow Larval
Survival and Growth Test growth 12 30

Method 1002.0, Ceriodaphnia dubia
Survival and Reproduction Test

reproduction 13 47

Method 1003.0, Selenastrum
capricornutum Growth Test

growth 9.1 29

1 Lower and upper PMSD bounds were determined from the 10th and 90th percentile, respectively, of PMSD data
from EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
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 SECTION 11

TEST METHOD

FATHEAD MINNOW, PIMEPHALES PROMELAS, 
LARVAL SURVIVAL AND GROWTH TEST 

METHOD 1000.0

11.1   SCOPE AND APPLICATION

11.1.1   This method estimates the chronic toxicity of effluents and receiving water to the fathead minnow,
Pimephales promelas, using newly hatched larvae in a seven-day, static renewal test.  The effects include the
synergistic, antagonistic, and additive effects of all the chemical, physical, and biological components which
adversely affect the physiological and biochemical functions of the test organisms. 

11.1.2   Daily observations on mortality make it possible to also calculate acute toxicity for desired exposure periods
(i.e., 24-h, 48-h, 96-h LC50s).

11.1.3   Detection limits of the toxicity of an effluent or pure substance are organism dependent.

11.1.4   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, and because the test chambers are not sealed, highly
degradable or highly volatile toxicants present in the source may not be detected in the test. 

11.1.5   This test method is commonly used in one of two forms: (1) a definitive test, consisting of a minimum of
five effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving
water concentrations and a control. 

11.2   SUMMARY OF METHOD 

11.2.1   Fathead minnow, Pimephales promelas, larvae are exposed in a static renewal system for seven days to
different concentrations of effluent or to receiving water.  Test results are based on the survival and weight of the
larvae. 

11.3.   INTERFERENCES 

11.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment and Supplies).

11.3.2   Adverse effects of low dissolved oxygen (DO) concentrations, high concentrations of suspended and/or
dissolved solids, and extremes of pH, alkalinity, or hardness, may mask the presence of toxic substances.

11.3.3   Improper effluent sampling and sample handling may adversely affect test results (see Section 8, Effluent
and Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

11.3.4   Pathogenic and/or predatory organisms in effluent samples or receiving water that is used for dilution may
affect test organism survival and confound test results.  When pathogen interference is suggested by observation
(11.3.4.1) and data evaluations (11.3.4.2) and confirmed by parallel testing (11.3.4.4), steps should be taken to
minimize pathogen interference to the extent that test results are not confounded by mortality due to pathogens. 
Pathogen control techniques that do not require modification of effluent samples, such as use of the modified test
design described in Subsection 11.3.4.5, are recommended for controlling pathogen interference.  Upon approval by
the regulatory authority, analysts also may use additional pathogen control techniques that require sample
modification (11.3.4.6) provided that parallel testing of altered and unaltered samples further confirms the presence
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of pathogen interference and demonstrates successful pathogen control (11.3.4.6).  

11.3.4.1  A typical indication that pathogen interference has occurred in a WET test is when test organisms exhibit
“sporadic mortality”.  This sporadic morality phenomenon is characterized by an unexpected concentration-
response relationship (i.e., effects that do not increase with increasing effluent concentration) and organism survival
that varies greatly among replicates and among effluent dilutions (USEPA, 2000a).  The observed sporadic
mortality among replicates may occur in receiving water controls, lower effluent concentrations, and occasionally in
full-strength effluent on day 3 or day 4 of the chronic test.  When sporadic mortality occurs, a fungal growth may
appear directly on the fish, especially in the gill area.  The fungus has not been definitively identified, but the fungal
growth appears to be compatible with Saprolegnea sp. (Downey et al., 2000).  Microbiological evaluations on
receiving waters, the fish, and the food indicated the ubiquitous nature of pathogenic organisms (e.g., Flexibacter
spp., Aeromonas hydrophila), and eradicating them from the test through the decontamination of the fish and their
food has not been practical (Geis et al., 2000).   

11.3.4.2  When pathogen interference is suspected, a series of data evaluations are required.  The test data must be
reviewed to determine a cause for any unexpected concentration-response pattern and subsequently to determine the
validity of calculated results (USEPA, 2000a).  USEPA (2000a) provides guidance on reviewing concentration-
response relationships including specific response patterns that may indicate pathogen effects.  Each treatment
(including the control) should be evaluated for an unusually high mortality response and unevenness of mortalities
among replicates.  Within-treatment coefficient of variation (CVs) for survival of >40% in effluent or receiving
water treatments but relatively small for control replicates in a standard reconstituted water may be an indication of
pathogen interference.  Receiving water controls from improper preparation or collection also should be evaluated.

11.3.4.3  Because of the ubiquitous nature of the pathogens or predatory organisms, all test equipment, glassware,
and pipettes must be kept clean and dry when not in use.  Use of separate glassware, pipettes, and siphons for each
concentration is recommended to minimize cross contaminating replicates of all treatments.  Care also should be
taken to properly clean test chambers by removing excess food, dead fish larvae, and other debris prior to daily
renewal (see Subsection 11.10.7).  When  proper laboratory hygiene and filtration through a 2-4 mm mesh opening
(Subsection 8.8.2) do not eliminate the sporadic mortality, the analyst should determine the source and confirm
pathogen interference using parallel testing (11.3.4.4). 

11.3.4.4  Parallel tests should be conducted using reconstituted water and receiving water as diluents with the
effluent to confirm that the test results are due to pathogen interference and to determine the source of pathogens in
the test.  This determination is an important step in controlling pathogen interference.  When the dilution water
exhibits the interference (i.e., pathogen interference is not observed in the test using reconstituted laboratory water
for dilution), reconstituted laboratory water instead of receiving waters should be used to eliminate the interference. 
However, if receiving water is required, the analyst may modify the test design to control pathogen interference
(Subsection 11.3.4.5) or treat the dilution water prior to testing to remove the interference (Subsection 11.3.4.6).  If
pathogen interference is due to pathogens in the effluent (i.e., pathogen interference is still observed in the test using
reconstituted laboratory water for dilution), it is recommended that the analyst modify the test design to control
pathogen interference (Subsection 11.3.4.5).  Upon approval by the regulatory authority, analysts also may use
various sample sterilization techniques to control pathogen interference (11.3.4.6) provided that parallel testing of
altered and unaltered samples further confirms the presence of pathogen interference and demonstrates successful
pathogen control.

11.3.4.5  When data evaluation indicates that sporadic mortality has occurred as described in Subsections 11.3.4.1 -
11.3.4.2, the test design can be modified as described below to control pathogen interference.  The use of 2 fish per
20 ml in each 1 ounce plastic cup test solution or 2 fish per 50 ml in each 4 ounce plastic cup can be used rather
than 10 fish per test chamber.  The total number of fish tested remains unchanged (i.e., 40 per treatment).   At test
initiation, for each test concentration and replicate, the test cups must be labeled to easily recombine the fish to the
original replicate at the end of the test.  For example, for replicate A, each of the five plastic test cups would be
identified as subreplicate A1, A2, A3, A4, and A5 repeating the pattern for subsequent replicates (e.g., for replicate
B, each cup would be identified as subreplicate B1, B2, B3, B4, and B5).  At test termination, all test organisms

RB-AR26063



55

from the five A subreplicates are combined for a survival and weight determination.  Document the recombination
of replicates in records.

11.3.4.5.1  All test chambers must be randomized using a template for randomization or by using a table of random
numbers.  Test chambers are randomized once at the beginning of the test (see Subsection 11.10.2.3).  When using
templates, a number of different templates should be prepared, so that the same template is not used for every test. 
Randomization procedures must be documented with daily records.

11.3.4.5.2  When adding or transferring the larvae to test chambers, the amount of excess water added to the
chambers should be kept to a minimum to avoid unnecessary dilution of the test concentrations. The fish in each test
chamber should be fed 0.1 mL of a concentrated suspension of newly hatched (less than 24-h old) brine shrimp
nauplii three times daily at 4 h intervals, or 0.15 mL should be fed twice daily at an interval of 6 h. (NOTE: to
prevent low dissolved oxygen levels, the amount of food added to cups should be adjusted to account for the
modified test design that uses smaller test chambers).  Dead test organisms should be removed as soon as they are
observed.

11.3.4.5.3  Fish are transferred to new or clean test chambers daily.  At the time of the daily renewal of the test
solutions, the fish are transferred to a new test chamber containing fresh test solution using a pipette which has at
least a 5mm bore diameter.  Separate pipettes should be used for each treatment.  Water transfer is kept to a
minimum by allowing the fish to swim out of the pipette into the new test chamber. Any potential injury to
individual fish should be recorded on the test sheets.

11.3.4.5.4  At test termination, the surviving larvae in each chamber must be counted and all subreplicates within a
replicate (e.g., A1, A2, A3, A4, and A5) combined.  For example, all test cups (within a treatment) labeled A would
be combined for a survival and dry weight determination.

11.3.4.6  When parallel testing has confirmed pathogen interference, the regulatory authority may allow
modifications of the effluent samples or receiving water diluent to remove or inactivate the pathogens (Subsection
11.3.4.6.1 - 11.3.4.6.4).  Techniques that control pathogen interference without modifying the effluent sample
(11.3.4.5) are recommended, but they may not always be able to minimize pathogen interference to the extent that
test results are not confounded by mortality due to pathogens.  Therefore, regulatory authorities may allow
appropriate pathogen control techniques (including those that modify the effluent sample) on a case-by-case basis.  
TIE approaches (USEPA, 1991b; USEPA, 1992) and the following procedures (Subsection 11.3.4.6.1 - 11.3.4.6.4)
can be used alone or in combination to ascertain the adverse influence on tests caused by pathogens.  Prior to
routine use of pathogen control techniques that modify the sample, the effects of pathogenic bacteria and the
effectiveness of the selected pathogen control technique must be confirmed by parallel and simultaneous testing of
the technique with altered and unaltered samples.

11.3.4.6.1  Use of ultra-violet light to irradiate the sample.  The rate of pumping specified by the manufacturer of
the apparatus should be used (provided that adequate disinfection is achieved), and the life of the UV light source
must follow manufacturers’ recommendations and be documented.  For example, one liter of water can be irradiated
for 20 min using an 8 watt UV light (Aquatic Ecosystems, Apopka, FL) prior to use each day of the test.  Light
sources have limited lifetimes and their effectiveness will decrease with age. The delivery pump and the light source
should be on the same electrical circuit to ensure that when power is interrupted both terminate operation.  QA/QC
procedures should be put into place to assure that the light source is on at the beginning and at the end of the
procedure.  Treatment of the large volumes of water necessary for test dilution also may be impractical.   Caution:
Since the effluent or receiving water samples must be passed through the UV sterilizer and then test treatments
prepared, there may be potential effects of UV light on the sample.  UV exposure may increase or decrease toxicity
from other pollutants in the sample. UV treatment is known to cause photoactivation of some organic compounds,
which may increase toxicity.  UV treatment also is known to cause the photochemical breakdown of certain organic
compounds, which could decrease toxicity (if the parent compound is toxic) or increase toxicity (if reaction
products are toxic).  These effects should be considered in the selection of pathogen control strategies, and the
analyst should attempt to minimize these effects to the extent reasonably practicable.  The effectiveness of UV for
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sterilization may decrease with turbid or stained samples.  Bacteria can escape exposure by being lodged in crevices
of particulate matter in the sample.  All toxicity tests using a sterilized sample must include a blank preparation
consisting of similarly sterilized laboratory water.

11.3.4.6.2  Ultra-filtration through a 0.22 μm pore diameter filter (such as Gelman Suprocap®) may be conducted on
sample aliquots before daily use.  Samples may need to be filtered through a glass fiber filter prior to the 0.22 μm
filter.  This is time consuming and volume restricted.  Treatment of the large volumes of water  necessary for test
dilution may be impractical.  Caution: Since the effluent or receiving water samples must be passed through the
filter, the effect of filtering must be evaluated.  Filtration can remove toxicity if toxic components of the sample are
bound to particles (USEPA, 1991b; 1992).  The  removal of suspended solids also may influence the bioavailability
of chemical pollutants.  These effects should be considered in the selection of pathogen control strategies, and the
analyst should attempt to minimize these effects to the extent reasonably practicable.  The removal of toxicity by
filtration must be evaluated for each sample by testing samples before and after filtration.   All toxicity tests using a
sterilized sample also must include a blank preparation consisting of similarly sterilized reconstituted laboratory
water. 

11.3.4.6.3  Use of chlorination and dechlorination.  In some cases, pathogens can survive the chlorination/
dechlorination process and the pathogenic effects may increase due to lack of competition from other organisms.
Sufficient data must be collected and documented to determine the effective dosage required.  Caution: Chlorination
of effluent samples could cause unknown effects on the sample. Chlorination could increase or decrease sample
toxicity by oxidizing organic compounds or forming chlorination by-products.  These effects should be considered
in the selection of pathogen control strategies, and the analyst should attempt to minimize these effects to the extent
reasonably practicable.  Toxicity tests conducted with the addition of chlorine and subsequent dechlorination
(USEPA, 1991b; 1992) to either effluent or receiving water samples also must include a blank preparation
consisting of similarly treated laboratory water.

11.3.4.6.4  Use of antibiotics.  The addition of wide spectrum antibiotics has been effective in removing the
pathogen effect (Downey et al., 2000).  Antibacterial treatment such as those commonly used in aquaculture or
home aquarium maintenance (e.g., oxytetracycline, chloramphenicol, and actinomycin) may be effective.  Sufficient
data must be collected to determine the effective dosage  required.  Caution:   While antibiotics are effective, easy to
use, inexpensive, and readily available, the antibiotic treatment may alter the sample in unknown or undesirable
ways and may make the sample too cloudy.  Large volumes of a sample may need to be treated.  These effects
should be considered in the selection of pathogen control strategies, and the analyst should attempt to minimize
these effects to the extent reasonably practicable.  All toxicity tests using antibiotic treatments also must include
treatment blanks of similarly prepared laboratory water.

11.3.5   Food added during the test may sequester metals and other toxic substances and confound test results. 
Daily renewal of solutions, however, will reduce the probability of reduction of toxicity caused by feeding.

11.3.6   pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-dependent
toxicants (such as metals) are present.  As pH increases, the toxicity of ammonia also increases (see Subsection
8.8.6), so upward pH drift may increase sample toxicity.  For metals, toxicity may increase or decrease with
increasing pH.  Lead and copper were found to be more acutely toxic at pH 6.5 than at pH 8.0 or 8.5, while nickel
and zinc were more toxic at pH 8.5 than at pH 6.5 (USEPA, 1992).  In situations where sample toxicity is confirmed
to be artifactual and due to pH drift (as determined by parallel testing as described in Subsection 11.3.6.1), the
regulatory authority may allow for control of sample pH during testing using procedures outlined in Subsection
11.3.6.2.  It should be noted that artifactual toxicity due to pH drift is not likely to occur unless pH drift is large
(more than 1 pH unit) and/or the concentration of some pH-dependent toxicant in the sample is near the threshold
for toxicity. 

11.3.6.1   To confirm that toxicity is artifactual and due to pH drift, parallel tests must be conducted, one with
controlled pH and one with uncontrolled pH.  In the uncontrolled-pH treatment, the pH is allowed to drift during the
test.  In the controlled-pH treatment, the pH is maintained using the procedures described in Subsection 11.3.6.2. 
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The pH to be maintained in the controlled-pH treatment (or target pH) will depend on the objective of the test.  If
the objective of the WET test is to determine the toxicity of the effluent in the receiving water, the pH should be
maintained at the pH of the receiving water (measured at the edge of the regulatory mixing zone).  If the objective
of the WET test is to determine the absolute toxicity of the effluent, the pH should be maintained at the pH of the
sample upon completion of collection (as measured on an aliquot removed from the sample container).

11.3.6.1.1   During parallel testing, the pH must be measured in each treatment at the beginning (i.e., initial pH) and

end (i.e., final pH)  of each 24-h exposure period.  For each treatment, the mean initial pH (e.g., averaging the initial
pH measured each day for a given treatment) and the mean final pH (e.g., averaging the final pH measured each day
for a given treatment) must be reported.  pH measurements taken during the test must confirm that pH was
effectively maintained at the target pH in the controlled-pH treatment.  For each treatment, the mean initial pH and
the mean final pH should be within ± 0.2 pH units of the target pH.  Test procedures for conducting toxicity
identification evaluations (TIEs) also recommend maintaining pH within ± 0.2 pH units in pH-controlled tests
(USEPA, 1992).

11.3.6.1.2   Total ammonia also should be measured in each treatment at the outset of parallel testing.  Total
ammonia concentrations greater than 5 mg/L in the 100% effluent are an indicator that toxicity observed in the test
may be due to ammonia (USEPA, 1992).  

11.3.6.1.3   Results from both of the parallel tests (pH-controlled and uncontrolled treatments) must be reported to
the regulatory authority.  If the uncontrolled test meets test acceptability criteria and shows no toxicity at the
permitted instream waste concentration, then the results from this test should be used for determining compliance. 
If the uncontrolled test shows toxicity at the permitted instream waste concentration, then the results from the pH-
controlled test should be used for determining compliance, provided that this test meets test acceptability criteria
and pH was properly controlled (see Subsection 11.3.6.1.1).  

11.3.6.1.4   To confirm that toxicity observed in the uncontrolled test was artifactual and due to pH drift, the results
of the controlled and uncontrolled-pH tests are compared.  If toxicity is removed or reduced in the pH-controlled
treatment, artifactual toxicity due to pH drift is confirmed for the sample.  To demonstrate that a sample result of
artifactual toxicity is representative of a given effluent, the regulatory authority may require additional information
or additional parallel testing before pH control (as described in Subsection 11.3.6.2) is applied routinely to
subsequent testing of the effluent. 

11.3.6.2   The pH can be controlled with the addition of acids and bases and/or the use of a CO2-controlled
atmosphere over the test chambers.  pH is adjusted with acids and bases by dropwise adding 1N NaOH or 1N HCl
(see Subsection 8.8.8).  The addition of acids and bases should be minimized to reduce the amount of additional
ions (Na or Cl) added to the sample.  pH is then controlled using the CO2-controlled atmosphere technique.  This
may be accomplished by placing test solutions and test organisms in closed headspace test chambers, and then
injecting a predetermined volume of CO2 into the headspace of each test chamber (USEPA, 1991b; USEPA, 1992);
or by placing test chambers in an atmosphere flushed with a predetermined mixture of CO2 and air (USEPA, 1996). 
Prior experimentation will be needed to determine the appropriate CO2/air ratio or the appropriate volume of CO2 to
inject.  This volume will depend upon the sample pH, sample volume, container volume, and sample constituents. 
If more than 5% CO2 is needed, adjust the solutions with acids (1N HCl) and then flush the headspace with no more
than 5% CO2 (USEPA, 1992).  If the objective of the WET test is to determine the toxicity of the effluent in the
receiving water, CO2 is injected to maintain the test pH at the pH of the receiving water (measured at the edge of the
regulatory mixing zone).  If the objective of the WET test is to determine the absolute toxicity of the effluent, CO2 is
injected to maintain the test pH at the pH of the sample upon completion of collection.  USEPA (1991b; 1992) and
Mount and Mount (1992) provide techniques and guidance for controlling test pH using a CO2-controlled
atmosphere.  In pH-controlled testing, control treatments must be subjected to all manipulations that sample
treatments are subjected to.  These manipulations must be shown to cause no lethal or sublethal effects on control
organisms.  In pH-controlled testing, the pH also must be measured in each treatment at the beginning and end of
each 24-h exposure period to confirm that pH was effectively controlled at the target pH level. 
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11.4   SAFETY 

11.4.1   See Section 3, Health and Safety.

11.5   APPARATUS AND EQUIPMENT 

11.5.1   Fathead minnow and brine shrimp culture units -- see USEPA, 1985a and USEPA, 2002a.  This test
requires 240-360 larvae.  It is preferable to obtain larvae from an in-house fathead minnow culture unit.  If it is not
feasible to culture fish in-house, embryos or newly hatched larvae can be shipped in well oxygenated water in
insulated containers.

11.5.2   Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h composite
sample of 5 L.

11.5.3   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 
 
11.5.4   Environmental chamber or equivalent facility with temperature control (25 ± 1°C).

11.5.5   Water purification system -- MILLIPORE MILLI-Q®, deionized water or equivalent (see Section 5,
Facilities, Equipment, and Supplies). 

11.5.6   Balance -- analytical, capable of accurately weighing to 0.00001 g.

11.5.7   Reference weights, Class S -- for checking performance of balance.  Weights should bracket the expected
weights of the weighing pans and the expected weights of the pans plus fish. 

11.5.8   Test chambers -- four borosilicate glass or non-toxic disposable plastic test chambers are required for each
concentration and control.  Test chambers may be 1 L, 500 mL or 250 mL beakers, 500 mL plastic cups, or
fabricated rectangular (0.3 cm thick) glass chambers, 15 cm x 7.5 cm x 7.5 cm.  To avoid potential contamination
from the air and excessive evaporation of test solutions during the test, the chambers should be covered with safety
glass plates or sheet plastic (6 mm thick). 

11.5.9   Volumetric flasks and graduated cylinders -- Class A, borosilicate glass or non-toxic plastic labware,
10-1000 mL for making test solutions. 5.10  

11.5.10   Volumetric pipets -- Class A, 1-100 mL. 
 
11.5.11   Serological pipets -- 1-10 mL, graduated. 

11.5.12   Pipet bulbs and fillers -- PROPIPET®, or equivalent. 

11.5.13   Droppers, and glass tubing with fire polished edges, 4 mm ID -- for transferring larvae. 

11.5.14   Wash bottles -- for rinsing small glassware and instrument electrodes and probes.

11.5.15   Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures. 

11.5.16   Bulb-thermograph or electronic-chart type thermometers -- for continuously recording temperature. 

11.5.17   Thermometers, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA, 1979b) -- to
calabrate laboratory themometers.

RB-AR26067



59

11.5.18   Meters, pH, DO, and specific conductivity -- for routine physical and chemical measurements.

11.5.19   Drying oven -- 50-105° C range for drying larvae.

11.6   REAGENTS AND CONSUMABLE MATERIALS 

11.6.1   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

11.6.2   Data sheets (one set per test) -- for recording data.

11.6.3   Vials, marked -- 24 per test, containing 4% formalin or 70% ethanol to preserve larvae (optional).

11.6.4   Weighing boats, aluminum -- 24 per test.

11.6.5   Tape, colored -- for labeling test chambers.

11.6.6   Markers, waterproof -- for marking containers, etc.

11.6.7   Reagents for hardness and alkalinity tests -- see USEPA Methods 130.2 and 310.1, USEPA, 1979b. 

11.6.8   Buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) -- for instrument
calibration (see USEPA Method 150.1, USEPA, 1979b).

11.6.9   Specific conductivity standards -- see USEPA Method 120.1, USEPA, 1979b. 

11.6.10   Membranes and filling solutions for DO probe (see USEPA Method 360.1, USEPA, 1979b), or reagents --
for modified Winkler analysis.

11.6.11   Laboratory quality control samples and standards -- for calibration of the above methods.

11.6.12   Reference toxicant solutions (see Section 4, Quality Assurance).

11.6.13   Ethanol (70%) or formalin (4%) -- for use as a preservative for the fish larvae. 

11.6.14   Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic to
the test organisms (see Section 5, Facilities, Equipment, and Supplies).

11.6.15   Effluent, receiving water, and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests.

11.6.16   Brine Shrimp, Artemia, Nauplii -- for feeding cultures and test organisms

11.6.16.1   Newly-hatched Artemia nauplii are used as food (see USEPA, 2002a) for fathead minnow, Pimephales
promelas, larvae in toxicity tests and frozen brine shrimp and flake food are used in the maintenance of continuous
stock cultures.  Although there are many commercial sources of brine shrimp cysts, the Brazilian or Colombian
strains are currently preferred because the supplies examined have had low concentrations of chemical residues and
produce nauplii of suitably small size. 

11.6.16.2   Each new batch of brine shrimp, Artemia, cysts must be evaluated for size (Vanhaecke and Sorgeloos,
1980, and Vanhaecke et al., 1980) and nutritional suitability (see Leger et al., 1985; Leger et al., 1986) against
known suitable reference cysts by performing a side by side larval growth test using the "new" and "reference"
cysts.  The "reference" cysts used in the suitability test may be a previously tested and acceptable batch of cysts.  A
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sample of newly-hatched Artemia nauplii from each new batch of cysts should be chemically analyzed.  The
Artemia cysts should not be used if the concentration of total organochlorine exceeds 0.15 μg/g wet weight or the
total concentration of organochlorine pesticides plus PCBs exceeds 0.30 μg/g wet weight.  (For analytical methods
see USEPA, 1982).

11.6.16.3   Artemia nauplii are obtained as follows: 

1. Add 1 L of seawater, or a solution prepared by adding 35.0 g uniodized salt (NaCl) or artificial sea
salts to 1 L deionized water, to a 2-L separatory funnel, or equivalent.

2. Add 10 mL Artemia cysts to the separatory funnel and aerate for 24-h at 27�C.  (Hatching time varies
with incubation temperature and the geographic strain of Artemia used) (see USEPA, 1991b; USEPA,
2002a and ASTM, 1993).

 3. After 24 h, cut off the air supply in the separatory funnel.  Artemia nauplii are phototactic, and will
concentrate at the bottom of the funnel if it is covered for 5-10 min.  To prevent mortality, do not leave
the concentrated nauplii at the bottom of the funnel more than 10 min without aeration.

4. Drain the nauplii into a beaker or funnel fitted with a � 150 μm Nitex® or stainless steel screen, and
rinse with deionized water, or equivalent, before use.

 
11.6.16.4   Testing Artemia nauplii as food for toxicity test organisms.

11.6.16.4.1   The primary criterion for acceptability of each new supply of brine shrimp cysts is the ability of the
nauplii to support good survival and growth of the fathead minnow larvae (see Subsection 11.12).  The larvae used
to evaluate the suitability of the brine shrimp nauplii must be of the same geographical origin, species, and stage of
development as those used routinely in the toxicity tests.  Sufficient data to detect differences in survival and growth
should be obtained by using three replicate test vessels, each containing a minimum of 15 larvae, for each type of
food.

11.6.16.4.2   The feeding rate and frequency, test vessels, volume of control water, duration of the test, and age of
the nauplii at the start of the test, should be the same as used for the routine toxicity tests.

11.6.16.4.3   Results of the brine shrimp nutrition assay, where there are only two treatments, can be evaluated
statistically by use of a t test.  The "new" food is acceptable if there are no statistically significant differences in the
survival and growth of the larvae fed the two sources of nauplii.

11.6.17  TEST ORGANISMS, FATHEAD MINNOWS, PIMEPHALES PROMELAS

11.6.17.1   Newly hatched fish less than 24 h old should be used for the test.  If organisms must be shipped to the
testing site, fish up to 48 h old may be used, all hatched within a 24-h window.

11.6.17.2   If the fish are kept in a holding tank or container, most of the water should be siphoned off to
concentrate the fish.  The fish are then transferred one at a time randomly to the test chambers until each chamber
contains ten fish.  Alternately, fish may be placed one or two at a time into small beakers or plastic containers until
they each contain five fish.  Three (minimum of two) of these beakers/plastic containers are then assigned to
randomly-arranged control and exposure chambers.

11.6.17.2.1   The fish are transferred directly to the test vessels or intermediate beakers/plastic containers, using a
large-bore, fire-polished glass tube (6 mm to 9 mm I.D. X 30 cm long) equipped with a rubber bulb, or a large
volumetric pipet with tip removed and fitted with a safety type bulb filler.  The glass or plastic containers should
only contain a small volume of dilution water.

11.6.17.2.2   It is important to note that larvae should not be handled with a dip net.  Dipping small fish with a net
may result in damage to the fish and cause mortality.
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11.6.17.3   The test is conducted with a minimum of four test chambers at each toxicant concentration and control. 
Fifteen (minimum of ten) embryos are placed in each replicate test chamber.  Thus 60 (minimum of 40) fish are
exposed at each test concentration.

11.6.17.4   Sources of organisms

11.6.17.4.1   Fathead minnows, Pimephales promelas, may be obtained from commercial biological supply houses. 
Fish obtained from outside sources for use as brood stock or in toxicity tests may not always be of suitable age and
quality.  Fish provided by supply houses should be guaranteed to be of (1) the correct species, (2) disease free, (3)
in the requested age range, and (4) in good condition.  This can be done by providing the record of the date on
which the eggs were laid and hatched, and information on the sensitivity of contemporary fish to reference
toxicants.

11.6.17.5   Inhouse Sources of Fathead Minnows, Pimephales promelas

11.6.17.5.1   Problems in obtaining suitable fish from outside laboratories can be avoided by developing an inhouse
laboratory culture facility.  Fathead minnows, Pimephales promelas, can be easily cultured in the laboratory from
eggs to adults in static, recirculating, or flow-through systems.  The larvae, juveniles, and adult fish should be kept
in 60 L (15 gal) or 76 L (20 gal) rearing tanks supplied with reconstituted water, dechlorinated tap water, or natural
water.  The water should be analyzed for toxic metals and organics quarterly (see Section 4, Quality Assurance).  

11.6.17.5.1.1   If a static or recirculating system is used, it is necessary to equip each tank with an outside activated
carbon filter system, similar to those sold for tropical fish hobbyists (or one large activated carbon filter system for a
series of tanks) to prevent the accumulation of toxic metabolic wastes (principally nitrite and ammonia) in the water. 

11.6.17.5.2   Flow-through systems require large volumes of water and may not be feasible in some laboratories. 
The culture tanks should be shielded from extraneous disturbances using opaque curtains, and should be isolated
from toxicity testing activities to prevent contamination. 

11.6.17.5.3   To avoid the possibility of inbreeding of the inhouse brood stock, fish from an outside source should
be introduced yearly into the culture unit.

11.6.17.5.4   Dissolved oxygen -- The DO concentration in the culture tanks should be maintained near saturation,
using gentle aeration with 15 cm air stones if necessary.  Brungs (1971), in a carefully controlled long-term study,
found that the growth of fathead minnows was reduced significantly at all dissolved oxygen concentrations below
7.9 mg/L.  Soderberg (1982) presented an analytical approach to the re-aeration of flowing water for culture
systems.

11.6.17.5.5   Culture Maintenance 

11.6.17.5.5.1   Adequate procedures for culture maintenance must be followed to avoid poor water quality in the
culture system.  The spawning and brood stock culture tanks should be kept free of debris (excess food, detritus,
waste, etc.) by siphoning the accumulated materials (such as dead brine shrimp nauplii or cysts) from the bottom of
the tanks daily with a glass siphon tube attached to a plastic hose leading to the floor drain.  The tanks are more
thoroughly cleaned as required.  Algae, mostly diatoms and green algae, growing on the glass of the spawning tanks
are left in place, except for the front of the tank, which is kept clean for observation.  To avoid excessive build-up of
algal growth, the walls of the tanks are periodically scraped.  The larval culture tanks are cleaned once or twice a
week to reduce the mass of fungus growing on the bottom of the tank.

11.6.17.5.5.2   Activated charcoal and floss in the tank filtration systems should be changed weekly, or more often if
needed.  Culture water may be maintained by preparation of reconstituted water or use of dechlorinated tap water. 
Distilled or deionized water is added as needed to compensate for evaporation.
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11.6.17.5.5.3   Before new fish are placed in tanks, salt deposits are removed by scraping or with 5% acid solution,
the tanks are washed with detergent, sterilized with a hypochlorite solution, and rinsed well with hot tap water and
then with laboratory water. 

11.6.17.5.6   Obtaining Embryos for Toxicity Tests

11.6.17.5.6.1   Embryos can be shipped to the laboratory from an outside source or obtained from adults held in the
laboratory as described below.  

11.6.17.5.6.2   For breeding tanks, it is convenient to use 60 L (15 gal) or 76 L (20 gal) aquaria.  The spawning unit
is designed to simulate conditions in nature conducive to spawning, such as water temperature and photoperiod. 
Spawning tanks must be held at a temperature of 25 ± 2°C.  Each aquarium is equipped with a heater, if necessary, a
continuous filtering unit, and spawning substrates.  The photoperiod for the culture system should be maintained at
16 h light and 8 h darkness.  For the spawning tanks, this photoperiod must be rigidly controlled.  A convenient
photoperiod is 5:00 AM to 9:00 PM.  Fluorescent lights should be suspended about 60 cm above the surface of the
water in the brood and larval tanks.  Both DURATEST® and cool-white fluorescent lamps have been used, and
produce similar results.  An illumination level of 50 to 100 ft-c is adequate.

11.6.17.5.6.3   To simulate the natural spawning environment, it is necessary to provide substrates (nesting
territories) upon which the eggs can be deposited and fertilized, and which are defended and cared for by the males. 
The recommended spawning substrates consist of inverted half-cylinders, 7.6 cm × 7.6 cm (3 in × 3 in) of Schedule
40 PVC pipe.  The substrates should be placed equi-distant from each other on the bottom of the tanks.
 
11.6.17.5.6.4   To establish a breeding unit, 15-20 pre-spawning adults six to eight months old are taken from a
"holding" or culture tank and placed in a 76-L spawning tank.  At this point, it is not possible to distinguish the
sexes.  However, after less than a week in the spawning tank, the breeding males will develop their distinct
coloration and territorial behavior, and spawning will begin.  As the breeding males are identified, all but two are
removed, providing a final ratio of 5-6 females per male.  The excess spawning substrates are used as shelter by the
females. 
 
11.6.17.5.6.5   Sexing of the fish to ensure a correct female/male ratio in each tank can be a problem.  However, the
task usually becomes easier as experience is gained (Flickinger, 1966).  Sexually mature females usually have large
bellies and a tapered snout.  The sexually mature males are usually distinguished by their larger overall size, dark
vertical color bands, and the spongy nuptial tubercles on the snout.  Unless the males exhibit these secondary
breeding characteristics, no reliable method has been found to distinguish them from females.  However, using the
coloration of the males and the presence of enlarged urogenital structures and other characteristics of the females,
the correct selection of the sexes can usually be achieved by trial and error. 

11.6.17.5.6.6   Sexually immature males are usually recognized by their aggressive behavior and partial banding. 
These undeveloped males must be removed from the spawning tanks because they will eat the eggs and constantly
harass the mature males, tiring them and reducing the fecundity of the breeding unit.  Therefore, the fish in the
spawning tanks must be carefully checked periodically for extra males. 

11.6.17.5.6.7   A breeding unit should remain in their spawning tank about four months.  Thus, each brood tank or
unit is stocked with new spawners about three times a year.  However, the restocking process is rotated so that at
any one time the spawning tanks contain different age groups of brood fish. 

11.6.17.5.6.8   Fathead minnows spawn mostly in the early morning hours.  They should not be disturbed except for
a morning feeding (8:00 AM) and daily examination of substrates for eggs in late morning or early afternoon.  In
nature, the male protects, cleans, and aerates the eggs until they hatch.  In the laboratory, however, it is necessary to
remove the eggs from the tanks to prevent them from being eaten by the adults, for ease of handling, for purposes of
recording embryo count and hatchability, and for the use of the newly hatched young fish for toxicity tests. 
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11.6.17.5.6.9   Daily, beginning six to eight hours after the lights are turned on (11:00 AM - 1:00 PM), the
substrates in the spawning tanks are each lifted  carefully and inspected for embryos.  Substrates without embryos
are immediately returned to the spawning tank.  Those with embryos are immersed in clean water in a collecting
tray, and replaced with a clean substrate.  A daily record is maintained of each spawning site and the estimated
number of embryos on the substrate.

11.6.17.5.6.10   Three different methods are described for embryo incubation.

1. Incubation of Embryos on the Substrates:  Several (2-4) substrates are placed on end in a circular
pattern (with the embryos on the innerside) in 10 cm of water in a tray.  The tray is then placed in a
constant temperature water bath, and the embryos are aerated with a 2.5 cm airstone placed in the
center of the circle.  The embryos are examined daily, and the dead and fungused embryos are
counted, recorded, and removed with forceps.  At an incubation temperature of 25°C, 50% hatch
occurs in five days.  At 22°C embryos incubated on aerated tiles require 7 days for 50% hatch.

2. Incubation of Embryos in a Separatory Funnel:  The embryos are removed from the substrates with a
rolling action of the index finger ("rolled off") (Gast and Brungs, 1973), their total volume is
measured, and the number of embryos is calculated using a conversion factor of approximately 430
embryos/mL.  The embryos are incubated in about 1.5 L of water in a 2 L separatory funnel
maintained in a water bath.  The embryos are stirred in the separatory funnel by bubbling air from the
tip of a plastic micro-pipette placed at the bottom, inside the separatory funnel.  During the first two
days, the embryos are taken from the funnel daily, those that are dead and fungused are removed, and
those that are alive are returned to the separatory funnel in clean water.  The embryos hatch in four
days at a temperature of 25°C.  However, usually on day three the eyed embryos are removed from the
separatory funnel and placed in water in a plastic tray and gently aerated with an air stone.  Using this
method, the embryos hatch in five days.  Hatching time is greatly influenced by the amount of
agitation of the embryos and the incubation temperature.  If on day three the embryos are transferred
from the separatory funnel to a static, unaerated container, a 50% hatch will occur in six days (instead
of five) and a 100% hatch will occur in seven days.  If the culture system is operated at 22°C, embryos
incubated on aerated tiles require seven days for 50% hatch. 

3. Incubation in Embryo Incubation Cups:  The embryos are "rolled off" the substrates, and the total
number is estimated by determining the volume.  The embryos are then placed in incubation cups
attached to a rocker arm assembly (Mount, 1968).  Both flow-through and static renewal incubation
have been used.  On day one, the embryos are removed from the cups and those that are dead and
fungused are removed.  After day one only dead embryos are removed from the cups.  During the
incubation period, the eggs are examined daily for viability and fungal growth, until they hatch. 
Unfertilized eggs, and eggs that have become infected by fungus, should be removed with forceps
using a table top magnifier-illuminator.  Non-viable eggs become milky and opaque, and are easily
recognized.  The non-viable eggs are very susceptible to fungal infection, which may then spread
throughout the egg mass.  Removal of fungus should be done quickly, and the substrates should be
returned to the incubation tanks as rapidly as possible so that the good eggs are not damaged by
desiccation.  Hatching takes four to five days at an optimal temperature of 25°C.  Hatching can be
delayed several (two to four) days by incubating at lower temperatures.  A large plastic tank receiving
recirculating water from a temperature control unit, can be used as a water bath for incubation of
embryos.

11.6.17.5.6.11   Newly-hatched larvae are transferred daily from the egg incubation apparatus to small rearing
tanks, using a large bore pipette, until the hatch is complete.  New rearing tanks are set up on a daily basis to
separate fish by age group.  Approximately 1500 newly hatched larvae are placed in a 60-L (15 gal) or 76-L (20 gal)
all-glass aquarium for 30 days.  A density of 150 fry per liter is suitable for the first four weeks.  The water
temperature in the rearing tanks is allowed to follow ambient laboratory temperatures of 20-25°C, but sudden,
extreme variations in temperature must be avoided. 
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11.6.17.5.7   Food and Feeding

11.6.17.5.7.1   The amount of food and feeding schedule affects both growth and egg production.  The spawning
fish and pre-spawners in holding tanks usually are fed all the adult frozen brine shrimp and tropical fish flake food
or dry commercial fish food (No. l or No. 2 granules) that they can eat (ad libitum) at the beginning of the work day
and in the late afternoon (8:00 AM and 4:00 PM).  The fish are fed twice a day (twice a day with dry food and once
a day with adult shrimp) during the week and once a day on weekends. 
 
11.6.17.5.7.2   Fathead minnow larvae are fed freshly-hatched brine shrimp (Artemia) nauplii twice daily until they
are four weeks old.  Utilization of older (larger) brine shrimp nauplii may result in starvation of the young fish
because they are unable to ingest the larger food organisms (see Subsection 11.6.16 or USEPA, 2002a for
instructions on the preparation of brine shrimp nauplii).

11.6.17.5.7.3   Fish older than four weeks are fed frozen brine shrimp and commercial fish starter (#l and #2), which
is ground fish meal enriched with vitamins.  As the fish grow, larger pellet sizes are used, as appropriate. (Starter,
No. 1 and N. 2 granules, U.S. Fish and Wildlife Service Formulation Specification Diet SD9-30).  Newly hatched
brine shrimp nauplii, and frozen adult brine shrimp are fed to the fish cultures in volumes based on age, size, and
number of fish in the tanks.

11.6.17.5.7.4   Fish in the larval tanks (from hatch to 30 days old) are fed commercial starter fish food at the
beginning and end of the work day, and newly hatched brine shrimp nauplii (from the brine shrimp culture unit)
once a day, usually mid-morning and mid-afternoon. 

11.6.17.5.7.5   Attempts should be made to avoid introducing Artemia cysts and empty shells when the brine shrimp
nauplii are fed to the fish larvae.  Some of the mortality of the larval fish observed in cultures could be caused from
the ingestion of these materials.

11.6.17.5.8   Disease Control 

11.6.17.5.8.1   Fish are observed daily for abnormal appearance or behavior.  Bacterial or fungal infections are the
most common diseases encountered.  However, if normal precautions are taken, disease outbreaks will rarely, if
ever, occur.  Hoffman and Mitchell (1980) have put together a list of some chemicals that have been used
commonly for fish diseases and pests.

11.6.17.5.8.2   In aquatic culture systems where filtration is utilized, the application of certain antibacterial agents
should be used with caution.  A treatment with a single dose of antibacterial drugs can interrupt nitrate reduction
and stop nitrification for various periods of time, resulting in changes in pH, and in ammonia, nitrite and nitrate
concentrations (Collins et al., 1976).  These changes could cause the death of the culture organisms. 
 
11.6.17.5.8.3   Do not transfer equipment from one tank to another without first disinfecting tanks and nets.  If an
outbreak of disease occurs, any equipment, such as nets, airlines, tanks, etc., which has been exposed to diseased
fish should be disinfected with sodium hypochlorite.  Also to avoid the contamination of cultures or spread of
disease, each time nets are used to remove live or dead fish from tanks, they are first sterilized with sodium
hypochlorite or formalin, and rinsed in hot tap water.  Before a new lot of fish is transferred to culture tanks, the
tanks are cleaned and sterilized as described above. 
 
11.6.17.5.8.4   It is recommended that chronic toxicity tests be performed monthly with a reference toxicant.  Newly
hatched fathead minnow larvae less than 24 h old are used to monitor the chronic toxicity of the reference toxicant
to the test fish produced by the culture unit (see Section 4, Quality Assurance).
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11.6.17.5.9   Record Keeping

11.6.17.5.9.1   Records, kept in a bound notebook, include: (l) type of food and time of feeding for all fish tanks; (2)
time of examination of the tiles for embryos, the estimated number of embryos on the tile, and the tile position
number; (3) estimated number of dead embryos and embryos with fungus observed during the embryonic
development stages; (4) source of all fish; (5) daily observation of the condition and behavior of the fish; and (6)
dates and results of reference toxicant tests performed (see Section 4, Quality Assurance).

11.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE

11.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

11.8   CALIBRATION AND STANDARDIZATION 

11.8.1   See Section 4, Quality Assurance. 

11.9   QUALITY CONTROL

11.9.1   See Section 4, Quality Assurance. 

11.10   TEST PROCEDURES 

11.10.1   TEST SOLUTIONS 

11.10.1.1   Receiving Waters 

11.10.1.1.1   The sampling point is determined by the objectives of the test.  Receiving water toxicity is determined
with samples used directly as collected or after samples are passed through a 60 μm NITEX® filter and compared
without dilution, against a control.  Using four replicate chambers per test, each containing 250 mL, and 400 mL for
chemical analyses, would require approximately 1.5 L or more of sample per test per day. 

11.10.1.2  Effluents 

11.10.1.2.1   The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ± 100%, and testing of
concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%, 25%,
50%, and 100%).  Test precision shows little improvement as the dilution factor is increased beyond 0.5, and
declines rapidly if a smaller dilution factor is used.  Therefore, USEPA recommends the use of the � 0.5 dilution

factor.

11.10.1.2.2   If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should
be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during the first
1 to 2 h of the test, additional dilutions should be added at the lower range of effluent concentrations.

11.10.1.2.3   The volume of effluent required for daily renewal of four replicates per concentration, each containing
250 mL of test solution, is approximately 2.5 L.  Sufficient test solution (approximately 1500 mL) is prepared at
each effluent concentration to provide 400 mL additional volume for chemical analyses at the high, medium, and
low test concentrations.  If the sample is used for more than one daily renewal of test solutions, the volume must be
increased proportionately.

11.10.1.2.4   Tests should begin as soon as possible, preferably within 24 h of sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site toxicity
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tests unless permission is granted by the permitting authority.  In no case should the sample be used for the first time
in a test more than 72 h after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests).

11.10.1.2.5   Just prior to test initiation (approximately 1 h) the temperature of sufficient quantity of the sample to
make the test solutions should be adjusted to the test temperature and maintained at that temperature during the
addition of dilution water.

11.10.1.2.6   The DO of the test solutions should be checked prior to the test initiation.  If any of the solutions are
supersaturated with oxygen, all of the solutions and the control should be gently aerated.  If any solution has a DO
concentration below 4.0 mg/L, all of the solutions and the control must be gently aerated.

11.10.1.3   Dilution Water

11.10.1.3.1   Dilution water may be uncontaminated receiving water, a standard synthetic (reconstituted) water, or
some other uncontaminated natural water (see Section 7, Dilution Water).

11.10.2   START OF THE TEST 
 
11.10.2.1   Label the test chambers with a marking pen.  Use of color-coded tape to identify each treatment and
replicate is helpful.  A minimum of five effluent concentrations and a control are used for each effluent test.  Each
treatment (including the control) must have a minimum of four replicates.  
 
11.10.2.2   Tests performed in laboratories that have in-house fathead minnow breeding cultures should use larvae
less than 24 h old.  When eggs or larvae must be shipped to the test site from a remote location, it may be necessary
to use larvae older than 24 h because of the difficulty in coordinating test organism shipments with field operations. 
However, in the latter case, the larvae must not be more than 48 h old at the start of the test and must all be within
24 h of the same age. 

11.10.2.3   Randomize the position of test chambers at the beginning of the test (see Appendix A).  Maintain the
chambers in this configuration throughout the test.  Preparation of a position chart may be helpful.

11.10.2.4   The larvae are pooled and placed one or two at a time into each randomly arranged test chamber or
intermediate container in sequential order, until each chamber contains 15 (minimum of 10) larvae, for a total of
60 larvae (minimum of 40) for each concentration (see Appendix A).  The test organisms should come from a pool
of larvae consisting of at least three separate spawnings.  The amount of water added to the chambers when
transferring the larvae should be kept to a minimum to avoid unnecessary dilution of the test concentrations. 

11.10.2.4.1   The chambers may be placed on a light table to facilitate counting the larvae.

11.10.3   LIGHT, PHOTOPERIOD, AND TEMPERATURE

11.10.3.1   The light quality and intensity should be at ambient laboratory levels, which is approximately 10-20
μE/m2/s, or 50 to 100 foot candles (ft-c), with a photoperiod of 16 h of light and 8 h of darkness.  The water
temperature in the test chambers should be maintained at 25 ± 1oC.

11.10.4   DISSOLVED OXYGEN (DO) CONCENTRATION

11.10.4.1   Aeration may affect the toxicity of effluents and should be used only as a last resort to maintain
satisfactory DO concentrations.  The DO concentrations should be measured in the new solutions at the start of the
test (Day 0) and before daily renewal of the test solutions on subsequent days.  The DO concentrations should not
fall below 4.0 mg/L (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests).  If it is necessary to aerate, all concentrations and the control should be aerated. 
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The aeration rate should not exceed 100 bubbles/min, using a pipet with an orifice of approximately 1.5 mm, such
as a 1-mL, KIMAX® serological pipet, or equivalent.  Care should be taken to ensure that turbulence resulting from
aeration does not cause undue physical stress to the fish. 

11.10.5   FEEDING 

11.10.5.1   The fish in each test chamber are fed 0.1 g (approximately 700 to 1000) of a concentrated suspension of
newly hatched (less than 24-h old) brine shrimp nauplii three times daily at 4-h intervals or, as a minimum, 0.15 g
are fed twice daily at an interval of 6 h.  Equal amounts of nauplii must be added to each replicate chamber to
reduce variability in larval weight.  Sufficient numbers of nauplii should be provided to assure that some remain
alive in the test chambers for several hours, but not in excessive amounts which will result in depletion of DO below
acceptable levels (below 4.0 mg/L).

11.10.5.2   The feeding schedule will depend on when the test solutions are renewed.  If the test is initiated after
12:00 PM, the larvae may be fed only once the first day.  On following days, the larvae normally would be fed at
the beginning of the work day, at least 2 h before test solution renewal, and at the end of the work day, after test
solution renewal.  However, if the test solutions are changed at the beginning of the work day, the first feeding
would be after test solution renewal in the morning, and the remaining feeding(s) would be at the appropriate
intervals.  The larvae are not fed during the final 12 h of the test.

11.10.5.3   The nauplii should be rinsed with freshwater to remove salinity before use (see USEPA, 2002a).  At
feeding time pipette about 5 mL (5 g) of concentrated newly hatched brine shrimp nauplii into a 120 mesh nylon net
or plastic cup with nylon mesh bottom.  Slowly run freshwater through the net or rinse by immersing the cup in a
container of fresh water several times.  Resuspend the brine shrimp in 10 mL of fresh water in a 30 mL beaker or
simply set the cup of washed brine shrimp in ¼ inch of fresh water so that the cup contains about 10 mL of water. 
Allow the container to set for a minute or two to allow dead nauplii and empty cysts to settle or float to the surface
before collecting the brine shrimp from just below the surface in a pipette for feeding.  Distribute 2 drops (0.1 g) of
the brine shrimp to each test chamber.  If the survival rate in any test chamber falls below 50%, reduce the feeding
in that chamber to 1 drop of brine shrimp at each subsequent feeding.

11.10.6   OBSERVATIONS DURING THE TEST 

11.10.6.1   Routine Chemical and Physical Determinations

11.10.6.1.1   DO is measured at the beginning and end of each 24-h exposure period in at least one test chamber at
each test concentration and in the control.

11.10.6.1.2   Temperature and pH are measured at the end of each 24-h exposure period in at least one test chamber
at each test concentration and in the control.  Temperature should also be monitored continuously or observed and
recorded daily for at least two locations in the environmental control system or the samples.  Temperature should be
measured in a sufficient number of test vessels at least at the end of the test to determine the temperature variation in
the environmental chamber.

11.10.6.1.3   The pH is measured in the effluent sample each day before new test solutions are made.

11.10.6.1.4   Conductivity, alkalinity and hardness are measured in each new sample (100% effluent or receiving
water) and in the control.

11.10.6.1.5   Record all the measurements on the data sheet (Figure 1)
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11.10.6.2   Routine Biological Observations

11.10.6.2.1   The number of live larvae in each test chamber are recorded daily (Figure 2) , and the dead larvae are
discarded.

11.10.6.2.2    Protect the larvae from unnecessary disturbance during the test by carrying out the daily test
observations, solution renewals, and removal of dead larvae, carefully.  Make sure the larvae remain immersed
during the performance of these operations.
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Discharger: Test Dates:

Location: Analyst:

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Figure 1. Data form for the fathead minnow, Pimephales promelas, larval survival and growth test.  Routine
chemical and physical determinations.
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Discharger: Test Dates:

Location: Analyst:

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Figure 1. Data form for the fathead minnow, Pimephales promelas, larval survival and growth test.  Routine
chemical and physical determinations (CONTINUED).
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Discharger: Test Dates:

Location: Analyst:

No. Surviving Organisms

Conc: Rep. No. Day

Control: 1 2 3 4 5 6 7 Remarks

Conc:

Conc:

Conc:

Conc:

Conc:

Conc:

Conc:

Comments:

Figure 2. Survival data for the fathead minnow, Pimephales promelas, larval survival and growth test.
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11.10.7   DAILY CLEANING OF TEST CHAMBERS

11.10.7.1   Before the daily renewal of test solutions, uneaten and dead Artemia, dead fish larvae, and other debris
are removed from the bottom of the test chambers with a siphon hose.  Alternately, a large pipet (50 mL) fitted with
a rubber bulb can be used.  Because of their small size during the first few days of the tests, larvae are easily drawn
into the siphon tube or pipet when cleaning the test chambers.  By placing the test chambers on a light box,
inadvertent removal of larvae can be greatly reduced because they can be more easily seen.  If the water siphoned
from the test chambers is collected in a white plastic tray, the larvae caught up in the siphon can be retrieved and
returned to the chambers.  Any incidence of removal of live larvae from the test chambers during cleaning, and
subsequent return to the chambers, should be noted in the records. 

11.10.8   TEST SOLUTION RENEWAL

11.10.8.1   Freshly prepared solutions are used to renew the tests daily immediately after cleaning the test chambers. 
For on-site toxicity studies, fresh effluent or receiving water samples should be collected daily, and no more than 24
h should elapse between collection of the samples and their use in the tests (see Section 8, Effluent and Receiving
Water Sampling, Sample Holding, and Sample Preparation for Toxicity Tests).  For off-site tests, a  minimum of
three samples are collected, preferably on days one, three, and five.  Maintain the samples in the refrigerator at 0-
6oC until used.

11.10.8.2   For test solution renewal, the water level in each chamber is lowered to a depth of 7 to 10 mm, which
leaves 15 to 20% of the test solution.  New test solution (250 mL) should be added slowly by pouring down the side
of the test chamber to avoid excessive turbulence and possible injury to the larvae. 

11.10.9   TERMINATION OF THE TEST 

11.10.9.1   The test is terminated after seven days of exposure.  At test termination, dead larvae are removed and
discarded.  The surviving larvae in each test chamber (replicate) are counted and immediately prepared as a group
for dry weight determination, or are preserved as a group in 70% ethanol or 4% formalin.  Preserved organisms are
dried and weighed within 7 days.  For safety, formalin should be used under a hood.

11.10.9.2   For immediate drying and weighing, place live larvae onto a 500 μm mesh screen in a large beaker to
wash away debris that might contribute to the dry weight.  Each group of larvae is rinsed with deionized water to
remove food particles, transferred to a tared weighing boat that has been properly labeled, and dried at 60oC, for 24
h or at 100oC for a minimum of 6 h.  Immediately upon removal from the drying oven, the weighing boats are
placed in a dessicator until weighed, to prevent the absorption of moisture from the air.  All weights should be
measured to the nearest 0.01 mg and recorded on data sheets (Figure 3).  Subtract tare weight to determine the dry
weight of the larvae in each replicate.  For each test chamber, divide the final dry weight by the number of original
larvae in the test chamber to determine the average individual dry weight and record on the data sheet (Figure 3). 
For the controls, also calculate the mean weight per surviving fish in the test chamber to evaluate if weights met test
acceptability criteria (See Section 11.11).  Average weights should be expressed to the nearest 0.001 mg.

11.10.9.3   Prepare a summary table as illustrated in Figure 4.

11.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

11.11.1   A summary of test conditions and test acceptability criteria is presented in Table 1.
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Discharger:                         Test Dates:                     

Location:                                Analyst:                 

TREATMENT CONTROL

NO. LIVE LARVAE

SURVIVAL

(%)

MEAN DRY WGT

OF LARVAE (MG)

± SD

TEMPERATURE

RANGE (�C)

DISSOLVED

OXYGEN RANGE

  (MG/L)

HARDNESS

CONDUCTIVITY

COMMENTS:

Figure 4. Summary data for the fathead minnow, Pimephales promelas, larval survival and growth test.  
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TABLE 1. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL SURVIVAL AND GROWTH
TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD
1000.0)1

1. Test type: Static renewal (required)
 

2. Temperature (oC): 25 ± 1oC (recommended)
Test temperatures must not deviate (i.e., maximum minus
minimum temperature) by more than 3oC during the test
(required)

 
3. Light quality: Ambient laboratory illumination (recommended)

 
4. Light intensity: 10-20 μE/m2/s (50-100 ft-c)(ambient laboratory levels)

(recommended)
 

5. Photoperiod: 16 h light, 8 h darkness (recommended)
 

6. Test chamber size: 500 mL (recommended minimum)
 

7. Test solution volume: 250 mL (recommended minimum) 
 

8. Renewal of test 
solutions: Daily (required) 

 
9. Age of test organisms: Newly hatched larvae less than 24 h old.  If shipped, not

more than 48 h old, 24 h range in age (required) 
 

10. No. larvae per test chamber: 10 (recommended) 
 

11. No. replicate chambers 
per concentration: 4 (required minimum)

 
12. No. larvae per

concentration: 40 (required minimum) 

13. Source of food: Newly hatched Artemia nauplii (less than 24 h old)
(required) 

14. Feeding regime: On days 0-6, feed 0.1 g newly hatched (less than 24-h old)
brine shrimp nauplii three times daily at 4-h intervals or, as a
minimum, 0.15 g twice daily at 6-h intervals (at the
beginning of the work day prior to renewal, and at the end of
the work day following renewal).  Sufficient nauplii are
added to provide an excess.  (recommended)

1 For the purposes of reviewing WET test data submitted under NPDES permits, each test condition listed
above is identified as required or recommended (see Subsection 10.2 for more information on test review).
Additional requirements may be provided in individual permits, such as specifying a given test condition
where several options are given in the method.
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TABLE 1. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL SURVIVAL AND GROWTH
TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD
1000.0) (CONTINUED)

                                                                            
15. Cleaning: Siphon daily, immediately before test solution renewal (required)

16. Aeration: None, unless DO concentration falls below 4.0 mg/L.  Rate should
not exceed 100 bubbles/minimum (recommended) 

17. Dilution water: Uncontaminated source of receiving or other natural water,
synthetic water prepared using MILLIPORE MILLI-Q® or
equivalent deionized water and reagent grade chemicals, or DMW
(see Section 7, Dilution Water) (available options)

18. Test concentrations: Effluents: 5 and a control (required minimum)
Receiving Water: 100% receiving water (or minimum of 5) and a
control (recommended) 

19. Dilution factor: Effluents:  � 0.5 (recommended) 
Receiving waters:  None or � 0.5 (recommended) 

20. Test duration: 7 days (required) 

21. Endpoints: Survival and growth (weight) (required) 

22. Test acceptability
criteria: 80% or greater survival in controls; average dry weight per

surviving organism in control chambers equals or exceeds 0.25 mg
(required) 

23. Sampling requirements: For on-site tests, samples collected daily, and used within 24 h of
the time they are removed from the sampling device; For off-site
tests, a minimum of three samples (e.g., collected on days one, three
and five) with a maximum holding time of 36 h before first use (see
Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests, Subsection
8.5.4) (required) 

24. Sample volume required: 2.5 L/day (recommended) 
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11.12   ACCEPTABILITY OF TEST RESULTS 

11.12.1   For the test results to be acceptable, survival in the controls must be at least 80%.  The average dry weight
per surviving control larvae at the end of the test must equal or exceed 0.25 mg.

11.13   DATA ANALYSIS

11.13.1   GENERAL 

11.13.1.1   Tabulate and summarize the data.  A sample set of survival and growth response data is shown in Table
2.

TABLE 2. SUMMARY OF SURVIVAL AND GROWTH DATA FOR FATHEAD MINNOW,
PIMEPHALES PROMELAS, LARVAE EXPOSED TO A REFERENCE TOXICANT FOR
SEVEN DAYS1 

Proportion of
NaPCP Survival in Replicate Mean Avg Dry Wgt (mg) In Mean
Conc. Chambers Prop. Replicate Chambers Dry Wgt

  (μg/L) A B C D Surv A B C D (mg)

0 1.0 1.0 0.9 0.9 0.95 0.711 0.662 0.646 0.690 0.677

32 0.8 0.8 1.0 0.8 0.85 0.517 0.501 0.723 0.560 0.575

64 0.9 1.0 1.0 1.0 0.975 0.602 0.669 0.694 0.676 0.660

128 0.9 0.9 0.8 1.0 0.90 0.566 0.612 0.410 0.672 0.565

256 0.7 0.9 1.0 0.5 0.775 0.455 0.502 0.606 0.254 0.454

512 0.4 0.3 0.4 0.2 0.325 0.143 0.163 0.195 0.099 0.150

1 Four replicates of 10 larvae each.

11.13.1.2   The endpoints of toxicity tests using the fathead minnow, Pimephales promelas, larvae are based on the
adverse effects on survival and growth.  The LC50, the IC25, and the IC50 are calculated using point estimation
techniques (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  LOEC and NOEC values for
survival and growth are obtained using a hypothesis testing approach such as Dunnett's Procedure (Dunnett, 1955)
or Steel's Many-one Rank Test (Steel, 1959; Miller, 1981) (see Section 9).  Separate analyses are performed for the
estimation of the LOEC and NOEC endpoints and for the estimation of the LC50, IC25 and IC50.  Concentrations
at which there is no survival in any of the test chambers are excluded from the statistical analysis of the NOEC and
LOEC for survival and growth, but included in the estimation of the LC50, IC25, and IC50.  See the Appendices for
examples of the manual computations, and examples of data input and program output. 

11.13.1.3   The statistical tests described here must be used with a knowledge of the assumptions upon which the
tests are contingent.  Tests for normality and homogeneity of variance are included in Appendix B.  The assistance
of a statistician is recommended for analysts who are not proficient in statistics. 
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11.13.2   EXAMPLE OF ANALYSIS OF FATHEAD MINNOW, PIMEPHALES PROMELAS, SURVIVAL
DATA

11.13.2.1   Formal statistical analysis of the survival data is outlined in Figures 5 and 6.  The response used in the
analysis is the proportion of animals surviving in each test or control chamber.  Separate analyses are performed for
the estimation of the NOEC and LOEC endpoints and for the estimation of the LC50, EC50, and IC endpoints. 
Concentrations at which there is no survival in any of the test chambers are excluded from statistical analysis of the
NOEC and LOEC, but included in the estimation of the IC, EC,  and LC endpoints.

11.13.2.2  For the case of equal numbers of replicates across all concentrations and the control, the evaluation of the
NOEC and LOEC endpoints is made via a parametric test, Dunnett's Procedure, or a nonparametric test, Steel's
Many-one Rank Test, on the arc sine square root transformed data.  Underlying assumptions of Dunnett's
Procedure, normality and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's
Test, and Bartlett's Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric
test, Steel's Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of
Dunnett's Procedure are met, the endpoints are estimated by the parametric procedure.

11.13.2.3   If unequal numbers of replicates occur among the concentration levels tested, there are parametric and
nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni adjustment (see
Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative (see
Appendix F).

11.13.2.4   Probit Analysis (Finney, 1971; see Appendix I) is used to estimate the concentration that causes a
specified percent decrease in survival from the control.  In this analysis, the total mortality data from all test
replicates at a given concentration are combined.  If the data do not fit the Probit analysis, the Spearman-Karber
Method, the Trimmed Spearman-Karber Method, or the Graphical Method may be used (see Appendices I-L).
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Figure 5. Flowchart for statistical analysis of the fathead minnow, Pimephales promelas, larval survival data by
hypothesis testing.
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Figure 6. Flowchart for statistical analysis of the fathead minnow, Pimephales promelas, larval survival data by
point estimation. 
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     TABLE 3.  FATHEAD MINNOW, PIMEPHALES PROMELAS, SURVIVAL DATA

NaPCP Concentration (μg/L)
Replicate Control 32 64 128 256 512 

 
A 1.0 0.8 0.9 0.9 0.7 0.4 

 RAW B 1.0 0.8 1.0 0.9 0.9 0.3 
C 0.9 1.0 1.0 0.8 1.0 0.4 
D 0.9 0.8 1.0 1.0 0.5 0.2 

 
 ARC SINE A 1.412 1.107 1.249 1.249 0.991 0.685 
 TRANS- B 1.412 1.107 1.412 1.249 1.249 0.580 
 FORMED C 1.249 1.412 1.412 1.107 1.412 0.685 

D 1.249 1.107 1.412 1.412 0.785 0.464 

    
Mean( ) 1.330 1.183 1.371 1.254 1.109 0.604 Ȳi

Si
2 0.0088 0.0232 0.0066 0.0155 0.0768 0.0111

i 1 2 3 4 5 6

11.13.2.5   Example of Analysis of Survival Data 

11.13.2.5.1   This example uses the survival data from the Fathead Minnow Larval Survival and Growth Test (Table
2).  The proportion surviving in each replicate must first be transformed by the arc sine square root transformation
procedure described in Appendix B.  The raw and transformed data, means and variances of the transformed
observations at each toxicant concentration and control are listed in Table 3.  A plot of the survival proportions is
provided in Figure 7.

11.13.2.6   Test for Normality

11.13.2.6.1   The first step of the test for normality is to center the observations by subtracting the mean of all
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 4. 

11.13.2.6.2   Calculate the denominator, D, of the statistic: 

D � �
n

i�1

(Xi� X̄)2

Where: Xi = the ith centered observation 
            

X̄  = the overall mean of the centered observations 

n  = the total number of centered observations
 

RB-AR26090



8
2

F
ig

u
re

 7
. 

 P
lo

t 
o

f 
su

rv
iv

al
 p

ro
p

o
rt

io
n

 d
at

a 
in

 T
ab

le
 3

.

RB-AR26091



83

TABLE 4.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

NaPCP Concentration (μg/L)
Replicate Control 32 64 128 256 512

A 0.082 -0.076 -0.122 -0.005 -0.118 0.081 
B 0.082 -0.076 0.041 -0.005 0.140 -0.024 
C -0.081 0.229 0.041 -0.147 0.303 0.081 
D -0.081 -0.076 0.041 0.158 -0.324 -0.140 

 

TABLE 5.  ORDERED CENTERED OBSERVATIONS FOR THE SHAPIRO-WILK'S EXAMPLE

i X(i) i X(i) 

1 -0.324 13 -0.005 
2 -0.147 14 0.041 
3 -0.140 15 0.041 
4 -0.122 16 0.041 
5 -0.118 17 0.081 
6 -0.081 18 0.081 
7 -0.081 19 0.082 
8 -0.076 20 0.082 
9 -0.076 21 0.140 

10 -0.076 22 0.158 
11 -0.024 23 0.229 
12 -0.005 24 0.303 

11.13.2.6.3   For this set of data: n  = 24 

X̄ �
1

24
(0.000) � 0.000

D = 0.4265

11.13.2.6.4   Order the centered observations from smallest to largest 

X(1) � X(2) � ... � X(n) 

where X(i) denotes the ith ordered observation.  The ordered observations for this example are listed in Table 5. 

11.13.2.6.5   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ... ak where
k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 24 and k = 12.  The ai values are listed in
Table 6.
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TABLE 6.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE

i ai X(n-i+1) - X(i)

1 0.4493 0.627 X(24) - X(1) 
2 0.3098 0.376 X(23) - X(2) 
3 0.2554 0.298 X(22) - X(3) 
4 0.2145 0.262 X(21) - X(4) 
5 0.1807 0.200 X(20) - X(5) 
6 0.1512 0.163 X(19) - X(6) 
7 0.1245 0.162 X(18) - X(7) 
8 0.0997 0.157 X(17) - X(8) 
9 0.0764 0.117 X(16) - X(9) 

10 0.0539 0.117 X(15) - X(10) 
11 0.0321 0.065 X(14) - X(11) 
12 0.0107 0.000 X(13) - X(12) 

1.13.2.6.6   Compute the test statistic, W, as follows: 
 

W �
1

D
[�k

i�1

ai(X
(n�i�1)�X (i))]

2

The differences X(n-i+1) - X(i) are listed in Table 6.  For the data in this example, 

W �
1

0.4265
(0.6444)2�0.974

11.13.2.6.7   The decision rule for this test is to compare W as calculated in Section 13.2.6.6 to a critical value
found in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not
normally distributed.  For the data in this example, the critical value at a significance level of 0.01 and n = 24
observations is 0.884.  Since W = 0.974 is greater than the critical value, conclude that the data are normally
distributed. 

11.13.2.7   Test for Homogeneity of Variance 

11.13.2.7.1   The test used to examine whether the variation in mean proportion surviving is the same across all
toxicant concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as
follows:

B�

[(�P
i�1

Vi) ln S̄ 2
��P

i�1

Vi lnS 2
i ]

C
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Where:   Vi = degrees of freedom for each toxicant concentration and control, Vi = (ni - 1) 

          ni = the number of replicates for concentration i 

          ln = loge 

      i  = 1, 2, ..., p where p is the number of concentrations including the control

        S̄ 2
�

(�P
i�1

Vi S
2
i )

�P
i�1

Vi

         C � 1� (3(p�1))�1[�P
i�1

1

Vi

� (�P
i�1

Vi)
�1]

11.13.2.7.2   For the data in this example (see Table 3), all toxicant concentrations including the control have the
same number of replicates (ni = 4 for all i).  Thus, Vi = 3 for all i. 

11.13.2.7.3   Bartlett's statistic is therefore:  

B � [(18)ln(0.0236)�3�P
i�1

ln(S 2
i )]/1.1296

= [18(-3.7465) - 3(-24.7516)]/1.1296 

= 6.8178/1.1296 

= 6.036 

11.13.2.7.4   B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in
fact the same.  Therefore, the appropriate critical value for this test (from a table of chi-square distribution), at a
significance level of 0.01 with five degrees of freedom, is 15.086.  Since B = 6.036 is less than the critical value of
15.086, conclude that the variances are not different. 

11.13.2.8   Dunnett's Procedure 

11.13.2.8.1   To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table
as described in Table 7.
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TABLE 7.  ANOVA TABLE

Source df Sum of Squares Mean Square(MS) 
(SS) (SS/df) 

 
Between p - 1 SSB  = SSB/(p-1) S

2
B

 
Within N - p SSW  = SSW/(N-p) S

2
W

Total N - 1 SST 

Where: p = number toxicant concentrations including the control

N = total number of observations n1 + n2 ... + np

ni = number of observations in concentration i 

Between Sum of SquaresSSB � �P
i�1

T 2
i /ni�G 2/N

Total Sum of SquaresSST � �P
i�1

�
ni

j�1

Y 2
ij �G 2/N

   Within Sum of SquaresSSW � SST�SSB

G =   the grand total of all sample observations,   G � �P
i�1

Ti

Ti =   the total of the replicate measurements for concentration i 

Yij =    the jth observation for concentration i (represents the proportion surviving for toxicant concentration 
      i in test chamber j) 

11.13.2.8.2  For the data in this example: 

    n1 = n2 = n3 = n4 = n5 = n6 = 4 

N  = 24 

T1 = Y11 + Y12 + Y13 + Y14 = 5.322 
T2 = Y21 + Y22 + Y23 + Y24 = 4.733 
T3 = Y31 + Y32 + Y33 + Y34 = 5.485 
T4 = Y41 + Y42 + Y43 + Y44 = 5.017 
T5 = Y51 + Y52 + Y53 + Y54 = 4.437 
T6 = Y61 + Y62 + Y63 + Y64 = 2.414 
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TABLE 8.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE
 

Source df Sum of Squares Mean Square(MS)
(SS) (SS/df)

Between 5 1.574 0.315 
 

Within 18 0.426 0.024 

Total 23 2.002                                 

ti �
(Ȳ1� Ȳi)

Sw (1/n1) � (1/ni)

G  = T1 + T2 + T3 + T4 + T5 + T6 = 27.408 

  
SSB � �

P

i�1

T 2
i

ni

�
G 2

N

�
1

4
(131.495) �

(27.408)2

24
� 1.574

SST � �
p

i�1
�
ni

j�1

Y 2
ij �

G 2

N

  
� 33.300�

(27.408)2

24
� 2.000

       
 

  = 2.000 - 1.574 = 0.4260 SSW � SST�SSB

           SB
2  = SSB/(p-1)   = 1.574/(6-1) = 0.3150 

SW
2  = SSW/(N-p) = 0.426/(24-6) = 0.024 

11.13.2.8.3   Summarize these calculations in the ANOVA table (Table 8).

11.13.2.8.4   To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows:

Where:  = mean proportion surviving for concentration i Ȳi
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t2 �
(1.330�1.183)

[0.155 (1/4) � (1/4)]
� 1.341

TABLE 9.  CALCULATED T VALUES

 
NaPCP Concentration (μg/L) i ti

 
32 2 1.341
64 3 -0.374

128 4 0.693
256 5 2.016
512 6 6.624

= mean proportion surviving for the control Ȳ1

SW = square root of the within mean square 

n1 = number of replicates for the control 

ni = number of replicates for concentration i. 

11.13.2.8.5   Table 9 includes the calculated t values for each concentration and control combination.  In this
example, comparing the 32 μg/L concentration with the control the calculation is as follows:

11.13.2.8.6   Since the purpose of this test is to detect a significant reduction in proportion surviving, a one-sided
test is appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha
level of 0.05, 18 degrees of freedom for error and five concentrations (excluding the control) the critical value is
2.41.  The mean proportion surviving for concentration i is considered significantly less than the mean proportion
surviving for the control if ti is greater than the critical value.  Since t6 is greater than 2.41, the 512 μg/L
concentration has significantly lower survival than the control.  Hence the NOEC and the LOEC for survival are
256 μg/L and 512 μg/L, respectively.

11.13.2.8.7   To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be detected
statistically may be calculated.

MSD � d Sw (1/n1) � (1/n)

Where: d = the critical value for Dunnett's procedure

SW = the square root of the within mean square

n = the common number of replicates at each concentration 
(this assumes equal replication at each concentration)

 n1 = the number of replicates in the control.
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11.13.2.8.8   In this example:

MSD � 2.41(0.155) (1/4) � (1/4)

= 2.41 (0.155)(0.707)

= 0.264

11.13.2.8.9   The MSD (0.264) is in transformed units.  To determine the MSD in terms of percent survival, carry
out the following conversion. 

    1. Subtract the MSD from the transformed control mean. 

                            1.330 - 0.264 = 1.066 

    2. Obtain the untransformed values for the control mean and the difference calculated in 1. 

                         [Sine ( 1.330) ]2 = 0.943 

                         [Sine ( 1.066) ]2 = 0.766 

    3. The untransformed MSD (MSDu) is determined by subtracting the untransformed values from 2. 

                        MSDu = 0.943 - 0.766 = 0.177 

11.13.2.8.10   Therefore, for this set of data, the minimum difference in mean proportion surviving between the
control and any toxicant concentration that can be detected as statistically significant is 0.177.

11.13.2.8.11   This represents a decrease in survival of 19% from the control.
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TABLE 10.  DATA FOR PROBIT ANALYSIS

NaPCP Concentration (μg/L)

Control 32 64 128 256 512

Number Dead 2 6 1 4 9 27
Number Exposed 40 40 40 40 40 40

11.13.2.9   Calculation of the LC50 

11.13.2.9.1   The data used for the Probit Analysis is summarized in Table 10.  To perform the Probit Analysis, run
the USEPA Probit Analysis Program.  An example of the program input and output is supplied in Appendix I.

11.13.2.9.2   For this example, the chi-square test for heterogeneity was not significant, thus Probit Analysis appears
appropriate for this data.

11.13.2.9.3   Figure 8 shows the output data for the Probit Analysis of the data in Table 10 using the USEPA Probit
Program.

11.13.3   EXAMPLE OF ANALYSIS OF FATHEAD MINNOW, PIMEPHALES PROMELAS, GROWTH DATA

11.13.3.1   Formal statistical analysis of the growth data is outlined in Figure 9.  The response used in the statistical
analysis is mean weight per original organism for each replicate.  Because this measurement is based on the number
of original organisms exposed (rather than the number surviving), the measured response is a combined survival and
growth endpoint that can be termed biomass.  An IC estimate can be calculated for the growth data via a point
estimation technique (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  Hypothesis testing can
be used to obtain the NOEC for growth.  Concentrations above the NOEC for survival are excluded from the
hypothesis test for growth effects.

11.13.3.2   The statistical analysis using hypothesis tests consists of a parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test.  The underlying assumptions of the Dunnett's Procedure, normality
and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test and Bartlett's
Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric test, Steel's
Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's
Procedure are met, the endpoints are determined by the parametric test.

11.13.3.3   Additionally, if unequal numbers of replicates occur among the concentration levels tested there are
parametric and nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni
adjustment (see Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric
alternative (see Appendix F).
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Probit Analysis of Fathead Minnow Larval Survival Data    

Proportion
Observed Responding

Number Number Proportion Adjusted for
Conc. Exposed Resp. Responding Controls

Control 40 2 0.0500 0.0000
32.0000 40 6 0.1500 0.0779
64.0000 40 1 0.0250 -.0577

128.0000 40 4 0.1000 0.0237
256.0000 40 9 0.2250 0.1593
512.0000 40 27 0.6750 0.6474

Chi - Square for Heterogeneity (calculated) = 4.522
Chi - Square for Heterogeneity 
        (Tabular value at 0.05 level) = 7.815

Probit Analysis of Fathead Minnow Larval Survival Data

Estimated LC/EC Values and Confidence Limits

                       Exposure Lower Upper
Point Conc. 95% Confidence Limits

LC/EC 1.00 127.637 34.590 195.433
LC/EC 50.00 422.696 345.730 531.024

Figure 8.  Output for USEPA Probit Analysis Program, Version 1.5
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Figure 9. Flowchart for statistical analysis of fathead minnow, Pimephales promelas, larval growth data. 
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TABLE 11.  FATHEAD MINNOW, PIMEPHALES PROMELAS, GROWTH DATA

NaPCP Concentration (μg/L)
 
Replicate Control 32 64 128 256 512

    A 0.711 0.517 0.602 0.566 0.455 -

    B 0.662 0.501 0.669 0.612 0.502 -

    C 0.646 0.723 0.694 0.410 0.606 -

    D 0.690 0.560 0.676 0.672 0.254 -

Mean( )     0.677 0.575 0.660 0.565 0.454 -Ȳi

          0.00084 0.01032 0.00162 0.01256 0.0218 -S
2
i

i 1 2 3 4 5 6

         TABLE 12.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

NaPCP Concentration (μg/L)
Replicate Control 32 64 128 256 

A 0.034 -0.058 -0.058 0.001 0.001
B -0.015 -0.074 0.009 0.047 0.048
C -0.031 0.148 0.034 -0.155 0.152
D 0.013 -0.015 0.016 0.107 -0.200

11.13.3.4   The data, mean and variance of the observations at each concentration including the control are listed in
Table 11.  A plot of the weight data for each treatment is provided in Figure 10.  Since there is significant mortality
in the 512 μg/L concentration, its effect on growth is not considered.

11.13.3.5   Test for Normality

11.13.3.5.1   The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 12.
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TABLE 13.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

i X(i) i X(i) 

1 -0.200 11 0.009
2 -0.155 12 0.013
3 -0.074 13 0.016
4 -0.058               14 0.034
5 -0.058 15 0.034
6 -0.031 16 0.047
7 -0.015 17 0.048
8 -0.015 18 0.107
9 0.001 19 0.148

10 0.001 20 0.152

11.13.3.5.2   Calculate the denominator, D, of the test statistic:

D � �
n

i�1

(Xi� X̄)2

Where: Xi  =  the ith centered observation 

 =  the overall mean of the centered observations X̄

n   =  the total number of centered observations 

For this set of data, n = 20

X̄ �
1

20
(0.004) � 0.000

D = 0.1414

11.13.3.5.3   Order the centered observations from smallest to largest 

                  X(1) � X(2) � ... � X(n) 

Where X(i) is the ith ordered observation.  These ordered observations are listed in Table 13.

11.13.3.5.4   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ..., ak

where k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 20 and k = 10.  The ai values are
listed in Table 14.
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TABLE 14.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE

i ai X(n-i+1) - X(i) 

1 0.4734 0.352 X(20) - X(1) 
2 0.3211 0.303 X(19) - X(2) 
3 0.2565 0.181 X(18) - X(3) 
4 0.2085 0.106 X(17) - X(4) 
5 0.1686 0.105 X(16) - X(5) 
6 0.1334 0.065 X(15) - X(6) 
7 0.1013 0.049 X(14) - X(7) 
8 0.0711 0.031 X(13) - X(8) 
9 0.0422 0.012 X(12) - X(9) 

10 0.0140 0.008 X(11) - X(10) 

11.13.3.5.5   Compute the test statistic, W, as follows:

W �
1

D
[�

k

i�1

ai (X
(n�i�1)�X (i) )]2

the differences X(n-i+1) - X(i) are listed in Table 14.  For this set of data:

W �
1

0.1414
(0.3666)2 � 0.9505

11.13.3.5.6   The decision rule for this test is to compare W with the critical value found in Table 6, Appendix B.  If
the computed W is less than the critical value, conclude that the data are not normally distributed.  For this example,
the critical value at a significance level of 0.01 and 20 observations (n) is 0.868.  Since W = 0.9505 is greater than
the critical value, the conclusion of the test is that the data are normally distributed.

11.13.3.6   Test for Homogeneity of Variance 

11.13.3.6.1   The test used to examine whether the variation in mean dry weight is the same across all toxicant
concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as follows:

B �

[(�
P

i�1

Vi) ln S̄ 2
��

P

i�1

Vi ln S 2
i ]

C

Where: Vi = degrees of freedom for each toxicant concentration and control,  Vi = (ni - 1)

ni = the number of replicates for concentration i.
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ln = loge 

i = 1, 2, ..., p where p is the number of concentrations including the control

 S̄ 2
�

(�
P

i�1

Vi S
2
i )

�
P

i�1

Vi

          C � 1� (3(p�1))�1[�
P

i�1

1/Vi� (�
P

i�1

Vi)
�1]

11.13.3.6.2   For the data in this example, (see Table 11) all toxicant concentrations including the control have the
same number of replicates (ni = 4 for all i).  Thus, Vi = 3 for all i.

11.13.3.6.3   Bartlett's statistic is therefore:

B � [ (15) ln(0.00947)�3�
P

i�1

ln(S 2
i )] /1.133

 = [15(-5.9145) - 3(-26.2842]/1.133 

= 8.8911/1.133 

= 7.847 

11.13.3.6.4   B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in
fact the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with four degrees
of freedom, is 13.277.  Since B = 7.847 is less than the critical value of 13.277, conclude that the variances are not
different.

11.13.3.7   Dunnett's Procedure

11.13.3.7.1   To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table
as described in Table 15.
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TABLE 15.  ANOVA TABLE
 

Source df Sum of Squares Mean Square(MS)
(SS) (SS/df)

   
Between p - 1 SSB  = SSB/(p-1)S

2
B

    
Within N - p SSW  = SSW/(N-p)S

2
W

Total N - 1 SST

 

Where: p = number toxicant concentrations including the control 

N = total number of observations n1 + n2 ... + np 

ni = number of observations in concentration i 

Between Sum of SquaresSSB � �
P

i�1

T 2
i /ni�G 2/N

Total Sum of SquaresSST � �P
i�1

�
ni

j�1

Y 2
ij �G 2/N

Within Sum of Squares SSW � SST�SSB

G = the grand total of all sample observations, G � �
P

i�1

Ti

Ti = the total of the replicate measurements for concentration i

Yij = the jth observation for concentration i (represents the mean dry weight of the fish for toxicant
concentration i in test chamber j) 

11.13.3.7.2   For the data in this example:

n1 = n2 = n3 = n4 = n5 = 4 

N = 20 

T1 = Y11 + Y12 + Y13 + Y14 = 2.709 
T2 = Y21 + Y22 + Y23 + Y24 = 2.301 
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TABLE 16.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE

Source df Sum of Squares Mean Square(MS)
(SS) (SS/df)

Between 4 0.1270 0.0318

Within 15 0.1417 0.0094

Total 19 0.2687

T3 = Y31 + Y32 + Y33 + Y34 = 2.641 
T4 = Y41 + Y42 + Y43 + Y44 = 2.260 
T5 = Y51 + Y52 + Y53 + Y54 = 1.817 
G = T1 + T2 + T3 + T4 + T5 = 11.728

SSB � �
P

i�1

T 2
i /ni�G 2/N

�
1

4
(28.017) �

(11.728)2

20
� 0.1270

    SST � �P
i�1

�
ni

j�1

Y 2
ij �G 2/N

� 7.146 �
(11.728)2

20
� 0.2687

  = 0.2687 - 0.1270 = 0.1417 SSW � SST�SSB

SB
2 = SSB/(p-1) = 0.1270/(5-1)   = 0.0318

                     
SW

2 = SSW/(N-p) = 0.041/(20-5)  = 0.0094 

11.13.3.7.3   Summarize these calculations in the ANOVA table (Table 16).

11.13.3.7.4  To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows: 

ti �
(Ȳ1� Ȳi)

Sw (1/n1)� (1/ni)

Where:  = mean dry weight for toxicant concentration iȲi
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  = mean dry weight for the controlȲ1

SW = square root of the within mean square

n1 = number of replicates for the control

ni = number of replicates for concentration i.

11.13.3.7.5   Table 17 includes the calculated t values for each concentration and control combination.  In this example,
comparing the 32 μg/L concentration with the control the calculation is as follows:

t2 �
(0.677�0.575)

[0.097 (1/4)� (1/4)]
� 1.487

TABLE 17.  CALCULATED T VALUES  

NaPCP
Concentration i ti

(μg/L)

32 2 1.487

64 3 0.248

128 4 1.632

256 5 3.251

11.13.3.7.6   Since the purpose of this test is to detect a significant reduction in mean weight, a one-sided test is
appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha level of
0.05, 15 degrees of freedom for error and four concentrations (excluding the control) the critical value is 2.36.  The
mean weight for concentration "i" is considered significantly less than the mean weight for the control if ti is greater
than the critical value.  Since t5 is greater than 2.36, the 256 μg/L concentration had significantly lower growth than
the control.  Hence the NOEC and the LOEC for growth are 128 μg/L and 256 μg/L, respectively.

11.13.3.7.7   To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be
statistically detected may be calculated:

MSD � d Sw (1/n1) � (1/n)

Where: d = the critical value for the Dunnett's Procedure

SW = the square root of the within mean square

n = the common number of replicates at each concentration 
(this assumes equal replication at each concentration) 

n1 = the number of replicates in the control. 
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11.13.3.7.8   In this example:

MSD � 2.36(0.052) (1/4) � (1/4)

= 2.36 (0.097) (0.707)

= 0.162

11.13.3.7.9   Therefore, for this set of data, the minimum difference that can be detected as statistically significant is
0.162 mg. 

11.13.3.7.10   This represents a 24% reduction in mean weight from the control.

11.13.3.8   Calculation of the IC

11.13.3.8.1   The growth data in Table 2 modified to be mean weights per original number of fish are utilized in this
example.  As seen in Table 2 and Figure 11, the observed means are not monotonically non-increasing with respect
to concentration (the mean response for each higher concentration is not less than or equal to the mean response for
the previous concentration, and the responses between concentrations do not follow a linear trend).  Therefore, the
means are smoothed prior to calculating the IC.  In the following discussion, the observed means are represented by

 and the smoothed means by Mi.Ȳi

11.13.3.8.2   Starting with the control mean,  = 0.677, we see that  > .  Set M1 =   Comparing  to ,Ȳ1 Ȳ1 Ȳ2 Ȳ1 Ȳ2 Ȳ3

< . Ȳ2 Ȳ3

11.13.3.8.3   Calculate the smoothed means:

                  M2 = M3 = ( + )/2 = 0.618Ȳ2 Ȳ3

                                                  
11.13.3.8.4   For the remaining observed means,  M3 >  >  > .  Thus, M4 becomes , M5 becomes  etc.,Ȳ4 Ȳ5 Ȳ6 Ȳ4 Ȳ5

for the remaining concentrations.  Table 18 contains the smoothed means, and Figure 11 provides a plot of the
smoothed concentration response curve.
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TABLE 18. FATHEAD MINNOW, PIMEPHALES PROMELAS, MEAN GROWTH RESPONSE AFTER
SMOOTHING

NaPCP Response Smoothed
Conc i means, means, MiȲi

(μg/L) (mg) (mg)

Control 1 0.677 0.677
32 2 0.575 0.618
64 3 0.660 0.618

128 4 0.565 0.565
256 5 0.454 0.454
512 6 0.150 0.150

11.13.3.8.5   An IC25 and an IC50 can be estimated using the Linear Interpolation Method.  A 25% reduction in
weight, compared to the controls, would result in a mean dry weight of 0.508 mg, where M1(1 - p/100) = 0.677(1 -
25/100).  A 50% reduction in weight, compared to the controls, would result in a mean weight of 0.339 mg, where
M1(1 - p/100) = 0.677(1 - 50/100).  Examining the smoothed means and their associated concentrations (Table 18),
the response 0.508 mg is bracketed by C4 = 128 μg/L and C5 = 256 μg/L.  For the 50% reduction (0.339 mg), the
response (0.339 μg) is bracketed by C5 = 256 μg/L and C6 = 512 μg/L.

11.13.3.8.6   Using the equation in Section 4.2 from Appendix M, the estimate of the IC25 is calculated as follows:

 

 ICp � Cj�[M1(1�p/100)�Mj]
(C(j�1)�Cj)

(M(j�1)�Mj)

IC25 � 128�[0.677(1�25/100)�0.565]
(256�128)

(0.454�0.565)

= 194 μg/L

11.13.3.8.7   Using the equation in Section 4.2 of Appendix M the estimate of the IC50 is calculated as follows:

 

 ICp � Cj�[M1(1�p/100)�Mj]
(C(j�1)�Cj)

(M(j�1)�Mj)

IC50 � 256�[0.677(1�50/100)�0.454]
(512�256)

(0.150�0.454)

= 353 μg/L
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Conc. ID 1 2 3 4 5 6

Conc. Tested 0 32 64 128 256 512

Response 1 0.711 0.517 0.602 0.566 0.455 0.143
Response 2 0.662 0.501 0.669 0.612 0.502 0.163
Response 3 0.646 0.723 0.694 0.410 0.606 0.195
Response 4 0.690 0.560 0.676 0.672 0.254 0.099

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: NaPCP
Test Start Date: Example   Test Ending Date: 
Test Species: Fathead minnows
Test Duration:             7-d
DATA FILE: fhmanual.icp
OUTPUT FILE: fhmanual.i25

Conc. Number Concentration Response Std. Pooled
ID Replicates μg/l Means Dev. Response Means

1 4 0.000 0.677 0.029 0.677
2 4 32.000 0.575 0.102 0.618
3 4 64.000 0.660 0.040 0.618
4 4 128.000 0.565 0.112 0.565
5 4 256.000 0.454 0.148 0.454
6 4 512.000 0.150 0.040 0.150

The Linear Interpolation Estimate:   193.9503   Entered P Value: 25

Number of Resamplings:   80
The Bootstrap Estimates Mean: 186.4935 Standard Deviation:    52.6094
Original Confidence Limits:   Lower:   107.0613 Upper:   285.6449
Expanded Confidence Limits:   Lower:    54.9278 Upper:   340.6617
Resampling time in Seconds:     1.81  Random Seed: 1272173518

Figure 12.  ICPIN program output for the IC25.

11.13.3.8.8   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC25 was 193.9503 μg/L.  The empirical 95% confidence interval for the true mean was (54.9278 μg/L,
340.6617 μg/L).  The computer program output for the IC25 for this data set is shown in Figure 12.

11.13.3.8.9   When the ICPIN program was used to analyze this set of data for the IC50, requesting 80 resamples,
the estimate of the IC50 was 353.2884 μg/L.  The empirical 95% confidence interval for the true mean was
208.4723 μg/L and 418.5276 μg/L.  The computer program output is shown in Figure 13.
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Conc. ID 1 2 3 4 5 6

Conc. Tested 0 32 64 128 256 512

Response  1 0.711 0.517 0.602 0.566 0.455 0.143
Response  2 0.662 0.501 0.669 0.612 0.502 0.163
Response  3 0.646 0.723 0.694 0.410 0.606 0.195
Response  4 0.690 0.560 0.676 0.672 0.254 0.099

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: NaPCP
Test Start Date: Example   Test Ending Date: 
Test Species: Fathead minnows
Test Duration:             7-d
DATA FILE: fhmanual.icp
OUTPUT FILE: fhmanual.i50

Conc. Number Concentration Response Std. Pooled
ID Replicates μg/l Means Dev. Response Means

1 4 0.000 0.677 0.029 0.677
2 4 32.000 0.575 0.102 0.618
3 4 64.000 0.660 0.040 0.618
4 4 128.000 0.565 0.112 0.565
5 4 256.000 0.454 0.148 0.454
6 4 512.000 0.150 0.040 0.150

The Linear Interpolation Estimate:   353.2884   Entered P Value: 50

Number of Resamplings:   80
The Bootstrap Estimates Mean: 345.1108 Standard Deviation:    37.0938
Original Confidence Limits:   Lower:   262.7783 Upper:   394.0629
Expanded Confidence Limits:   Lower:   208.4723 Upper:   418.5276
Resampling time in Seconds:     1.87  Random Seed: 1126354766

Figure 13.  ICPIN program output for the IC50.
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TABLE 19. PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL SURVIVAL
AND GROWTH TEST, USING NAPCP AS A REFERENCE TOXICANT1,2

Chronic
NOEC LOEC Value 

Test (μg/L) (μg/L) (μg/L)

1 256 512 362
2 128 256 181
3 256 512 362
4 128 256 181
5 128 256 181

         n: 5 5 5
      Mean: NA NA 253.4

1  From Pickering, 1988.
2  For a discussion of the precision of data from chronic toxicity tests,
   (see Section 4, Quality Assurance). 

11.14   PRECISION AND ACCURACY

11.14.1   PRECISION – Data on single-laboratory and multilaboratory precision are described below (Subsections
11.14.1.1 and 11.14.1.2).  Single-laboratory precision is a measure of the reproducibility of test results when tests
are conducted using a specific method under reasonably constant conditions in the same laboratory.  Single-
laboratory precision is synonymous with the terms within-laboratory precision and intralaboratory precision. 
Multilaboratory precision is a measure of the reproducibility of test results from different laboratories using the
same test method and analyzing the same test material.  Multilaboratory precision is synonymous with the term
interlaboratory precision.  Interlaboratory precision, as used in this document, includes both within-laboratory and
between-laboratory components of variability.  In recent multilaboratory studies, these two components of
interlaboratory precision have been displayed separately (termed within-laboratory and between-laboratory
variability) and combined (termed total interlaboratory variability).  The total interlaboratory variability that is
reported from these studies is synonymous with interlaboratory variability reported from other studies where
individual variability components are not separated.

11.14.1.1   Single-Laboratory Precision

11.14.1.1.1   Information on the single-laboratory precision of the fathead minnow larval survival and growth test is
presented in Table 19.  The range of NOECs was only two concentration intervals, indicating good precision.

11.14.1.1.2   EPA evaluated within-laboratory precision of the Fathead Minnow, Pimephales promelas, Larval
Survival and Growth Test using a database of routine reference toxicant test results from 19 laboratories (USEPA,
2000b).  The database consisted of 205 reference toxicant tests conducted in 19 laboratories using a variety of
reference toxicants including: cadmium, chromium, copper, potassium chloride, sodium chloride, sodium
pentachlorophenate, and sodium dodecyl sulfate.  Among the 19 laboratories, the median within-laboratory CV
calculated for routine reference toxicant tests was 26% for the IC25 growth endpoint.  In 25% of laboratories, the
within-laboratory CV was less than 21%; and in 75% of laboratories, the within-laboratory CV was less than 38%. 
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11.14.1.2   Multilaboratory Precision

11.14.1.2.1   A multilaboratory study of Method 1000.0 described in the first edition of this manual (USEPA,
1985e), was performed using seven blind samples over an eight month period (DeGraeve et. al., 1988).  In this
study, each of the 10 participating laboratories was to conduct two tests simultaneous with each sample, each test
having two replicates of 10 larvae for each of five concentrations and the control.  Of the 140 tests planned, 135
were completed.  Only nine of the 135 tests failed to meet the acceptance criterion of 80% survival in the controls. 
Of the 126 acceptable survival NOECs reported, an average of 41% were median values, and 89% were within one
concentration interval of the median (Table 20).  For the growth (weight) NOECs, an average of 32% were at the
median, and 84% were within one concentration interval of the median (Table 21).  Using point estimate techniques,
the precision (CV) of the IC50 was 19.5% for the survival data and 19.8% for the growth data.  If the mean weight
acceptance criterion of 0.25 mg for the surviving control larvae, which is included in this revised edition of the
method, had applied to the test results of the interlaboratory study, one third of the 135 tests would have failed to
meet the test criteria (Norberg-King, personal communication and 1989 memorandum; DeGraeve et al., 1991). 

11.14.1.2.2   In 2000, EPA conducted an interlaboratory variability study of the Fathead Minnow, Pimephales
promelas, Larval Survival and Growth Test (USEPA, 2001a; USEPA, 2001b).  In this study, each of 27 participant
laboratories tested 3 or 4 blind test samples that included some combination of blank, effluent, reference toxicant,
and receiving water sample types.  The blank sample consisted of moderately-hard synthetic freshwater, the effluent
sample was a municipal wastewater spiked with KCl, the receiving water sample was a river water spiked with KCl,
and the reference toxicant sample consisted of moderately-hard synthetic freshwater spiked with KCl.  Of the 101
Fathead Minnow Larval Survival and Growth tests conducted in this study, 98.0% were successfully completed and
met the required test acceptability criteria.  Of 24 tests that were conducted on blank samples, none showed false
positive results for survival endpoints, and only one resulted in false positive results for the growth endpoint,
yielding a false positive rate of 4.35%.  Results from the reference toxicant, effluent, and receiving water sample
types were used to calculate the precision of the method.  Table 22 shows the precision of the IC25 for each of these
sample types.  Averaged across sample types, the total interlaboratory variability (expressed as a CV%) was 20.9%
for IC25 results.  Table 23 shows the frequency distribution of survival and growth NOEC endpoints for each
sample type.  For the survival endpoint, NOEC values spanned four concentrations for the reference toxicant sample
type and two concentrations for the effluent and receiving water sample types.  The percentage of values within one
concentration of the median was 97.2%, 100%, and 100% for the reference toxicant, effluent, and receiving water
sample types, respectively.  For the growth endpoint, NOEC values spanned five concentrations for the reference
toxicant sample type and four concentrations for the effluent and receiving water sample types.  The percentage of
values within one concentration of the median was 86.1%, 91.7%, and 76.9% for the reference toxicant, effluent,
and receiving water sample types, respectively.    

11.14.2   ACCURACY 

11.14.2.1   The accuracy of toxicity tests cannot be determined.
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TABLE 20. COMBINED FREQUENCY DISTRIBUTION FOR SURVIVAL NOECs FOR ALL
LABORATORIES1

NOEC Frequency (%) Distribution

Tests with Two Reps Tests with Four Reps

Sample Median  ± 12   > 23 Median  ± 12  > 23

1. Sodium Pentachlorophenate (A) 35 53 12 57 29 14 

2. Sodium Pentachlorophenate (B) 42 42 16 56 44 0 

3. Potassium Dichromate (A) 47 47 6 75 25 0 

4. Potassium Dichromate (B) 41 41 18 50 50 0 

5. Refinery Effluent 301 26 68 6 78 22 0 

6. Refinery Effluent 401 37 53 10 56 44 0 

7. Utility Waste 501 56 33 11 56 33 11 

1  From DeGraeve et al., 1988. 
2  Percent of values at one concentration interval above or below the median.  Adding this percentage to the percent 

of values at the median yields the percent of values within one concentration interval of the median.
3 Percent of values two or more concentration intervals above or below the median.
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TABLE 21. COMBINED FREQUENCY DISTRIBUTION FOR WEIGHT NOECs FOR ALL
LABORATORIES1

NOEC Frequency (%) Distribution

Tests with Two Reps Tests with Four Reps

Sample Median  ± 12   > 23 Median  ± 12   > 23  

1. Sodium Pentachlorophenate (A) 59 41 0 57 43 0

2. Sodium Pentachlorophenate (B) 37 63 0 22 45 33

3. Potassium Dichromate (A) 35 47 18 88 0 12

4. Potassium Dichromate (B) 12 47 41 63 25 12

5. Refinery Effluent 301 35 53 12 75 25 0

6. Refinery Effluent 401 37 47 16 33 56 11

7. Utility Waste 501 11 61 28 33 56 11

1   From DeGraeve et al., 1988.
2   Percent of values at one concentration interval above or below the median.  Adding this percentage to the

percent of values at the median yields the percent of values within one concentration interval of the median.
3  Percent of values two or more concentration intervals above or below the median.
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TABLE 22.  PRECISION OF POINT ESTIMATES FOR VARIOUS SAMPLE TYPES1

Test Endpoint Sample Type
CV (%)2

Within-lab3 Between-lab4 Total5

IC25 Reference toxicant 10.0 17.2 19.9

Effluent 19.1 12.9 23.1

Receiving water - - 19.8

Average 14.6 15.0 20.9

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 CVs were calculated based on the within-laboratory component of variability, the between-laboratory

component of variability, and total interlaboratory variability (including both within-laboratory and between-
laboratory components).  For the receiving water sample type, within-laboratory and between-laboratory
components of variability could not be calculated since the study design did not provide within-laboratory
replication for this sample type.

3 The within-laboratory component of variability for duplicate samples tested at the same time in the same
laboratory.

4 The between-laboratory component of variability for duplicate samples tested at different laboratories..
5 The total interlaboratory variability, including within-laboratory and between-laboratory components of

variability.  The total interlaboratory variability is synonymous with interlaboratory variability reported from
other studies where individual variability components are not separated. 

RB-AR26119



111

TABLE 23. FREQUENCY DISTRIBUTION OF HYPOTHESIS TESTING RESULTS FOR VARIOUS
SAMPLE TYPES1

Test Endpoint Sample Type
Median
NOEC
Value

% of Results at
the Median

% of Results
±12

% of Results 
�23

Survival NOEC Reference toxicant 50% 75.0 22.2 2.78

Effluent 12.5% 76.9 23.1 0.00

Receiving water 25% 69.2 30.8 0.00

Growth 
NOEC

Reference toxicant 50% 58.3 27.8 13.9

Effluent 12.5% 66.7 25.0 8.33

Receiving water 12.5% 30.8 46.1 23.1

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 Percent of values at one concentration interval above or below the median.  Adding this percentage to the

percent of values at the median yields the percent of values within one concentration interval of the median.
3 Percent of values two or more concentration intervals above or below the median.
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SECTION 12

TEST METHOD

FATHEAD MINNOW, PIMEPHALES PROMELAS,

EMBRYO-LARVAL SURVIVAL AND TERATOGENICITY TEST

METHOD 1001.0

12.1   SCOPE AND APPLICATION

12.1.1   This method estimates the chronic toxicity of whole effluents and receiving water to the fathead minnow,
Pimephales promelas, using embryos in a seven-day, static renewal test.  The effects include the synergistic,
antagonistic, and additive effects of all the chemical, physical, and biological components which adversely affect
the physiological and biochemical functions of the test organisms.  The test is useful in screening for teratogens
because organisms are exposed during embryonic development.

12.1.2   Daily observations on mortality make it possible to also calculate the acute toxicity for desired exposure
periods (i.e., 24-h, 48-h, 96-h LC50s).

12.1.3   Detection limits of the toxicity of an effluent or pure substance are organism dependent.

12.1.4   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, and because the test chambers are not sealed, highly
degradable and highly volatile toxicants, in the source may not be detected in the test. 

12.1.5   This test method is commonly used in one of two forms: (1) a definitive test, consisting of a minimum of
five effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving
water concentrations and a control. 

12.2   SUMMARY OF METHOD

12.2.1  Fathead minnow, Pimephales promelas, embryos are exposed in a static renewal system to different
concentrations of effluent or to receiving water for seven days, starting shortly after fertilization of the eggs.  Test
results are based on the total frequency of both mortality and gross morphological deformities (terata). 

12.3   INTERFERENCES

12.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies).

12.3.2   Adverse effects of low dissolved oxygen (DO), high concentrations of suspended and/or dissolved solids,
and extremes of pH may mask the presence of toxic substances.

12.3.3   Improper effluent sampling and sample handling may adversely affect test results (see Section 8, Effluent
and Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

12.3.4   Pathogenic and/or predatory organisms in the dilution water and effluent may affect test organism survival
and confound test results.

12.3.5   pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-dependent
toxicants (such as metals) are present.  As pH increases, the toxicity of ammonia also increases (see Subsection
8.8.6), so upward pH drift may increase sample toxicity.  For metals, toxicity may increase or decrease with
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increasing pH.  Lead and copper were found to be more acutely toxic at pH 6.5 than at pH 8.0 or 8.5, while nickel
and zinc were more toxic at pH 8.5 than at pH 6.5 (USEPA, 1992).  In situations where sample toxicity is confirmed
to be artifactual and due to pH drift (as determined by parallel testing as described in Subsection 12.3.5.1), the
regulatory authority may allow for control of sample pH during testing using procedures outlined in Subsection
12.3.5.2.  It should be noted that artifactual toxicity due to pH drift is not likely to occur unless pH drift is large
(more than 1 pH unit) and/or the concentration of some pH-dependent toxicant in the sample is near the threshold
for toxicity. 

12.3.5.1   To confirm that toxicity is artifactual and due to pH drift, parallel tests must be conducted, one with
controlled pH and one with uncontrolled pH.  In the uncontrolled-pH treatment, the pH is allowed to drift during the
test.  In the controlled-pH treatment, the pH is maintained using the procedures described in Subsection 12.3.5.2. 
The pH to be maintained in the controlled-pH treatment (or target pH) will depend on the objective of the test.  If
the objective of the WET test is to determine the toxicity of the effluent in the receiving water, the pH should be
maintained at the pH of the receiving water (measured at the edge of the regulatory mixing zone).  If the objective
of the WET test is to determine the absolute toxicity of the effluent, the pH should be maintained at the pH of the
sample upon completion of collection (as measured on an aliquot removed from the sample container).

12.3.5.1.1   During parallel testing, the pH must be measured in each treatment at the beginning (i.e., initial pH) and
end (i.e., final pH) of each 24-h exposure period.  For each treatment, the mean initial pH (e.g., averaging the initial
pH measured each day for a given treatment) and the mean final pH (e.g., averaging the final pH measured each day
for a given treatment) must be reported.  pH measurements taken during the test must confirm that pH was
effectively maintained at the target pH in the controlled-pH treatment.  For each treatment, the mean initial pH and
the mean final pH should be within ±0.2 pH units of the target pH.  Test procedures for conducting toxicity
identification evaluations (TIEs) also recommend maintaining pH within ± 0.2 pH units in pH-controlled tests
(USEPA, 1992).

12.3.5.1.2   Total ammonia also should be measured in each treatment at the outset of parallel testing.  Total
ammonia concentrations greater than 5 mg/L in the 100% effluent are an indicator that toxicity observed in the test
may be due to ammonia (USEPA, 1992).  

12.3.5.1.3   Results from both of the parallel tests (pH-controlled and uncontrolled treatments) must be reported to
the regulatory authority.  If the uncontrolled test meets test acceptability criteria and shows no toxicity at the
permitted instream waste concentration, then the results from this test should be used for determining compliance. 
If the uncontrolled test shows toxicity at the permitted instream waste concentration, then the results from the pH-
controlled test should be used for determining compliance, provided that this test meets test acceptability criteria
and pH was properly controlled (see Subsection 12.3.6.1.1). 

12.3.5.1.4   To confirm that toxicity observed in the uncontrolled test was artifactual and due to pH drift, the results
of the controlled and uncontrolled-pH tests are compared.  If toxicity is removed or reduced in the pH-controlled
treatment, artifactual toxicity due to pH drift is confirmed for the sample.  To demonstrate that a sample result of
artifactual toxicity is representative of a given effluent, the regulatory authority may require additional information
or additional parallel testing before pH control (as described in Subsection 12.3.5.2) is applied routinely to
subsequent testing of the effluent. 

12.3.5.2   The pH can be controlled with the addition of acids and bases and/or the use of a CO2-controlled
atmosphere over the test chambers.  pH is adjusted with acids and bases by dropwise adding 1N NaOH or 1N HCl
(see Subsection 8.8.8).  The addition of acids and bases should be minimized to reduce the amount of additional
ions (Na or Cl) added to the sample.  pH is then controlled using the CO2-controlled atmosphere technique. This
may be accomplished by placing test solutions and test organisms in closed headspace test chambers, and then
injecting a predetermined volume of CO2 into the headspace of each test chamber (USEPA, 1991b; USEPA, 1992);
or by placing test chambers in an atmosphere flushed with a predetermined mixture of CO2 and air (USEPA, 1996). 
Prior experimentation will be needed to determine the appropriate CO2/air ratio or the appropriate volume of CO2 to
inject.  This volume will depend upon the sample pH, sample volume, container volume, and sample constituents. 
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If more than 5% CO2 is needed, adjust the solutions with acids (1N HCl) and then flush the headspace with no more
than 5% CO2 (USEPA, 1992).  If the objective of the WET test is to determine the toxicity of the effluent in the
receiving water, CO2 is injected to maintain the test pH at the pH of the receiving water (measured at the edge of the
regulatory mixing zone).  If the objective of the WET test is to determine the absolute toxicity of the effluent, CO2 is
injected to maintain the test pH at the pH of the sample upon completion of collection.  USEPA (1991b; 1992) and
Mount and Mount (1992) provide techniques and guidance for controlling test pH using a CO2-controlled
atmosphere.  In pH-controlled testing, control treatments must be subjected to all manipulations that sample
treatments are subjected to.  These manipulations must be shown to cause no lethal or sublethal effects on control
organisms.  In pH-controlled testing, the pH also must be measured in each treatment at the beginning and end of
each 24-h exposure period to confirm that pH was effectively controlled at the target pH level. 

12.4   SAFETY

12.4.1   See Section 3, Health and Safety. 

12.5   APPARATUS AND EQUIPMENT

12.5.1   Fathead minnow and brine shrimp culture units -- See Section 11, Fathead Minnow, Pimephales Promelas,
Larval Survival and Growth Test, and USEPA, 2002a.  To test effluent toxicity on-site or in the laboratory,
sufficient numbers of newly fertilized eggs must be available, preferably from a laboratory fathead minnow culture
unit.  If necessary, embryos can be shipped in well oxygenated water in insulated containers.  In cases where
shipping is necessary, up to 48-h old embryos may be used for the test.

12.5.2   Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h composite
sample of 5 L or more.

12.5.3   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

12.5.4   Environmental chamber or equivalent facility with temperature control (25 ± 1�C). 

12.5.5   Water purification system -- MILLIPORE MILLI-Q®, deionized water or equivalent (see Section 5,
Facilities, Equipment, and Supplies).

12.5.6   Balance -- analytical, capable of accurately weighing to 0.00001 g.

12.5.7   Reference weights, Class S -- for checking performance of balance.  Weights should bracket the expected
weights of material to be weighed.

12.5.8   Test chambers -- four borosilicate glass or disposable, non-toxic plastic labware, per test solution, such as: 
500-mL beakers; 100 mm x 15 mm or 100 mm x 20 mm glass or disposable polystyrene Petri dishes; or 12-cm OD,
stackable "Carolina" culture dishes.  The chambers should be covered with safety glass plates or sheet plastic during
the test to avoid potential contamination from the air and excessive evaporation of the test solutions during the test.

12.5.9   Dissecting microscope, or long focal length magnifying lens, hand or stand supported -- for examining
embryos and larvae in the test chambers.

12.5.10   Light box, microscope lamp, or flashlight -- for illuminating chambers during examination and observation
of embryos and larvae. 

12.5.11   Volumetric flasks and graduated cylinders -- Class A, borosilicate glass or non-toxic plastic labware,
10-1000 mL, for making test solutions.
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12.5.12   Volumetric pipets -- Class A, 1-100 mL. 

12.5.13   Serological pipets -- 1-10 mL, graduated.

12.5.14   Pipet bulbs and fillers -- PROPIPET®, or equivalent. 

12.5.15   Droppers, and glass tubing with fire polished edges, 2-mm ID -- for transferring embryos, and 4-mm ID --
for transferring larvae. 

12.5.16   Wash bottles -- for washing embryos from substrates and containers and for rinsing small glassware and
instrument electrodes and probes.

12.5.17   Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures.

12.5.18   Bulb-thermograph or electronic-chart type thermometers -- for continuously recording temperature.

12.5.19  Thermometer, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA 1979b) -- to
calibrate laboratory thermometers.

12.5.20   Meters, pH, DO, and specific conductivity -- for routine physical and chemical measurements.

12.6   REAGENTS AND CONSUMABLE MATERIALS

12.6.1   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling and Sample Preparation for Toxicity Tests).

12.6.2   Data sheets (one set per test) -- for recording data.

12.6.3   Tape, colored -- for labelling test chambers.

12.6.4   Markers, waterproof -- for marking containers, etc.

12.6.5   Reagents for hardness and alkalinity tests -- see USEPA Methods 130.2 and 310.1, USEPA 1979b. 
 
12.6.6   Membranes and filling solutions for DO probe (see USEPA Method 360.1, USEPA 1979b), or reagents --
for modified Winkler analysis. 
 
12.6.7   Standard pH buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) -- for
instrument calibration (see USEPA Method 150.1, USEPA 1979b). 

12.6.8   Specific conductivity standards -- see USEPA Method 120.1, USEPA 1979b.

12.6.9   Laboratory quality control samples and standards -- for calibration of the above methods.

12.6.10   Reference toxicant solutions -- see Section 4, Quality Assurance.

12.6.11   Reagent water -- defined as distilled or deionized water which does not contain substances which are toxic
to the test organisms (see Section 5, Facilities, Equipment, and Supplies). 

12.6.12   Effluent, receiving water, and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests.
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12.6.13   TEST ORGANISMS, FATHEAD MINNOWS, PIMEPHALES PROMELAS 

12.6.13.1   Fathead minnow embryos, less than 36-h old, are used for the test.  The test is conducted with four
(minimum of three) test chambers at each toxicant concentration and control.  Fifteen (minimum of ten) embryos are
placed in each replicate test chamber.  Thus 60 (minimum of 30) embryos are exposed at each test concentration and
360 (minimum of 180) embryos would be needed for a test consisting of five effluent concentrations and a control.

12.6.13.2   Sources of Organisms

12.6.13.2.1   It is recommended that the embryos be obtained from inhouse cultures or other local sources if at all
possible, because it is often difficult to ship the embryos so that they will be less than 36 h old for beginning the
test.  Receipt of embryos via Express Mail, air express, or other carrier, from a reliable outside source is an
acceptable alternative, but they must not be over 48 h old when used to begin the test.

12.6.13.2.2   Culturing methods for fathead minnows, Pimephales promelas, are described in Section 6, Section 11
and in USEPA, 2002a.

12.6.13.2.3   Fish obtained from outside sources (see Section 5, Facilities, Equipment, and Supplies) such as
commercial biological supply houses for use as brood stock should be guaranteed to be (1) of the correct species,
(2) disease free, (3) in the requested age range, and (4) in good condition.  This can be done by providing the record
of the date on which the eggs were laid and hatched, and information on the sensitivity of the contemporary fish to
reference toxicants. 

12.6.13.3   Obtaining Embryos for Toxicity Tests from Inhouse Cultures.

12.6.13.3.1   Spawning substrates with the newly-spawned, fertilized embryos are removed from the spawning tanks
or ponds, and the embryos are separated from the spawning substrate by using the index finger and rolling the
embryos gently with a circular movement of the finger (see Gast and Brungs, 1973).  The embryos are then
combined and washed from the spawning substrate onto a 400 μm NITEX® screen, sprayed with a stream of
deionized water to remove detritus and food particles, and back-washed with dilution water into a crystallizing dish
for microscopic examination.  Damaged and infertile eggs are discarded.

12.6.13.3.2   The embryos from three or more spawns are pooled in a single container to provide a sufficient
number to conduct the tests.  These embryos may be used immediately to start a test inhouse or may be transported
for use at a remote location.  When transportation is required, embryos should be taken from the substrates within
12 h of spawning.  This permits off-site tests to be started with less than 36-h old embryos.  Embryos should be
transported or shipped in clean, opaque, insulated containers, in well aerated or oxygenated fresh culture or dilution
water, and should be protected from extremes of temperature and any other stressful conditions during transport.
Instantaneous changes of water temperature when embryos are transferred from culture unit water to test dilution
water, or from transport container water to on-site test dilution water, should be less than 2�C.  Sudden changes in
pH, dissolved ions, osmotic strength, and DO should be avoided.

12.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE

12.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

12.8   CALIBRATION AND STANDARDIZATION

12.8.1   See Section 4, Quality Assurance.
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12.9   QUALITY CONTROL 

12.9.1   See Section 4, Quality Assurance.

12.10   TEST PROCEDURES 

12.10.1   TEST SOLUTIONS 

12.10.1.1   Receiving Waters 

12.10.1.1.1   The sampling point is determined by the objectives of the test.  Receiving water toxicity is determined
with samples used directly as collected or after samples are passed through a 60 μm NITEX® filter and compared
without dilution, against a control.  Using four replicate chambers per test, each containing 100 mL, and 400 mL for
chemical analysis, would require approximately one liter, or more, of sample per test day.

12.10.1.2   Effluents

12.10.1.2.1   The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ± 100%, and testing of
concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%, 25%,
50%, and 100%).  Improvements in precision decline rapidly if the dilution factor is increased beyond 0.5 and
precision declines rapidly if a smaller dilution factor is used.  Therefore, USEPA recommends the use of the �
0.5 dilution factor.

12.10.1.2.2   If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should
be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during the first
1 to 2 h of the test, additional dilutions should be added at the lower range of effluent concentrations.

12.10.1.2.3   The volume of effluent required for daily renewal of four replicates per concentration, each containing
100 mL of test solution, is 1.5 L.  Sufficient test solution (approximately 1000 mL) is prepared at each effluent
concentration to provide 400 mL additional volume for chemical analyses.  If the sample is used for more than one
daily renewal of test solutions, the volume must be increased proportionately. 

12.10.1.2.4   Tests should begin as soon as possible, preferably within 24 h of sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for the off-site
toxicity tests unless permission is granted by the permitting authority.  In no case should the sample be used for the
first time in a test more than 72 h after sample collection  (see Section 8, Effluent and Receiving Water Sampling,
Sample Handling, and Sample Preparation for Toxicity Tests).

12.10.1.2.5   Just prior to test initiation (approximately 1 h) the temperature of sufficient quantity of the sample to
make the test solutions should be adjusted to the test temperature and maintained at that temperature during the
addition of dilution water.  

12.10.1.2.6   The DO of the test solutions should be checked prior to test initiation.  If any of the solutions are
supersaturated with oxygen, all of the solutions and the control should be gently aerated.  If any solution has a DO
below 4.0 mg/L, all of the solutions and the control must be gently aerated.

12.10.1.3   Dilution Water

12.10.1.3.1   Dilution water may be uncontaminated receiving water, a standard synthetic (reconstituted) water, or
some other uncontaminated natural water (see Section 7, Dilution Water).
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12.10.1.3.2   If the hardness of the test solutions (including the control) does not equal or exceed 25 mg/L as
CaCO3, it may be necessary to adjust the hardness by adding reagents for synthetic softwater as listed in Table 3,
Section 7.  In this case parallel tests should be conducted, one with the hardness adjusted and one unadjusted.

12.10.2   START OF THE TEST

12.10.2.1   Label the test chambers with a marking pen and use color-coded tape to identify each treatment and
replicate.  A minimum of five effluent concentrations and a control are used for each effluent test.  Each treatment
(including the control) should have four (minimum of three) replicates.

12.10.2.2   Tests performed in laboratories that have inhouse fathead minnow breeding cultures must initiate tests
with embryos less than 36 h old.  When the embryos must be shipped to the test site from a remote location, it may
be necessary to use embryos older than 36 h because of the difficulty of coordinating test organism shipments with
field operations.  However, in the latter case, the embryos must not be more than 48 h old at the start of the test and
should all be within 24 h of the same age.

12.10.2.3   Randomize the position of the test chambers at the beginning of the test (see Appendix A).  Maintain the
chambers in this configuration throughout the test.  Preparation of a position chart may be helpful. 

12.10.2.4   The test organisms should come from a pool of embryos consisting of at least three separate spawnings. 
Gently agitate and mix the embryos to be used in the test in a large container so that eggs from different spawns are
thoroughly mixed. 
 
12.10.2.5   Using a small bore (2 mm ID) glass tube, the embryos are placed one or two at a time into each
randomly arranged test chamber or intermediate container in sequential order, until each chamber contains 15
(minimum of 10) embryos, for a total of 60 (minimum of 30) embryos for each concentration (see Appendix A). 
The amount of water added to the chambers when transferring the embryos to the compartments should be kept to a
minimum to avoid unnecessary dilution of the test concentrations. 

12.10.2.6   After the embryos have been distributed to each test chamber, examine and count them.  Remove and
discard damaged or infertile eggs and replace with new undamaged embryos.  Placing the test chambers on a light
table may facilitate examining and counting the embryos.
 
12.10.3   LIGHT, PHOTOPERIOD AND TEMPERATURE 

12.10.3.1   The light quality and intensity should be at ambient laboratory levels, which is approximately 10-20
μE/m2/s, or 50 to 100 foot candles (ft-c), with a photoperiod of 16 h of light and 8 h of darkness.  The water
temperature in the test chambers should be maintained at 25 ± 1�C. 
 
12.10.4   DISSOLVED OXYGEN (DO) CONCENTRATION

12.10.4.1  Aeration may affect the toxicity of effluents and should be used only as a last resort to maintain
satisfactory DO concentrations.  The DO concentrations should be measured in the new solutions at the start of the
test (Day 0) and before daily renewal of the new solutions on subsequent days.  The DO concentrations should not
fall below 4.0 mg/L (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests).  If it is necessary to aerate, all concentrations and the control should be aerated. 
The aeration rate should not exceed 100 bubbles/min, using a pipet with an orifice of approximately 1.5 mm, such
as a l-mL KIMAX® serological Pipet, or equivalent.  Care should be taken to ensure that turbulence resulting from
the aeration does not cause undue physical stress to the embryos.
 
12.10.5   FEEDING 

12.10.5.1   Feeding is not required.
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12.10.6   OBSERVATIONS DURING THE TEST

12.10.6.1   Routine Chemical and Physical Determinations

12.10.6.1.1   DO is measured at the beginning and end of each 24-h exposure period in at least one test chamber at
each test concentrations and in the control.

12.10.6.1.2   Temperature and pH are measured at the end of each 24-h exposure period in at least one test chamber
at each test concentration and in the control.  Temperature should also be monitored continuously or observed and
recorded daily for at least two locations in the environmental control system or the samples.  Temperature should be
measured in a sufficient number of test vessels, at least at the end of the test, to determine temperature variation in
the environmental chamber.

12.10.6.1.3   The pH is measured in the effluent sample each day before new test solutions are made.

12.10.6.1.4   Conductivity, alkalinity and hardness are measured in each new sample (100% effluent or receiving
water) and in the control.

12.10.6.2   Record all the measurements on the data sheet (Figure 1).

12.10.6.3   Routine Biological Observations 

12.10.6.3.1   At the end of the first 24 h of exposure, before renewing the test solutions, examine the embryos. 
Remove the dead embryos (milky colored and opaque) and record the number (Figure 2).  If the rate of mortality
(including those with fungal infection) exceeds 20% in the control chambers, or if excessive non-concentration-
related mortality occurs, terminate the test and start a new test with new embryos. 

12.10.6.3.2   At 25�C, hatching may begin on the fourth day.  After hatching begins, count the number of dead and
live embryos and the number of hatched, dead, live, and deformed larvae, daily.  Deformed larvae are those with
gross morphological abnormalities such as lack of appendages, lack of fusiform shape (non-distinct mass), lack of
mobility, a colored, beating heart in an opaque mass, or other characteristics that preclude survival.  Count and
remove dead embryos and larvae as previously discussed and record the numbers for all of the test observations
(Figure 2).  Upon hatching, deformed larvae are counted  as dead.

12.10.6.3.3   Protect the embryos and larvae from unnecessary disturbance during the test by carrying out the daily
test observations, solution renewals, and removal of dead organisms carefully.  Make sure that the test organisms
remain immersed during the performance of the above operations.

12.10.7   DAILY CLEANING OF TEST CHAMBERS

12.10.7.1   Since feeding is not required, test chambers are not cleaned daily unless accumulation of particulate
matter at the bottom of the chambers causes a problem.

12.10.8   TEST SOLUTION RENEWAL 
 

12.10.8.1   Freshly prepared solutions are used to renew the tests daily.  For on-site toxicity studies, fresh effluent or
receiving water samples should be collected daily, and no more than 24 h should elapse between collection of the
samples and their use in the tests (see Section 8, Effluent and Receiving Water Sampling, Sample Handling and
Sample Preparation for Toxicity Tests).  For off-site tests, a minimum of three samples are collected, preferably on
days one, three, and five.  Maintain the samples in the refrigerator at 0-6�C until used.

12.10.8.2   The test solutions are renewed immediately after removing dead embryos and/or larvae.  During the
daily renewal process, the water level in each chamber is lowered to a depth of 7 to 10 mm, which leaves 15 to 20%
of the test solution.  New test solution should be added slowly by pouring down the side of the test chamber to
avoid excessive turbulence and possible injury to the embryos or larvae. 
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Discharger: Test Dates:

Location: Analyst:

Control:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Figure 1. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and teratogenicity
test.  Routine chemical and physical determinations.
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Discharger: Test Dates:

Location: Analyst:

Control:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Figure 1. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and teratogenicity
test.  Routine chemical and physical determinations (CONTINUED)
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Discharger: Test Dates:

Location: Analyst:

Conc: Rep.
No.

Condition of
Embryo/larvae

Day

1 2 3 4 5 6 7

Control

1 Live/dead

Terata

2 Live/dead

Terata

3 Live/dead

Terata

4 Live/dead

Terata

Treatment 1 Live/dead

Terata

2 Live/dead

Terata

3 Live/dead

Terata

4 Live/dead

Terata

Treatment 1 Live/dead

Terata

2 Live/dead

Terata

3 Live/dead

Terata

4 Live/dead

Terata

Treatment 1 Live/dead

Terata

2 Live/dead

Terata

3 Live/dead

Terata

4 Live/dead

Terata

Figure 2. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and teratogenicity
test.  Survival and terata data.
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Discharger: Test Dates:

Location: Analyst:

Conc: Rep.
No.

Condition of
Embryo/larvae

Day

1 2 3 4 5 6 7

Treatment 1 Live/dead

Terata

2 Live/dead

Terata

3 Live/dead

Terata

4 Live/dead

Terata

Treatment 1 Live/dead

Terata

2 Live/dead

Terata

3 Live/dead

Terata

4 Live/dead

Terata

Comments:

Figure 2. Data form for the fathead minnow, Pimephales promelas, embryo-larval survival and teratogenicity
test.  Survival and terata data (CONTINUED).
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12.10.9   TERMINATION OF THE TEST 

12.10.9.1   The test is terminated after seven days of exposure.  Count the number of surviving, dead, and deformed
larvae, and record the numbers of each (Figure 2).  The deformed larvae are treated as dead in the analysis of the
data.  Keep a separate record of the total number and percent of deformed larvae for use in reporting the
teratogenicity of the test solution.

12.10.9.2   Prepare a summary of the data as illustrated in Figure 3.

12.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

12.11.1   A summary of test conditions and test acceptability criteria is presented in Table 1.

12.12   ACCEPTABILITY OF TEST RESULTS

12.12.1   For the test results to be acceptable, survival in the controls must be at least 80%.
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Discharger: Test Dates:  

Location: Analyst:  

Treatment Control

No. dead
embryos and
larvae

No. terata

Total
mortality
(dead and
deformed)

Total
mortality (%)

Terata (%)

Hatch (%)

Comments:

Figure 3.  Summary data for the fathead minnow, Pimephales promelas, embryo-larval survival and
teratogenicity test. 
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TABLE 1. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL SURVIVAL AND
TERATOGENICITY TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS
(TEST METHOD 1001.0)1

 1. Test type: Static renewal (required) 
 

2. Temperature: 25 ± 1�C (recommended)
Test temperatures must not deviate (i.e., maximum minus
minimum temperature) by more than 3�C during the test
(required)

 
3. Light quality: Ambient laboratory illumination (recommended)  

 
4. Light intensity: 10-20 μE/m2/s or 50-100 ft-c (ambient laboratory levels)

(recommended) 
 

5. Photoperiod: 16 h light, 8 h dark (recommended) 
 

6. Test chamber size: 150 mL (recommended minimum) 
 

7. Test solution volume: 70 mL (recommended minimum) 
 

8. Renewal of test solutions: Daily (required)
 

9. Age of test organisms: Less than 36-h old embryos (Maximum of 48-h if shipped)
(required)

10. No. embryos per test chamber: 15 (recommended) 
10 (required minimum) 

11. No. replicate test               
chambers per concentration: 4 (recommended)

3 (required minimum) 

12. No. embryos per concentration: 60 (recommended)
30 (required minimum)  

13. Feeding regime: Feeding not required 

14. Aeration: None unless DO falls below 4.0 mg/L (recommended) 

1 For the purposes of reviewing WET test data submitted under NPDES permits, each test condition listed above
is identified as required or recommended (see Subsection 10.2 for more information on test review).  Additional
requirements may be provided in individual permits, such as specifying a given test condition where several
options are given in the method.
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 TABLE 1. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR 
FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL SURVIVAL AND
TERATOGENICITY TOXICITY TESTS WITH EFFLUENTS AND RECEIVING WATERS
(TEST METHOD 1001.0) (CONTINUED)

15. Dilution water: Uncontaminated source of receiving or other natural water,
synthetic water  prepared using MILLIPORE MILLI-Q® or
equivalent deionized water and reagent grade chemicals or
DMW (see Section 7, Dilution Water).  The hardness of the
test solutions should equal or exceed 25 mg/L (CaCO3) to
ensure hatching success (available options)

16. Test concentrations: Effluents:  5 and a control (required minimum)
Receiving waters:  100% receiving water (or minimum of
5) and a control (recommended) 

17. Dilution factor: Effluents:  � 0.5 (recommended) 
Receiving waters:  None, or � 0.5 (recommended) 

18. Test duration: 7 days (required) 

19. Endpoint: Combined mortality (dead and deformed organisms)
(required) 

20. Test acceptability criteria: 80% or greater survival in controls (required) 

21. Sampling requirements: For on-site tests, samples collected daily and used within
24 h of the time  they are removed from the sampling
device.  For off-site tests, a minimum of three samples
(e.g., collected on days one, three, and five) with a
maximum holding  time of 36 h before first use (see
Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests,
Subsection 8.5.4) (required) 

22. Sample volume required: 1.5 to 2.5 L/day depending on the volume of test solutions
used (recommended) 
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12.13   DATA ANALYSIS

12.13.1   GENERAL

12.13.1.1   Tabulate and summarize the data (Figure 3).

12.13.1.2   The endpoints of this toxicity test are based on total mortality, combined number of dead embryos, and
dead and deformed larvae.  The EC1 is calculated using Probit Analysis (Finney, 1971; see Appendix I).  Separate
analyses are performed for the estimation of LOEC and NOEC endpoints and for the estimation of the EC1
endpoint.  Concentrations at which there is no survival in any of the test chambers are excluded from the statistical
analysis of the NOEC and LOEC, but included in the estimation of the EC1 endpoint.  See the Appendices for
examples of the manual computations and examples of data input and output for the computer programs.

12.13.1.3   The statistical tests described here must be used with a knowledge of the assumptions upon which the
tests are contingent.  The assistance of a statistician is recommended for analysts who are not proficient in statistics.
 
12.13.2   EXAMPLE OF ANALYSIS OF FATHEAD MINNOW EMBRYO-LARVAL SURVIVAL AND
TERATOGENICITY DATA

12.13.2.1   Formal statistical analysis of the total mortality data is outlined on the flowchart in Figure 4.  The
response used in the analysis is the total mortality proportion in each test or control chamber.  Separate analyses are
performed for the estimation of the NOEC and LOEC endpoints and for the estimation of the EC endpoint. 
Concentrations at which there is 100% total mortality in all of the test chambers are excluded from statistical
analysis of the NOEC and LOEC, but included in the estimation of the EC1 endpoint.

12.13.2.2   For the case of equal numbers of replicates across all concentrations and the control, the evaluation of
the NOEC and LOEC endpoints is made via a parametric test, Dunnett's Procedure, or a nonparametric test, Steel's
Many-one Rank Test, on the arc sine square root transformed data.  Underlying assumptions of Dunnett's
Procedure, normality and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's
Test, and Bartlett's Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric
test, Steel's Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of
Dunnett's Procedure are met, the endpoints are estimated by the parametric procedure.

12.13.2.3   If unequal numbers of replicates occur among the concentration levels tested, there are parametric and
nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni adjustment
(see Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative
(see Appendix F).

12.13.2.4   Probit Analysis (Finney, 1971) is used to estimate the concentration that causes a specified percent
decrease in survival from the control.  In this analysis, the total mortality data from all test replicates at a given
concentration are combined.
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Figure 4. Flowchart for statistical analysis of fathead minnow, Pimephales promelas, embryo-larval data. 

RB-AR26138



130

12.13.2.5   The data for this example are listed in Table 2.  Total mortality, expressed as a proportion (combined
total number of dead embryos, dead larvae and deformed larvae divided by the number of embryos at start of test),
is the response of interest.  The total mortality proportion in each replicate must first be transformed by the arc sine
square root transformation procedure described in Appendix B.  The raw and transformed data, means and variances
of the transformed observations at each effluent concentration and control are listed in Table 3.   A plot of the data
is provided in Figure 5.  Since there is 100% total mortality in replicates for the 50.0% concentration, it is not
included in this statistical analysis and is considered a qualitative mortality effect.

 TABLE 2. DATA FROM FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL
TOXICITY TEST WITH GROUND WATER EFFLUENT

Effluent No. Dead at Test Deformed at Test Dead + Deformed
Conc. Eggs at Termination Termination at Termination
(%) Start No. % No. % No. %

Control 10 0 0 0 0 0 0
10 2 20 0 0 2 20

    10 0 0 0 0 0 0
       10 1 10 0 0 1 10

3.125 10 0 0 0 0 0 0
10 0 0 1 10 1 10
10 0 0 0 0 0 0
10 1 10 0 0 1 10

6.25 10 0 0 0 0 0 0
        10 0 0 0 0 0 0
      10 0 0 0 0 0 0
      10 0 0 1 10 1 10

12.5 10 0 0 0 0 0 0
10 0 0 0 0 0 0
10 0 0 0 0 0 0

        10 1 10 0 0 1 10

25.0 10 1 10 9 90 10 100
     10 2 20 8 80 10 100
     10 2 20 8 80 10 100
     10 1 10 4 40  5 50

50.0 10 4 40 6 60 10 100
    10 3 30 7 70 10 100
    10 5 50 5 50 10 100
    10 3 30 7 70 10 100
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D � �n
i�1

(Xi� X̄)
2

TABLE 3. FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL TOTAL
MORTALITY DATA 

Effluent Concentration (%)
Replicate Control 3.125 6.25 12.5 25.0 50.0

 RAW A 0.00 0.00 0.00 0.00 1.00 1.00
B 0.20 0.10 0.00 0.00 1.00 1.00
C 0.00 0.00 0.00 0.00 1.00 1.00
D 0.10 0.10 0.10 0.10 0.50 1.00

 ARC SINE A 0.159 0.159 0.159 0.159 1.412 -
 TRANS- B 0.464 0.322 0.159 0.159 1.412 -
 FORMED C 0.159 0.159 0.159 0.159 1.412 -

D 0.322 0.322 0.322 0.322 0.785 -

Mean( ) 0.276 0.241 0.200 0.200 1.255Ȳi

0.022 0.009 0.007 0.007 0.098S
2
i

i 1 2 3 4 5

12.13.2.6   Test for Normality 

12.13.2.6.1   The first step of the test for normality is to center the observations by subtracting the mean of all
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 4.

TABLE 4.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 
  

Effluent Concentration (%)

Replicate Control 3.125 6.25 12.5 25.0 50.0

A -0.117 -0.082 -0.041 -0.041 0.157 - 
B 0.188 0.081 -0.041 -0.041 0.157 - 
C -0.117 0.081 -0.041 -0.041 0.157 - 
D 0.046 -0.082 0.122 0.122 -0.470 - 

12.13.2.6.2  Calculate the denominator, D, of the statistic:

          Where: Xi = the ith centered observation

= the overall mean of the centered observationsX̄
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n = the total number of centered observations

12.13.2.6.3   For this set of data, n = 20

X̄ �
1

20
(�0.003) � 0.000

D = 0.4261

12.13.2.6.4   Order the centered observations from smallest to largest

                X(1) � X(2) � ... � X(n)

where X(i) denotes the ith ordered observation.  The ordered observations for this example are listed in Table 5.

TABLE 5.  ORDERED CENTERED OBSERVATIONS FOR THE SHAPIRO-WILK'S EXAMPLE

i X(i) i X(i)

1 -0.470 11 -0.041
2 -0.117 12 0.046
3 -0.117 13 0.081
4 -0.082 14 0.081
5 -0.082 15 0.122
6 -0.041 16 0.122
7 -0.041 17 0.157
8 -0.041 18 0.157
9 -0.041 19 0.157

10 -0.041 20 0.188

12.13.2.6.5   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ..., ak

where k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 20 and k = 10.  The ai values are
listed in Table 6.

RB-AR26142



134

W �
1

D
[�k

i�1

ai(X
(n�i�1)�X (i))]

2

TABLE 6.  COEFFICIENTS AND DIFFERENCES FOR THE SHAPIRO-WILK'S EXAMPLE  

i ai X(n-i+1) - X(i)

1 0.4734 0.658 X(20) - X(1)

2 0.3211 0.274 X(19) - X(2)

3 0.2565 0.274 X(18) - X(3)

4 0.2085 0.239 X(17) - X(4)

5 0.1686 0.204 X(16) - X(5)

6 0.1334 0.163 X(15) - X(6)

7 0.1013 0.122 X(14) - X(7)

8 0.0711 0.122 X(13) - X(8)

9 0.0422 0.087 X(12) - X(9)

10 0.0140 0.000 X(11) - X(10)

12.13.2.6.6   Compute the test statistic, W, as follows:

The differences X(n-i+1) - X(i) are listed in Table 6.  For the data in this example,

W �
1

0.4261
(0.6004)2

= 0.846

12.13.2.6.7   The decision rule for this test is to compare W as calculated in Section 13.2.6.6 to a critical value
found in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not
normally distributed.  For the data in this example, the critical value at a significance level of 0.01 and n = 20
observations is 0.868.  Since W = 0.846 is less than the critical value, conclude that the data are not normally
distributed.

12.13.2.6.8   Since the data do not meet the assumption of normality, Steel's Many-one Rank Test will be used to
analyze the total mortality data.

12.13.2.7   Steel's Many-one Rank Test 

12.13.2.7.1   For each control and concentration combination, combine the data and arrange the observations in
order of size from smallest to largest.  Assign the ranks (1, 2, ..., 8) to the ordered observations with a rank of
1 assigned to the smallest observation, rank of 2 assigned to the next larger observation, etc.  If ties occur when
ranking, assign the average rank to each tied observation.

12.13.2.7.2   An example of assigning ranks to the combined data for the control and 3.125% effluent concentration
is given in Table 7.  This ranking procedure is repeated for each control/concentration combination.  The complete
set of rankings is summarized in Table 8.  The control group ranks are next summed for each effluent concentration
pairing, as shown in Table 9. 
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TABLE 7. ASSIGNING RANKS TO THE CONTROL AND 3.125% EFFLUENT CONCENTRATION
FOR STEEL'S MANY-ONE RANK TEST

Transformed Effluent
Rank Proportion Concentration

Mortality (%)

2.5 0.159 Control
2.5 0.159 Control
2.5 0.159 3.125
2.5 0.159 3.125
6 0.322 Control
6 0.322 3.125
6 0.322 3.125
8 0.464 Control

TABLE 8.  TABLE OF RANKS FOR STEEL'S MANY-ONE RANK TEST

Effluent Concentration (%)

Repl. Control 3.125 6.25 12.5 25.0 

A 0.159 (2.5,3,3,1.5) 0.159 (2.5) 0.159 (3) 0.159 (3) 1.412 (7)
B 0.464 (8,8,8,4) 0.322 (6) 0.159 (3) 0.159 (3) 1.412 (7)
C 0.159 (2.5,3,3,1.5) 0.159 (2.5) 0.159 (3) 0.159 (3) 1.412 (7)
D 0.322 (6,6.5,6.5,3) 0.322 (6) 0.322 (3) 0.159 (3) 0.785 (5)

TABLE 9.  RANK SUMS

Effluent Control
Concentration (%) Rank Sum

3.125 19
6.25 20.5

12.5 20.5
25.0 10

12.13.2.7.3   For this example, we want to determine if the total mortality in any of the effluent concentrations is
significantly higher than the total mortality in the control.  If this occurs, the rank sum of the control would be
significantly less than the rank sum at that concentration.  Thus we are only concerned with comparing the control
rank sum for each pairing with the various effluent concentrations with some "minimum" or critical rank sum, at or
below which the concentration total mortality would be considered significantly greater than the control.  At a
signficance level of 0.05, the minimum rank sum in a test with four concentrations (excluding the control) and four
replicates per concentration is 10 (see Table 5, Appendix E).
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12.13.2.7.4   Since the control rank sum for the 25.0% effluent concentration pairing is equal to the critical value,
the total proportion mortality in the 25.0% concentration is considered significantly greater than that in the control. 
Since no other rank sums are less than or equal to the critical value, no other concentrations have signficantly higher
total proportion mortality than the control.  Hence the NOEC is 12.5% and the LOEC is 25.0%. 

12.13.2.8   Calculation of the LC50

12.13.2.8.1   The data used for the Probit Analysis is summarized in Table 10.  To perform the Probit Analysis, run
the USEPA Probit Analysis Program.  An example of the program input and output is supplied in Appendix I.

12.13.2.8.2   For this example, the chi-square test for heterogeneity was not significant.  Thus Probit Analysis
appears appropriate for this data. 

12.13.2.8.3   Figure 6 shows the output data for the Probit Analysis of the data from Table 10 using the USEPA
Probit Program. 

TABLE 10.  DATA FOR PROBIT ANALYSIS  

 
Effluent Concentration (%)

 
Control 3.125 6.25 12.5 25.0 50.0

Number Dead 3 1 0 1 6 15
Number Exposed 40 40 40 40 40 40

12.14   PRECISION AND ACCURACY

12.14.1   PRECISION 

12.14.1.1   Single-laboratory Precision
 

12.14.1.1.1   Data shown in Tables 11 and 12 indicate that the precision of the embryo-larval survival and
teratogenicity test, expressed as the relative standard deviation (or coefficient of variation, CV) of the LC1 values,
was 62% for cadmium (Table 11) and 41% for Diquat (Table 12).

12.14.1.1.2   Precision data are also available from four embryo-larval survival and teratogenicity tests on trickling
filter pilot plant effluent (Table 13).  Although the data could not be analyzed by Probit Analysis, the NOECs and
LOECs obtained using Dunnett's Procedure were the same for all four tests, 7% and 11% effluent, respectively,
indicating maximum precision in terms of the test design. 

12.14.1.2   Multilaboratory Precision

12.14.1.2.1   Data on the multilaboratory precision of this test are not yet available.

12.14.2   ACCURACY

12.14.2.1  The accuracy of toxicity tests cannot be determined.
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USEPA PROBIT ANALYSIS PROGRAM
USED FOR CALCULATING LC/EC VALUES

Version 1.5

Probit Analysis of Fathead Minnow Embryo-Larval Survival
and Teratogenicity Data

                                                             Proportion
                                              Observed       Responding
                      Number     Number     Proportion     Adjusted for
       Conc.         Exposed     Resp.      Responding        Controls

      Control           20          2         0.1000           0.0000
       0.5000           20          2         0.1000           0.0174
       1.0000           20          1         0.0500           -.0372
       2.0000           20          4         0.2000           0.1265
       4.0000           20         16         0.8000           0.7816
       8.0000           20         20         1.0000           1.0000

Chi - Square for Heterogeneity (calculated)     =   0.441
Chi - Square for Heterogeneity (tabular value)  =  7.815

Probit Analysis of Fathead Minnow Embryo-Larval Survival
and Teratogenicity Data

      Estimated LC/EC Values and Confidence Limits

                   Exposure          Lower           Upper
Point               Conc.            95% Confidence Limits

LC/EC  1.00         1.346            0.453           1.922
LC/EC 50.00         3.018            2.268           3.672

Figure 6.  Output for USEPA Probit Program, Version 1.5.
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TABLE 11. PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS,               
EMBRYO-LARVAL SURVIVAL AND TERATOGENICITY TEST, USING CADMIUM AS
A REFERENCE TOXICANT1,2 

Test LC13 95% Confidence NOEC4

(mg/L) Limits (mg/L)

1 0.014 0.009 - 0.018 0.012

2 0.006 0.003 - 0.010 0.012

3 0.005 0.003 - 0.009 0.013

4 0.003 0.002 - 0.004 0.011

5 0.006 0.003 - 0.009 0.012

N 5 5 
Mean 0.0068 NA
SD 0.0042                               
CV(%) 62 NA

                                                              
 

1 Tests conducted by Drs. Wesley Birge and Jeffrey Black, University of Kentucky, Lexington, under a
cooperative agreement with the Bioassessment and Ecotoxicology Branch, EMSL, USEPA, Cincinnati,
OH.

2 Cadmium chloride was used as the reference toxicant.  The nominal concentrations, expressed as cadmium
(mg/L), were: 0.01, 0.032, 0.100, 0.320, and 1.000.  The dilution water was reconstituted water with a
hardness of 100 mg/L as calcium carbonate, and a pH of 7.8.

3 Determined by Probit Analysis.
4 Highest no-observed-effect concentration determined by independent statistical analysis (2X2 Chi-square

Fisher's Exact Test).  NOEC range of 0.011 - 0.013 represents a difference of one exposure concentration.
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TABLE 12. PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS,
EMBRYO-LARVAL, SURVIVAL AND TERATOGENICITY TOXICITY TEST, USING
DIQUAT AS A REFERENCE TOXICANT1,2

                  Test             LC13              95% Confidence
                                 (mg/L)                 Limits

 
1 0.58 0.32 - 0.86

 
2 2.31 --4

 
3 1.50 1.05 - 1.87

 
4 1.71 1.24 - 2.09

 
5 1.43 0.93 - 1.83

 
N 5
Mean 1.51 
SD 0.62 
CV(%) 41.3 

 
1 Tests conducted by Drs. Wesley Birge and Jeffrey Black, University of Kentucky, Lexington, under a

cooperative agreement with the Bioassessment and Ecotoxicology Branch, EMSL, USEPA, Cincinnati,
OH.

2 The Diquat concentrations were determined by chemical analysis.  The dilution water was reconstituted
water with a hardness of 100 mg/L as calcium carbonate, and a pH of 7.8.

3 Determined by Probit Analysis.
4 Cannot be calculated.
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TABLE 13. PRECISION OF THE FATHEAD MINNOW, PIMEPHALES PROMELAS, EMBRYO-LARVAL
SURVIVAL AND TERATOGENICITY STATIC-RENEWAL TEST CONDUCTED WITH
TRICKLING FILTER EFFLUENT1,2,3

Test NOEC LOEC
No. (% Effluent) (% Effluent)

1 7 11

2 7 11

3 7 11

4 7 11

1 Data provided by Timothy Neiheisel, Bioassessment and Ecotoxiology Branch, EMSL, USEPA, Cincinnati, OH.
2 Effluent concentrations used: 3, 5, 7, 11 and 16%
3 Maximum precision achieved in terms of NOEC-LOEC interval.  For a discusssion of the precision of data from

chronic toxicity tests (see Section 4, Quality Assurance).
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SECTION 13

TEST METHOD

DAPHNID, CERIODAPHNIA DUBIA,

SURVIVAL AND REPRODUCTION TEST

METHOD 1002.0

13.1   SCOPE AND APPLICATION

13.1.1   This method measures the chronic toxicity of effluents and receiving water to the daphnid, Ceriodaphnia
dubia, using less than 24 h old neonates during a three-brood (seven-day), static renewal test.  The effects include
the synergistic, antagonistic, and additive effects of all the chemical, physical, and biological components which
adversely affect the physiological and biochemical functions of the test organisms.

13.1.2   Daily observations on mortality make it possible to also calculate acute toxicity for desired exposure periods
(i.e., 24-h, 48-h, and 96-h LC50s). 
 
13.1.3   Detection limits of the toxicity of an effluent or pure substance are organism dependent. 

13.1.4   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, and because the test chambers are not sealed, highly
degradable or highly volatile toxicants in the source may not be detected in the test. 
 
13.1.5   This test method is commonly used in one of two forms: (1) a definitive test, consisting of a minimum of
five effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving
water concentrations and a control. 

13.2   SUMMARY OF METHOD

13.2.1   Ceriodaphnia dubia are exposed in a static renewal system to different concentrations of effluent, or to
receiving water, until 60% or more of surviving control females have three broods of offspring.  Test results are
based on survival and reproduction.  If the test is conducted as described, the surviving control organisms should
produce 15 or more young in three broods.  If these criteria are not met at the end of 8 days, the test must be
repeated. 

13.3   INTERFERENCES 

13.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies).

13.3.2   Improper effluent sampling and handling may adversely affect test results (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

13.3.3   Pathogenic and/or predatory organisms in the dilution water and effluent may affect test organism survival
and confound test results.

13.3.4   The amount and type of natural food in the effluent or dilution water may confound test results.

13.3.5   Food added during the test may sequester metals and other toxic substances and confound test results. 
Daily renewal of solutions, however, will reduce the probability of reduction of toxicity caused by feeding.
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13.3.6   pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-dependent
toxicants (such as metals) are present.  As pH increases, the toxicity of ammonia also increases (see Subsection
8.8.6), so upward pH drift may increase sample toxicity.  For metals, toxicity may increase or decrease with
increasing pH.  Lead and copper were found to be more acutely toxic at pH 6.5 than at pH 8.0 or 8.5, while nickel
and zinc were more toxic at pH 8.5 than at pH 6.5 (USEPA, 1992).  In situations where sample toxicity is confirmed
to be artifactual and due to pH drift (as determined by parallel testing as described in Subsection 13.3.6.1), the
regulatory authority may allow for control of sample pH during testing using procedures outlined in Subsection
13.3.6.2.  It should be noted that artifactual toxicity due to pH drift is not likely to occur unless pH drift is large
(more than 1 pH unit) and/or the concentration of some pH-dependent toxicant in the sample is near the threshold
for toxicity. 

13.3.6.1   To confirm that toxicity is artifactual and due to pH drift, parallel tests must be conducted, one with
controlled pH and one with uncontrolled pH.  In the uncontrolled-pH treatment, the pH is allowed to drift during the
test.  In the controlled-pH treatment, the pH is maintained using the procedures described in Subsection 13.3.6.2. 
The pH to be maintained in the controlled-pH treatment (or target pH) will depend on the objective of the test.  If
the objective of the WET test is to determine the toxicity of the effluent in the receiving water, the pH should be
maintained at the pH of the receiving water  (measured at the edge of the regulatory mixing zone).  If the objective
of the WET test is to determine the absolute toxicity of the effluent, the pH should be maintained at the initial pH of
the sample upon completion of collection (as measured on an aliquot removed from the sample container).

13.3.6.1.1  During parallel testing, the pH must be measured in each treatment at the beginning (i.e., initial pH) and
end (i.e., final pH) of each 24-h exposure period.  For each treatment, the mean initial pH (e.g., averaging the initial
pH measured each day for a given treatment) and the mean final pH (e.g., averaging the final pH measured each day
for a given treatment) must be reported.  pH measurements taken during the test must confirm that pH was
effectively maintained at the target pH in the controlled-pH treatment.  For each treatment, the mean initial pH and
the mean final pH should be within ±0.2 pH units of the target pH.  Test procedures for conducting toxicity
identification evaluations (TIEs) also recommend maintaining pH within ±0.2 pH units in pH-controlled tests
(USEPA, 1992).

13.3.6.1.2   Total ammonia also should be measured in each treatment at the outset of parallel testing.  Total
ammonia concentrations greater than 5 mg/L in the 100% effluent are an indicator that toxicity observed in the test
may be due to ammonia (USEPA, 1992).  

13.3.6.1.3   Results from both of the parallel tests (pH-controlled and uncontrolled treatments) must be reported to
the regulatory authority.  If the uncontrolled test meets test acceptability criteria and shows no toxicity at the
permitted instream waste concentration, then the results from this test should be used for determining compliance. 
If the uncontrolled test shows toxicity at the permitted instream waste concentration, then the results from the pH-
controlled test should be used for determining compliance, provided that this test meets test acceptability criteria
and pH was properly controlled (see Subsection 13.3.6.1.1).  

13.3.6.1.4   To confirm that toxicity observed in the uncontrolled test was artifactual and due to pH drift, the results
of the controlled and uncontrolled-pH tests are compared.  If toxicity is removed or reduced in the pH-controlled
treatment, artifactual toxicity due to pH drift is confirmed for the sample.  To demonstrate that a sample result of
artifactual toxicity is representative of a given effluent, the regulatory authority may require additional information
or additional parallel testing before pH control (as described in Subsection 13.3.6.2) is applied routinely to
subsequent testing of the effluent. 

13.3.6.2   The pH can be controlled with the addition of acids and bases and/or the use of a CO2-controlled
atmosphere over the test chambers.  pH is adjusted with acids and bases by dropwise adding 1N NaOH or 1N HCl
(see Subsection 8.8.8).    The addition of acids and bases should be minimized to reduce the amount of additional
ions (Na or Cl) added to the sample.  pH is then controlled using the CO2-controlled atmosphere technique.  This
may be accomplished by placing test solutions and test organisms in closed headspace test chambers, and then
injecting a predetermined volume of CO2 into the headspace of each test chamber (USEPA, 1991b; USEPA, 1992);
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or by placing test chambers in an atmosphere flushed with a predetermined mixture of CO2 and air (USEPA, 1996). 
Prior experimentation will be needed to determine the appropriate CO2/air ratio or the appropriate volume of CO2 to
inject.  This volume will depend upon the sample pH, sample volume, container volume, and sample constituents. 
If more than 5% CO2 is needed, adjust the solutions with acids (1N HCl) and then flush the headspace with no more
than 5% CO2 (USEPA, 1992).  If the objective of the WET test is to determine the toxicity of the effluent in the
receiving water, CO2 is injected to maintain the test pH at the pH of the receiving water (measured at the edge of the
regulatory mixing zone).  If the objective of the WET test is to determine the absolute toxicity of the effluent, CO2 is
injected to maintain the test pH at the pH of the sample upon completion of collection.  USEPA (1991b; 1992) and
Mount and Mount (1992) provide techniques and guidance for controlling test pH using a CO2-controlled
atmosphere.  In pH-controlled testing, control treatments must be subjected to all manipulations that sample
treatments are subjected to.  These manipulations must be shown to cause no lethal or sublethal effects on control
organisms.  In pH-controlled testing, the pH also must be measured in each treatment at the beginning and end of
each 24-h exposure period to confirm that pH was effectively controlled at the target pH level. 

13.4   SAFETY

13.4.1   See Section 3, Health and Safety. 

13.5   APPARATUS AND EQUIPMENT 

13.5.1   Ceriodaphnia and algal culture units -- See Ceriodaphnia and algal culturing methods below and algal
culturing methods in Section 14 and USEPA, 2002a. 
 
13.5.2   Samplers -- automatic sampler, preferably with sample cooling capability, capable of collecting a 24-h
composite sample of 5 L or more.

13.5.3   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

13.5.4   Environmental chambers, incubators, or equivalent facilities with temperature control (25 ± 1�C).

13.5.5   Water purification system -- MILLIPORE MILLI-Q®, deionized water or equivalent (see Section 5,
Facilities, Equipment, and Supplies).

13.5.6   Balance -- analytical, capable of accurately weighing 0.00001 g.

13.5.7   Reference weights, Class S -- for checking performance of balance.  Weights should bracket the expected
weights of the material to be weighed.
 
13.5.8   Test chambers -- 10 test chambers are required for each concentration and control.  Test chambers such as
30-mL borosilicate glass beakers or disposable polystyrene cups are recommended because they will fit in the
viewing field of most stereoscopic microscopes.  The glass beakers and plastic cups are rinsed thoroughly with
dilution water before use.  To avoid potential contamination from the air and excessive evaporation of the test
solutions during the test, the test vessels should be covered with safety glass plates or sheet plastic (6 mm thick).

13.5.9   Mechanical shaker or magnetic stir plates -- for algal cultures. 

13.5.10   Light meter -- with a range of 0-200 μE/m2/s (0-1000 ft-c). 

13.5.11   Fluorometer (optional) -- equipped with chlorophyll detection light source, filters, and photomultiplier
tube (Turner Model 110 or equivalent).

13.5.12   UV-VIS spectrophotometer (optional) -- capable of accommodating 1-5 cm cuvettes. 
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13.5.13   Cuvettes for spectrophotometer -- 1-5 cm light path.
 
13.5.14   Electronic particle counter (optional) --  Coulter Counter, ZBI, or equivalent, with mean cell (particle)
volume determination. 

13.5.15   Microscope with 10X, 45X, and 100X objective lenses, 10X ocular lenses, mechanical stage, substage
condensor, and light source (inverted or conventional microscope) -- for determining sex and verifying
identification.

13.5.16   Dissecting microscope, stereoscopic, with zoom objective, magnification to 50X -- for examining and
counting the neonates in the test vessels.

13.5.17   Counting chamber -- Sedgwick-Rafter, Palmer-Maloney, or hemocytometer.

13.5.18   Centrifuge (optional) -- plankton, or with swing-out buckets having a capacity of 15-100 mL.

13.5.19   Centrifuge tubes -- 15-100 mL, screw-cap. 

13.5.20   Filtering apparatus -- for membrane and/or glass fiber filters. 

13.5.21   Racks (boards) -- to hold test chambers.  It is convenient to use a piece of styrofoam insulation board, 50
cm x 30 cm x 2.5 cm (20 in x 12 in x 1 in), drilled to hold 60 test chambers, in six rows of 10 (see Figure 1). 

13.5.22   Light box -- for illuminating organisms during examination. 

13.5.23   Volumetric flasks and graduated cylinders -- class A, borosilicate glass or non-toxic plastic labware,
10-1000 mL, for culture work and preparation of test solutions.

13.5.24   Pipettors, adjustable volume repeating dispensers -- for feeding.  Pipettors such as the Gilson
REPETMAN®, Eppendorf, Oxford, or equivalent, provide a rapid and accurate means of dispensing small volumes
(0.1 mL) of food to large numbers of test chambers.

13.5.25   Volumetric pipets -- class A, 1-100 mL. 

13.5.26   Serological pipets -- 1-10 mL, graduated.

13.5.27   Pipet bulbs and fillers -- PROPIPET®, or equivalent. 

13.5.28   Disposable polyethylene pipets, droppers, and glass tubing with fire-polished edges, � 2mm ID -- for
transferring organisms. 
 
13.5.29   Wash bottles -- for rinsing small glassware and instrument electrodes and probes. 

13.5.30   Thermometer, glass or electronic, laboratory grade, -- for measuring water temperatures. 

13.5.31   Bulb-thermograph or electronic-chart type thermometers -- for continuously recording temperature. 

13.5.32   Thermometer, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA 1979b) -- to
calibrate laboratory thermometers.

13.5.33   Meters, DO, pH, and specific conductivity -- for routine physical and chemical measurements.
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13.6   REAGENTS AND CONSUMABLE MATERIALS 

13.6.1   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

13.6.2   Data sheets (one set per test) -- for recording the data.

13.6.3   Vials, marked -- for preserving specimens for verification (optional).

13.6.4   Tape, colored -- for labeling test vessels.

13.6.5   Markers, waterproof -- for marking containers.

13.6.6   Reagents for hardness and alkalinity tests -- see USEPA Methods 130.2 and 310.1, USEPA, 1979b. 

13.6.7   Buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) -- for instrument
calibration check (see USEPA Method 150.1, USEPA, 1979b). 

13.6.8   Specific conductivity standards -- see USEPA Method 120.1, USEPA, 1979b.

13.6.9   Membranes and filling solutions for DO probe (see USEPA Method 360.1, USEPA, 1979b), or reagents --
for modified Winkler analysis.

13.6.10   Laboratory quality control samples and standards -- for calibration of the above methods.  

13.6.11   Reference toxicant solutions -- see Section 4, Quality Assurance.

13.6.12   Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic to
the test organisms (see Section 5, Facilities, Equipment, and Supplies).

13.6.13   Effluent, surface water, and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests.

13.6.14   Trout chow, yeast, and CEROPHYL® food (or substitute food) -- for feeding the cultures and test
organisms.

13.6.14.1   Digested trout chow, or substitute flake food (TETRAMIN®, BIORIL®, or equivalent), is prepared as
follows: 

1. Preparation of trout chow or substitute flake food requires one week.  Use starter or No. 1 pellets
prepared according to current U.S. Fish and Wildlife Service specifications. 

2. Add 5.0 g of trout chow pellets or substitute flake food to 1 L of  MILLI-Q® water.  Mix well in a
blender and pour into a 2-L separatory funnel.  Digest prior to use by aerating continuously from the
bottom of the vessel for one week at ambient laboratory temperature.  Water lost due to evaporation is
replaced during digestion.  Because of the offensive odor usually produced during digestion, the vessel
should be placed in a fume hood or other isolated, ventilated area.

3. At the end of digestion period, place in a refrigerator and allow to settle for a minimum of 1 h.  Filter
the supernatant through a fine mesh screen (i.e., NITEX® 110 mesh).  Combine with equal volumes of
supernatant from CEROPHYLL® and yeast preparations (below).  The supernatant can be used fresh,
or frozen until use.  Discard the sediment.
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13.6.14.2   Yeast is prepared as follows: 

1. Add 5.0 g of dry yeast, such as FLEISCHMANN'S® Yeast, Lake State Kosher Certified Yeast, or
equivalent, to 1 L of MILLI-Q® water.

2. Stir with a magnetic stirrer, shake vigorously by hand, or mix with a blender at low speed, until the
yeast is well dispersed.

3. Combine the yeast suspension immediately (do not allow to settle) with equal volumes of supernatant
from the trout chow (above) and CEROPHYLL® preparations (below).  Discard excess material. 

 
13.6.14.3   CEROPHYLL® is prepared as follows: 

1. Place 5.0 g of dried, powdered, cereal or alfalfa leaves, or rabbit pellets, in a blender.  Cereal leaves,
CEROPHYLL®, or equivalent are available from commercial sources.  Dried, powdered, alfalfa leaves
may be obtained from health food stores, and rabbit pellets are available at pet shops.

2. Add 1 L of MILLI-Q® water. 
3. Mix in a blender at high speed for 5 min, or stir overnight at medium speed on a magnetic stir plate.
4. If a blender is used to suspend the material, place in a refrigerator overnight to settle.  If a magnetic

stirrer is used, allow to settle for 1 h.  Decant the supernatant and combine with equal volumes of
supernatant from trout chow and yeast preparations (above).  Discard excess material.

13.6.14.4   Combined yeast-cerophyl-trout chow (YCT) is mixed as follows: 

1. Thoroughly mix equal (approximately 300 mL) volumes of the three foods as described above.
2. Place aliquots of the mixture in small (50 mL to 100 mL) screw-cap  plastic bottles and freeze until

needed.
3. Freshly prepared food can be used immediately, or it can be frozen until needed.  Thawed food is

stored in the refrigerator between feedings, and is used for a maximum of two weeks.  Do not store
frozen over three months.

4. It is advisable to measure the dry weight of solids in each batch of YCT before use.  The food should
contain 1.7-1.9 g solids/L.  Cultures or test solutions should contain 12-13 mg solids/L.

13.6.15   Algal food -- for feeding the cultures and test organisms.

13.6.15.1   Algal Culture Medium is prepared as follows: 

1. Prepare (five) stock nutrient solutions using reagent grade chemicals as described in Table 1.
2. Add 1 mL of each stock solution, in the order listed in Table 1, to approximately 900 mL of MILLI-Q®

water.  Mix well after the addition of each solution.  Dilute to 1 L, mix well.  The final concentration
of macronutrients and micronutrients in the culture medium is given in Table 2.

3. Immediately filter the medium through a 0.45 μm pore diameter membrane at a vacuum of not more
than 380 mm (15 in.) mercury, or at a pressure of not more than one-half atmosphere (8 psi).  Wash
the filter with 500 mL deionized water prior to use.

4. If the filtration is carried out with sterile apparatus, filtered medium can be used immediately, and no
further sterilization steps are required before the inoculation of the medium.  The medium can also be
sterilized by autoclaving after it is placed in the culture vessels.

5. Unused sterile medium should not be stored more than one week prior to use, because there may be
substantial loss of water by evaporation. 
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TABLE 1.  NUTRIENT STOCK SOLUTIONS FOR MAINTAINING ALGAL STOCK CULTURES  

STOCK COMPOUND AMOUNT DISSOLVED IN
SOLUTION 500 mL MILLI-Q® WATER

1. MACRONUTRIENTS

A. MgCl2�6H2O 6.08 g
CaCl2�2H2O 2.20 g
NaNO3 12.75 g

B. MgSO4�7H2O 7.35 g

C. K2HPO4 0.522 g

D. NaHCO3 7.50 g

2. MICRONUTRIENTS

H3BO3 92.8 mg
MnCl2�4H2O 208.0 mg
ZnCl2 1.64 mg1

FeCl3�6H2O 79.9 mg
CoCl2�6H2O 0.714 mg2

Na2MoO4�2H2O 3.63 mg3

CuCl2�2H2O 0.006 mg4

Na2EDTA�2H2O 150.0 mg
Na2SeO4 1.196 mg5

1 ZnCl2 - Weigh out 164 mg and dilute to 100 mL.  Add 1 mL of this solution to Stock 2,
micronutrients.

2 CoCl2�6H2O - Weigh out 71.4 mg and dilute to 100 mL.  Add 1 mL of this solution to Stock
2, micronutrients.

3 Na2MoO4�2H2O - Weigh out 36.6 mg and dilute to 10 mL.  Add 1 mL of this solution to
Stock 2, micronutrients.

4 CuCl2�2H2O - Weigh out 60.0 mg and dilute to 1000 mL.  Take 1 mL of this solution and
dilute to 10 mL.  Take 1 mL of the second dilution and add to Stock 2, micronutrients.

5 Na2SeO4 - Weigh out 119.6 mg and dilute to 100 mL.  Add 1 mL of this solution to Stock 2,
micronutrients.
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TABLE 2. FINAL CONCENTRATION OF MACRONUTRIENTS AND MICRONUTRIENTS IN THE
CULTURE MEDIUM

MACRONUTRIENT CONCENTRATION ELEMENT CONCENTRATION
(mg/L) (mg/L)   

NaNO3 25.5 N 4.20 
 
MgCl2�6H2O        12.2 Mg 2.90 
 
CaCl2�2H2O 4.41 Ca 1.20 
 
MgSO4�7H2O 14.7 S 1.91 
 
K2HPO4             1.04 P 0.186 
 
NaHCO3         15.0 Na 11.0 
 
                                  K 0.469 
 
                        C 2.14 
 

MICRONUTRIENT CONCENTRATION ELEMENT CONCENTRATION
(μg/L) (μg/L)   

 
H3BO3 185.0 B 32.5 
 
MnCl2�4H2O         416.0 Mn 115.0

ZnCl2 3.27 Zn 1.57 
 
CoCl2�6H2O        1.43 Co 0.354

CuCl2�2H2O 0.012 Cu 0.004 
 
Na2MoO4�2H2O 7.26        Mo 2.88 
 
FeCl3�6H2O 160.0 Fe 33.1 
 
Na2EDTA�2H2O  300.0  --        ----

Na2SeO4      2.39 Se 0.91 
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13.6.15.2   Algal Cultures 

13.6.15.2.1   See Section 6, Test Organisms, for information on sources of "starter" cultures of Selenastrum
capricornutum, S. minutum, and Chlamydomonas reinhardti.

13.6.15.2.2   Two types of algal cultures are maintained: "stock" cultures, and "food" cultures.

13.6.15.2.2.1   Establishing and Maintaining Stock Cultures of Algae: 

1. Upon receipt of the "starter" culture (usually about 10 mL), a stock culture is initiated by aseptically
transferring one milliliter to each of several 250-mL culture flasks containing 100 mL algal culture
medium (prepared as described above).  The remainder of the starter culture can be held in reserve for
up to six months in a refrigerator (in the dark) at 4�C.

2. The stock cultures are used as a source of algae to initiate "food" cultures for Ceriodaphnia dubia
toxicity tests.  The volume of stock culture maintained at any one time will depend on the amount of
algal food required for the Ceriodaphnia dubia cultures and tests.  Stock culture volume may be
rapidly "scaled up" to several liters, if necessary, using 4-L serum bottles or similar vessels, each
containing 3 L of growth medium. 

3. Culture temperature is not critical.  Stock cultures may be maintained at 25�C in environmental
chambers with cultures of other organisms if the illumination is adequate (continuous "cool-white"
fluorescent lighting of approximately 86 ± 8.6 μE/m2/s, or 400 ft-c). 

4. Cultures are mixed twice daily by hand.
5. Stock cultures can be held in the refrigerator until used to start "food" cultures, or can be transferred to

new medium weekly.  One-to-three milliliters of 7-day old algal stock culture, containing
approximately 1.5 X 106 cells/mL, are transferred to each 100 mL of fresh culture medium.  The
inoculum should provide an initial cell density of approximately 10,000-30,000 cells/mL in the new
stock cultures.  Aseptic techniques should be used in maintaining the stock algal cultures, and care
should be exercised to avoid contamination by other microorganisms.

6. Stock cultures should be examined microscopically weekly, at transfer,  for microbial contamination. 
Reserve quantities of culture organisms can be maintained for 6-12 months if stored in the dark at 4�C. 
It is  advisable to prepare new stock cultures from "starter" cultures obtained  from established outside
sources of organisms (see Section 6, Test Organisms) every four to six months.

13.6.15.2.2.2   Establishing and Maintaining "Food" Cultures of Algae: 

1. "Food" cultures are started seven days prior to use for Ceriodaphnia dubia cultures and tests. 
Approximately 20 mL of 7-day-old algal stock culture (described in the previous paragraph),
containing 1.5 X 106 cells/mL, are added to each liter of fresh algal culture medium (i.e., 3 L of
medium in a 4-L bottle, or 18 L in a 20-L bottle).  The inoculum should provide an initial cell density
of approximately 30,000 cells/mL.  Aseptic techniques should be used in preparing and maintaining
the cultures, and care should be exercised to avoid contamination by other microorganisms.  However,
sterility of food cultures is not as critical as in stock cultures because the food cultures are terminated
in 7-10 days.  A one-month supply of algal food can be grown at one time, and stored in the
refrigerator.

2. Food cultures may be maintained at 25�C in environmental chambers with the algal stock cultures or
cultures of other organisms if the illumination is adequate (continuous "cool-white" fluorescent
lighting of approximately 86 ± 8.6 μE/m2/s or 400 ft-c). 

3. Cultures are mixed continuously on a magnetic stir plate (with a medium size stir bar) or in a
moderately aerated separatory funnel, or are mixed twice daily by hand.  If the cultures are placed on a
magnetic stir plate, heat generated by the stirrer might elevate the culture temperature several degrees. 
Caution should be exercised to prevent the culture temperature from rising more than 2-3�C.
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13.6.15.2.3   Preparing Algal Concentrate for Use as Ceriodaphnia dubia Food:

1. An algal concentrate containing 3.0 to 3.5 X 107 cells/mL is prepared from food cultures by
centrifuging the algae with a plankton or bucket-type centrifuge, or by allowing the cultures to settle in
a refrigerator for at least three weeks and siphoning off the supernatant.

2. The cell density (cells/mL) in the concentrate is measured with an  electronic particle counter,
microscope and hemocytometer, fluorometer, or spectrophotometer (see Section 14, Green Alga,
Selenastrum capricornutum Growth Test), and used to determine the dilution (or further
concentration) required to achieve a final cell count of 3.0 to 3.5 X 107/mL.

3. Assuming a cell density of approximately 1.5 X 106 cells/mL in the  algal food cultures at 7 days, and
100% recovery in the concentration process, a 3-L, 7-10 day culture will provide 4.5 X 109 algal cells. 
This number of cells would provide approximately 150 mL of algal cell concentrate (1500 feedings at
0.1 mL/feeding) for use as food.  This would be enough algal food for four Ceriodaphnia dubia tests.

4. Algal concentrate may be stored in the refrigerator for one month.

13.6.15.3   Food Quality

13.6.15.3.1   USEPA recommends Fleishmann's® yeast, Cerophyll®, trout chow, and Selenastrum capricornutum as
the preferred Ceriodaphnia dubia food combination.  This recommendation is based on extensive data developed by
many laboratories which indicated high Ceriodaphnia dubia survival and reproduction in culturing and testing.  The
use of substitute food(s) is acceptable only after side-by-side tests are conducted to determine that the quality of the
substitute food(s) is equal to the USEPA recommended food combination based on survival and reproduction of
Ceriodaphnia dubia.

13.6.15.3.2   The quality of food prepared with newly acquired supplies of yeast, trout chow, dried cereal leaves,
algae, and/or any substitute food(s) should be determined in side-by-side comparisons of Ceriodaphnia dubia
survival and reproduction, using the new food and food of known, acceptable quality, over a seven-day period in
control medium. 

13.6.16   TEST ORGANISMS, DAPHNIDS, CERIODAPHNIA DUBIA

13.6.16.1   Cultures of test organisms should be started at least three weeks before the brood animals are needed, to
ensure an adequate supply of neonates for the test.  Only a few individuals are needed to start a culture because of
their prolific reproduction. 

13.6.16.2   Neonates used for toxicity tests must be obtained from individually cultured organisms.  Mass cultures
may be maintained, however, to serve as a reserve source of organisms for use in initiating individual cultures and
in case of loss of individual cultures.

13.6.16.3   Starter animals may be obtained from commercial sources and may be shipped in polyethylene bottles. 
Approximately 40 animals and 3 mL of food are placed in a l-L bottle filled full with culture water for shipment. 
Animals received from an outside source should be transferred to new culture media gradually over a period of 1-2
days to avoid mass mortality. 

13.6.16.4   It is best to start the cultures with one animal, which is sacrificed after producing young, mounted on a
microscope slide, and retained as a permanent slide mount to facilitate identification and permit future reference. 
The species identification of the stock culture should be verified by preparing slide mounts, regardless of the
number of animals used to start the culture.  The following procedure is recommended for making slide mounts of
Ceriodaphnia dubia (modified from Beckett and Lewis, 1982):

 1. Pipet the animal onto a watch glass.
 2. Reduce the water volume by withdrawing excess water with the pipet.
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 3. Add a few drops of carbonated water (club soda or seltzer water) or 70% ethanol to relax the specimen
so that the post-abdomen is extended.  (Optional:  with practice, extension of the postabdomen may be
accomplished by putting pressure on the cover slip).

 4. Place a small amount (one to three drops) of mounting medium on a glass microscope slide.  The
recommended mounting medium is CMCP-9/10 Medium, prepared by mixing two parts of CMCP-9
with one part of CMCP-10 stained with enough acid fuchsin dye to color the mixture a light pink.  For
more viscosity and faster drying, CMC-10 stained with acid fuchsin may be used.

 5. Using forceps or a pipet, transfer the animal to the drop of mounting medium on the microscope slide.
 6. Cover with a 12 mm round cover slip and exert minimum pressure to remove any air bubbles trapped

under the cover slip.  Slightly more pressure will extend the postabdomen. 
 7. Allow mounting medium to dry.
 8. Make slide permanent by placing varnish around the edges of the coverslip.
 9. Identify to species (see Pennak, 1978; Pennak, 1989; and Berner, 1986).
10. Label with waterproof ink or diamond pencil.
11. Store for permanent record.

13.6.16.5   Mass Culture

13.6.16.5.1   Mass cultures are used only as a "backup" reservoir of organisms. 

13.6.16.5.2   One-liter or 2-L glass beakers, crystallization dishes, "battery jars," or aquaria may be used as culture
vessels.  Vessels are commonly filled to three-fourths capacity.  Cultures are fed daily.  Four or more cultures are
maintained in separate vessels and with overlapping ages to serve as back-up in case one culture is lost due to
accident or other unanticipated problems, such as low DO concentrations or poor quality of food or laboratory
water.

13.6.16.5.3   Mass cultures which will serve as a source of brood organisms for individual culture should be
maintained in good condition by frequent renewal with new culture medium at least twice a week for two weeks. 
At each renewal, the adult survival is recorded, and the offspring and the old medium are discarded.  After two
weeks, the adults are also discarded, and the culture is  re-started with neonates in fresh medium.  Using this
schedule, 1-L cultures will produce 500 to 1000 neonate Ceriodaphnia dubia each week.

13.6.16.6   Individual Culture

13.6.16.6.1   Individual cultures are used as the immediate source of neonates for toxicity tests.

13.6.16.6.2   Individual organisms are cultured in 15 mL of culture medium in 30-mL (1 oz) plastic cups or 30-mL
glass beakers.  One neonate is placed in each cup.  It is convenient to place the cups in the same type of board used
for toxicity tests (see Figure 1).
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1 35246

312546

413652

536124

215364

641352

531624

152463

214653

364215

1 35246

312546

413652

536124

215364

641352

531624

152463

214653

364215

10 6050403020

59493929199

58483828188

57473727177

56463626166

55453525155

54443424144

53433323133

52423222122

51413121111

In each of
the 10 cups,
is one
culture
parent with
at least 8
young per
female/cup

Figure 1.  Examples of a test board and randomizing template:  1) test board with positions for six columns of ten
replicate test chambers with each position numbered for recording results on data sheets, 2) cardboard
randomizing template prepared by randomly drawing numbers (1-6) for each position in a row across
the board, and 3) test board (1) placed on top of the randomizing template (2) for the purpose of
assigning the position of test treatments (1-6) within each block (row on the test board).  Following
placement of test chambers, test organisms are allocated using blocking by known parentage.  Test
organisms from a single brood cup are distributed to each treatment within a given block (row on the
test board). 
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13.6.16.6.3   Organisms are fed daily (see Subsection 13.6.16.9) and are transferred to fresh medium a minimum of
three times a week, typically on Monday, Wednesday, and Friday.  On the transfer days, food is added to the new
medium immediately before or after the organisms are transferred.

13.6.16.6.4   To provide cultures of overlapping ages, new boards are started weekly, using neonates from adults
which produce at least eight young in their third or fourth brood.  These adults can be used as sources of neonates
until 14 days of age.  A minimum of two boards are maintained concurrently to provide backup supplies of
organisms in case of problems.

13.6.16.6.5   Cultures which are properly maintained should produce at least 20 young per adult in three broods
(seven days or less).  Typically, 60 adult females (one board) will produce more than the minimum number of
neonates (120) required for two tests.

13.6.16.6.6   Records should be maintained on the survival of brood organisms and number of offspring at each
renewal.  Greater than 20% mortality of adults, or less than an average of 20 young per female would indicate
problems, such as poor quality of culture media or food.  Cultures that do not meet these criteria should not be used
as a source of test organisms.

13.6.16.7   Culture Medium 

13.6.16.7.1   Moderately hard synthetic water prepared using MILLIPORE MILLI-Q® or equivalent deionized water
and reagent grade chemicals or 20% DMW is recommended as a standard culture medium (see Section 7, Dilution
Water).

13.6.16.8   Culture Conditions

13.6.16.8.1   The daphnid, Ceriodaphnia dubia, should be cultured at a temperature of 25 ± 1�C.

13.6.16.8.2   Day/night cycles prevailing in most laboratories will provide adequate illumination for normal growth
and reproduction.  A photoperiod of 16-h of light and 8-h of darkness is recommended.  Light intensity should be
10-20 μE/m2/s or 50 to 100 ft-c. 

13.6.16.8.3   Clear, double-strength safety glass or 6 mm plastic panels are placed on the culture vessels to exclude
dust and dirt, and reduce evaporation. 

13.6.16.8.4   The organisms are delicate and should be handled as carefully and as little as possible so that they are
not unnecessarily stressed.  They are transferred with a pipet of approximately 2-mm bore, taking care to release the
animals under the surface of the water.  Any organism that is injured during handling should be discarded.

13.6.16.9   Food and Feeding

13.6.16.9.1   Feeding the proper amount of the right food is extremely important in Ceriodaphnia dubia culturing. 
The key is to provide sufficient nutrition to support normal reproduction without adding excess food which may
reduce the toxicity of the test solutions, clog the animal's filtering apparatus, or greatly decrease the DO
concentration and increase mortality.  A combination of Yeast, CEROPHYLL®, and Trout chow (YCT), along with
the unicellular green alga, Selenastrum capricornutum, will provide suitable nutrition if fed daily.

13.6.16.9.2   Other algal species (such as S. minutum or Chlamydomonas reinhardti), other substitute food
combinations (such as Flake Fish Food), or different feeding rates may be acceptable as long as performance criteria
are met and side-by-side comparison tests confirm acceptable quality (see Subsection 13.6.15.3).

13.6.16.9.3   Cultures should be fed daily to maintain the organisms in optimum condition so as to provide
maximum reproduction.  Stock cultures which are stressed because they are not adequately fed may produce low
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numbers of young, large numbers of males, and/or ephippial females.  Also, their offspring may produce few young
when used in toxicity tests. 

13.6.16.9.4  Feed as follows:

1. If YCT is frozen, remove a bottle of food from the freezer 1h before feeding time, and allow to thaw. 
2. YCT food mixture and algal concentrates should both be thoroughly mixed by shaking before

dispensing. 
3. Mass cultures are fed daily at the rate of 7 mL YCT and 7 mL algae concentrate/L culture. 
4. Individual cultures are fed at the rate of 0.1 mL YCT and 0.1 mL algae concentrate per 15 mL culture. 
5. Return unused YCT food mixture and algae concentrate to the refrigerator.  Do not re-freeze YCT. 

Discard unused portion after two weeks. 
 
13.6.16.10   It is recommended that chronic toxicity tests be performed monthly with a reference toxicant.  Daphnid,
Ceriodaphnia dubia, neonates less than 24 h old, and all within 8 h of the same age are used to monitor the chronic
toxicity of the reference toxicant to the Ceriodaphnia dubia produced by the culture unit (see Section 4, Quality
Assurance).

13.6.16.11   Record Keeping

13.6.16.11.1   Records, kept in a bound notebook, include (1) source of organisms used to start the cultures, (2) type
of food and feeding times, (3) dates culture were thinned and restarted, (4) rate of reproduction in individual
cultures, (5) daily observations of the condition and behavior of the organisms in the cultures, and (6) dates and
results of reference toxicant tests performed (see Section 4, Quality Assurance).

13.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE

13.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

13.8   CALIBRATION AND STANDARDIZATION 

13.8.1   See Section 4, Quality Assurance.

13.9   QUALITY CONTROL 

13.9.1   See Section 4, Quality Assurance.

13.10   TEST PROCEDURES 

13.10.1   TEST SOLUTIONS

13.10.1.1   Receiving Waters 

13.10.1.1.1   The sampling point is determined by the objectives of the test.  Receiving water toxicity is determined
with samples used directly as collected  or after samples are passed through a 60 μm NITEX® filter and compared
without dilution, against a control.  For a test consisting of single receiving water and control, approximately 600
mL of sample would be required for each test, assuming 10 replicates of 15 mL, and sufficient additional sample for
chemical analysis. 
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13.10.1.2   Effluents
 
13.10.1.2.1   The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.   A dilution factor of 0.5 provides precision of ± 100%, and testing of
concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%, 25%,
50%, and 100%).  Improvements in precision decline rapidly if the dilution factor is increased beyond 0.5, and
precision declines rapidly if a smaller dilution factor is used.  Therefore, USEPA recommends the use of the �
0.5 dilution factor.

13.10.1.2.2   If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should
be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during the first
1 to 2 h of the test, additional dilutions should be added at the lower range of effluent concentrations. 

13.10.1.2.3   The volume of effluent required for daily renewal of 10 replicates per concentration, each containing
15 mL of test solution, with a dilution series of 0.5, is approximately 1 L/day.  A volume of 15 mL of test solution is
adequate for the organisms, and will provide a depth in which it is possible to count the animals under a
stereomicroscope with a minimum of re-focusing.  Ten test chambers are used for each effluent dilution and for the
control.  Sufficient test solution (approximately 550 mL) is prepared at each effluent concentration to provide 400
mL additional volume for chemical analyses at the high, medium, and low test concentrations. 

13.10.1.2.4   Tests should begin as soon as possible, preferably within 24 h of sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site toxicity
tests unless permission is granted by the permitting authority.  In no case should the sample be used for the first time
in a test more than 72 h after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests).

13.10.1.2.5   Just prior to test initiation (approximately one h) the temperature of sufficient quantity of the sample to
make the test solutions should be adjusted to the test temperature and maintained at that temperature during the
preparation of the test solutions.

13.10.1.2.6   The DO of the test solutions should be checked prior to test initiation.  If any of the solutions are
supersaturated with oxygen, all of the solutions and the control should be gently aerated.  If any solution has a DO
concentration below 4.0 mg/L, all the solutions and the control must be gently aerated.

13.10.1.3   Dilution Water

13.10.1.3.1   Dilution water may be uncontaminated receiving water, a standard synthetic (reconstituted) water, or
some other uncontaminated natural water (see Section 7, Dilution Water).

13.10.2   START OF THE TEST 

13.10.2.1   Label the test chambers with a marking pen.  Use of color-coded tape to identify each treatment and
replicate is helpful.  A minimum of five effluent concentrations and a control are used for each effluent test.  Each
treatment (including the control) must have ten replicates.

13.10.2.2   The test chambers must be randomly assigned to a board using a template (Figure 1) or by using random
numbers (see Appendix A).  Randomizing the position of test chambers as described in Figure 1 (or equivalent) will
assist in assigning test organisms using blocking by known parentage (Subsection 13.10.2.4).  A number of different
templates should be prepared, and the template used for each test should be identified on the data sheet.  The same
template must not be used for every test.
 
13.10.2.3   Neonates less than 24 h old, and all within 8 h of the same age, are required to begin the test.  The
neonates must be obtained from individual cultures using brood boards, as described above in Subsection 13.6.16.6,
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Individual Culture (also see Section 6, Test Organisms).  Neonates must be taken only from adults in individual
cultures that have eight or more young in their third or subsequent broods.  These adults can be used as brood stock
until they are 14 days old.  If the neonates are held more than one or two hours before using in the test, they should
be fed (0.1 mL YCT and 0.1 mL algal concentrate/15 mL of media).  Record the age range of test organisms,
source, and feeding of neonates on test data sheets.

13.10.2.4   Ten brood cups, each with 8 or more young, are randomly selected from a brood board for use in setting
up a test.  To start the test, neonates from these ten brood cups are distributed to each test chamber in the test board
(one per test chamber).  Test organisms must be assigned to test chambers using a block randomization procedure,
such that offspring from a single female are distributed evenly among the treatments, appearing once in every test
concentration.  This arrangement is referred to as “blocking by known parentage”.  The technique used to achieve
blocking by known parentage should be recorded in the test data report.  One effective technique is to block
randomize the test board as described in Figure 1 and transfer one neonate from the first brood cup to each of the six
test chambers in the first row on the test board.  One neonate from the second brood cup is then transferred to each
of the six test chambers in the second row on the test board.  This process is continued until each of the 60 test
chambers contains one neonate.  The set of six test chambers (one for each test treatment) containing organisms
derived from a single female parent is referred to as a block.  When using the technique described in Figure 1, each
row of the test board will represent a block.

13.10.2.4.1   The brood cups and test chambers may be placed on a light table to facilitate counting the neonates. 
However, care must be taken to avoid temperature increase due to heat from the light table.

13.10.2.4.2   Following the allocation of test organisms to the test board, additional neonates might remain in the ten
brood cups that were selected for test setup.  These additional neonates may be discarded, used as future culture
organisms if needed, or used to start additional tests (provided that at least 6 neonates remain and these neonates
continue to meet test organism age requirements).

13.10.2.5   Blocking by known parentage allows the performance of each test organism to be tracked to its parent
culture organism.  This technique ensures that any brood effects (i.e., differences in test organism fecundity or
sensitivity attributable to the source of parentage) are evenly distributed among the test treatments.  Also, by
knowing the parentage of each test organism, blocks consisting largely of males can be omitted from all test
treatments at the end of the test (see Subsection 13.13.1.4), decreasing variability among replicates.

13.10.3   LIGHT, PHOTOPERIOD, AND TEMPERATURE 

13.10.3.1   The light quality and intensity should be at ambient laboratory levels, approximately 10-20 μE/m2/s, or
50 to 100 ft-c, with a photoperiod of 16 h of light and 8 h of darkness. 

13.10.3.2   It is critical that the test water temperature be maintained at 25 ± 1�C to obtain three broods in seven
days. 

13.10.4   DISSOLVED OXYGEN (DO) CONCENTRATION

13.10.4.1   Aeration may affect the toxicity of effluents and should be used only as a last resort to maintain
satisfactory DO concentrations.  The DO concentrations should be measured in the new solutions at the start of the
test (Day 0) and before daily renewal of the test solutions on subsequent days.  The DO concentration should not
fall below 4.0 mg/L (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests).  Aeration is generally not practical during the daphnid, Ceriodaphnia dubia, test.  If
the DO in the effluent and/or dilution water is low, aerate gently before preparing the test solutions.  The aeration
rate should not exceed 100 bubbles/min using a pipet with an orifice of approximately 1.5 mm, such as a 1 ml
KIMAX® serological pipet, or equivalent.  Care should be taken to ensure that turbulence resulting from aeration
does not cause undue physical stress to the organisms.
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13.10.5   FEEDING 

13.10.5.1   The organisms are fed when the test is initiated, and daily thereafter.  Food is added to the fresh medium
immediately before or immediately after the adults are transferred.  Each feeding consists of 0.1 mL YCT and
0.1 mL Selenastrum capricornutum concentrate/15 mL test solution (0.1 mL of algal concentrate containing 3.0-3.5
X 107 cells/mL will provide 2-2.3 X 105 cells/mL in the test chamber). 

13.10.5.2   The YCT and algal suspension can be added accurately to the test chambers by using automatic
pipettors, such as Gilson, Eppendorf, Oxford, or equivalent. 

13.10.6   OBSERVATIONS DURING THE TEST 

13.10.6.1   Routine Chemical and Physical Determinations 

13.10.6.1.1   DO is measured at the beginning and end of each 24-h exposure period in at least one test chamber at
each test concentration and in the control.

13.10.6.1.2   Temperature and pH are measured at the end of each 24-h exposure period in at least one test chamber
at each test concentration and in the control.  Temperature should be monitored continuously or observed and
recorded daily for at least two locations in the environmental control system or the samples.  Temperature should be
measured in sufficient number of test vessels at least at the end of the test to determine the temperature variation in
the environmental chamber.

13.10.6.1.3   The pH is measured in the effluent sample each day before new test solutions are made.

13.10.6.1.4   Conductivity, alkalinity and hardness are measured in each new sample (100% effluent or receiving
water) and in the control.

13.10.6.1.5   Record the data on data sheet (Figure 2).

13.10.6.2   Routine Biological Observations

13.10.6.2.1   Three or four broods are usually obtained in the controls in a 7-day test conducted at 25 ± 1�C.  A
brood is a group of offspring released from the female over a short period of time when the carapace is discarded
during molting.  In the controls, the first brood of two-to-five young is usually released on the third or fourth day of
the test.  Successive broods are released every 30 to 36 h thereafter.  The second and third broods usually consist of
eight to 20 young each.  The total number of young produced by a healthy control organism in three broods often
exceeds 30 per female.  In this three-brood test, offspring from fourth or higher broods should not be counted and
should not be included in the total number of neonates produced during the test.

13.10.6.2.2   The release of a brood may be inadvertently interrupted during the daily transfer of organisms to fresh
test solutions, resulting in a split in the brood count between two successive days.  For example, four neonates of a
brood of five might be released on Day 3, just prior to test solution renewal, and the fifth released just after renewal,
and counted on Day 4.  Partial broods, released over a two-day period, should be counted as one brood.

13.10.6.2.3   Each day, the live adults are transferred to fresh test solutions, and the numbers of live young are
recorded (see data form, Figure 3). The young can be counted with the aid of a stereomicroscope with substage
lighting.  Place the test chambers on a light box over a strip of black tape to aid in counting the neonates.  The
young are discarded after counting.

13.10.6.2.4   Some of the effects caused by toxic substances include, (1) a reduction in the number of young
produced, (2) young may develop in the brood pouch of the adults, but may not be released during the exposure
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period, and (3) partially or fully developed young may be released, but are all dead at the end of the 24-h period. 
Such effects should be noted on the data sheets (Figure 3). 

13.10.6.2.5   Protect the daphnids, Ceriodaphnia dubia, from unnecessary disturbance during the test by carrying
out the daily test observations, solution renewals, and transfer of females carefully.  Make sure the females remain
immersed during the performance of these operations.

13.10.7   DAILY PREPARATION OF TEST CHAMBERS

13.10.7.1   The test is started (Day 0) with new disposable polystyrene cups or precleaned 30-mL borosilicate glass
beakers that are labeled and color-coded with tape.  Each following day, a new set of plastic cups or precleaned
glass beakers is prepared, labeled,  and color-coded with tape similar to the original set.  New solutions are placed in
the new set of test chambers, and the test organisms are transferred from the original test chambers to the new ones
with corresponding labels and color-codes.  Each day, previously used glass beakers are recleaned (see Section 5,
Facilities, Equipment, and Supplies) for the following day, and previously used plastic cups are discarded.
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Discharger: Test Dates:

Location: Analyst:

Control:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Figure 2. Data form for the daphnid, Ceriodaphnia dubia, survival and reproduction test. Routine chemical
and physical determinations.
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Discharger: Test Dates:

Location: Analyst:

Control:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Conc:
Day

1 2 3 4 5 6 7 Remarks

Temp.

D.O. Initial

Final

pH Initial

Final

Alkalinity

Hardness

Conductivity

Chlorine

Figure 2. Data form for the daphnid, Ceriodaphnia dubia, survival and reproduction test.  Routine chemical
and physical determinations (CONTINUED).
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13.10.8   TEST SOLUTION RENEWAL 

13.10.8.1   Freshly prepared solutions are used to renew the test daily.  For on-site toxicity studies, fresh effluent or
receiving water samples should be collected daily, and no more than 24 h should elapse between collection of the
samples and their use in the tests (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and
Sample Preparation for Toxicity Tests).  For off-site tests, a minimum of three samples are collected, preferably on
days one, three, and five.  No more than 36 h should elapse between collection of the sample and the first use in the
test.  Maintain the samples in the refrigerator at 0-6�C until used.

13.10.8.2   New test solutions are prepared daily, and the test organisms are transferred to the freshly prepared
solutions using a small-bore (2 mm) glass or polyethylene dropper or pipet.  The animals are released under the
surface of the water so that air is not trapped under the carapace.  Organisms that are dropped or injured are
discarded. 

13.10.9   TERMINATION OF THE TEST 

13.10.9.1   Tests should be terminated when 60% or more of the surviving control females have produced their third
brood, or at the end of 8 days, whichever occurs first.  Because of the rapid rate of development of Ceriodaphnia
dubia, at test termination all observations on organism survival and numbers of offspring should be completed
within two hours.  An extension of more than a few hours in the test period would be a significant part of the brood
production cycle of the animals, and could result in additional broods. In this three-brood test, offspring from fourth
or higher broods should not be counted and should not be included in the total number of neonates produced during
the test.

13.10.9.2   Count the young, conduct required chemical measurements, and complete the data sheets (Figure 3).

13.10.9.3   Any animal not producing young should be examined to determine if it is a male (Berner, 1986).  In
most cases, the animal will need to be placed on a microscope slide before examining (see Subsection 13.6.16.4).

13.10.9.3.1   In general, the occurrence of males in healthy, well-maintained individual cultures is rare.  In
interlaboratory testing of the Ceriodaphnia dubia Survival and Reproduction Test, males were identified in only 7%
(9 of 126 tests) of tests conducted (USEPA, 2001a).  The number of males identified in these tests ranged from 1 to
12.  In five tests containing a large number of males (4-12), laboratories conducting those tests also noted that
organism cultures were experiencing or recovering from some stress.  Since male production in cladoceran
populations is generally associated with conditions of environmental stress (Pennak, 1989), culture conditions
should be examined whenever males are identified in a test.

13.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

13.11.1   A summary of test conditions and test acceptability criteria is presented in Table 3.

13.12   ACCEPTABILITY OF TEST RESULTS

13.12.1   For the test results to be acceptable, at least 80% of all control organisms must survive, and 60% of
surviving control females must produce at least three broods, with an average of 15 or more young per surviving
female.
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Discharger: Analyst:
Location: Test Start-Date/Time: 
Date Sample Collected: Test Start-Date/time: 

Replicate

Number of
Young

Number
of Adults

Young
per Adult

1 2 3 4 5 6 7 8 9 10

Conc. Day

1

2

3

4

5

6

7

Total

Replicate

Number of
Young

Number
of Adults

Young
per Adult

1 2 3 4 5 6 7 8 9 10
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6

7
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Young

Number
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1 2 3 4 5 6 7 8 9 10

Conc. Day

1
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3

4

5

6

7

Total

Figure 3.  Data form for the daphnid, Ceriodaphnia dubia, survival and reproduction test.  Daily summary
of data.

RB-AR26171



163

Discharger: Analyst:
Location: Test Start-Date/Time: 
Date Sample Collected: Test Start-Date/time: 

Replicate

Number of
Young

Number
of Adults

Young
per Adult

1 2 3 4 5 6 7 8 9 10

Conc. Day

1

2

3

4

5

6

7

Total

Replicate

Number of
Young

Number
of Adults

Young
per Adult

1 2 3 4 5 6 7 8 9 10

Conc. Day

1

2

3

4

5

6

7

Total

Replicate

Number of
Young

Number
of Adults

Young
per Adult

1 2 3 4 5 6 7 8 9 10

Conc. Day

1

2

3

4

5

6

7

Total

Figure 3.  Data form for the daphnid, Ceriodaphnia dubia, survival and reproduction test.  Daily summary
of data (CONTINUED).
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TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
DAPHNID, CERIODAPHNIA DUBIA, SURVIVAL AND REPRODUCTION TOXICITY TESTS
WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1002.0)1

1. Test type: Static renewal (required) 

2. Temperature (�C): 25 ± 1�C (recommended) 
Test temperatures should not deviate (i.e., maximum
minus minimum temperature) by more than 3�C
during the test (required) 

3. Light quality: Ambient laboratory illumination (recommended) 

4. Light intensity: 10-20 μE/m2/s, or 50-100 ft-c 
(ambient laboratory levels) (recommended) 

5. Photoperiod: 16 h light, 8 h dark (recommended) 

6. Test chamber size: 30 mL (recommended minimum)

7. Test solution volume: 15 mL (recommended minimum)

8. Renewal of test solutions: Daily (required) 

9. Age of test organisms: Less than 24 h; and all released within a 8-h period
(required)

10. No. neonates per 
test chamber: 1 Assigned using blocking by known parentage

(Subsection 13.10.2.4) (required)

11. No. replicate test 
chambers per concentration: 10 (required minimum) 

12. No. neonates per 
test concentration: 10 (required minimum)

13. Feeding regime: Feed 0.1 mL each of YCT and algal suspension per
test chamber daily (recommended) 

14. Cleaning: Use freshly cleaned glass beakers or new plastic cups
daily (recommended) 

15. Aeration: None (recommended) 

16. Dilution water: Uncontaminated source of receiving or other natural
water, synthetic water prepared using MILLIPORE
MILLI-Q® or equivalent deionized water and reagent
grade chemicals or DMW (see Section 7, Dilution
Water) (available options)

1 For the purposes of reviewing WET test data submitted under NPDES permits, each test condition listed
above is identified as required or recommended (see Subsection 10.2 for more information on test review). 
Additional requirements may be provided in individual permits, such as specifying a given test condition
where several options are given in the method. 

RB-AR26173



165

  TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
DAPHNID, CERIODAPHNIA DUBIA, SURVIVAL AND REPRODUCTION TOXICITY
TESTS WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1002.0)
(CONTINUED)

17. Test concentrations: Effluents: 5 and a control (required minimum)
Receiving Water: 100% receiving water (or minimum
of 5) and a control (recommended) 

18. Dilution factor: Effluents:  � 0.5 (recommended) 
                                   Receiving Waters:  None or � 0.5 (recommended) 
 

19. Test duration: Until 60% or more of surviving control females have
three broods (maximum test duration 8 days)
(required) 

 
20. Endpoints: Survival and reproduction (required) 

 
21. Test acceptability criteria: 80% or greater survival of all control organisms and

an average of 15 or more young per surviving female
in the control solutions. 60% of surviving control
females must produce three broods (required)

22. Sampling requirements: For on-site tests, samples collected daily and used
within 24 h of the time they are removed from the
sampling device.  For off-site tests, a minimum of
three samples (e.g., collected on days one, three, and
five) with a maximum holding time of 36 h before
first use (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation
for Toxicity Tests, Subsection 8.5.4) (required) 

23. Sample volume required: 1 L/day (recommended) 
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TABLE 4. SUMMARY OF SURVIVAL AND REPRODUCTION DATA FOR THE DAPHNID,
CERIODAPHNIA DUBIA, EXPOSED TO AN EFFLUENT FOR SEVEN DAYS 

No. of Young per Adult No.
Effluent Replicate Live

Concentration 1 2 3 4 5 6 7 8 9 10 Adults
(%)

 
Control 27 30 29 31 16 15 18 17 14 27 10 

1.56 32 35 32 26 18 29 27 16 35 13 10 
3.12 39 30 33 33 36 33 33 27 38 44 10 
6.25 27 34 36 34 31 27 33 31 33 31 10 

12.5 10 13 7 7 7 10 10 16 12 2 10 
25.0 0 0 0 0 0 0 0 0 0 0 2 

13.13   DATA ANALYSIS

13.13.1   GENERAL

13.13.1.1   Tabulate and summarize the data.  A sample set of survival and reproduction data is listed in Table 4.

13.13.1.2   The endpoints of toxicity tests using the daphnid, Ceriodaphnia dubia, are based on the adverse effects
on survival and reproduction.  The LC50, the IC25, the IC50 and the EC50 are calculated using point estimation
techniques, and LOEC and NOEC values for survival and reproduction are obtained using a hypothesis test
approach such as Fisher's Exact Test (Finney, 1948; Pearson and Hartley, 1962), Dunnett's Procedure (Dunnett,
1955) or Steel's Many-one Rank Test (Steel, 1959; Miller, 1981) (see Section 9, Chronic Toxicity Test Endpoints
and Data Analysis).  Separate analyses are performed for the estimation of the LOEC and NOEC endpoints and for
the estimation of the LC50, IC25, IC50 and EC50.  Concentrations at which there is no survival in any of the test
chambers are excluded from the statistical analysis of the NOEC and LOEC for reproduction, but included in the
estimation of the LC50, IC25, IC50, and EC50.  See the Appendices for examples of the manual computations,
program listings, and examples of data input and program output.

13.13.1.3   The statistical tests described here must be used with a knowledge of the assumptions upon which the
tests are contingent.  Tests for normality and homogeneity of variance are included in Appendix B.  The assistance
of a statistician is recommended for analysts who are not proficient in statistics.  

13.13.1.4   At the end of the test, if 50% or more of the surviving organisms in a block are identified as males, the
entire block must be excluded from data analysis for the reproduction endpoint (i.e., calculation of the reproduction
NOEC and IC25 as described in Subsection 13.13.3), but may be used in the analysis of the survival endpoint (i.e.,
calculation of the survival NOEC and LC50 as described in Subsection 13.13.2).  For blocks having fewer than 50%
of surviving organisms identified as males, the males (not the entire block) must be excluded from the analysis of
reproduction (i.e., calculation of the reproduction NOEC and IC25 as described in Subsection 13.13.3), but may be
used in the analysis of survival (i.e., calculation of the survival NOEC and LC50 as described in Subsection
13.13.2).  Note that the exclusion of males from the analysis of reproduction may create unequal sample sizes
among the concentrations, influencing the statistical methods chosen for analysis of reproduction (Figure 6). 
Determinations regarding test acceptability criteria for survival and reproduction (Subsection 13.12) must be made
prior to exclusion of any blocks.  In addition to these test acceptability criteria, if fewer than eight replicates in the
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control remain after excluding males and blocks with 50% or more of surviving organisms identified as males, the
test is invalid and must be repeated with a newly collected sample. 

13.13.2   EXAMPLE OF ANALYSIS OF THE DAPHNID, CERIODAPHNIA DUBIA, SURVIVAL DATA 

13.13.2.1   Formal statistical analysis of the survival data is outlined on the flowchart in Figure 4.  The response
used in the analysis is the number of animals surviving at each test concentration.  Separate analyses are performed
for the estimation of the NOEC and LOEC endpoints and for the estimation of the EC50, LC50, IC25, or IC50
endpoints.  Concentrations at which there is no survival in any of the test chambers are excluded from the statistical
analysis of the NOEC and LOEC, but included in the estimation of the LC, EC, and IC endpoints.

13.13.2.2   Fisher's Exact Test is used to determine the NOEC and LOEC endpoints.  It provides a conservative test
of the equality of any two survival proportions assuming only the independence of responses from a Bernoulli
(binomial) population.  Additional information on Fisher's Exact Test is provided in Appendix G.

RB-AR26176



168

Figure 4.  Flowchart for statistical analysis of the daphnid, Ceriodaphnia dubia, survival data.
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TABLE 5.  FORMAT OF THE 2x2 CONTINGENCY TABLE

Number of Number of 
Successes Failures Observations  

 
Condition 1 a A - a A 

Condition 2 b B - b B 

Total a + b [(A+B) - a - b] A + B

13.13.2.3   Probit Analysis (Finney, 1971; Appendix I) is used to estimate the concentration that causes a specified
percent decrease in survival from the control.  In this analysis, the total number dead at a given concentration is the
response.

13.13.2.4   Example of Analysis of Survival Data 

13.13.2.4.1   The data in Table 4 will be used to illustrate the analysis of survival data from the daphnid,
Ceriodaphnia dubia, Survival and Reproduction Test.  As can be seen from the data in Table 4, there were no
deaths in the 1.56%, 3.12%, 6.25%, and 12.5% concentrations.  These concentrations are obviously not different
from the control in terms of survival.  This leaves only the 25% effluent concentration to be tested statistically for a
difference in survival from the control.

13.13.2.5   Fisher's Exact Test

13.13.2.5.1   The basis for Fisher's Exact Test is a 2x2 contingency table.  From the 2x2 table prepared by
comparing the control and the effluent concentration, determine statistical significance by looking up a value in the
table provided in Appendix G (Table G.5).  However, to use this table the contingency table must be arranged in the
format illustrated in Table 5.

13.13.2.5.2   Arrange the table so that the total number of observations for row one is greater than or equal to the
total for row two (A � B).  Categorize a success such that the proportion of successes for row one is greater than or
equal to the proportion of successes for row two (a/A � b/B).  For these data, a success may be 'alive' or 'dead'
whichever causes a/A � b/B.  The test is then conducted by looking up a value in the table of significance levels of
b and comparing it to the b value given in the contingency table.  The table of significance levels of b is included in
Appendix G, Table G.5.  Enter Table G.5 in the section for A, subsection for B, and the line for a.  If the b value of
the contingency table is equal to or less than the integer in the column headed 0.05 in Table G.5, then the survival
proportion for the effluent concentration is significantly different from that of the control.  A dash or absence of
entry in Table G.5 indicates that no contingency table in that class is significant.

13.13.2.5.3   To compare the control and the effluent concentration of 25%, the appropriate contingency table for
the test is given in Table 6.

13.13.2.5.4   Since 10/10 � 3/10, the category 'alive' is regarded as a success.  For A = 10, B = 10 and, a = 10, under
the column headed 0.05, the value from Table G.5 is b = 6.  Since the value of b (b = 3) from the contingency table
(Table 6), is less than the value of b (b = 6) from Table G.5 in Appendix G, the test concludes that the proportion
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TABLE 7.  DATA FOR TRIMMED SPEARMAN-KARBER ANALYSIS

Effluent Concentration (%)

Control 1.56 3.12 6.25 12.5 25.0 

Number Dead 0 0 0 0 0 8 
Number Exposed 10 10 10 10 10 10 

surviving in the 25% effluent concentration is significantly different from the control.  Thus the NOEC for survival
is 12.5% and the LOEC is 25%. 

TABLE 6.  2x2 CONTIGENCY TABLE FOR CONTROL AND 25% EFFLUENT

Number of

Alive Dead
Number of

Observations

Condition 1 10 0 10

Condition 2 3 7 10

Total 13 7 20

13.13.2.6   Calculation of the LC50 

13.13.2.6.1   The data used for the Trimmed Spearman-Karber Method are summarized in Table 7.  To perform the
Trimmed Spearman-Karber Method, run the USEPA Trimmed Spearman-Karber Program.  An example of the
program input and output is supplied in Appendix J.

13.13.2.6.2   For this example, with only one partial mortality, Trimmed Spearman-Karber analysis appears
appropriate for this data.

13.13.2.6.3   Figure 5 shows the output for the Trimmed Spearman-Karber Analysis of the data in Table 7 using the
USEPA Program.

13.13.3   EXAMPLE OF ANALYSIS OF THE DAPHNID, CERIODAPHNIA DUBIA, REPRODUCTION      
DATA

13.13.3.1   Formal statistical analysis of the reproduction data is outlined on the flowchart in Figure 6.  The
response used in the statistical analysis is the number of young produced per adult female, which is determined by
taking the total number of young produced until either the time of death of the adult or the end of the experiment,
whichever comes first.  In this three-brood test, offspring from fourth or higher broods should not be counted and
should not be included in the total number of neonates produced during the test.  An animal that dies before
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producing young, if it has not been identified as a male, would be included in the analysis with zero entered as the
number of young produced.  The subsequent calculation of the mean number of live young produced per adult
female for each toxicant concentration provides a combined measure of the toxicant's effect on both mortality and
reproduction.  An IC estimate can be calculated for the reproduction data using a point estimation technique (see
Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  Hypothesis testing can be used to obtain an NOEC
for reproduction.  Concentrations above the NOEC for survival are excluded from the hypothesis test for
reproduction effects.

13.13.3.2   The statistical analysis using hypothesis tests consists of a parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test.  The underlying assumptions of the Dunnett's Procedure, normality
and homogeneity of variance, are formally tested using the Shapiro Wilk's Test for normality, and Bartlett's Test for
homogeneity of variance.  If either of these tests fails, a nonparametric test, Steel's Many-one Rank Test, is used to
determine the NOEC and LOEC.  If the assumptions of Dunnett's Procedure are met, the endpoints are determined
by the parametric test.

13.13.3.3   Additionally, if unequal numbers of replicates occur among the concentration levels tested there are
parametric and nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni
adjustment (see Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric
alternative (see Appendix F).

13.13.3.4   The data, mean, and variance of the observations at each concentration including the control are listed in
Table 8.  A plot of the number of young per adult female for each concentration is provided in Figure 7. Since there
is significant mortality in the 25% effluent concentration, its effect on reproduction is not considered.

TABLE 8.  THE DAPHNID, CERIODAPHNIA DUBIA, REPRODUCTION DATA

Effluent Concentration (%)
 

Replicate Control 1.56 3.12 6.25 12.5 

1 27 32 39 27 10
2 30 35 30 34 13
3 29 32 33 36 7
4 31 26 33 34 7
5 16 18 36 31 7
6 15 29 33 27 10
7 18 27 33 33 10
8 17 16 27 31 16
9 14 35 38 33 12

10 27 13 44 31 2

Mean Y�I  22.4 26.3 34.6 31.7 9.4 
Si

2 48.0 64.0 23.4 8.7 15.1 
i 1 2 3 4 5
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TRIMMED SPEARMAN-KARBER METHOD.  VERSION 1.5       
 
 
 
 
 DATE:   1                  TEST NUMBER: 2            DURATION:    7 Days     
 TOXICANT:  effluent                                       
 SPECIES:   Ceriodaphnia dubia
 
 RAW DATA:  Concentration       Number      Mortalities 

 --- ----   (%)        Exposed 
   .00                  10       0

               1.25   10         0 
               3.12                  10       0 
               6.25                  10       0 
              12.5                   10      0 
              25.0                   10       8 
 
  SPEARMAN-KARBER TRIM:             20.00 % 
 
  SPEARMAN-KARBER ESTIMATES:     LC50:          19.28 
                                         95% CONFIDENCE LIMITS  
                                         ARE NOT RELIABLE. 
 
 NOTE:  MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 
        ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 

Figure 5.  Output for USEPA Trimmed Spearman-Karber program.

RB-AR26181



173

Figure 6. Flowchart for the statistical analysis of the daphnid, Ceriodaphnia dubia, reproduction
data.
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TABLE 9.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

Effluent Concentration (%)

Replicate Control 1.56 3.12 6.25 12.5

1 4.6 5.7 4.4 -4.7 0.6
2 7.6 8.7 -4.6 2.3 3.6 
3 6.6 5.7 -1.6 4.3 -2.4 
4 8.6 -0.3 -1.6 2.3 -2.4 
5 -6.4 -8.3 1.4 -0.7 -2.4 
6 -7.4 2.7 -1.6 -4.7 0.6 
7 -4.4 0.7 -1.6 1.3 0.6 
8 -5.4 -10.3 -7.6 -0.7 6.6 
9 -8.4 8.7 3.4 1.3 2.6 

10 4.6 -13.3 9.4 -0.7 -7.4 

 

13.13.3.5  Test for Normality

13.13.3.5.1  The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 9.

13.13.3.5.2  Calculate the denominator, D, of the test statistic: 

D � �n
i�1

(Xi� X̄)
2

   Where: Xi = the ith centered observation
          

            = the overall mean of the centered observations X̄

            n = the total number of centered observations.

For this set of data,
n = 50 

X̄ �
1

50
(0.0) � 0.0

D = 1433.4 
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W �
1

D
[�k

i�1

ai(X
(n�i�1)�X (i))]

2

W �
1

1433.4
(37.3)2 � 0.97

13.13.3.5.3  Order the centered observations from smallest to largest 

                  X(1) � X(2) � ...� X(n) 
 
    Where X(i) is the ith ordered observation.  These ordered observations are listed in Table 10.

13.13.3.5.4  From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ..., ak where
k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 50, k = 25.  The ai values are listed in
Table 11.

13.13.3.5.5  Compute the test statistic, W, as follows: 

The differences X(n-i+1) - X(i) are listed in Table 11. 

For this set of data: 
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 TABLE 10.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

 i X(i) i X(i)

 
1 -13.3 26 0.6 
2 -10.3 27 0.6 
3 -8.4 28 0.7 
4 -8.3 29 1.3 
5 -7.6 30 1.3 
6 -7.4 31 1.4 
7 -7.4 32 2.3 
8 -6.4 33 2.3 
9 -5.4 34 2.6 

10 -4.7 35 2.7 
11 -4.7 36 3.4 
12 -4.6 37 3.6 
13 -4.4 38 4.3 
14 -2.4 39 4.4 
15 -2.4 40 4.6 
16 -2.4 41 4.6 
17 -1.6 42 5.7 
18 -1.6 43 5.7 
19 -1.6 44 6.6 
20 -1.6 45 6.6 
21 -0.7 46 7.6 
22 -0.7 47 8.6 
23 -0.7 48 8.7 
24 -0.3 49 8.7 
25 0.6 50 9.4 
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TABLE 11.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE
 

i ai X(n-i+1) - X(i) 

 
1 0.3751 22.7 X(50) - X(1) 
2 0.2574 19.0 X(49) - X(2) 
3 0.2260 17.1 X(48) - X(3) 
4 0.2032 16.9 X(47) - X(4) 
5 0.1847 15.2 X(46) - X(5) 
6 0.1691 14.0 X(45) - X(6) 
7 0.1554 14.0 X(44) - X(7) 
8 0.1430 12.1 X(43) - X(8) 
9 0.1317 11.1 X(42) - X(9) 

10 0.1212 9.3 X(41) - X(10) 
11 0.1113 9.3 X(40) - X(11) 
12 0.1020 9.0 X(39) - X(12) 
13 0.0932 8.7 X(38) - X(13) 
14 0.0846 6.0 X(37) - X(14) 
15 0.0764 5.8 X(36) - X(15) 
16 0.0685 5.1 X(35) - X(16) 
17 0.0608 4.2 X(34) - X(17) 
18 0.0532 3.9 X(33) - X(18)

19 0.0459 3.9 X(32) - X(19) 
20 0.0386 3.0 X(31) - X(20) 
21 0.0314 2.0 X(30) - X(21) 
22 0.0244 2.0 X(29) - X(22) 
23 0.0174 1.4 X(28) - X(23) 
24 0.0104 0.9 X(27) - X(24) 
25 0.0035 0.0 X(26) - X(25) 

13.13.3.5.6  The decision rule for this test is to compare W with the critical value found in Table 6, Appendix B.  If
the computed W is less than the critical value, conclude that the data are not normally distributed.  For this example,
the critical value at a significance level of 0.01 and 50 observations (n) is 0.930.  Since W = 0.97 is greater than the
critical value, the conclusion of the test is that the data are normally distributed. 

13.13.3.6  Test for Homogeneity of Variance 

13.13.3.6.1  The test used to examine whether the variation in number of young produced is the same across all
effluent concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as
follows: 

   B �

[(�P
i�1

Vi) ln S̄ 2
��P

i�1

Vi lnS 2
i ]

C

   Where: Vi = degrees of freedom for each effluent concentration and  control, Vi = (ni - 1) 

p = number of levels of effluent concentration and control 
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S̄ 2
�

(�P
i�1

ViS
2
i )

�P
i�1

Vi

C � 1� (3(p�1))�1 [�P
i�1

1

Vi

� (�P
i�1

Vi)
�1]

ni = the number of replicates for concentration i 

          ln = loge 

i = 1, 2, ..., p where p is the number of concentrations including the control 
 

13.13.3.6.2  For the data in this example (see Table 8), all effluent concentrations including the control have the
same number of replicates (ni = 10 for all i).  Thus, Vi = 9 for all i.

13.13.3.6.3  Bartlett's statistic is therefore: 

B � [(45)ln(31.8)�9�P
i�1

ln(S 2
i )]/1.04

=  [45(3.46) - 9(16.061)]/1.04 

         =  11.15/1.04 

         =  10.72 

13.13.3.6.4  B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in
fact the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with four degrees
of freedom, is 13.3.  Since B = 10.7 is less than the critical value of 13.3, conclude that the variances are not
different. 

13.13.3.7  Dunnett's Procedure 

13.13.3.7.1  To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table as
described in Table 12.
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TABLE 12.  ANOVA TABLE

Source df Sum of Squares Mean Square(MS) 
(SS) (SS/df) 

                                                  
Between p - 1 SSB  = SSB/(p-1) 

                                                  
Within N - p SSW  = SSW/(N-p) 

 
Total N - 1 SST 

Where: p = number effluent concentrations including the control 

N = total number of observations n1 + n2 ... + np 

ni = number of observations in concentration i 

 Between Sum of SquaresSSB � �P
i�1

T 2
i

ni

�
G 2

N

     Total Sum of SquaresSST � �P
i�1

�
ni

j�1

Y 2
ij �

G 2

N

     Within Sum of SquaresSSW � SST�SSB

G = the grand total of all sample observations, G � �P
i�1

Ti

T i = the total of the replicate measurements for concentration i 

Yij = the jth observation for concentration i (represents the number of young produced by female j in
effluent concentration i)

13.13.3.7.2  For the data in this example:

n1 = n 2 = n 3 = n 4 = n5 = 10 

N = 50 

T1 = Y11 + Y 12 + . . . + Y110 = 224 
T2 = Y21 + Y 22 + . . . + Y210 = 263 
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TABLE 13.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE 

Source df Sum of Squares Mean 
Square(MS)

(SS) (SS/df)

Between 4 3887.88 971.97

Within 45 1433.40 31.85

Total 49 5321.28

T3 = Y31 + Y 32 + . . . + Y310 = 346 
T4 = Y41 + Y 42 + . . . + Y410 = 317 
T5 = Y51 + Y 52 + . . . + Y510 =  94 

 
G  = T1 + T2 + T3 + T4 + T5 = 1244 

SSB � �P
i�1

T 2
i

ni

�
G 2

N

t2 �
(22.4�26.3)

[5.64 (
1

10
)�(

1

10
)]

� -1.55

SST � �P
i�1

�
ni

j�1

Y 2
ij �

G 2

N

� 36,272�
(1244)2

50
�5321.28

  = 5321.28 - 3887.88 = 1433.40 SSW � SST�SSB

                   SB
2  = SSB/(p-1) = 3887.88/(5-1) = 971.97 

                   SW
2  = SSW/(N-p) = 1433.40/(50-5) = 31.85 

13.13.3.7.3  Summarize these calculations in an ANOVA table (Table 13).
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ti �
(Ȳ1� Ȳi)

Sw (
1

n1

)� (
1

ni

)

t2 �
(22.4�26.3)

[5.64 (
1

10
)�(

1

10
)]

� -1.55

TABLE 14.  CALCULATED T VALUES

Effluent Concentration (%) i ti 

 
1.56 2 -1.55 
3.12 3 -4.84 
6.25 4 -3.69 

12.5 5 5.16 

 

13.13.3.7.4  To perform the individual comparisons, calculate the t statistic for each concentration and control
combination as follows:

Where: = mean number of young produced for effluent concentration i Ȳi

       = mean number of young produced for the control Ȳ1

         SW = square root of within mean square 

         n1 = number of replicates for the control 

         ni = number of replicates for concentration i. 

Since we are looking for a decrease in reproduction from the control, the mean for concentration i is subtracted from
the control mean in the t statistic above.  However, if we were looking for an increased response over the control,
the control mean would be subtracted from the mean at a concentration. 
 
13.13.3.7.5  Table 14 includes the calculated t values for each concentration and control combination.  In this
example, comparing the 1.56% concentration with the control the calculation is as follows: 

13.13.3.7.6  Since the purpose of this test is to detect a significant reduction in mean reproduction, a one-sided test
is appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  Since an entry for 45
degrees of freedom for error is not provided in the table, the entry for 40 degrees of freedom for error, an alpha level
of 0.05 and four concentrations (excluding the control) will be used, 2.23.  The mean reproduction for concentration
"i" is considered significantly less than the mean reproduction for the control if ti is greater than the critical value. 
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Since t5 is greater than 2.23, the 12.5% concentration has significantly lower reproduction than the control.  Hence
the NOEC and the LOEC for reproduction are 6.25% and 12.5%, respectively.

13.13.3.7.7  To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be
statistically detected may be calculated:

MSD � d Sw (
1

n1

)� (
1

n
)

Where: d = the critical value for the Dunnett's Procedure 

SW = the square root of the within mean square 

n = the common number of replicates at each concentration (this assumes equal replication at each
concentration) 

n1 = the number of replicates in the control. 
 
13.13.3.7.8  In this example:

MSD � 2.23(5.64) (
1

10
)�(

1

10
)

 = 2.23 (5.64) (0.447)

= 5.62

13.13.3.7.9  Therefore, for this set of data, the minimum difference that can be detected as statistically significant is
5.62. 

13.13.3.7.10  This represents a 25% decrease in mean reproduction from the control.

13.13.3.8  Calculation of the IC

13.13.3.8.1  The reproduction data in Table 4 are utilized in this example.  As can be seen from Figure 8, the
observed means are not monotonically non-increasing with respect to concentration.  Therefore, the means must be
smoothed prior to calculating the IC.

13.13.3.8.2  Starting with the observed control mean, Y�1= 22.4, and the observed mean for the lowest effluent
concentration,Y�2= 26.3, we see that Y�1 is less than Y�2 .

13.13.3.8.3  Calculate the smoothed means:
                                    
                M1 = M2 = (Y�1+Y�2)/2 = 24.35
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TABLE 15. DAPHNID, CERIODAPHNIA DUBIA, REPRODUCTION MEAN RESPONSE AFTER
SMOOTHING

Response Smoothed
Effluent Means, Yi Means, Mi

Conc. (%) i (young/female) (young/female)

Control 1 22.4 28.75
1.56 2 26.3 28.75
3.12 3 34.6 28.75
6.25 4 31.7 28.75

12.5 5 9.4 9.40
25.0 6 0.0 0.00

13.13.3.8.4  Since Y�3= 34.6 is larger than M2, average Y�3 with the previous concentrations:            
                          

M1 = M2 = M3 = (M1 + M2 +Y�3)/3 = 27.7.

13.13.3.8.5  Additionally,Y�4 = 31.7 is larger than M3, and is pooled with the first three means.  Thus:
(M1 + M2 + M3 +Y�4)/4 = 28.7 = M1 = M2 = M3 = M4

13.13.3.8.6  Since M4 > Y�5 = 9.4, set M5 = 9.4.  Likewise, M5 > Y�6  = 0, and M6 becomes 0.  Table 15 contains the
smoothed means and Figure 8 gives a plot of the smoothed means and the interpolated response curve.

13.13.3.8.7  Estimates of the IC25 and IC50 can be calculated using the Linear Interpolation Method.  A 25%
reduction in reproduction, compared to the controls, would result in a mean reproduction of 21.56 young per adult,
where M1(1 - p/100) = 28.75(1 - 25/100).  A 50% reduction in reproduction, compared to the controls, would result
in a mean reproduction of 14.38 young per adult, where M1(1 - p/100) = 28.75(1 - 50/100).  Examining the
smoothed means and their associated concentrations (Table 15), the two effluent concentrations bracketing 21.56
young per adult are C4 = 6.25% effluent and C5 = 12.5% effluent.  The two effluent concentrations bracketing a
response of 14.38 young per adult are also C4 = 6.25% and C 5 = 12.5%.
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13.13.3.8.8   Using equation from Section 4.2 in Appendix M, the estimate of the IC25 is as follows:

ICp � Cj�[M1(1�
p

100
)�Mj]

(C(j�1)�Cj)

(M(j�1)�Mj)

IC25 � 6.25�[28.75(1�
25

100
)�28.75]

(12.5�6.25)

(9.40�28.75)

= 8.57% effluent

13.13.3.8.9   The estimate of the IC50 is as follows:

ICp � Cj�[M1(1�
p

100
)�Mj]

(C(j�1)�Cj)

(M(j�1)�Mj)

 

IC50 � 6.25�[28.75(1�
50

100
)�28.75]

(12.5�6.25)

(9.40�28.75)

 = 10.89% effluent

13.13.3.8.10   When the ICPIN program was used to analyze this data set for the IC25, requesting 80 resamples, the
estimate of the IC25 was 8.5715% effluent.  The empirical 95% confidence interval for the true mean was 8.3112%
and 9.0418% effluent.  The computer output for this data set is provided in Figure 9.

13.13.3.8.11   When the ICPIN program was used to analyze this data set for the IC50, requesting 80 resamples, the
estimate of the IC50 was 10.8931% effluent.  The empirical 95% confidence interval for the true mean was
10.4373% and 11.6269% effluent.  The computer output for this data set is provided in Figure 10.
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Conc. ID             1         2         3         4         5         6
------------------------------------------------------------------------
Conc. Tested         0      1.56      3.12      6.25      12.5      25.0
------------------------------------------------------------------------
Response  1         27        32        39        27        10         0
Response  2         30        35        30        34        13         0
Response  3         29        32        33        36         7         0
Response  4         31        26        33        34         7         0
Response  5         16        18        36        31         7         0
Response  6         15        29        33        27        10         0
Response  7         18        27        33        33        10         0
Response  8         17        16        27        31        16         0
Response  9         14        35        38        33        12         0
Response 10         27        13        44        31         2         0
------------------------------------------------------------------------
*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Effluent
Test Start Date: Example   Test Ending Date: 
Test Species: Ceriodaphnia dubia
Test Duration:             7-d
DATA FILE: cdmanual.icp
OUTPUT FILE: cdmanual.i25
-----------------------------------------------------------------------
Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates               %       Means       Dev.   Response Means
-----------------------------------------------------------------------
  1         10             0.000         22.400      6.931     28.750
  2         10             1.560         26.300      8.001     28.750
  3         10             3.120         34.600      4.835     28.750
  4         10             6.250         31.700      2.946     28.750
  5         10            12.500          9.400      3.893      9.400
  6         10            25.000          0.000      0.000      0.000
-----------------------------------------------------------------------
The Linear Interpolation Estimate:     8.5715   Entered P Value: 25
-----------------------------------------------------------------------
Number of Resamplings:   80
The Bootstrap Estimates Mean:   8.5891 Standard Deviation:     0.1831
Original Confidence Limits:   Lower:     8.3112 Upper:     9.0418
Resampling time in Seconds:     2.53  Random Seed: -641671986

Figure 9.  Example of ICPIN program output for the IC25.       
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Conc. ID             1         2         3         4         5         6
------------------------------------------------------------------------
Conc. Tested         0      1.56      3.12      6.25      12.5      25.0
------------------------------------------------------------------------
Response  1         27        32        39        27        10         0
Response  2         30        35        30        34        13         0
Response  3         29        32        33        36         7         0
Response  4         31        26        33        34         7         0
Response  5         16        18        36        31         7         0
Response  6         15        29        33        27        10         0
Response  7         18        27        33        33        10         0
Response  8         17        16        27        31        16         0
Response  9         14        35        38        33        12         0
Response 10         27        13        44        31         2         0
------------------------------------------------------------------------
*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Effluent
Test Start Date: Example   Test Ending Date: 
Test Species: Ceriodaphnia dubia
Test Duration:             7-d
DATA FILE: cdmanual.icp
OUTPUT FILE: cdmanual.i50
-----------------------------------------------------------------------
Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates               %       Means       Dev.   Response Means
-----------------------------------------------------------------------
  1         10             0.000         22.400      6.931     28.750
  2         10             1.560         26.300      8.001     28.750
  3         10             3.120         34.600      4.835     28.750
  4         10             6.250         31.700      2.946     28.750
  5         10            12.500          9.400      3.893      9.400
  6         10            25.000          0.000      0.000      0.000
-----------------------------------------------------------------------
The Linear Interpolation Estimate:    10.8931   Entered P Value: 50
-----------------------------------------------------------------------
Number of Resamplings:   80
The Bootstrap Estimates Mean:  10.9316 Standard Deviation:     0.3357
Original Confidence Limits:   Lower:    10.4373 Upper:    11.6269
Resampling time in Seconds:     2.58  Random Seed: 172869646

Figure 10.  Example of ICPIN program output for the IC50.
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13.14   PRECISION AND ACCURACY

13.14.1   PRECISION – Data on single-laboratory and multilaboratory precision are described below (Subsections
13.14.1.1 and 13.14.1.2).  Single-laboratory precision is a measure of the reproducibility of test results when tests
are conducted using a specific method under reasonably constant conditions in the same laboratory.  Single-
laboratory precision is synonymous with the terms within-laboratory precision and intralaboratory precision. 
Multilaboratory precision is a measure of the reproducibility of test results from different laboratories using the
same test method and analyzing the same test material.  Multilaboratory precision is synonymous with the term
interlaboratory precision.  Interlaboratory precision, as used in this document, includes both within-laboratory and
between-laboratory components of variability.  In recent multilaboratory studies, these two components of
interlaboratory precision have been displayed separately (termed within-laboratory and between-laboratory
variability) and combined (termed total interlaboratory variability).  The total interlaboratory variability that is
reported from these studies is synonymous with interlaboratory variability reported from other studies where
individual variability components are not separated.

13.14.1.1   Single-Laboratory Precision

13.14.1.1.1   Information on the single-laboratory precision of the daphnid, Ceriodaphnia dubia, survival and
reproduction test is based on the NOEC and LOEC values from nine tests with the reference toxicant sodium
pentachlorophenate (NaPCP) is provided in Table 16.  The NOECs and LOECs of all tests fell in the same
concentration range, indicating maximum possible precision.  Table 17 gives precision data for the IC25 and IC50
values for seven tests with the reference toxicant NaPCP.  Coefficient of variation was 41% for the IC25 and 28%
for the IC50.

13.14.1.1.2   Ten sets of data from six laboratories met the acceptability criteria, and were statistically analyzed
using nonparametric procedures to determine NOECs and LOECs. 

13.14.1.1.3   EPA evaluated within-laboratory precision of the daphnid, Ceriodaphnia dubia, Survival and
Reproduction Test using a database of routine reference toxicant test results from 33 laboratories (USEPA, 2000b). 
The database consisted of 393 reference toxicant tests conducted in 33 laboratories using a variety of reference
toxicants including: cadmium, copper, potassium chloride, sodium chloride, and sodium pentachlorophenate. 
Among the 33 laboratories, the median within-laboratory CV calculated for routine reference toxicant tests was 27%
for the IC25 reproduction endpoint.  In 25% of laboratories, the within-laboratory CV was less than 17%; and in
75% of laboratories, the within-laboratory CV was less than 45%.
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TABLE 16: SINGLE LABORATORY PRECISION OF THE DAPHNID, CERIODAPHNIA DUBIA,
SURVIVAL AND REPRODUCTION TEST, USING NAPCP AS A REFERENCE
TOXICANT1,2

Test NOEC LOEC Chronic
(mg/L) (mg/L) Value

(mg/L)

13 0.25 0.50 0.35
24 0.20 0.60 0.35
3 0.20 0.60 0.35
45 0.30 0.60 0.42
5 0.30 0.60 0.42
6 0.30 0.60 0.42
7 0.30 0.60 0.42
8 0.30 0.60 0.42
9 0.30 0.60 0.42

1  For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance.
2 Data from Tests performed by Philip Lewis, Aquatic Biology Branch, EMSL-Cincinnati, OH.  Tests were

conduted in reconstituted hard water (hardness = 180 mg CaC03/L; pH - 8.1).
3 Concentrations used in Test 1 were: 0.03, 0.06, 0.12, 0.25, 0.50, 1.0 mg NaPCP/L.
4 Concentrations used in Tests 2 and 3 were: 0.007, 0.022, 0.067, 0.020, 0.60 mg NaPCP/L.
5 Concentrations used in Tests 4 through 9 were: 0.0375, 0.075, 0.150, 0.30, 0.60 mg NaPCP/L.
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 TABLE 17. THE DAPHNID, CERIODAPHNIA DUBIA, SEVEN-DAY SURVIVAL AND 
REPRODUCTION TEST PRECISION FOR A SINGLE LABORATORY USING NAPCP AS
THE REFERENCE TOXICANT (USEPA, 1991a)

Test Number NOEC (mg/L) IC25 (mg/L) IC50 (mg/L)

19 0.30 0.3754 0.4508
46A 0.20 0.0938 0.2608
46B 0.20 0.2213 0.2879
49 0.20 0.2303 0.2912
55 0.20 0.2306 0.3177
56 0.10 0.2241 0.2827

   n 7 7 7
 Mean NA 0.2157 0.2953
 CV(%) NA 41.1 27.9
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13.14.1.2   Multilaboratory Precision 

13.14.1.2.1   A multilaboratory study was performed by the Aquatic Biology Branch, EMSL-Cincinnati in 1985e,
involving a total of 11 analysts in 10 different laboratories (Neiheisel et. al., 1988; USEPA, 1988e).  Each analyst
performed one-to-three seven-day tests using aliquots of a copper-spiked effluent sample, for a total of 25 tests. 
The tests were performed on the same day in all participating laboratories, using a pre-publication draft of Method
1002.0.  The NOECs and LOECs for these tests were within one concentration interval which, with a dilution factor
of 0.5, is equivalent to a two-fold range in concentration (Table 18).

13.14.1.2.2   A second multilaboratory study of Method 1002.0 (using the first edition of this manual; USEPA,
1985c), was coordinated by Battelle, Columbus Division, and involved 11 participating laboratories (Table 19)
(DeGraeve et al., 1989).  All participants used 10% DMW (10% PERRIER® Water) as the culture and dilution
water, and used their own formulation of food for culturing and testing the Ceriodaphnia dubia.  Each laboratory
was to conduct at least one test with each of eight blind samples.  Each test consisted of 10 replicates of one
organism each for five toxicant concentrations and a control.  Of the 116 tests planned, 91 were successfully
initiated, and 70 (77%) met the survival and reproduction criteria for acceptability of the results (80% survival and
nine young per initial female).  If the reproduction criteria of 15 young/female, used in this edition of the method,
had been applied to the results of the interlaboratory study, 22 additional tests would have been unacceptable.  The
overall precision (CV) of the test was 27% for the survival data (7-day LC50s) and 37.5% and 39.0% for the
reproduction data (IC50s and IC25s, respectively).

13.14.1.2.3   In 2000, EPA conducted an interlaboratory variability study of the daphnid, Ceriodaphnia dubia,
Survival and Reproduction Test (USEPA, 2001a; USEPA, 2001b).  In this study, each of 34 participant laboratories
tested 3 or 4 blind test samples that included some combination of blank, effluent, reference toxicant, and receiving
water sample types.  The blank sample consisted of moderately-hard synthetic freshwater, the effluent sample was a
municipal wastewater spiked with KCl, the receiving water sample was a river water spiked with KCl, and the
reference toxicant sample consisted of moderately-hard synthetic freshwater spiked with KCl.  Of the 122
Ceriodaphnia dubia Survival and Reproduction tests conducted in this study, 82.0% were successfully completed
and met the required test acceptability criteria.  Of 27 tests that were conducted on blank samples, none showed
false positive results for survival endpoints, and only one resulted in false positive results for the growth endpoint,
yielding a false positive rate of 3.70%.  Results from the reference toxicant, effluent, and receiving water sample
types were used to calculate the precision of the method.  Table 20 shows the precision of the IC25 for each of these
sample types.  Averaged across sample types, the total interlaboratory variability (expressed as a CV%) was 35.0%
for IC25 results.  Table 21 shows the frequency distribution of survival and growth NOEC endpoints for each
sample type.  For the survival endpoint, NOEC values spanned three concentrations for the reference toxicant and
effluent sample types and two concentrations for the receiving water sample type.  The percentage of values within
one concentration of the median was 97.2%, 91.3%, and 100% for the reference toxicant, effluent, and receiving
water sample types, respectively.  For the growth endpoint, NOEC values spanned five concentrations for the
reference toxicant sample type, three concentrations for the effluent sample type, and two concentrations for the
receiving water sample type.  The percentage of values within one concentration of the median was 83.3%, 100%,
and 100% for the reference toxicant, effluent, and receiving water sample types, respectively.    

13.14.2   ACCURACY

13.14.2.1   The accuracy of toxicity tests cannot be determined.
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TABLE 18. INTERLABORATORY PRECISION FOR THE DAPHNID, CERIODAPHNIA DUBIA,
SURVIVAL AND REPRODUCTION TEST WITH COPPER SPIKED EFFLUENT (USEPA,
1988e) 

Endpoints (% Effluent)
Reproduction Survival

Analyst Test NOEC LOEC NOEC LOEC 

3 1 12 25 25 50 
 

4 1 6 12 12 25 
 

4 2 6 12 25 50 
 

5 1 6 12 12 25 
 

5 2 12 25 12 25 
 

6 1 12 25 25 50 
 

6 2 6 12 25 50 
 

10 1 6 12 12 25 
 

10 2 6 12 12 25 
 

11 1 12 25 25 50 
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TABLE 19. INTERLABORATORY PRECISION DATA FOR THE DAPHNID, CERIODAPHNIA 
DUBIA, SUMMARIZED FOR EIGHT REFERENCE TOXICANTS AND EFFLUENTS
(USEPA, 1991a)

Test Material Mean IC50 CV% Mean IC25 CV%
   

 Sodium chloride 1.34 29.9 1.00 34.3

 Industrial 3.6 83.3 3.2 78.1

 Sodium chloride 0.96 57.4 0.09 44.4

 Pulp and Paper 60.0 28.3 47.3 27.0

 Potassium dichromate 35.8 30.8 23.4 32.7
 
 Pulp and Paper 70.2 7.5 55.7 12.2  
 
 Potassium dichromate 53.2 25.9 29.3 46.8

 Industrial 69.8 37.0 67.3 36.7

n 8 8
Mean 37.5 39.0

Standard Deviation 23.0 19.1
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TABLE 20.  PRECISION OF POINT ESTIMATES FOR VARIOUS SAMPLE TYPES1

Test Endpoint Sample Type
CV (%)2

Within-lab3 Between-lab4 Total5

IC25 Reference toxicant - - -

Effluent 17.4 27.6 32.6

Receiving water - - 37.4

Average 17.4 27.6 35.0

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 CVs were calculated based on the within-laboratory component of variability, the between-laboratory

component of variability, and the total interlaboratory variability (including both within-laboratory and
between-laboratory components).  For the reference toxicant sample type a majority of the results were
outside of the test concentration range, so precision estimates were not calculated.  For the receiving water
sample type, within-laboratory and between-laboratory components of variability could not be calculated
since the study design did not provide within-laboratory replication for this sample type.

3 The within-laboratory (intralaboratory) component of variability for duplicate samples tested at the same
time in the same laboratory.

4 The between-laboratory component of variability for duplicate samples tested at different laboratories.
5 The total interlaboratory variability, including within-laboratory and between-laboratory components of

variability.  The total interlaboratory variability is synonymous with interlaboratory variability reported
from other studies where individual variability components are not separated. 
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TABLE 21. FREQUENCY DISTRIBUTION OF HYPOTHESIS TESTING RESULTS FOR VARIOUS
SAMPLE TYPES1

Test Endpoint Sample Type
Median
NOEC
Value

% of Results at
the Median

% of Results
±12

% of Results 
�23

Survival NOEC Reference toxicant 100% 97.2 0.00 2.78

Effluent 25% 65.2 26.1 8.70

Receiving water 25% 90.0 10.0 0.00

Growth 
NOEC

Reference toxicant 100% 72.2 11.1 16.7

Effluent 12.5% 70.8 29.2 0.00

Receiving water 25% 70.0 30.0 0.00

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 Percent of values at one concentration interval above or below the median.  Adding this percentage to the

percent of values at the median yields the percent of values within one concentration interval of the median.
3 Percent of values two or more concentration intervals above or below the median.
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SECTION 14

TEST METHOD

GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH TEST

METHOD 1003.0

14.1   SCOPE AND APPLICATION

14.1.1   This method measures the chronic toxicity of effluents and receiving water to the freshwater green alga,
Selenastrum capricornutum, in a four-day static test.  The effects include the synergistic, antagonistic, and additive
effects of all the chemical, physical, and biological components which adversely affect the physiological and
biochemical functions of the test organisms. 
 
14.1.2   Detection limits of the toxicity of an effluent or pure substance are organism dependent.

14.1.3   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, and because the test chambers are not sealed, highly
degradable or highly volatile toxicants present in the source may not be detected in the test.

14.1.4   This test method is commonly used in one of two forms:  (1) a definitive test, consisting of a minimum of
five effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving
water concentrations and a control.

14.1.5   This test is very versatile because it can also be used to identify wastewaters which are biostimulatory and
may cause nuisance growths of algae, aquatic weeds, and other organisms at higher trophic levels. 

14.2   SUMMARY OF METHOD

14.2.1   A green alga, Selenastrum capricornutum, population is exposed in a static system to a series of
concentrations of effluent, or to receiving water, for 96 h.  The response of the population is measured in terms of
changes in cell density (cell counts per mL), biomass, chlorophyll content, or absorbance. 

14.3   INTERFERENCES 

14.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies).

14.3.2   Adverse effects of high concentrations of suspended and/or dissolved solids, color, and extremes of pH may
mask the presence of toxic substances.

14.3.3   Improper effluent sampling and handling may adversely affect test results (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

14.3.4   Pathogenic organisms and/or planktivores in the dilution water and effluent may affect test organism
survival and growth, and confound test results. 

14.3.5   Nutrients in the effluent or dilution water may confound test results. 

14.4   SAFETY

14.4.1   See Section 3, Safety and Health. 
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14.5   APPARATUS AND EQUIPMENT 

14.5.1   Laboratory Selenastrum capricornutum culture unit -- see culturing methods below and USEPA, 2002a.  To
test effluent toxicity, sufficient numbers of log-phase-growth organisms must be available. 
 
14.5.2   Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h composite
sample of 5 L or more. 

14.5.3   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 
 
14.5.4   Environmental chamber, incubator, or equivalent facility -- with "cool-white" fluorescent illumination (86 ±
8.6 μE/m2/s, 400 ± 40 ft-c, or 4306 lux) and temperature control (25 ± 1�C). 
 
14.5.5   Mechanical shaker -- capable of providing orbital motion at the rate of 100 cycles per minute (cpm). 

14.5.6   Light meter -- with a range of 0-200 μE/m2/s (0-1000 ft-c). 

14.5.7   Water purification system -- MILLIPORE MILLI-Q®, deionized water or equivalent (see Section 5,
Facilities, Equipment, and Supplies). 

14.5.8   Balance -- analytical, capable of accurately weighing 0.00001 g. 

14.5.9   Reference weights, class S -- for checking performance of balance. 

14.5.10   Volumetric flasks and graduated cylinders -- class A, 10-1000 mL, borosilicate glass, for culture work and
preparation of test solutions. 

14.5.11   Volumetric pipets -- class A, 1-100 mL. 

14.5.12   Serological pipets -- 1-10 mL, graduated. 

14.5.13   Pipet bulbs and fillers -- PROPIPET®, or equivalent. 

14.5.14   Wash bottles -- for rinsing small glassware, instrument electrodes, and probes. 

14.5.15   Test chambers -- four 125 or 250 mL borosilicate, Erlenmeyer flasks, with foam plugs or stainless steel or
Shumadzu closures.  For special glassware cleaning requirements (see Section 5, Facilities, Equipment, and
Supplies).

14.5.16   Culture chambers -- 1-4 L borosilicate, Erlenmeyer flasks. 

14.5.17   Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures. 

14.5.18   Bulb-thermograph or electronic-chart type thermometers -- for continuously recording temperature. 

14.5.19   Thermometer, National Bureau of Standards Certified, (see USEPA Method 170.1, USEPA, 1979b) -- to
calibrate laboratory thermometers. 

14.5.20   Meters, pH and specific conductivity -- for routine physical and chemical measurements.

14.5.21   Tissue grinder -- for chlorophyll extraction. 
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14.5.22   Fluorometer (Optional) -- equipped with chlorophyll detection light source, filters, and photomultiplier
tube (Turner Model 110 or equivalent).

14.5.23   UV-VIS spectrophotometer -- capable of accommodating 1-5 cm cuvettes. 

14.5.24   Cuvettes for spectrophotometer -- 1-5 cm light path. 

14.5.25   Electronic particle counter (Optional) -- Coulter Counter, Model ZBI, or equivalent, with mean cell
(particle) volume determination.

14.5.26   Microscope -- with 10X, 45X, and 100X objective lenses, 10X ocular lenses, mechanical stage, substage
condenser, and light source (inverted or conventional microscope).

14.5.27   Counting chamber -- Sedgwick-Rafter, Palmer-Maloney, or hemocytometer.

14.5.28   Centrifuge -- with swing-out buckets having a capacity of 15-100 mL.

14.5.29   Centrifuge tubes -- 15-100 mL, screw-cap. 

14.5.30   Filtering apparatus -- for membrane and/or glass fiber filters. 

14.6   REAGENTS AND CONSUMABLE MATERIALS 

14.6.1   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation  for Toxicity Tests).

14.6.2   Data sheets (one set per test) -- for recording data.

14.6.3   Tape, colored -- for labeling test chambers.

14.6.4   Markers, waterproof -- for marking containers, etc.  

14.6.5   Reagents for hardness and alkalinity tests -- see USEPA Methods 130.2 and 310.1, USEPA, 1979b.

14.6.6   Buffers pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) for instrument calibration
(see USEPA Method 150.1, USEPA, 1979b).

14.6.7   Specific conductivity standards (see USEPA Method 120.1, USEPA, 1979b).

14.6.8   Standard particles -- such as chicken or turkey fibroblasts or polymer microspheres, 5.0 ± 0.03 μm diameter,
65.4 μm3 volume, for calibration of electronic particle counters.

14.6.9   Membranes and filling solutions for DO probe (see USEPA Method 360.1, USEPA, 1979b), or reagents --
for modified Winkler analysis.

14.6.10   Laboratory quality control samples and standards -- for calibration of the above methods.

14.6.11   Reference toxicant solutions -- see Section 4, Quality Assurance.

14.6.12   Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic to
the test organisms (see Section 5, Facilities, Equipment, and Supplies). 
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14.6.13   Effluent or receiving water and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Testing.

14.6.14   Acetone -- pesticide-grade or equivalent. 

14.6.15   Dilute (10%) hydrochloric acid -- carefully add 10 mL of concentrated HCl to 90 mL of MILLI-Q® water. 

14.6.16   TEST ORGANISMS, GREEN ALGA, SELENASTRUM CAPRICORNUTUM 

14.6.16.1   Selenastrum capricornutum, a unicellular coccoid green alga, is the test organism.  The genus and
species name of this organism was formally changed to Pseudokirchneriella subcapitata (Hindak, 1990), however,
the method manual will continue to refer to Selenastrum capricornutum to maintain consistency with previous
versions of the method.

14.6.16.2   Algal Culture Medium is prepared as follows: 

14.6.16.2.1   Prepare (five) stock nutrient solutions using reagent grade chemicals as described in Table 1.  

14.6.16.2.2   Add 1 mL of each stock solution, in the order listed in Table 1, to approximately 900 mL of MILLI-Q®

water.  Mix well after the addition of each solution.  Dilute to 1 L, mix well, and adjust the pH to 7.5 ± 0.1, using
0.1N NaOH or HCl, as appropriate.  The final concentration of macronutrients and micronutrients in the culture
medium is given in Table 2.

14.6.16.2.3   Immediately filter the pH-adjusted medium through a 0.45 μm pore diameter membrane at a vacuum of
not more than 380 mm (15 in.) mercury, or at a pressure of not more than one-half atmosphere (8 psi).  Wash the
filter with 500 mL deionized water prior to use.

14.6.16.2.4   If the filtration is carried out with sterile apparatus, filtered medium can be used immediately, and no
further sterilization steps are required before the inoculation of the medium.  The medium can also be sterilized by
autoclaving after it is placed in the culture vessels.  If a 0.22 μg filter is used no sterilization is needed.

14.6.16.2.5   Unused sterile medium should not be stored more than one week prior to use, because there may be
substantial loss of water by evaporation.

14.6.16.2.6   When prepared according to Table 1, the micronutrient stock solution contains
ethylenediaminetetraacetic acid (EDTA).  EPA requires the addition of EDTA to nutrient stock solutions when
conducting the Selenastrum capricornutum Growth Test and submitting data under NPDES permits.  The use of
EDTA improves test method performance by reducing the incidence of false positives and increasing test method
precision.  In interlaboratory testing of split samples analyzed with and without the addition of EDTA, false positive
rates were 0.00% with EDTA and 33.3% without EDTA (USEPA, 2001a).  Interlaboratory variability, expressed as
the CV for IC25 values, was 34.3% with EDTA and 58.5% without EDTA (USEPA, 2001a).  While the addition of
EDTA improves test performance, EPA also cautions that the addition of EDTA may cause the Selenastrum
capricornutum Growth Test to underestimate the toxicity of metals.  Regulatory authorities should consider this
possibility when selecting test methods for monitoring effluents that are suspected to contain metals.  As
recommended in EPA’s Technical Support Document for Water Quality-Based Toxics Control (USEPA, 1991a),
the most sensitive of at least three test species from different phyla should be used for monitoring the toxicity of
effluents. 
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 TABLE 1. NUTRIENT STOCK SOLUTIONS FOR MAINTAINING ALGAL STOCK CULTURES AND
TEST CONTROL CULTURES

 

STOCK COMPOUND AMOUNT DISSOLVED IN
SOLUTION 500 mL MILLI-Q® WATER

1. MACRONUTRIENTS

A. MgCl2�6H2O 6.08 g
CaCl2�2H2O 2.20 g
NaNO3 12.75 g

B. MgSO4�7H2O 7.35 g

C K2HPO4 0.522 g

D. NaHCO3 7.50 g

2. MICRONUTRIENTS

H3BO3 92.8 mg
MnCl2�4H2O 208.0 mg 
ZnCl2 1.64 mg1

FeCl3�6H2O 79.9  mg 
CoCl2�6H2O 0.714 mg2

Na2MoO4�2H2O 3.63 mg3 
CuCl2�2H2O 0.006 mg4

Na2EDTA�2H2O 150.0 mg
Na2SeO4 1.196 mg5

1 ZnCl2 - Weigh out 164 mg and dilute to 100 mL.  Add 1 mL of this solution to Stock 2, micronutrients.
2 CoCl2�6H2O - Weigh out 71.4 mg and dilute to 100 mL.  Add 1 mL of this solution to Stock 2,

micronutrients.
3 Na2MoO4�2H2O - Weigh out 36.6 mg and dilute to 10 mL.  Add 1 mL of this solution to Stock 2,

micronutrients.
4 CuCl2�2H2O - Weigh out 60.0 mg and dilute to 1000 mL.  Take 1 mL of this solution and dilute to 10 mL. 

Take 1 mL of the second dilution and add to Stock 2, micronutrients.
5 Na2SeO4 - Weigh out 119.6 mg and dilute to 100 mL.  Add 1 mL of this solution to Stock 2,

micronutrients.
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    TABLE 2. FINAL CONCENTRATION OF MACRONUTRIENTS AND MICRONUTRIENTS IN THE
CULTURE MEDIUM

MACRONUTRIENT CONCENTRATION ELEMENT CONCENTRATION
(mg/L) (mg/L)

NaNO3 25.5 N 4.20 
 
MgCl2�6H2O        12.2 Mg 2.90 
 
CaCl2�2H2O 4.41 Ca 1.20 
 
MgSO4�7H2O 14.7 S 1.91 
 
K2HPO4             1.04 P 0.186 
 
NaHCO3         15.0 Na 11.0 
 
                                  K 0.469 
 
                        C 2.14 
 

MICRONUTRIENT CONCENTRATION ELEMENT CONCENTRATION
(μg/L) (μg/L)

 
H3BO3 185.0 B 32.5 
 
MnCl2�4H2O         416.0 Mn 115.0

ZnCl2 3.27 Zn 1.57 
 
CoCl2�6H2O        1.43 Co 0.354

CuCl2�2H2O 0.012 Cu 0.004 
 
Na2MoO4�2H2O 7.26        Mo 2.88 
 
FeCl3�6H2O 160.0 Fe 33.1 
 
Na2EDTA�2H2O  300.0  --        ----

Na2SeO4      2.39 Se 0.91 
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14.6.16.3   Stock Algal Cultures

14.6.16.3.1   See Section 6, Test Organisms, for information on sources of "starter" cultures of the green alga,
Selenastrum capricornutum.

14.6.16.3.2   Upon receipt of the "starter" culture (usually about 10 mL), a stock culture is initiated by aseptically
transferring 1 mL to a culture flask containing control algal culture medium (prepared as described above).  The
volume of stock culture medium initially prepared will depend upon the number of test flasks to be inoculated later
from the stock, or other planned uses, and may range from 25 mL in a 125 mL flask to 2 L in a 4-L flask.  The
remainder of the starter culture can be held in reserve for up to six months in a refrigerator (in the dark) at 4�C. 

14.6.16.3.3   Maintain the stock cultures at 25 ± 1�C, under continuous "Cool-White" fluorescent lighting of 86 ±
8.6 μE/m2/s (400 ± 40 ft-c). Shake continuously at 100 cpm or twice daily by hand.
 
14.6.16.3.4   Transfer 1 to 2 mL of stock culture weekly to 50 - 100 mL of new culture medium to maintain a
continuous supply of "healthy" cells for tests. Aseptic techniques should be used in maintaining the algal cultures,
and extreme care should be exercised to avoid contamination.  Examine the stock cultures with a microscope for
contaminating microorganisms at each transfer.

14.6.16.3.5   Viable unialgal culture material may be maintained for long periods of time if placed in a refrigerator
at 4�C. 

14.6.16.4   It is recommended that chronic toxicity tests be performed monthly with a reference toxicant.  Algal cells
four to seven days old are used to monitor the chronic toxicity (growth) of the reference toxicant to the algal stock
produced by the culture unit (see Section 4, Quality Assurance, Subsection 4.17).

14.6.16.5   Record Keeping

14.6.16.5.1   Records, kept in a bound notebook, include (1) dates culture media was prepared, (2) source of
"starter" cultures, (3) date stock cultures were started, (4) cell density in stock cultures, and (5) dates and results of
reference toxicant tests performed (see Section 4, Quality Assurance).

14.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE 

14.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

14.8   CALIBRATION AND STANDARDIZATION 

14.8.1   See Section 4, Quality Assurance.

14.9   QUALITY CONTROL

14.9.1   See Section 4, Quality Assurance.

14.10   TEST PROCEDURES

14.10.1   TEST SOLUTIONS

14.10.1.1   Receiving Waters

14.10.1.1.1   The sampling point is determined by the objectives of the test.  Receiving water toxicity is determined
with samples used directly as collected or after samples are passed through a 60 μm NITEX® filter and compared
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without dilution against a control.  Using four replicate chambers per test, each containing 100 mL and 400 mL for
chemical analyses, would require approximately 1 L or more of sample for the test. 

14.10.1.2   Effluents 

14.10.1.2.1   The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ± 100%, and testing of
concentrations between 6.25% and 100% effluent using five effluent concentrations (6.25%, 12.5%, 25%, 50%, and
100%).  Improvements in precision decline rapidly if the dilution factor is increased beyond 0.5 and precision
declines rapidly if a smaller dilution factor is used.  Therefore, USEPA recommends using a � 0.5 dilution

factor. 

14.10.1.2.2   If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should
be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during the first
1 to 2 h of the test, additional dilutions should be added at the lower range of the effluent concentrations.

14.10.1.2.3   The volume of effluent required for the test is 1 to 2 L.  Sufficient test solution (approximately 900 or
1500 mL) is prepared at each effluent concentration to provide 400 mL additional volume for chemical analyses at
the high, medium, and low test concentrations.  There is no daily renewal of test solution.  

14.10.1.2.4   Tests should begin as soon as possible, preferably within 24 h of sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site toxicity
tests unless permission is granted by the permitting authority.  In no case should the sample be usedfor the first time
in a test more than 72 h after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Tests).

14.10.1.2.5   Just prior to test initiation (approximately 1 h) the temperature of sufficient quantity of the sample to
make test solutions should be adjusted to the test temperature and maintained at that temperature during the addition
of dilution water.

14.10.1.2.6   The DO of the test solutions should be checked prior to test initiation.  If any of the solutions are
supersaturated with oxygen, all of the solutions and the control should be gently aerated.  If or any solution has a
DO concentration below 4.0 mg/L, all of the solutions and the control must be gently aerated.

14.10.1.2.7   Effluents may be toxic and/or nutrient poor.  "Poor" growth in an algal toxicity test, therefore, may be
due to toxicity or nutrient limitation, or both.  To eliminate false negative results due to low nutrient concentrations,
1 mL of each stock nutrient solution is added per liter of effluent prior to use in preparing the test dilutions.  Thus,
all test treatments and controls will contain at a minimum the concentration of nutrients in the stock culture medium. 

14.10.1.2.8   If samples contain volatile substances, the test sample should be added below the surface of the
dilution water towards the bottom of the test container through an appropriate delivery tube.

14.10.1.3   Dilution Water

14.10.1.3.1   Dilution water may be stock culture medium, any uncontaminated receiving water, a standard synthetic
(reconstituted) water, or some other natural water (see Section 7, Dilution Water).  However, if water other than the
stock culture medium is used for dilution water, 1 mL of each stock nutrient solution should be added per liter of
dilution water.  Natural waters used as dilution water must be filtered through a prewashed filter, such as a GF/A,
GF/C, or equivalent filter, that provides 0.45 μm particle size retention. 

14.10.1.3.2   If the growth of the algae in the test solutions is to be measured with an electronic particle counter, the
effluent and dilution water must be filtered through a GF/A or GF/C filter, or other filter providing 0.45 μm particle
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size retention, and checked for "background" particle count before it is used in the test.  Glass-fiber filters generally
provide more rapid filtering rates and greater filtrate volume before plugging. 

14.10.1.4   Preparation of Inoculum 

14.10.1.4.1   The inoculum is prepared no more than 2 to 3 h prior to the beginning of the test, using Selenastrum
capricornutum harvested from a four- to-seven-day stock culture.  Each milliliter of inoculum must contain enough
cells to provide an initial cell density of approximately 10,000 cells/mL (± 10%) in the test flasks.  Assuming the
use of 250 mL flasks, each containing 100 mL of test solution, the inoculum must contain 1,000,000 cells/mL. 

14.10.1.4.2   Estimate the volume of stock culture required to prepare the inoculum.  As an example, if the four-to-
seven-day-old stock culture used as the source of the inoculum has a cell density of 2,000,000 cells/mL, a test
employing 24 flasks, each containing 100 mL of test medium and inoculated with a total of 1,000,000 cells, would
require 24,000,000 cells or 15 mL of stock solution (24,000,000/2,000,000) to provide sufficient inoculum.  It is
advisable to prepare a volume 20% to 50% in excess of the minimum volume required, to cover accidental loss in
transfer and handling. 

14.10.1.4.3   Prepare the inoculum as follows:

1. Centrifuge 15 mL of stock culture at 1000 x g for 5 min.  This volume will provide a 50% excess in
the number of cells. 

2. Decant the supernatant and resuspend the cells in 10 mL of control medium.
3. Repeat the centrifugation and decantation step, and resuspend the cells in 10 mL control medium.
4. Mix well and determine the cell density in the algal concentrate.  Some cells will be lost in the

concentration process. 
5. Determine the density of cells (cells/mL) in the stock culture (for this example, assume 2,000,000 per

mL).
6. Calculate the required volume of stock culture as follows:

Volume (mL) of Number test flasks Volume of test 10,000
Stock Culture = to be used × Solutions/flask × cells/mL

Required Cell density (cells/mL) in the stock culture

= 24 flasks × 100 mL/flask × 10,000 cells/mL  
2,000,000 cells/mL 

= 12.0 mL Stock Culture 

7. Dilute the cell concentrate as needed to obtain a cell density of 1,000,000 cells/mL, and check the cell
density in the final inoculum. 

8. The volume of the algal inoculum should be considered in calculating the dilution of toxicant in the
test flasks. 

14.10.2   START OF THE TEST 

14.10.2.1   Label the test chambers with a marking pen and use the color-coded tape to identify each treatment and
replicate.  A minimum of five effluent concentrations and a control are used for each effluent test.  Each treatment 
(including the control) should have a minimum of four replicates.

14.10.2.2   Randomize the position of the test flasks at the beginning of the test (see Appendix A).  Preparation of a
position chart may be helpful.
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14.10.2.3   The test begins when the algae are added to the test flasks.  Mix the inoculum well, and add 1 mL to the
test solution in each randomly arranged flask.  Make a final check of the cell density in three of the test solutions at
time "zero" (within 2 h of the inoculation). 

14.10.2.3.1   Alkalinity, hardness, and conductivity are measured at the beginning of the test in the high, medium,
and low effluent concentrations and control before they are dispensed to the test chambers and the data recorded on
the data sheet (Figure 1).

Discharger:     Test Dates: 
Location:    Analyst: 

Effluent Concentration

Parameter Control Remarks
Temperature
pH
Alkalinity
Hardness
Conductivity
Chlorine

Figure 1. Data form for the green alga, Selenastrum capricornutum, growth test.  Routine chemical and
physical determinations.

14.10.3   LIGHT, PHOTOPERIOD, AND TEMPERATURE 

14.10.3.1   Test flasks are incubated under continuous illumination at 86 ± 8.6 μE/m2/s (400 ± 40 ft-c), at 25 ± 1�C,
and should be shaken continuously at 100 cpm on a mechanical shaker or twice daily by hand.  Flask positions in
the incubator should be randomly rotated each day to minimize possible spatial differences in illumination and
temperature on growth rate.  If it can be verified that test specifications are met at all positions, this need not be
done.

14.10.4   DISSOLVED OXYGEN (DO) CONCENTRATION

14.10.4.1   Because of the continuous illumination of the test flasks, DO concentration should never be a problem
during the test and no aeration will be required.

14.10.5   OBSERVATIONS DURING THE TEST

14.10.5.1   Routine Chemical and Physical Determinations

14.10.5.1.1   Temperature should be monitored continuously or observed and recorded daily for at least two
locations in the environmental control system or the samples.  Temperature should be checked in a sufficient
number of test vessels at least at the end of the test to determine variability in the environmental chamber.

14.10.5.1.2   Temperature and pH are measured at the end of each 24-h exposure period in at least one test flask at
each concentration and in the control.
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14.10.5.1.3   Record all the measurements on the data sheet (Figure 1).

14.10.5.2   Biological Observations

14.10.5.2.1   Toxic substances in the test solutions may degrade or volatilize rapidly, and the inhibition in algal
growth may be detectable only during the first one or two days in the test.  It may be desirable, therefore, to
determine the algal growth response daily.  Otherwise, biological observations are not required until the test is
terminated and the test solutions are not renewed during the test period.
 
14.10.6   TERMINATION OF THE TEST 

14.10.6.1   The test is terminated 96 h after initiation.  The algal growth in each flask is measured by one of the
following methods:  (a) cell counts, (b) chlorophyll content, or (c) turbidity (light absorbance). 

14.10.6.2   Cell counts 

14.10.6.2.1   Automatic Particle Counters 

14.10.6.2.1.1   Several types of automatic electronic and optical particle counters are available for use in the rapid
determination of cell density (cells/mL) and mean cell volume (MCV) in μm3/cell.  The Coulter Counter is widely
used and is discussed in detail in USEPA (1978b). 

14.10.6.2.1.2   If biomass data are desired for algal growth potential measurements, a Model ZM Coulter Counter is
used.  However, the instrument must be calibrated with a reference sample of particles of known volume. 

14.10.6.2.1.3   When the Coulter Counter is used, an aliquot (usually 1 mL) of the test culture is diluted 10X to 20X
with a l% sodium chloride electrolyte solution, such as ISOTON®, to facilitate counting.  The resulting dilution is
counted using an aperture tube with a 100-μm diameter aperture.  Each cell (particle) passing through the aperture
causes a voltage drop proportional to its volume.  Depending on the model, the instrument stores the information on
the number of particles and the volume of each, and calculates the mean cell volume.  The following procedure is
used: 

1. Mix the algal culture in the flask thoroughly by swirling the contents of the flask approximately six
times in a clockwise direction, and then six times in the reverse direction; repeat the two-step process
at least once.

2. At the end of the mixing process, stop the motion of the liquid in the flask with a strong brief reverse
mixing action, and quickly remove 1 mL of cell culture from the flask with a sterile pipet. 

3. Place the aliquot in a counting beaker, and add 9 mL (or 19 mL) of electrolyte solution (such as
Coulter ISOTON®). 

4. Determine the cell density (and MCV, if desired).

14.10.6.2.2   Manual microscope counting method 

14.10.6.2.2.1   Cell counts may be determined using a Sedgwick-Rafter, Palmer-Maloney, hemocytometer, inverted
microscope, or similar methods.  For details on microscope counting methods, see APHA (1992) and USEPA
(1973). Whenever feasible, 400 cells per replicate are counted to obtain ± 10% precision at the 95% confidence
level.  This method has the advantage of allowing for the direct examination of the condition of the cells. 

14.10.6.3   Chlorophyll Content 

14.10.6.3.1   Chlorophyll may be estimated in-vivo fluorometrically, or in-vitro either fluorometrically or
spectrophotometrically.  In-vivo fluorometric measurements are recommended because of the simplicity and
sensitivity of the technique and rapidity with which the measurements can be made (Rehnberg et al., 1982). 
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14.10.6.3.2   The in-vivo chlorophyll measurements are made as follows: 

1. Adjust the "blank" reading of the fluorometer using the filtrate from an equivalent dilution of effluent
filtered through a 0.45 μm particle retention filter.

2. Mix the contents of the test culture flask by swirling successively in opposite directions (at least three
times), and remove 1 mL of culture from the flask with a sterile pipet.

3. Place the aliquot in a small disposable vial and record the fluorescence as soon as the reading
stabilizes.  (Do not allow the sample to stand in the instrument more than 1 min). 

4. Discard the sample.

14.10.6.3.3   For additional information on chlorophyll measurement methods, (see APHA, 1992).

14.10.6.4   Turbidity (Absorbance) 

14.10.6.4.1   A second rapid technique for growth measurement involves the use of a spectrophotometer to
determine the turbidity, or absorbance, of the cultures at a wavelength of 750 nm.  Because absorbance is a complex
function of the volume, size, and pigmentation of the algae, it would be useful to construct a calibration curve to
establish the relationship between absorbance and cell density. 

14.10.6.4.2   The algal growth measurements are made as follows: 

1. A blank is prepared as described for the fluorometric analysis. 
2. The culture is thoroughly mixed as described above.
3. Sufficient sample is withdrawn from the test flask with a sterile pipet and transferred to a 1- to 5-cm

cuvette.
4. The absorbance is read at 750 nm and divided by the light path length of the cuvette, to obtain an

“absorbance-per-centimeter” value.
5. The 1-cm absorbance values are used in the same manner as the cell counts.

14.10.6.5   Record the data as indicated in Figure 2.

14.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

14.11.1   A summary of test conditions and test acceptability criteria is presented in Table 3.

14.12   ACCEPTABILITY OF TEST RESULTS 

14.12.1   For the test results to be acceptable, the mean algal cell density in the control flasks must exceed 1 X 106

cells/mL at the end of the test, and the coefficient of variation (CV, calculated as standard deviation X 100 / mean)
for algal cell density among the control replicates must not exceed 20%.
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Discharger:    Test Dates: 
Location:     Analyst: 

Cell Density Measurement Treatment           
Concentration Replicate Mean Comments

1 2 3 4
 Control 
 Conc:
 Conc:
 Conc:
 Conc:
 Conc:

Comments:

   Figure 2. Data form for the green alga, Selenastrum capricornutum, growth test, cell density determinations.
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 TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH TOXICITY TESTS
WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1003.0)1

1. Test type: Static non-renewal (required)

2. Temperature: 25 ± 1�C (recommended) 
Test temperatures must not deviate (i.e., maximum
minus minimum temperature) by more than 3°C
during the test (required)

3. Light quality: "Cool white" fluorescent lighting (recommended) 

4. Light intensity: 86 ± 8.6 μE/m2/s (400 ± 40 ft-c or 4306 lux)
(recommended) 

5. Photoperiod: Continuous illumination  (required) 

6. Test chamber size: 125 mL or 250 mL (recommended)

7. Test solution volume: 50 mL or 100 mL2 (recommended)

8. Renewal of test solutions: None (required) 

9. Age of test organisms: 4 to 7 days  (required)

10. Initial cell density in 
test chambers: 10,000 cells/mL (recommended) 

11. No. replicate chambers                   
per concentration: 4 (required minimum)

12. Shaking rate: 100 cpm continuous, or twice daily by hand
(recommended)

13. Aeration: None  (recommended) 

14. Dilution water: Algal stock culture medium, enriched
uncontaminated source of receiving or other natural
water, synthetic water prepared using MILLIPORE
MILLI-Q® or equivalent deionized water and
reagent grade chemicals, or DMW (see Section 7,
Dilution Water) (available options)

 
1 For the purposes of reviewing WET test data submitted under NPDES permits, each test condition listed

above is identified as required or recommended (see Subsection 10.2 for more information on test
review).  Additional requirements may be provided in individual permits, such as specifying a given test
condition where several options are given in the method. 

2  For tests not continuously shaken use 25 mL in 125 mL flasks and 50 mL in 250 mL flasks.  
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 TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR
GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH TOXICITY TESTS WITH
EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1003.0) (CONTINUED) 

 15. Test concentrations: Effluents: 5 and a control (required minimum) 
Receiving Water: 100% receiving water (or minimum of
5) and a control (recommended) 

16. Test dilution factor: Effluents:  � 0.5 (recommended) 
Receiving Waters:  None or � 0.5 (recommended) 

17. Test duration: 96 h (required) 
 

18. Endpoint: Growth (cell counts, chlorophyll fluorescence,
absorbance, or biomass) (required) 

 
19. Test acceptability            

criteria:3 Mean cell density of at least 1 X 106 cells/mL in the
controls; and variability (CV%) among control replicates
less than or equal to 20% (required)       

20. Sampling requirements: For on-site tests, one sample collected at test initiation,
and used within 24 h of the time it is removed from the
sampling device.  For off-site tests, holding time must not
exceed 36 h before first use (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and
Sample Preparation for Toxicity Tests, Subsection 8.5.4)
(required) 

21. Sample volume required: 1 or 2 L depending on test volume (recommended) 

3 If the test is conducted under non-NPDES applications (i.e., data are not submitted under NPDES
permits) and used without EDTA in the nutrient stock solution, the test acceptability criteria are a mean
cell density of at least 2 X 105 cells/mL in the controls, and variability (CV%) among control replicates
less than or equal to 20%.  
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14.13   DATA ANALYSIS 

14.13.1   GENERAL 

14.13.1.1   Tabulate and summarize the data.  A sample set of algal growth response data is shown in Table 4.

 TABLE 4.  GREEN ALGA, SELENASTRUM CAPRICORNUTUM, GROWTH RESPONSE DATA

Toxicant Concentration (μg Cd/L)

Replicate Control 5 10 20 40 80 

A 1209 1212 826 493 127 49.3 
B 1180 1186 628 416 147 40.0 
C 1340 1204 816 413 147 44.0 

Log10 A 3.082 3.084 2.917 2.693 2.104 1.693
Trans- B 3.072 3.074 2.798 2.619 2.167 1.602 
formed C 3.127 3.081 2.912 2.616 2.167 1.643 

Mean( ) 3.094 3.080 2.876 2.643 2.146 1.646 Ȳi

14.13.1.2   The endpoints of toxicity tests using the green alga, Selenastrum capricornutum, are based on the
adverse effects on cell growth (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  The EC50, the
IC25, and the IC50 are calculated using the point estimation techniques, and LOEC and NOEC values for growth
are obtained using a hypothesis testing approach such as Dunnett's Procedure (Dunnett, 1955) or Steel's Many-one
Rank Test (Steel, 1959; Miller, 1981).  Separate analyses are performed for the estimation of the LOEC and NOEC
endpoints and for the estimation of the EC50, IC25, and IC50.  See the Appendices for examples of the manual
computations, and examples of data input and program output. 
 
14.13.1.3   The statistical tests described here must be used with a knowledge of the assumptions upon which the
tests are contingent.  Tests for normality and homogeneity of variance are included in Appendix B.  The assistance
of a statistician is recommended for analysts who are not proficient in statistics. 

14.13.2   EXAMPLE OF ANALYSIS OF ALGAL GROWTH DATA 

14.13.2.1   Formal statistical analysis of the growth data is outlined on the flowchart in Figure 3. The response used
in the statistical analysis is the number of cells per milliliter per replicate.  Separate analyses are performed for the
estimation of the NOEC and LOEC endpoints and for the estimation of the IC25 and IC50 endpoints.

14.13.2.2   The statistical analysis using hypothesis tests consists of a parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test.  The underlying assumptions of the Dunnett's Procedure, normality
and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test, and Bartlett's
Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric test, Steel's
Many-one Rank Tests, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's
Procedure are met, the endpoints are determined by the parametric test.
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Figure 3. Flowchart for statistical analysis of the green alga, Selenastrum capricornutum, growth response data.
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14.13.2.3   Additionally, if unequal numbers of replicates occur among the concentration levels tested there are
parametric and nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni
adjustment (see Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric
alternative (see Appendix F).
 
14.13.2.4   Data from an algal growth test with cadmium chloride will be used to illustrate the statistical analysis. 
The cell counts were log10 transformed in an effort to stabilize the variance for the ANOVA analysis.  The raw data,
log10 transformed data, mean and standard deviation of the observations at each concentration including the control
are listed in Table 4.  A plot of the log10 transformed cell counts for each treatment is provided in Figure 4.

14.13.2.5   Test for Normality

14.13.2.5.1   The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 5.

        TABLE 5.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

 
                                 Toxicant Concentration (μg Cd/L)      
 

Replicate Control 5 10 20 40 80 

 
A -0.012 0.004 0.041 0.050 -0.042 0.047 
B -0.022 -0.006 -0.078 -0.024 0.021 -0.044 
C 0.033 0.001 0.036 -0.027 0.021 -0.003 

14.13.2.5.2   Calculate the denominator, D, of the test statistic:

D � �n
i�1

(Xi�X)
2

    Where: Xi = the ith centered observation 
             

              X�  = the overall mean of the centered observations 

              n  = the total number of centered observations. 

For this set of data,     n = 18 
                           

X �
1

18
(0.000) � 0.000

  D = 0.0214 

14.13.2.5.3   Order the centered observations from smallest to largest: 

                    X(1) � X(2) � ... � X(n) 

Where X(i) is the ith ordered observation.  These ordered observations are listed in Table 6.
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  TABLE 6.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

i X(i) i X(i) 

1 -0.078 10 0.001 
2 -0.044 11 0.004 
3 -0.042 12 0.021 
4 -0.027 13 0.021 
5 -0.024 14 0.033 
6 -0.022 15 0.036 
7 -0.012 16 0.041 
8 -0.006 17 0.047 
9 -0.003 18 0.050 

W �
1

D
[�k

i�1

ai(X
(n�i�1)�X (i))]

2

   TABLE 7.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE
 

i ai X(n-i+1) - X(i) 

 
1 0.4886 0.128 X(18) - X(1) 
2 0.3253 0.091 X(17) - X(2) 
3 0.2553 0.083 X(16) - X(3) 
4 0.2027 0.063 X(15) - X(4) 
5 0.1587 0.057 X(14) - X(5) 
6 0.1197 0.043 X(13) - X(6) 
7 0.0837 0.033 X(12) - X(7) 
8 0.0496 0.010 X(11) - X(8) 
9 0.0163 0.004 X(10) - X(9) 

14.13.2.5.4   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1 , a 2, ..., a k

where k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 18 , k = 9.  The a i values are
listed in Table 7.

14.13.2.5.5   Compute the test statistic, W, as follows: 

The differences X(n-i+1) - X(i) are listed in Table 7.
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W �
1

0.0214
(0.1436)2 � 0.964

For this set of data:

14.13.2.5.6   The decision rule for this test is to compare W with the critical value found in Table 6, Appendix B.  If
the computed W is less than the critical value, conclude that the data are not normally distributed.  For this example,
the critical value at a significance level of 0.01 and 18 observations (n) is 0.858.  Since W = 0.964 is greater than
the critical value, the conclusion of the test is that the data are normally distributed. 

14.13.2.6   Test for Homogeneity of Variance 

14.13.2.6.1   The test used to examine whether the variation in mean cell count is the same across all toxicant
concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as follows: 

B �

[(�P
i�1

Vi) ln S̄ 2
��P

i�1

Vi ln S 2
i ]

C

  Where: Vi = degrees of freedom for each toxicant concentration and  control, Vi = (ni - 1) 

p = number of levels of toxicant concentration including the control

ni = the number of replicates for concentration i 

ln = loge 

i = 1, 2, ..., p, where p is the number of concentrations including the control

S̄ 2
�

(�P
i�1

ViS
2
i )

�P
i�1

Vi

C � 1� (3(p�1))�1 [�P
i�1

1

Vi

� (�P
i�1

Vi)
�1]

14.13.2.6.2   For the data in this example, (see Table 4) all toxicant concentrations including the control have the
same number of replicates (ni = 3 for all i).  Thus, Vi = 2 for all i. 

14.13.2.6.3   Bartlett's statistic is therefore: 

      B �

[(12) ln(0.0018)�2 �P
i�1

ln(S 2
i )]

1.194

= [12(-6.3200) - 2(-41.9082)]/1.194 

= 7.9764/1.194 

= 6.6804
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TABLE 8.  ANOVA TABLE

Source df Sum of Squares Mean Square(MS) 
(SS)         (SS/df) 

                                                     
Between p - 1 SSB SB

2 = SSB/(p-1) 

Within N - p SSW SW
2  = SSW/(N-p) 

Total N - 1 SST 

 

14.13.2.6.4   B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in
fact the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with five degrees
of freedom, is 15.09.  Since B = 6.6804 is less than the critical value of 15.09, conclude that the variances are not
different. 

14.13.2.7   Dunnett's Procedure 

14.13.2.7.1   To obtain an estimate of the pooled variance for Dunnett's Procedure, construct an ANOVA table as
described in Table 8.

Where: p =  number of toxicant concentrations including the control 

N =  total number of observations n1 + n 2 ... + n p 

n i  =  number of observations in concentration i 

Between Sum of SquaresSSB � �P
i�1

T 2
i

ni

�
G 2

N

Total Sum of SquaresSST � �P
i�1

�
ni

j�1

Y 2
ij �

G 2

N

Within Sum of Squares SSW � SST�SSB

G = the grand total of all sample observations, G � �P
i�1

Ti

Ti = the total of the replicate measurements for concentration i 

Yij = the jth observation for concentration i (represents the cell count for toxicant concentration i in test
chamber j) 
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14.13.2.7.2  For the data in this example: 

n1 = n 2 = n 3 = n 4 = n 5 = n 6 = 3 

N = 18 

T1 = Y11 + Y12 + Y13 = 9.281 
T2 = Y21 + Y22 + Y23 = 9.239 
T3 = Y31 + Y32 + Y33 = 8.627 
T4 =  Y41 + Y42 + Y43 = 7.928 
T5 = Y51 + Y52 + Y53 = 6.438 
T6 = Y61 + Y62 + Y63 = 4.938 

G = T1 + T2 + T3 + T4 + T5 + T6 = 46.451 

SSB � �P
i�1

T 2
i

ni

�
G 2

N

�
1

3
(374.606) �

(46.451)

18

2

� 4.997

SST � �P
i�1

�
ni

j�1

Y 2
ij �

G 2

N

� 124.890 �
(46.451)2

18
� 5.018

 = 5.018 - 4.997 = 0.0210 SSW � SST�SSB

SB
2 = SSB/(p-1) = 4.996/(6-1) = 0.9990 

SW
2 = SSW/(N-p) = 0.021/(18-6) = 0.0018 

14.13.2.7.3   Summarize these calculations in the ANOVA table (Table 9).
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ti �
(Ȳ1� Ȳi)

Sw (
1

n1

)� (
1

ni

)

t2 �
(3.094�3.080)

[0.0424 (1/3)�(1/3)]
� 0.405

TABLE 10.  CALCULATED T VALUES

Toxicant Concentration i ti 
(μg Cd/L) 

5 2 0.405 
10 3 6.300 
20 4 13.035 
40 5 27.399 
80 6 41.850 

 

TABLE 9.  ANOVA TABLE FOR DUNNETT’S PROCEDURE EXAMPLE

Source df Sum of Squares Mean Square (MS)
(SS) (SS/df)

Between 5 4.997 0.999
Within 12 0.021 0.0018

Total 17 5.017

14.13.2.7.4  To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows:

 
Where:   = mean cell count for toxicant concentration i Ȳi

 = mean cell count for the control Ȳ1

          SW  = square root of the within mean square 

           n1  = number of replicates for the control 

           ni  = number of replicates for concentration i.

14.13.2.7.5   Table 10 includes the calculated t values for each concentration and control combination.  In this
example, comparing the 5 μg/L concentration with the control the calculation is as follows:
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MSD � d Sw (1/n1)� (1/n)

14.13.2.7.6   Since the purpose of this test is to detect a significant reduction in mean cell count, a one-sided test is
appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha level of
0.05, 12 degrees of freedom for error and five concentrations (excluding the control) the critical value is 2.50.  The
mean count for concentration i is considered significantly less than the mean count for the control if ti is greater than
the critical value.  Since t 3, t 4, t 5 and t 6 are greater than 2.50, the 10, 20, 40 and 80 μg/L concentrations have
significantly lower mean cell counts than the control.  Hence the NOEC and the LOEC for the test are 5 μg/L and
10 μg/L, respectively. 

14.13.2.7.7   To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be
statistically detected may be calculated.

Where:  d = the critical value for Dunnett's Procedure 

          SW = the square root of the within mean square 

           n = the common number of replicates at each concentration (this assumes equal replication at each
concentration) 

           n1 = the number of replicates in the control. 

14.13.2.7.8   In this example:

MSD � 2.50(0.0424) (1/3)�(1/3)

= 2.50 (0.0424)(0.8165)

= 0.086

14.13.2.7.9   The MSD (0.086) is in transformed units.  An approximate MSD in terms of cell count per 100 mL
may be calculated via the following conversion.

1. Subtract the MSD from the transformed control mean. 
 

3.094 - 0.086 = 3.008 

2. Obtain the untransformed values for the control mean and the difference calculated in 1. 

10(3.094) = 1241.6 

10(3.008) = 1018.6 

3. The untransformed MSD (MSDu) is determined by subtracting the untransformed values from 2. 

MSUu = 1241.6 - 1018.6 = 223 

14.13.2.7.10   Therefore, for this set of data, the minimum difference in mean cell count between the control and
any toxicant concentration that can be detected as statistically significant is 223.

14.13.2.7.11   This represents a decrease in growth of 18% from the control. 
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TABLE 11. ALGAL MEAN GROWTH RESPONSE AFTER SMOOTHING

Response Smoothed  
Toxicant Concentration i means, mean, Mi  Ȳi

(μg Cd/L) (cells/mL) (cells/mL)

Control 1 1243 1243
5 2 1201 1201

10 3 757 757
20 4 441 441
40 5 140 140
80 6 44 44

 

14.13.2.8   Calculation of the ICp

14.13.2.8.1   The growth data in Table 4 are utilized in this example.  Table 11 contains the means for each toxicant
concentration.  As can be seen, the observed means are monotonically non-increasing with respect to concentration. 
Therefore, it is not necessary to smooth the means prior to calculating the ICp.  See Figure 5 for a plot of the
response curve.

14.13.2.8.2   An IC25 and IC50 can be estimated using the Linear Interpolation Method (Appendix M).  A 25%
reduction in cell count, compared to the controls, would result in a mean count of 932 cells, where M1(1-p/100) =
1243(1-25/100).  A 50% reduction in cell count, compared to the controls, would result in a mean count of 622
cells.  Examining the means and their associated concentrations (Table 11), the response, 932 cells, is bracketed by
C2 = 5 μg Cd/L and C3 = 10 μg Cd/L.  The response, 622 cells, is bracketed by C3 = 10 μg Cd/L and C4 = 20 μg
Cd/L.

14.13.2.8.3   Using the equation from section 4.2 of Appendix M, the estimate of the IC25 is calculated as follows:

 

ICp � C j�[M 1(1�p /100)�M j]
(C (j�1)�Cj)

(M (j�1)�M j)

IC25 � 5�[1243(1�25/100)�1201]
(10�5)

(757�1201)

= 8μg Cd/L.

14.13.2.8.4  The IC50 estimate is 14 μg Cd/L:

 

IC25 � 6.25�[28.75(1�25/100)�28.75]
(12.5�6.25)

(9.40�28.75)

IC50 � 10�[1243(1�50/100)�757]
(20�10)

(441�757)

= 14 μg Cd/L.
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14.13.2.8.5   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC25 was 8.0227μg Cd/L. The empirical 95% confidence interval for the true mean was 6.4087 μg Cd/L and
10.0313 μg Cd/L.  The ICPIN computer program output for the IC25 for this data set is shown in Figure 6.

14.13.2.8.6   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC50 was 14.2774 μg Cd/L.  The empirical 95% confidence interval for the true mean was 9.7456 μg Cd/L and
18.5413 μg Cd/L.  The computer program output for the IC50 for this data set is shown in Figure 7.

14.13.3   BIOSTIMULATION

14.13.3.1   Where the growth response in effluent (or surface water) exceeds growth in the control flasks, the
percent stimulation, S(%), is calculated as shown below.  Values which are significantly greater than the control
indicate a possible degrading enrichment effect on the receiving water (Walsh et al., 1980):

S (%) �
T�C

C
x 100

Where: T = Mean effluent or surface water response

C = Mean control response

14.14   PRECISION AND ACCURACY

14.14.1   PRECISION – Data on single-laboratory and multilaboratory precision are described below (Subsections
14.14.1.1 and 14.14.1.2).  Single-laboratory precision is a measure of the reproducibility of test results when tests
are conducted using a specific method under reasonably constant conditions in the same laboratory.  Single-
laboratory precision is synonymous with the terms within-laboratory precision and intralaboratory precision. 
Multilaboratory precision is a measure of the reproducibility of test results from different laboratories using the
same test method and analyzing the same test material.  Multilaboratory precision is synonymous with the term
interlaboratory precision.  Interlaboratory precision, as used in this document, includes both within-laboratory and
between-laboratory components of variability.  In recent multilaboratory studies, these two components of
interlaboratory precision have been displayed separately (termed within-laboratory and between-laboratory
variability) and combined (termed total interlaboratory variability).  The total interlaboratory variability that is
reported from these studies is synonymous with interlaboratory variability reported from other studies where
individual variability components are not separated.

14.14.1.1   Single-Laboratory Precison

14.14.1.1.1   Data from repetitive 96-h toxicity tests conducted with cadmium chloride as the reference toxicant,
using medium containing EDTA, are shown in Table 12.  The precision (CV) of the 10 EC50s was 10.2%.

14.14.1.1.2   EPA evaluated within-laboratory precision of the green alga, Selenastrum capricornutum, Growth Test
using a database of routine reference toxicant test results from nine laboratories (USEPA, 2000b).  The database
consisted of 85 reference toxicant tests conducted in 9 laboratories using a variety of reference toxicants including:
copper, sodium chloride, and zinc.  Among the 9 laboratories, the median within-laboratory CV calculated for
routine reference toxicant tests was 26% for the IC25 growth endpoint.  In 25% of laboratories, the within-
laboratory CV was less than 25%; and in 75% of laboratories, the within-laboratory CV was less than 39%. 

14.14.1.2   Multilaboratory Precision

14.14.1.2.1  In 2000, EPA conducted an interlaboratory variability study of the green alga, Selenastrum
capricornutum, Growth Test (USEPA, 2001a; USEPA, 2001b).  In this study, each of 11 participant laboratories
tested 4 blind test samples that included some combination of blank, effluent, reference toxicant, and receiving
water sample types.  The blank sample consisted of moderately-hard synthetic freshwater, the effluent sample was a
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municipal wastewater spiked with KCl, the receiving water sample was a river water spiked with KCl, and the
reference toxicant sample consisted of moderately-hard synthetic freshwater spiked with KCl.  Each sample was
tested with and without the addition of EDTA.  Of the 44 Selenastrum capricornutum Growth tests conducted with
EDTA, 63.6% were successfully completed and met the required test acceptability criteria.  Of the 44 tests
conducted without EDTA, 65.9% were successfully completed and met the required test acceptability criteria.  Of
five tests that were conducted on blank samples with the addition of EDTA, none showed false positive results for
the growth endpoint.  Of 6 tests that were conducted on blank samples without the addition of EDTA, 2 showed
false positive results for the growth endpoint, yielding a false positive rate of 33.3%.  Results from the reference
toxicant, effluent, and receiving water sample types were used to calculate the precision of the method.  Table 13
shows the precision of the IC25 for each of these sample types.  Averaged across sample types, the total
interlaboratory variability (expressed as a CV%) was 34.3% and 58.5% for IC25 results in tests with EDTA and
without EDTA, respectively.  Table 14 shows the precision of growth NOEC endpoints for each sample type. 
NOEC values for tests with EDTA spanned three concentrations for the effluent sample type and four
concentrations for the reference toxicant and receiving water sample types.  NOEC values for tests without EDTA,
spanned six concentrations for the reference toxicant sample type, four concentrations for the effluent sample type,
and two concentrations for the receiving water sample type.  The percentage of values within one concentration of
the median for tests conducted with EDTA was 85.7%, 100%, and 85.7% for the reference toxicant, effluent, and
receiving water sample types, respectively.  The percentage of values within one concentration of the median for
tests conducted without EDTA was 40.0%, 50.0%, and 100% for the reference toxicant, effluent, and receiving
water sample types, respectively. 

14.14.2   ACCURACY 

14.14.2.1   The accuracy of toxicity tests cannot be determined.
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Conc. ID             1         2         3         4         5         6

Conc. Tested         0         5        10        20        40        80

Response  1       1209      1212       826       493       127      49.3
Response  2       1180      1186       628       416       147      40.0
Response  3       1340      1204       816       413       147      44.0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Cadmium
Test Start Date: Example   Test Ending Date: 
Test Species: Selenastrum capricornutum
Test Duration:            96 h
DATA FILE: scmanual.icp
OUTPUT FILE: scmanual.i25

Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates            µg/l       Means       Dev.   Response Means

  1          3             0.000       1243.000     85.247   1243.000
  2          3             5.000       1200.667     13.317   1200.667
  3          3            10.000        756.667    111.541    756.667
  4          3            20.000        440.667     45.347    440.667
  5          3            40.000        140.333     11.547    140.333
  6          3            80.000         44.433      4.665     44.433

The Linear Interpolation Estimate:     8.0227   Entered P Value: 25

Number of Resamplings:   80
The Bootstrap Estimates Mean:   8.1627 Standard Deviation:     0.4733
Original Confidence Limits:   Lower:     7.2541 Upper:     8.9792
Expanded Confidence Limits:   Lower:     6.4087 Upper:    10.0313
Resampling time in Seconds:     1.65  Random Seed: -1575623987

Figure 6.  ICPIN program output for the IC25.
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Conc. ID             1         2         3         4         5         6

Conc. Tested         0         5        10        20        40        80

Response  1       1209      1212       826       493       127      49.3
Response  2       1180      1186       628       416       147      40.0
Response  3       1340      1204       816       413       147      44.0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Cadmium
Test Start Date: Example   Test Ending Date: 
Test Species: Selenastrum capricornutum
Test Duration:            96 h
DATA FILE: scmanual.icp
OUTPUT FILE: scmanual.i50

Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates            µg/l       Means       Dev.   Response Means

  1          3             0.000       1243.000     85.247   1243.000
  2          3             5.000       1200.667     13.317   1200.667
  3          3            10.000        756.667    111.541    756.667
  4          3            20.000        440.667     45.347    440.667
  5          3            40.000        140.333     11.547    140.333
  6          3            80.000         44.433      4.665     44.433

The Linear Interpolation Estimate:    14.2774   Entered P Value: 50

Number of Resamplings:   80
The Bootstrap Estimates Mean:  14.2057 Standard Deviation:     1.1926
Original Confidence Limits:   Lower:    12.1194 Upper:    16.3078
Expanded Confidence Limits:   Lower:     9.7456 Upper:    18.5413
Resampling time in Seconds:     1.65  Random Seed: -1751550803

 

Figure 7.  ICPIN program output for the IC50.
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 TABLE 12. SINGLE LABORATORY PRECISION OF THE GREEN ALGA,
SELENASTRUM CAPRICORNUTUM, 96-H TOXICITY TESTS, USING THE
REFERENCE  TOXICANT CADMIUM CHLORIDE (USEPA, 1991a)

Test Number EC50 (mg/L)

1 2.3

2 2.4

3 2.3

4 2.8

5 2.6

6 2.1

7 2.1

8 2.1

9 2.6

10 2.4

n 10.0
Mean 2.37

CV (%) 10.2

RB-AR26237



229

TABLE 13.  PRECISION OF POINT ESTIMATES FOR VARIOUS SAMPLE TYPES1

Test Endpoint Sample Type
CV (%)2

Within-lab3 Between-lab4 Total5

IC25 Reference toxicant 10.9 20.8 23.5

(with EDTA) Effluent 39.5 8.48 40.4

Receiving water - - 38.9

Average 25.2 14.6 34.3

IC25 Reference toxicant 25.6 83.6 87.5

(without EDTA) Effluent 21.0 60.3 63.9

Receiving water - - 24.1

Average 23.3 72.0 58.5

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 CVs were calculated based on the within-laboratory component of variability, the between-laboratory

component of variability, and the total interlaboratory variability (including both within-laboratory and
between-laboratory components).  For the receiving water sample type, within-laboratory and between-
laboratory components of variability could not be calculated since the study design did not provide within-
laboratory replication for this sample type.

3 The within-laboratory (intralaboratory) component of variability for duplicate samples tested at the same
time in the same laboratory.

4 The between-laboratory component of variability for duplicate samples tested at different laboratories.
5 The total interlaboratory variability, including within-laboratory and between-laboratory components of

variability.  The total interlaboratory variability is synonymous with interlaboratory variability reported from
other studies where individual variability components are not separated. 
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TABLE 14. FREQUENCY DISTRIBUTION OF HYPOTHESIS TESTING RESULTS FOR VARIOUS
SAMPLE TYPES1

Test Endpoint Sample Type
Median
NOEC
Value

% of Results at
the Median

% of Results
±12

% of Results 
�23

Growth NOEC Reference toxicant 25% 57.1 28.6 14.3

(with EDTA) Effluent 6.25% 42.9 57.1 0.00

Receiving water 12.5% 28.6 57.1 14.3

Growth NOEC Reference toxicant 18.8% -4 40.0 60.0

(without EDTA) Effluent 18.8% -4 50.0 50.0

Receiving water 6.25% 75.0 25.0 0.00

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 Percent of values at one concentration interval above or below the median.  Adding this percentage to the

percent of values at the median yields the percent of values within one concentration interval of the median.
3 Percent of values two or more concentration intervals above or below the median.
4 The median NOEC fell between test concentrations, so no test results fell precisely on the median.
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APPENDIX A

INDEPENDENCE, RANDOMIZATION, AND OUTLIERS

1.   STATISTICAL INDEPENDENCE

1.1   Dunnett's Procedure and the t test with Bonferroni's adjustment are parametric procedures based on the
assumptions that (1) the observations within treatments are independent and normally distributed, and (2) that the
variance of the observations is homogeneous across all toxicant concentrations and the control.  Of the three
possible departures from the assumptions, non-normality, heterogeneity of variance, and lack of independence,
those caused by lack of independence are the most difficult to resolve (see Scheffe, 1959).  For toxicity data,
statistical independence means that given knowledge of the true mean for a given concentration or control,
knowledge of the error in any one actual observation would provide no information about the error in any other
observation.  Lack of independence is difficult to assess and difficult to test for statistically.  It may also have
serious effects on the true alpha or beta level.  Therefore, it is of utmost importance to be aware of the need for
statistical independence between observations and to be constantly vigilant in avoiding any patterned experimental
procedure that might compromise independence.  One of the best ways to help ensure independence is to follow
proper randomization procedures throughout the test.  

2.   RANDOMIZATION 

2.1   Randomization of the distribution of test organisms among test chambers and the arrangement of treatments
and replicate chambers is an important part of conducting a valid test.  The purpose of randomization is to avoid
situations where test organisms are placed serially into test chambers, or where all replicates for a test concentration
are located adjacent to one another, which could introduce bias into the test results.

2.2   An example of randomization of the distribution of test organisms among test chambers, and an example of
randomization of arrangement of treatments and replicate chambers are described using the Fathead Minnow Larval
Survival and Growth test.  For the purpose of the example, the test design is as follows:  five effluent concentrations
are tested in addition to the control.  The effluent concentrations are as follows:  6.25%, 12.5%, 25.0%, 50.0%, and
100.0%.  There are four replicate chambers per treatment.  Each replicate chamber contains ten fish.

2.3   RANDOMIZATION OF FISH TO REPLICATE CHAMBERS EXAMPLE

2.3.1   Consider first the random assignment of the fish to the replicate chambers.  The first step is to label each of
the replicate chambers with the control or effluent concentration and the replicate number.  The next step is to
assign each replicate chamber four double-digit numbers.  An example of this assignment is provided in Table A.1. 
Note that the double digits 00 and 97 through 99 were not used.
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TABLE A.1. RANDOM ASSIGNMENT OF FISH TO REPLICATE CHAMBERS EXAMPLE
ASSIGNED NUMBERS FOR EACH REPLICATE CHAMBER

Assigned Numbers Replicate Chamber

01, 25, 49, 73 Control, replicate chamber 1 
02, 26, 50, 74 Control, replicate chamber 2
03, 27, 51, 75 Control, replicate chamber 3
04, 28, 52, 76 Control, replicate chamber 4
05, 29, 53, 77 6.25% effluent, replicate chamber 1
06, 30, 54, 78 6.25% effluent, replicate chamber 2
07, 31, 55, 79 6.25% effluent, replicate chamber 3
08, 32, 56, 80 6.25% effluent, replicate chamber 4
09, 33, 57, 81 12.5% effluent, replicate chamber 1
10, 34, 58, 82 12.5% effluent, replicate chamber 2
11, 35, 59, 83 12.5% effluent, replicate chamber 3
12, 36, 60, 84 12.5% effluent, replicate chamber 4
13, 37, 61, 85 25.0% effluent, replicate chamber 1
14, 38, 62, 86 25.0% effluent, replicate chamber 2
15, 39, 63, 87 25.0% effluent, replicate chamber 3
16, 40, 64, 88 25.0% effluent, replicate chamber 4
17, 41, 65, 89 50.0% effluent, replicate chamber 1
18, 42, 66, 90 50.0% effluent, replicate chamber 2
19, 43, 67, 91 50.0% effluent, replicate chamber 3
20, 44, 68, 92 50.0% effluent, replicate chamber 4
21, 45, 69, 93 100.0% effluent, replicate chamber 1
22, 46, 70, 94 100.0% effluent, replicate chamber 2
23, 47, 71, 95 100.0% effluent, replicate chamber 3
24, 48, 72, 96 100.0% effluent, replicate chamber 4

2.3.2   The random numbers used to carry out the random assignment of fish to replicate chambers are provided in
Table A.2.  The third step is to choose a starting position in Table A.2, and read the first double digit number.  The
first number read identifies the replicate chamber for the first fish taken from the tank.  For the example, the first
entry in row 2 was chosen as the starting position.  The first number in this row is 37.  According to Table A.1, this
number corresponds to replicate chamber 1 of the 25.0% effluent concentration.  Thus, the first fish taken from the
tank is to be placed in replicate chamber 1 of the 25.0% effluent concentration.

2.3.3   The next step is to read the double digit number to the right of the first one.  The second number identifies
the replicate chamber for the second fish taken from the tank.  Continuing the example, the second number read in
row 2 of Table A.2 is 54.  According to Table A.1, this number corresponds to replicate chamber 2 of the 6.25%
effluent concentration.  Thus, the second fish taken from the tank is to be placed in replicate chamber 2 of the
6.25% effluent concentration.
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TABLE A.2.  TABLE OF RANDOM NUMBERS (Dixon and Massey, 1983)

10 09 73 25 33  76 52 01 35 86  34 67 35 43 76  80 95 90 91 17  39 29 27 49 45
        37 54 20 48 05  64 89 47 42 96  24 80 52 40 37  20 63 61 04 02  00 82 29 16 65
        08 42 26 89 53  19 64 50 93 03  23 20 90 25 60  15 95 33 47 64  35 08 03 36 06
        99 01 90 25 29  09 37 67 07 15  38 31 13 11 65  88 67 67 43 97  04 43 62 76 59
        12 80 79 99 70  80 15 73 61 47  64 03 23 66 53  98 95 11 68 77  12 27 17 68 33
        66 06 57 47 17  34 07 27 68 50  36 69 73 61 70  65 81 33 98 85  11 19 92 91 70
        31 06 01 08 05  45 57 18 24 06  35 30 34 26 14  86 79 90 74 39  23 40 30 97 32
        85 26 97 76 02  02 05 16 56 92  68 66 57 48 18  73 05 38 52 47  18 62 38 85 79
        63 57 33 21 35  05 32 54 70 48  90 55 35 75 48  28 46 82 87 09  83 49 12 56 24
        73 79 64 57 53  03 52 96 47 78  35 80 83 42 82  60 93 52 03 44  35 27 38 84 35
        98 52 01 77 67  14 90 56 86 07  22 10 94 05 58  60 97 09 34 33  50 50 07 39 98
        11 80 50 54 31  39 80 82 77 32  50 72 56 82 48  29 40 52 42 01  52 77 56 78 51
        83 45 29 96 34  06 28 89 80 83  13 74 67 00 78  18 47 54 06 10  68 71 17 78 17
        88 68 54 02 00  86 50 75 84 01  36 76 66 79 51  90 36 47 64 93  29 60 91 10 62
        99 59 46 73 48  87 51 76 49 69  91 82 60 89 28  93 78 56 13 68  23 47 83 41 13
        65 48 11 76 74  17 46 85 09 50  58 04 77 69 74  73 03 95 71 86  40 21 81 65 44
        80 12 43 56 35  17 72 70 80 15  45 31 82 23 74  21 11 57 82 53  14 38 55 37 63
        74 35 09 98 17  77 40 27 72 14  43 23 60 02 10  45 52 16 42 37  96 28 60 26 55
        69 91 62 68 03  66 25 22 91 48  36 93 68 72 03  76 62 11 39 90  94 40 05 64 18
        09 89 32 05 05  14 22 56 85 14  46 42 75 67 88  96 29 77 88 22  54 38 21 45 98
        91 49 91 45 23  68 47 92 76 86  46 16 28 35 54  94 75 08 99 23  37 08 92 00 48
        80 33 69 45 98  26 94 03 68 58  70 29 73 41 35  53 14 03 33 40  42 05 08 23 41
        44 10 48 19 49  85 15 74 79 54  32 97 92 65 75  57 60 04 08 81  22 22 20 64 13
        12 55 07 37 42  11 10 00 20 40  12 86 07 46 97  96 64 48 94 39  28 70 72 58 15
        63 60 64 93 29  16 50 53 44 84  40 21 95 25 63  43 65 17 70 82  07 20 73 17 90
        61 19 69 04 46  26 45 74 77 74  51 92 43 37 29  65 39 45 95 93  42 58 26 05 27
        15 47 44 52 66  95 27 07 99 53  59 36 78 38 48  82 39 61 01 18  33 21 15 94 66
        94 55 72 85 73  67 89 75 43 87  54 62 24 44 31  91 19 04 25 92  92 92 74 59 73
        42 48 11 62 13  97 34 40 87 21  16 86 84 87 67  03 07 11 20 59  25 70 14 66 70
        23 52 37 83 17  73 20 88 98 37  68 93 59 14 16  26 25 22 96 63  05 52 28 25 62
        04 49 35 24 94  75 24 63 38 24  45 86 25 10 25  61 96 27 93 35  65 33 71 24 72
        00 54 99 76 54  64 05 18 81 59  96 11 96 38 96  54 69 28 23 91  23 28 72 95 29
        35 96 31 53 07  26 89 80 93 45  33 35 13 54 62  77 97 45 00 24  90 10 33 93 33
        59 80 80 83 91  45 42 72 68 42  83 60 94 97 00  13 02 12 48 92  78 56 52 01 06
        46 05 88 52 36  01 39 09 22 86  77 28 14 40 77  93 91 08 36 47  70 61 74 29 41
        32 17 90 05 97  87 37 92 52 41  05 56 70 70 07  86 74 31 71 57  85 39 41 18 38
        69 23 46 14 06  20 11 74 52 04  15 95 66 00 00  18 74 39 24 23  97 11 89 63 38
        19 56 54 14 30  01 75 87 53 79  40 41 92 15 85  66 67 43 68 06  84 96 28 52 07
        45 15 51 49 38  19 47 60 72 46  43 66 79 45 43  59 04 79 00 33  20 82 66 95 41
        94 86 43 19 94  36 16 81 08 51  34 88 88 15 53  01 54 03 54 56  05 01 45 11 76
        98 08 62 48 26  45 24 02 84 04  44 99 90 88 96  39 09 47 34 07  35 44 13 18 80
        33 18 51 62 32  41 94 15 09 49  89 43 54 85 81  88 69 54 19 94  37 54 87 30 43
        80 95 10 04 06  96 38 27 07 74  20 15 12 33 87  25 01 62 52 98  94 62 46 11 71
        79 75 24 91 40  71 96 12 82 96  69 86 10 25 91  74 85 22 05 39  00 38 75 95 79
        18 63 33 25 37  98 14 50 65 71  31 01 02 46 74  05 45 56 14 27  77 93 89 19 36
        74 02 94 39 02  77 55 73 22 70  97 79 01 71 19  52 52 75 80 21  80 81 45 17 48
        54 17 84 56 11  80 99 33 71 43  05 33 51 29 69  56 12 71 92 55  36 04 09 03 24
        11 66 44 98 83  52 07 98 48 27  59 38 17 15 39  09 97 33 34 40  88 46 12 33 56
        48 32 47 79 28  31 24 96 47 10  02 29 53 68 70  32 30 75 75 46  15 02 00 99 94
        69 07 49 41 38  87 63 79 19 76  35 58 40 44 01  10 51 82 16 15  01 84 87 69 38
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TABLE A.3. EXAMPLE OF RANDOM ASSIGNMENT OF FIRST TEN FISH TO REPLICATE
CHAMBERS

Fish Assignment

First fish taken from tank 25.0% effluent, replicate chamber 1
Second fish taken from tank 6.25% effluent, replicate chamber 2
Third fish taken from tank 50.0% effluent, replicate chamber 4
Fourth fish taken from tank 100.0% effluent, replicate chamber 4
Fifth fish taken from tank 6.25% effluent, replicate chamber 1
Sixth fish taken from tank 25.0% effluent, replicate chamber 4
Seventh fish taken from tank 50.0% effluent, replicate chamber 1
Eighth fish taken from tank 100.0% effluent, replicate chamber 3
Ninth fish taken from tank 50.0% effluent, replicate chamber 2
Tenth fish taken from tank 100.0% effluent, replicate chamber 4

TABLE A.4 RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS: EXAMPLE
LABELING THE POSITIONS WITHIN THE WATER BATH

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

19 20 21 22 23 24

2.3.4   Continue in this fashion until all the fish have been randomly assigned to a replicate chamber.  In order to fill
each replicate chamber with ten fish, the assigned numbers will be used more than once.  If a number is read from
the table that was not assigned to a replicate chamber, then ignore it and continue to the next number.  If a replicate
chamber becomes filled and a number is read from the table that corresponds to it, then ignore that value and
continue to the next number.  The first ten random assignments of fish to replicate chambers for the example are
summarized in Table A.3.

2.3.5   Four double-digit numbers were assigned to each replicate chamber (instead of one, two, or three double-
digit numbers) in order to make efficient use of the random number table (Table A.2).  To illustrate, consider the
assignment of only one double-digit number to each replicate chamber:  the first column of assigned numbers in
Table A.1.  Whenever the numbers 00 and 25 through 99 are read from Table A.2, they will be disregarded and the
next number will be read.

2.4   RANDOMIZATION OF REPLICATE CHAMBERS TO POSITIONS EXAMPLE

2.4.1   Next consider the random assignment of the 24 replicate chambers to positions within the water bath (or
equivalent).  Assume that the replicate chambers are to be positioned in a four row by six column rectangular array. 
The first step is to label the positions in the water bath.  Table A.4 provides an example layout.
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2.4.2   The second step is to assign each of the 24 positions four double-digit numbers.  An example of this
assignment is provided in Table A.5.  Note that the double digits 00 and 97 through 99 were not used.

TABLE A.5. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS: EXAMPLE
ASSIGNED NUMBERS FOR EACH POSITION

Assigned Numbers Position

01, 25, 49, 73 1
02, 26, 50, 74 2
03, 27, 51, 75 3
04, 28, 52, 76 4
05, 29, 53, 77 5
06, 30, 54, 78 6
07, 31, 55, 79 7
08, 32, 56, 80 8
09, 33, 57, 81 9
10, 34, 58, 82 10
11, 35, 59, 83 11
12, 36, 60, 84 12
13, 37, 61, 85 13
14, 38, 62, 86 14
15, 39, 63, 87 15
16, 40, 64, 88 16
17, 41, 65, 89 17
18, 42, 66, 90 18
19, 43, 67, 91 19
20, 44, 68, 92 20
21, 45, 69, 93 21
22, 46, 70, 94 22
23, 47, 71, 95 23
24, 48, 72, 96 24

2.4.3   The random numbers used to carry out the random assignment of replicate chambers to positions are
provided in Table A.2.  The third step is to choose a starting position in Table A.2, and read the first double-digit
number.  The first number read identifies the position for the first replicate chamber of the control.  For the
example, the first entry in row 10 of Table A.2 was chosen as the starting position.  The first number in this row was
73.  According to Table A.5, this number corresponds to position 1.  Thus, the first replicate chamber for the control
will be placed in position 1. 

2.4.4   The next step is to read the double-digit number to the right of the first one.  The second number identifies
the position for the second replicate chamber of the control.  Continuing the example, the second number read in
row 10 of Table A.2 is 79.  According to Table A.5, this number corresponds to position 7.  Thus, the second
replicate chamber for the control will be placed in position 7.

2.4.5   Continue in this fashion until all the replicate chambers have been assigned to a position.  The first four
numbers read will identify the positions for the control replicate chambers, the second four numbers read will
identify the positions for the lowest effluent concentration replicate chambers, and so on.  If a number is read from
the table that was not assigned to a position, then ignore that value and continue to the next number.  If a number is
repeated in Table A.2, then ignore the repeats and continue to the next number.  The complete randomization of
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replicate chambers to positions for the example is displayed in Table A.6.

TABLE A.6. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS:
EXAMPLE ASSIGNMENT OF ALL 24 POSITIONS

Control 100.0% 6.25% 6.25% 6.25% 12.5% 

Control 12.5% Control 25.0% 12.5% 25.0% 

100.0% 50.0% 100.0% Control 100.0% 25.0% 

50.0% 50.0% 25.0% 50.0% 12.5% 6.25%

2.4.6   Four double-digit numbers were assigned to each position (instead of one, two, or three) in order to make
efficient use of the random number table (Table A.2).  To illustrate, consider the assignment of only one double-
digit number to each position:  the first column of assigned numbers in Table A.5.  Whenever the numbers 00 and
25 through 99 are read from Table A.2, they will be disregarded and the next number will be read.

3.   OUTLIERS

3.1   An outlier is an inconsistent or questionable data point that appears unrepresentative of the general trend
exhibited by the majority of the data.  Outliers may be detected by tabulation of the data, plotting, and by an
analysis of the residuals.  An explanation should be sought for any questionable data points.  Without an
explanation, data points should be discarded only with extreme caution.  If there is no explanation, the analysis
should be performed both with and without the outlier, and the results of both analyses should be reported.

3.2   Gentleman-Wilk's A statistic gives a test for the condition that the extreme observation may be considered an
outlier.  For a discussion of this, and other techniques for evaluating outliers, see Draper and John (1981).

RB-AR26260



252

APPENDIX B

VALIDATING NORMALITY AND HOMOGENEITY OF VARIANCE ASSUMPTIONS

1.   INTRODUCTION

1.1   Dunnett's Procedure and the t test with Bonferroni's adjustment are parametric procedures based on the
assumptions that the observations within treatments are independent and normally distributed, and that the variance
of the observations is homogeneous across all toxicant concentrations and the control.  These assumptions should be
checked prior to using these tests, to determine if they have been met.  Tests for validating the assumptions are
provided in the following discussion.  If the tests fail (if the data do not meet the assumptions), a nonparametric
procedure such as Steel's Many-one Rank Test may be more appropriate.  However, the decision on whether to use
parametric or nonparametric tests may be a judgment call, and a statistician should be consulted in selecting the
analysis.

2.   TEST FOR NORMAL DISTRIBUTION OF DATA

2.1   SHAPIRO-WILK'S TEST

2.1.1   One formal test for normality is the Shapiro-Wilk's Test (Conover, 1980).  The test statistic is obtained by
dividing the square of an appropriate linear combination of the sample order statistics by the usual symmetric
estimate of variance.  The calculated W must be greater than zero and less than or equal to one.  This test is
recommended for a sample size of 50 or less.  If the sample size is greater than 50, the Kolmogorov "D" statistic
(Stephens, 1974) is recommended. An example of the Shapiro-Wilk's test is provided below. 

2.2   The example uses growth data from the Fathead Minnow Larval Survival and Growth Test.  The same data are
used in the discussion of the homogeneity of variance determination in Paragraph 3 and Dunnett's Procedure in
Appendix C. The data, the mean and variance of the observations at each concentration, including the control, are
listed in Table B.1.

TABLE B.1. FATHEAD LARVAL, PIMEPHALES PROMELAS, LARVAL GROWTH DATA  
(WEIGHT IN MG) FOR THE SHAPIRO-WILK'S TEST 

NaPCP Concentration (μg/L)       

Replicate Control 32 64 128 256

    A 0.711 0.646 0.669 0.629 0.650
    B 0.662 0.626 0.669 0.680 0.558
    C 0.718 0.723 0.694 0.513 0.606
    D 0.767 0.700 0.676 0.672 0.508

Mean( ) 0.714 0.674 0.677 0.624 0.580Ȳi

Si
2 0.0018 0.0020 0.0001 0.0059 0.0037

i 1 2 3 4 5

2.3   The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations are
listed in Table B.2.
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D � �n
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TABLE B.2.  EXAMPLE OF SHAPIRO-WILK'S TEST:  CENTERED OBSERVATIONS

NaPCP Concentration (μg/L)

Replicate Control 32 64 128 256

A -0.003 -0.028 -0.008 0.005 0.070
B -0.052 -0.048 -0.008 0.056 -0.022
C 0.004 0.049 0.017 -0.111 0.026
D 0.053 0.026 -0.001 0.048 -0.072

2.4   Calculate the denominator, D, of the test statistic:

Where:  Xi =  the centered observations and �X is the overall mean of the centered observations.  For this set of data,
�X = 0, and D = 0.0412. 

2.5   Order the centered observations from smallest to largest.

                     X(1) � X(2) � ... � X(n) 

where X(i) denotes the ith ordered observation.  The ordered observations are listed in Table B.3.

TABLE B.3.  EXAMPLE OF THE SHAPIRO-WILK'S TEST:  ORDERED OBSERVATIONS

i X(i) i X(i)

1 -0.111 11 0.004
2 -0.072 12 0.005
3 -0.052 13 0.017
4 -0.048 14 0.026
5 -0.028 15 0.026
6 -0.022 16 0.048
7 -0.008 17 0.049
8 -0.008 18 0.053
9 -0.003 19 0.056

10 -0.001 20 0.070

2.6   From Table B.4, for the number of observations, n, obtain the coefficients a1, a2, ..., ak, where k is n/2 if n is
even, and (n-1)/2 if n is odd.  For the data in this example, n = 20, k = 10.  The ai values are listed in Table B.5.
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TABLE B.4.  COEFFICIENTS FOR THE SHAPIRO-WILK'S TEST (Conover, 1980)

Number of Observations

i�n   2 3 4 5 6 7 8 9 10

 1 0.7071 0.7071 0.6872 0.6646 0.6431 0.6233 0.6052 0.5888 0.5739

 2 - 0.0000 0.1667 0.2413 0.2806 0.3031 0.3164 0.3244 0.3291

 3 - - - 0.0000 0.0875 0.1401 0.1743 0.1976 0.2141

 4 - - - - - 0.0000 0.0561 0.0947 0.1224

 5 - - - - - - - 0.0000 0.0399

Number of Observations  

i�n 11 12 13 14 15 16 17 18 19 20

 1 0.5601 0.5475 0.5359 0.5251 0.5150 0.5056 0.4968 0.4886 0.4808 0.4734

 2 0.3315 0.3325 0.3325 0.3318 0.3306 0.3209 0.3273 0.3253 0.3232 0.3211

 3 0.2260 0.2347 0.2412 0.2460 0.2495 0.2521 0.2540 0.2553 0.2561 0.2565

 4 0.1429 0.1586 0.1707 0.1802 0.1878 0.1939 0.1988 0.2027 0.2059 0.2085

 5 0.0695 0.0922 0.1099 0.1240 0.1353 0.1447 0.1524 0.1587 0.1641 0.1686

 6 0.0000 0.0303 0.0539 0.0727 0.0880 0.1005 0.1109 0.1197 0.1271 0.1334

 7 - - 0.0000 0.0240 0.0433 0.0593 0.0725 0.0837 0.0932 0.1013

 8 - - - - 0.0000 0.0196 0.0359 0.0496 0.0612 0.0711

 9 - - - - - - 0.0000 0.0163 0.0303 0.0422

10 - - - - - - - - 0.0000 0.0140

                                                                                

Number of Observations

i�n 21 22 23 24 25 26 27 28 29 30

                                                                                

 1 0.4643 0.4590 0.4542 0.4493 0.4450 0.4407 0.4366 0.4328 0.4291 0.4254

 2 0.3185 0.3156 0.3126 0.3098 0.3069 0.3043 0.3018 0.2992 0.2968 0.2944

 3 0.2578 0.2571 0.2563 0.2554 0.2543 0.2533 0.2522 0.2510 0.2499 0.2487

 4 0.2119 0.2131 0.2139 0.2145 0.2148 0.2151 0.2152 0.2151 0.2150 0.2148

 5 0.1736 0.1764 0.1787 0.1807 0.1822 0.1836 0.1848 0.1857 0.1864 0.1870

 6 0.1399 0.1443 0.1480 0.1512 0.1539 0.1563 0.1584 0.1601 0.1616 0.1630

 7 0.1092 0.1150 0.1201 0.1245 0.1283 0.1316 0.1346 0.1372 0.1395 0.1415

 8 0.0804 0.0878 0.0941 0.0997 0.1046 0.1089 0.1128 0.1162 0.1192 0.1219

 9 0.0530 0.0618 0.0696 0.0764 0.0923 0.0876 0.0923 0.0965 0.1002 0.1036

10 0.0263 0.0368 0.0459 0.0539 0.0610 0.0672 0.0728 0.0778 0.0822 0.0862

11 0.0000 0.0122 0.0228 0.0321 0.0403 0.0476 0.0540 0.0598 0.0650 0.0697

12 - - 0.0000 0.0107 0.0200 0.0284 0.0358 0.0424 0.0483 0.0537

13 - - - - 0.0000 0.0094 0.0178 0.0253 0.0320 0.0381

14 - - - - - - 0.0000 0.0084 0.0159 0.0227

15 - - - - - - - - 0.0000 0.0076
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TABLE B.4.  COEFFICIENTS FOR THE SHAPIRO WILK'S TEST (CONTINUED)

Number of Observations
i�n 31 32 33 34 35 36 37 38 39 40

 1 0.4220 0.4188 0.4156 0.4127 0.4096 0.4068 0.4040 0.4015 0.3989 0.3964
 2 0.2921 0.2898 0.2876 0.2854 0.2834 0.2813 0.2794 0.2774 0.2755 0.2737
 3 0.2475 0.2462 0.2451 0.2439 0.2427 0.2415 0.2403 0.2391 0.2380 0.2368
 4 0.2145 0.2141 0.2137 0.2132 0.2127 0.2121 0.2116 0.2110 0.2104 0.2098
 5 0.1874 0.1878 0.1880 0.1882 0.1883 0.1883 0.1883 0.1881 0.1880 0.1878
 6 0.1641 0.1651 0.1660 0.1667 0.1673 0.1678 0.1663 0.1686 0.1689 0.1691
 7 0.1433 0.1449 0.1463 0.1475 0.1487 0.1496 0.1505 0.1513 0.1520 0.1526
 8 0.1243 0.1265 0.1284 0.1301 0.1317 0.1331 0.1344 0.1356 0.1366 0.1376
 9 0.1066 0.1093 0.1118 0.1140 0.1160 0.1179 0.1196 0.1211 0.1225 0.1237
10 0.0899 0.0931 0.0961 0.0988 0.1013 0.1036 0.1056 0.1075 0.1092 0.1108
11 0.0739 0.0777 0.0812 0.0844 0.0873 0.0900 0.0924 0.0947 0.0967 0.0986
12 0.0585 0.0629 0.0669 0.0706 0.0739 0.0770 0.0798 0.0824 0.0848 0.0870
13 0.0435 0.0485 0.0530 0.0572 0.0610 0.0645 0.0677 0.0706 0.0733 0.0759
14 0.0289 0.0344 0.0395 0.0441 0.0484 0.0523 0.0559 0.0592 0.0622 0.0651
15 0.0144 0.0206 0.0262 0.0314 0.0361 0.0404 0.0444 0.0481 0.0515 0.0546
16 0.0000 0.0068 0.0131 0.0187 0.0239 0.0287 0.0331 0.0372 0.0409 0.0444
17 - - 0.0000 0.0062 0.0119 0.0172 0.0220 0.0264 0.0305 0.0343
18 - - - - 0.0000 0.0057 0.0110 0.0158 0.0203 0.0244
19 - - - - - - 0.0000 0.0053 0.0101 0.0146
20 - - - - - - - - 0.0000 0.0049

Number of Observations  
i�n 41 42 43 44 45 46 47 48 49 50

 1 0.3940 0.3917 0.3894 0.3872 0.3850 0.3830 0.3808 0.3789 0.3770 0.3751
 2 0.2719 0.2701 0.2684 0.2667 0.2651 0.2635 0.2620 0.2604 0.2589 0.2574
 3 0.2357 0.2345 0.2334 0.2323 0.2313 0.2302 0.2291 0.2281 0.2271 0.2260
 4 0.2091 0.2085 0.2078 0.2072 0.2065 0.2058 0.2052 0.2045 0.2038 0.2032
 5 0.1876 0.1874 0.1871 0.1868 0.1865 0.1862 0.1859 0.1855 0.1851 0.1847
 6 0.1693 0.1694 0.1695 0.1695 0.1695 0.1695 0.1695 0.1693 0.1692 0.1691
 7 0.1531 0.1535 0.1539 0.1542 0.1545 0.1548 0.1550 0.1551 0.1553 0.1554
 8 0.1384 0.1392 0.1398 0.1405 0.1410 0.1415 0.1420 0.1423 0.1427 0.1430
 9 0.1249 0.1259 0.1269 9,1278 0.1286 0.1293 0.1300 0.1306 0.1312 0.1317
10 0.1123 0.1136 0.1149 0.1160 9.1170 0.1180 0.1189 0.1197 0.1205 0.1212
11 0.1004 0.1020 0.1035 0.1049 0.1062 0.1073 0.1085 0.1095 0.1105 0.1113
12 0.0891 0.0909 0.0927 0.0943 0.0959 0.0972 0.0986 0.0998 0.1010 0.1020
13 0.0782 0.0804 0.0824 0.0842 0.0860 0.0876 0.0892 0.0906 0.0919 0.0932
14 0.0677 0.0701 0.0724 0.0745 0.0765 0.0783 0.0801 0.0817 0.0832 0.0846
15 0.0575 0.0602 0.0628 0.0651 0.0673 0.0694 0.0713 0.0731 0.0748 0.0764
16 0.0476 0.0506 0.0534 0.0560 0.0584 0.0607 0.0628 0.0648 0.0667 0.0685
17 0.0379 0.0411 0.0442 0.0471 0.0497 0.0522 0.0546 0.0568 0.0588 0.0608
18 0.0283 0.0318 0.0352 0.0383 0.0412 0.0439 0.0465 0.0489 0.0511 0.0532
19 0.0188 0.0227 0.0263 0.0296 0.0328 0.0357 0.0385 0.0411 0.0436 0.0459
20 0.0094 0.0136 0.0175 0.0211 0.0245 0.0277 0.0307 0.0335 0.0361 0.0386
21 0.0000 0.0045 0.0087 0.0126 0.0163 0.0197 0.0229 0.0259 0.0288 0.0314
22 - - 0.0000 0.0042 0.0081 0.0118 0.0153 0.0185 0.0215 0.0244
23 - - - - 0.0000 0.0039 0.0076 0.0111 0.0143 0.0174
24 - - - - - - 0.0000 0.0037 0.0071 0.0104
25 - - - - - - - - 0.0000 0.0035

 

RB-AR26264



256

W �
1

D
[�k

i�1

ai (X (n�i�1)�X (i))]
2

2.7   Compute the test statistic, W, as follows: 

The differences, X(n-i+1) - X(i), are listed in Table B.5.

2.8   The decision rule for this test is to compare the critical value from Table B.6 to the computed W.  If the
computed value is less than the critical value, conclude that the data are not normally distributed.  For this example,
the critical value at a significance level of 0.01 and 20 observations (n) is 0.868.  The calculated value, 0.959, is not
less than the critical value. Therefore, conclude that the data are normally distributed.

TABLE B.5. EXAMPLE OF THE SHAPIRO-WILK'S TEST:  TABLE OF COEFFICIENTS AND
DIFFERENCES

 i ai X(n-i+1) - X(i) 

1 0.4734 0.181 X(20) - X(1)

2 0.3211 0.128 X(19) - X(2)

3 0.2565 0.105 X(18) - X(3)

4 0.2085 0.097 X(17) - X(4)

5 0.1686 0.076 X(16) - X(5)

6 0.1334 0.048 X(15) - X(6)

7 0.1013 0.034 X(14) - X(7)

8 0.0711 0.025 X(13) - X(8)

9 0.0422 0.008 X(12) - X(9)

10 0.0140 0.005 X(11) - X(10)

2.9   In general, if the data fail the test for normality, a transformation such as to log values may normalize the data. 
After transforming the data, repeat the Shapiro-Wilk's Test for normality.

2.10   KOLMOGOROV "D" TEST

2.10.1   A formal two-sided test for normality is the Kolmogorov "D" Test.  The test statistic is calculated by
obtaining the difference between the cumulative distribution function estimated from the data and the standard
normal cumulative distribution function for each standardized observation.  This test is recommended for a sample
size greater than 50.  If the sample size is less than or equal to 50, then the Shapiro Wilk's Test is recommended.  An
example of the Kolmogorov "D" test is provided below.

2.10.2   The example uses reproduction data from the daphnid, Ceriodaphnia dubia, Survival and Reproduction
Test.  The observed data and the mean of the observations at each concentration, including the control, are listed in
Table B.7.

2.10.3   The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations for the
example are listed in Table B.8.
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TABLE B.6.  QUANTILES OF THE SHAPIRO-WILK'S TEST STATISTIC (Conover, 1980)

 n 0.01 0.02 0.05 0.10 0.50 0.90 0.95 0.98 0.99

 3 0.753 0.756 0.767 0.789 0.959 0.998 0.999 1.000 1.000

 4 0.687 0.707 0.748 0.792 0.935 0.987 0.992 0.996 0.997

 5 0.686 0.715 0.762 0.806 0.927 0.979 0.986 0.991 0.993

 6 0.713 0.743 0.788 0.826 0.927 0.974 0.981 0.986 0.989

 7 0.730 0.760 0.803 0.838 0.928 0.972 0.979 0.985 0.988

 8 0.749 0.778 0.818 0.851 0.932 0.972 0.978 0.984 0.987

 9 0.764 0.791 0.829 0.859 0.935 0.972 0.978 0.984 0.986

10 0.781 0.806 0.842 0.869 0.938 0.972 0.978 0.983 0.986

11 0.792 0.817 0.850 0.876 0.940 0.973 0.979 0.984 0.986

12 0.805 0.828 0.859 0.883 0.943 0.973 0.979 0.984 0.986

13 0.814 0.837 0.866 0.889 0.945 0.974 0.979 0.984 0.986

14 0.825 0.846 0.874 0.895 0.947 0.975 0.980 0.984 0.986

15 0.835 0.855 0.881 0.901 0.950 0.975 0.980 0.984 0.987

16 0.844 0.863 0.887 0.906 0.952 0.976 0.981 0.985 0.987

17 0.851 0.869 0.892 0.910 0.954 0.977 0.981 0.985 0.987

18 0.858 0.874 0.897 0.914 0.956 0.978 0.982 0.986 0.988

19 0.863 0.879 0.901 0.917 0.957 0.978 0.982 0.986 0.988

20 0.868 0.884 0.905 0.920 0.959 0.979 0.983 0.986 0.988

21 0.873 0.888 0.908 0.923 0.960 0.980 0.983 0.987 0.989

22 0.878 0.892 0.911 0.926 0.961 0.980 0.984 0.987 0.989

23 0.881 0.895 0.914 0.928 0.962 0.981 0.984 0.987 0.989

24 0.884 0.898 0.916 0.930 0.963 0.981 0.984 0.987 0.989

25 0.888 0.901 0.918 0.931 0.964 0.981 0.985 0.988 0.989

26 0.891 0.904 0.920 0.933 0.965 0.982 0.985 0.988 0.989

27 0.894 0.906 0.923 0.935 0.965 0.982 0.985 0.988 0.990

28 0.896 0.908 0.924 0.936 0.966 0.982 0.985 0.988 0.990

29 0.898 0.910 0.926 0.937 0.966 0.982 0.985 0.988 0.990

30 0.900 0.912 0.927 0.939 0.967 0.983 0.985 0.988 0.990

31 0.902 0.914 0.929 0.940 0.967 0.983 0.986 0.988 0.990

32 0.904 0.915 0.930 0.941 0.968 0.983 0.986 0.988 0.990

33 0.906 0.917 0.931 0.942 0.968 0.983 0.986 0.989 0.990

34 0.908 0.919 0.933 0.943 0.969 0.983 0.986 0.989 0.990

35 0.910 0.920 0.934 0.944 0.969 0.984 0.986 0.989 0.990

36 0.912 0.922 0.935 0.945 0.970 0.984 0.986 0.989 0.990

37 0.914 0.924 0.936 0.946 0.970 0.984 0.987 0.989 0.990

38 0.916 0.925 0.938 0.947 0.971 0.984 0.987 0.989 0.990

39 0.917 0.927 0.939 0.948 0.971 0.984 0.987 0.989 0.991

40 0.919 0.928 0.940 0.949 0.972 0.985 0.987 0.989 0.991

41 0.920 0.929 0.941 0.950 0.972 0.985 0.987 0.989 0.991

42 0.922 0.930 0.942 0.951 0.972 0.985 0.987 0.989 0.991

43 0.923 0.932 0.943 0.951 0.973 0.985 0.987 0.990 0.991

44 0.924 0.933 0.944 0.952 0.973 0.985 0.987 0.990 0.991

45 0.926 0.934 0.945 0.953 0.973 0.985 0.988 0.990 0.991

46 0.927 0.935 0.945 0.953 0.974 0.985 0.988 0.990 0.991

47 0.928 0.936 0.946 0.954 0.974 0.985 0.988 0.990 0.991

48 0.929 0.937 0.947 0.954 0.974 0.985 0.988 0.990 0.991

49 0.929 0.937 0.947 0.955 0.974 0.985 0.988 0.990 0.991

50 0.930 0.938 0.947 0.955 0.974 0.985 0.988 0.990 0.991 
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TABLE B.7. CERIODAPHNIA DUBIA REPRODUCTION DATA FOR THE KOLMOGOROV "D"
TEST

Effluent Concentration (%)

Replicate Control 1.56 3.12 6.25 12.5 25.0

1 27 32 39 27 19 10
2 30 35 30 34 25 13
3 29 32 33 36 26 7
4 31 26 33 34 17 7
5 16 18 36 31 16 7
6 15 29 33 27 21 10
7 18 27 33 33 23 10
8 17 16 27 31 15 16
9 14 35 38 33 18 12

10 27 13 44 31 10 2

Mean 22.4 26.3 34.6 31.7 19.0 9.4

TABLE B.8.  CENTERED OBSERVATIONS FOR KOLMOGOROV “D” EXAMPLE

Effluent Concentration (%)

Replicate Control 1.56 3.12 6.25 12.5 25.0

1 4.6 5.7 4.4 -4.7 0.0 0.6

2 7.6 8.7 -4.6 2.3 6.0 3.6

3 6.6 5.7 -1.6 4.3 7.0 -2.4

4 8.6 -0.3 -1.6 2.3 -2.0 -2.4

5 -6.4 -8.3 1.4 -0.7 -3.0 -2.4

6 -7.4 2.7 -1.6 -4.7 2.0 0.6

7 -4.4 0.7 -1.6 1.3 4.0 0.6

8 -5.4 -10.3 -7.6 -0.7 -4.0 6.6

9 -8.4 8.7 3.4 1.3 -1.0 2.6

10 4.6 -13.3 9.4 -0.7 -9.0 -7.4
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2.10.4   Order the centered observations from smallest to largest:

                           X(1) � X(2) � ... � X(n)

where X(i) denotes the ith ordered observation, and n denotes the total number of centered observations.  The
ordered observations for the example are listed in Table B.9.
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TABLE B.9.  EXAMPLE CALCULATION OF THE KOLMOGOROV "D" STATISTIC

i X(i) zi pi Di+ Di-
1 -13.3 -2.51 0.0060 0.0107 0.0060
2 -10.3 -1.94 0.0262 0.0071 0.0095
3 -9.0 -1.70 0.0446 0.0054 0.0113
4 -8.4 -1.58 0.0571 0.0096 0.0071
5 -8.3 -1.57 0.0582 0.0251 -0.0085
6 -7.6 -1.43 0.0764 0.0236 -0.0069
7 -7.4 -1.40 0.0808 0.0359 -0.0192
8 -7.4 -1.40 0.0808 0.0525 -0.0359
9 -6.4 -1.21 0.1131 0.0369 -0.0202

10 -5.4 -1.02 0.1539 0.0128 0.0039
11 -4.7 -0.89 0.1867 -0.0034 0.0200
12 -4.7 -0.89 0.1867 0.0133 0.0034
13 -4.6 -0.87 0.1922 0.0245 -0.0078
14 -4.4 -0.83 0.2033 0.0300 -0.0134
15 -4.0 -0.75 0.2266 0.0234 -0.0067
16 -3.0 -0.57 0.2843 -0.0176 0.0343
17 -2.4 -0.45 0.3264 -0.0431 0.0597
18 -2.4 -0.45 0.3264 -0.0264 0.0431
19 -2.4 -0.45 0.3264 -0.0097 0.0264
20 -2.0 -0.38 0.3520 -0.0187 0.0353
21 -1.6 -0.30 0.3821 -0.0321 0.0488
22 -1.6 -0.30 0.3821 -0.0154 0.0321
23 -1.6 -0.30 0.3821 0.0012 0.0154
24 -1.6 -0.30 0.3821 0.0179 -0.0012
25 -1.0 -0.19 0.4247 -0.0080 0.0247
26 -0.7 -0.13 0.4483 -0.0150 0.0316
27 -0.7 -0.13 0.4483 0.0017 0.0150
28 -0.7 -0.13 0.4483 0.0184 -0.0017
29 -0.3 -0.06 0.4761 0.0072 0.0094
30 0.0 0.00 0.5000 0.0000 0.0167
31 0.6 0.11 0.5438 -0.0271 0.0438
32 0.6 0.11 0.5438 -0.0105 0.0271
33 0.6 0.11 0.5438 0.0062 0.0105
34 0.7 0.13 0.5517 0.0150 0.0017
35 1.3 0.25 0.5987 -0.0154 0.0320
36 1.3 0.25 0.5987 0.0013 0.0154
37 1.4 0.26 0.6026 0.0141 0.0026
38 2.0 0.38 0.6480 -0.0147 0.0313
39 2.3 0.43 0.6664 -0.0164 0.0331
40 2.3 0.43 0.6664 0.0003 0.0164
41 2.6 0.49 0.6879 -0.0046 0.0212
42 2.7 0.51 0.6950 0.0050 0.0117
43 3.4 0.64 0.7389 -0.0222 0.0389
44 3.6 0.68 0.7517 -0.0184 0.0350
45 4.0 0.75 0.7734 -0.0234 0.0401
46 4.3 0.81 0.7910 -0.0243 0.0410
47 4.4 0.83 0.7967 -0.0134 0.0300
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 TABLE B.9.  EXAMPLE CALCULATION OF THE KOLMOGOROV "D" STATISTIC (CONTINUED)

i X(i) zi pi Di+ Di-

48 4.6 0.87 0.8078 -0.0078 0.0245
49 4.6 0.87 0.8078 0.0089 0.0078
50 5.7 1.08 0.8599 -0.0266 0.0432
51 5.7 1.08 0.8599 -0.0099 0.0266
52 6.0 1.13 0.8708 -0.0041 0.0208
53 6.6 1.25 0.8944 -0.0111 0.0277
54 6.6 1.25 0.8944 0.0056 0.0111
55 7.0 1.32 0.9066 0.0101 0.0066
56 7.6 1.43 0.9236 0.0097 0.0069
57 8.6 1.62 0.9474 0.0026 0.0141
58 8.7 1.64 0.9495 0.0172 -0.0005
59 8.7 1.64 0.9495 0.0338 -0.0172
60 9.4 1.77 0.9616 0.0384 -0.0217

2.10.5   The next step is to standardize the ordered observations.  Let zi denote the standardized value of the ith
ordered observation.  Then, 

For the example, s = 5.3, and the standardized observations are listed in Table B.9.

2.10.6   From Table B.10, obtain the value of the standard normal cumulative distribution function (standard normal
CDF) at zi.  Denote this value as p i.  Note that negative z are not listed in Table B.10.  The value of the standard
normal CDF at a negative number is one minus the value of the standard normal CDF at the absolute value of that
number.  For example, since the value of the standard normal CDF at 3.21 is 0.9993, the value of the standard
normal CDF at  -3.21 is 1 - 0.9993 = 0.0007.  The pi values for the example data are listed in Table B.9.

RB-AR26270



262

TABLE B.10. P IS THE VALUE OF THE STANDARD NORMAL CUMULATIVE DISTRIBUTION
AT Z

z p z p z p z p

0.00 0.5000 0.41 0.6591 0.82 0.7939 1.23 0.8907
0.01 0.5040 0.42 0.6628 0.83 0.7967 1.24 0.8925
0.02 0.5080 0.43 0.6664 0.84 0.7995 1.25 0.8944
0.03 0.5120 0.44 0.6700 0.85 0.8023 1.26 0.8962
0.04 0.5160 0.45 0.6736 0.86 0.8051 1.27 0.8980
0.05 0.5199 0.46 0.6772 0.87 0.8078 1.28 0.8997
0.06 0.5239 0.47 0.6808 0.88 0.8106 1.29 0.9015
0.07 0.5279 0.48 0.6844 0.89 0.8133 1.30 0.9032
0.08 0.5319 0.49 0.6879 0.90 0.8159 1.31 0.9049
0.09 0.5359 0.50 0.6915 0.91 0.8186 1.32 0.9066
0.10 0.5398 0.51 0.6950 0.92 0.8212 1.33 0.9082
0.11 0.5438 0.52 0.6985 0.93 0.8238 1.34 0.9099
0.12 0.5478 0.53 0.7019 0.94 0.8264 1.35 0.9115
0.13 0.5517 0.54 0.7054 0.95 0.8289 1.36 0.9131
0.14 0.5557 0.55 0.7088 0.96 0.8315 1.37 0.9147
0.15 0.5596 0.56 0.7123 0.97 0.8340 1.38 0.9162
0.16 0.5636 0.57 0.7157 0.98 0.8365 1.39 0.9177
0.17 0.5675 0.58 0.7190 0.99 0.8389 1.40 0.9192
0.18 0.5714 0.59 0.7224 1.00 0.8413 1.41 0.9207
0.19 0.5753 0.60 0.7257 1.01 0.8438 1.42 0.9222
0.20 0.5793 0.61 0.7291 1.02 0.8461 1.43 0.9236
0.21 0.5832 0.62 0.7324 1.03 0.8485 1.44 0.9251
0.22 0.5871 0.63 0.7357 1.04 0.8508 1.45 0.9265
0.23 0.5910 0.64 0.7389 1.05 0.8531 1.46 0.9279
0.24 0.5948 0.65 0.7422 1.06 0.8554 1.47 0.9292
0.25 0.5987 0.66 0.7454 1.07 0.8577 1.48 0.9306
0.26 0.6026 0.67 0.7486 1.08 0.8599 1.49 0.9319
0.27 0.6064 0.68 0.7517 1.09 0.8621 1.50 0.9332
0.28 0.6103 0.69 0.7549 1.10 0.8643 1.51 0.9345
0.29 0.6141 0.70 0.7580 1.11 0.8665 1.52 0.9357
0.30 0.6179 0.71 0.7611 1.12 0.8686 1.53 0.9370
0.31 0.6217 0.72 0.7642 1.13 0.8708 1.54 0.9382
0.32 0.6255 0.73 0.7673 1.14 0.8729 1.55 0.9394
0.33 0.6293 0.74 0.7704 1.15 0.8749 1.56 0.9406
0.34 0.6331 0.75 0.7734 1.16 0.8770 1.57 0.9418
0.35 0.6368 0.76 0.7764 1.17 0.8790 1.58 0.9429
0.36 0.6406 0.77 0.7794 1.18 0.8810 1.59 0.9441
0.37 0.6443 0.78 0.7823 1.19 0.8830 1.60 0.9452
0.38 0.6480 0.79 0.7852 1.20 0.8849 1.61 0.9463
0.39 0.6517 0.80 0.7881 1.21 0.8869 1.62 0.9474
0.40 0.6554 0.81 0.7910 1.22 0.8888 1.63 0.9484
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TABLE B.10. P IS THE VALUE OF THE STANDARD NORMAL CUMULATIVE DISTRIBUTION
AT Z (CONTINUED)

z p z p z p z p   

  1.64 0.9495 2.05 0.9798 2.46 0.9931 2.87 0.9979
  1.65 0.9505 2.06 0.9803 2.47 0.9932 2.88 0.9980
  1.66 0.9515 2.07 0.9808 2.48 0.9934 2.89 0.9981
  1.67 0.9525 2.08 0.9812 2.49 0.9936 2.90 0.9981
  1.68 0.9535 2.09 0.9817 2.50 0.9938 2.91 0.9982
  1.69 0.9545 2.10 0.9821 2.51 0.9940 2.92 0.9982
  1.70 0.9554 2.11 0.9826 2.52 0.9941 2.93 0.9983
  1.71 0.9564 2.12 0.9830 2.53 0.9943 2.94 0.9984
  1.72 0.9573 2.13 0.9834 2.54 0.9945 2.95 0.9984
  1.73 0.9582 2.14 0.9838 2.55 0.9946 2.96 0.9985
  1.74 0.9591 2.15 0.9842 2.56 0.9948 2.97 0.9985
  1.75 0.9599 2.16 0.9846 2.57 0.9949 2.98 0.9986
  1.76 0.9608 2.17 0.9850 2.58 0.9951 2.99 0.9986
  1.77 0.9616 2.18 0.9854 2.59 0.9952 3.00 0.9987
  1.78 0.9625 2.19 0.9857 2.60 0.9953 3.01 0.9987
  1.79 0.9633 2.20 0.9861 2.61 0.9955 3.02 0.9987
  1.80 0.9641 2.21 0.9864 2.62 0.9956 3.03 0.9988
  1.81 0.9649 2.22 0.9868 2.63 0.9957 3.04 0.9988
  1.82 0.9656 2.23 0.9871 2.64 0.9959 3.05 0.9989
  1.83 0.9664 2.24 0.9875 2.65 0.9960 3.06 0.9989
  1.84 0.9671 2.25 0.9878 2.66 0.9961 3.07 0.9989
  1.85 0.9678 2.26 0.9881 2.67 0.9962 3.08 0.9990
  1.86 0.9686 2.27 0.9884 2.68 0.9963 3.09 0.9990
  1.87 0.9693 2.28 0.9887 2.69 0.9964 3.10 0.9990
  1.88 0.9699 2.29 0.9890 2.70 0.9965 3.11 0.9991
  1.89 0.9706 2.30 0.9893 2.71 0.9966 3.12 0.9991
  1.90 0.9713 2.31 0.9896 2.72 0.9967 3.13 0.9991
  1.91 0.9719 2.32 0.9898 2.73 0.9968 3.14 0.9992
  1.92 0.9726 2.33 0.9901 2.74 0.9969 3.15 0.9992
  1.93 0.9732 2.34 0.9904 2.75 0.9970 3.16 0.9992
  1.94 0.9738 2.35 0.9906 2.76 0.9971 3.17 0.9992
  1.95 0.9744 2.36 0.9909 2.77 0.9972 3.18 0.9993
  1.96 0.9750 2.37 0.9911 2.78 0.9973 3.19 0.9993
  1.97 0.9756 2.38 0.9913 2.79 0.9974 3.20 0.9993
  1.98 0.9761 2.39 0.9916 2.80 0.9974 3.21 0.9993
  1.99 0.9767 2.40 0.9918 2.81 0.9975 3.22 0.9994
  2.00 0.9772 2.41 0.9920 2.82 0.9976 3.23 0.9994
  2.01 0.9778 2.42 0.9922 2.83 0.9977 3.24 0.9994
  2.02  0.9783 2.43 0.9925 2.84 0.9977 3.25 0.9994
  2.03 0.9788 2.44 0.9927 2.85 0.9978 3.26 0.9994
  2.04 0.9793 2.45 0.9929 2.86 0.9979 3.27 0.9995
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TABLE B.10. P IS THE VALUE OF THE STANDARD NORMAL CUMULATIVE DISTRIBUTION
AT Z (CONTINUED)

z p z p z p z p  

3.28 0.9995 3.46 0.9997 3.64 0.9999 3.82 0.9999
3.29 0.9995 3.47 0.9997 3.65 0.9999 3.83 0.9999
3.30 0.9995 3.48 0.0997 3.66 0.9999 3.84 0.9999
3.31 0.9995 3.49 0.9998 3.67 0.9999 3.85 0.9999
3.32 0.9995 3.50 0.9998 3.68 0.9999 3.86 0.9999
3.33 0.9996 3.51 0.9998 3.69 0.9999 3.87 0.9999
3.34 0.9996 3.52 0.9998 3.70 0.9999 3.88 0.9999
3.35 0.9996 3.53 0.9998 3.71 0.9999 3.89 0.9999
3.36 0.9996 3.54 0.9998 3.72 0.9999 3.90 1.0000
3.37 0.9996 3.55 0.9998 3.73 0.9999 3.91 1.0000
3.38 0.9996 3.56 0.9998 3.74 0.9999 3.92 1.0000
3.39 0.9997 3.57 0.9998 3.75 0.9999 3.93 1.0000
3.40 0.9997 3.58 0.9998 3.76 0.9999 3.94 1.0000
3.41 0.9997 3.59 0.9998 3.77 0.9999 3.95 1.0000
3.42 0.9997 3.60 0.9998 3.78 0.9999 3.96 1.0000
3.43 0.9997 3.61 0.9998 3.79 0.9999 3.97 1.0000
3.44 0.9997 3.62 0.9999 3.80 0.9999 3.98 1.0000
3.45 0.9997 3.63 0.9999 3.81 0.9999 3.99 1.0000

2.10.7   Next, calculate the following differences for each ordered observation:

Di+ = (i/n) - pi

Di- = pi - [(i-1)/n]

The differences for the example are listed in Table B.9.

2.10.8   Obtain the maximum of the Di+, and denote it as D+.  Obtain the maximum of the Di-, and denote it as D-. 
For the example, D+ = 0.0525, and D- = 0.0597.

2.10.9   Next, obtain the maximum of D+ and D-, and denote it as D.  For the example, D = 0.0597.

2.10.10   The test statistic, D*, is calculated as follows:

D * � D ( n�0.01�
0.85

n
)

For the example, D* = 0.4684.

2.10.11   The decision rule for the two tailed test is to compare the critical value from Table B.11 to the computed
D*.  If the computed value is greater than the critical value, conclude that the data are not normally distributed.  For
this example, the critical value at a significance level of 0.01 is 1.035.  The calculated value, 0.4684, is not greater
than the critical value.  Thus, the conclusion of the test is that the data are normally distributed.

2.10.12   In general, if the data fail the test for normality, a transformation such as the log transformation may
normalize the data.  After transforming the data, repeat the Kolmogorov "D" test for normality.
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TABLE B.11.  CRITICAL VALUES FOR THE KOLMOGOROV "D" TEST

     
Alpha Critical
Level Value

   
0.010 1.035
0.025 0.955
0.050 0.895
0.100 0.819
0.150 0.775

   

TABLE B.12. FATHEAD LARVAL GROWTH DATA (WEIGHT IN MG) USED FOR BARTLETT'S
TEST FOR HOMOGENEITY OF VARIANCE

NaPCP Concentration (μg/L)

Replicate Control 32 64 128 256

 
A 0.711 0.646 0.669 0.629 0.650 
B 0.662 0.626 0.669 0.680 0.558 
C 0.718 0.723 0.694 0.513 0.606 
D 0.767 0.700 0.676 0.672 0.508 

     
Mean( ) 0.714 0.674 0.677 0.624 0.580 Ȳi

Si
2 0.0018 0.0020 0.0001 0.0059 0.0037 

I 1 2 3 4 5

3.   TEST FOR HOMOGENEITY OF VARIANCE

3.1   For Dunnett's Procedure and the t test with Bonferroni's adjustment, the variances of the data obtained from
each toxicant concentration and the control are assumed to be equal.  Bartlett's Test is a formal test of this
assumption.  In using this test, it is assumed that the data are normally distributed.

3.2   The data used in this example are growth data from a Fathead Minnow Larval Survival and Growth Test, and
are the same data used in Appendices C and D.  These data are listed in Table B.12, together with the calculated
variance for the control and each toxicant concentration.

3.3   The test statistic for Bartlett's Test (Snedecor and Cochran, 1980) is as follows:

         B �

[(�P
i�1

Vi) ln S̄ 2
��P

i�1

Vi ln S 2
i ]

C

Where: Vi = degrees of freedom for each toxicant concentration and control
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p = number of levels of toxicant concentration including the control

ln = loge

i = 1, 2, ..., p where p is the number of concentrations

ni = the number of replicates for concentration i.

S̄ 2
�

(�P
i�1

Vi S
2
i )

�P
i�1

Vi

C � 1� [3(p�1)]�1 [�P
i�1

1

Vi

� (�P
i�1

Vi)
�1]

3.4   Since B is approximately distributed as chi-square with p - 1 degrees of freedom when the variances are equal,
the appropriate critical value is obtained from a table of the chi-square distribution for p - 1 degrees of freedom and
a significance level of 0.01.  If B is less than the critical value then the variances are assumed to be equal.

3.5   For the data in this example, Vi = 3, p = 5,   = 0.0027, and C = 1.133.  The calculated B value is:S̄
2

B �

(15)[ln(0.0027)]�3�P
i�1

ln(S 2
i )

1.133

�
15(�5.9145)�3(�32.4771)

1.133

 = 7.691 

3.6  Since B is approximately distributed as chi-square with p - 1 degrees of freedom when the variances are equal,
the appropriate critical value for the test is 13.277 for a significance level of 0.01.  Since B = 7.691 is less than the
critical value of 13.277, conclude that the variances are not different.

4.   TRANSFORMATIONS OF THE DATA 

4.1   When the assumptions of normality and/or homogeneity of variance are not met, transformations of the data
may remedy the problem, so that the data can be analyzed by parametric procedures, rather than by nonparametric
technique such as Steel's Many-one Rank Test or Wilcoxon's Rank Sum Test.  Examples of transformations include
log, square root, arc sine square root, and reciprocals.  After the data have been transformed, Shapiro-Wilk's and
Bartlett's tests should be performed on the transformed observations to determine whether the assumptions of
normality and/or homogeneity of variance are met.

4.2   ARC SINE SQUARE ROOT TRANSFORMATION (USEPA, 1993)

4.2.1   For data consisting of proportions from a binomial (response/no response; live/dead) response variable, the
variance within the ith treatment is proportional to Pi (1 - Pi), where Pi is the expected proportion for the treatment. 
This clearly violates the homogeneity of variance assumption required by parametric procedures such as Dunnett's
Procedure or the t test with Bonferroni's adjustment, since the existence of a treatment effect implies different values
of Pi for different treatments, i.  Also, when the observed proportions are based on small samples, or when Pi is
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close to zero or one, the normality assumption may be invalid.  The arc sine square root (arc sine ) transformationP
is commonly used for such data to stabilize the variance and satisfy the normality requirement.

4.2.2   Arc sine transformation consists of determining the angle (in radians) represented by a sine value.  In the
case of arc sine square root transformation of mortality data, the proportion of dead (or affected) organisms is taken
as the sine value, the square root of the sine value is calculated, and the angle (in radians) for the square root of the
sine value is determined.  Whenever the proportion dead is 0 or 1, a special modification of the arc sine square root
transformation must be used (Bartlett, 1937).  An explanation of the arc sine square root transformation and the
modification is provided below.

4.2.3   Calculate the response proportion (RP) at each effluent concentration, where:

    RP = (number of surviving or "unaffected" organisms)/(number exposed)

  Example:  If 12 of 20 animals in a given treatment replicate survive:

              RP = 12/20 

= 0.60

4.2.4   Transform each RP to its arc sine square root, as follows: 

4.2.4.1   For RPs greater than zero or less than one: 
 
         Angle (radians) = arc sine  RP
 
         Example: If RP = 0.60: 
 
             Angle = arc sine 0.60

= arc sine 0.7746

= 0.8861 radians 

4.2.4.2   Modification of the arc sine square root when RP = 0: 

         Angle (in radians) = arc sine 1/4 N

        Where: N = Number of animals/treatment replicate
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        Example: If 20 animals are used: 

              Angle = arc sine 1/80

= arc sine 0.1118 

= 0.1120 radians 

4.2.4.3   Modification of the arc sine square root when RP = 1.0:

         Angle = 1.5708 radians - (radians for RP = 0) 

        Example: Using above value: 

              Angle = 1.5708 - 0.1120 

                             = 1.4588  radians
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TABLE C.1. FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL GROWTH DATA
(WEIGHT IN MG) USED FOR DUNNETT'S PROCEDURE

NaPCP Concentration (μg/L)

Replicate Control 32 64 128 256 

A 0.711 0.517 0.602 0.566 0.455 
B 0.662 0.501 0.669 0.612 0.502 
C 0.646 0.723 0.694 0.410 0.606 
D 0.690 0.560 0.676 0.672 0.254 

Mean( ) 0.677 0.575 0.660 0.565 0.454 Ȳi

Total(Ti) 2.709 2.301 2.641 2.260 1.817 

APPENDIX C

DUNNETT'S PROCEDURE

1.   MANUAL CALCULATIONS

1.1   Dunnett's Procedure (Dunnett, 1955; Dunnett, 1964) is used to compare each concentration mean with the
control mean to decide if any of the concentrations differ from the control.  This test has an overall error rate of
alpha, which accounts for the multiple comparisons with the control.  It is based on the assumptions that the
observations are independent and normally distributed and that the variance of the observations is homogeneous
across all concentrations and control (see Appendix B for a discussion on validating the assumptions).  Dunnett's
Procedure uses a pooled estimate of the variance, which is equal to the error value calculated in an analysis of
variance.  Dunnett's Procedure can only be used when the same number of replicate test vessels have been used at
each concentration and the control.  When this condition is not met, a t test with Bonferroni's adjustment is used
(see Appendix D).
 
1.2   The data used in this example are growth data from a Fathead Minnow Larval Survival and Growth Test, and
are the same data used in Appendices B and D.  These data are listed in Table C.1.

1.3   One way to obtain an estimate of the pooled variance is to construct an ANOVA table including all sums of
squares, using the following formulas:

Where:   p = number of effluent concentrations including:

Total Sum of SquaresSST � �
ij

Yij
2�G 2/N

Between Sum of SquaresSSB � �
i
Ti

2/ni�G 2/N

RB-AR26278



270

SST � �
ij

Yij
2�G 2/N

SSB � �
i
Ti

2/ni�G 2/N

SSW � SST�SSB

 Within Sum of SquaresSSW � SST�SSB

G = the grand total of all sample observations; G � �P
i�1

Ti

Ti = the total of the replicate measurements for concentration i

N = the total sample size;  N � �
i
ni

ni = the number of replicates for concentration i 
            

Yij = the jth observation for concentration i 

1.4   For the data in this example: 

  n1  = n2 = n 3 = n 4 = n 5 = 4

  N = 20

  T1 = Y11 + Y12 + Y 13 + Y 14 = 2.709
  T2 = Y21 + Y22 + Y 23 + Y 24 = 2.301
  T3 = Y31 + Y32 + Y 33 + Y 34 = 2.641
  T4 = Y41 + Y42 + Y 43 + Y 44 = 2.260
  T5 = Y51 + Y52 + Y 53 + Y 54 = 1.817

  G = T1 + T2 + T 3 + T 4 + T 5 = 11.728 

      = 7.146 - (11.728)2/20 

    = 0.2687

=    ¼ (28.017 - 11.728)2/20 

=    0.1270

=    0.2687 - 0.1270 

=    0.1417
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             TABLE C.2.  ANOVA TABLE FOR DUNNETT'S PROCEDURE

Source df Sum of Mean Square (MS)
Squares (SS) (SS/df)

               
Between p - 1 SSB SB

2  = SSB/(p-1)

Within N - p SSW SW
2   = SSW/(N-p)

Total N - 1 SST

      TABLE C.3.  COMPLETED ANOVA TABLE FOR DUNNETT'S PROCEDURE

Source df SS Mean Square

Between 5 - 1 = 4 0.1270 0.0318

Within 20 - 5 = 15 0.1417 0.0094

Total 19 0.2687

ti �
(Ȳ1� Ȳi)

Sw (1/n1)� (1/ni)

1.5   Summarize these data in the ANOVA table (Table C.2).

1.6   Summarize data for ANOVA (Table C.3).

1.7   To perform the individual comparisons, calculate the t statistic for each concentration and control combination,
as follows: 

Where: �Yi =  mean for concentration i

           �Y1 =  mean for the control

          Sw =  square root of the within mean square 

          n1 =  number of replicates in the control

ni =  number of replicates for concentration i. 
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TABLE C.4.  CALCULATED T VALUES

NaPCP 
Concentration i ti    

(μg/L) 

32 2 1.487 
 

64 3 0.248 
 

128 4 1.633 

256 5 3.251 

1.8   Table C.4 includes the calculated t values for each concentration and control combination.

1.9   Since the purpose of the test is only to detect a decrease in growth from the control, a one-sided test is
appropriate.  The critical value for the one-sided comparison (2.36), with an overall alpha level of 0.05, 15 degrees
of freedom and four concentrations excluding the control is read from the table of Dunnett's "T" values (Table C.5;
this table assumes an equal number of replicates in all treatment concentrations and the control).  The mean weight
for concentration i is considered significantly less than the mean weight for the control if ti is greater than the critical
value.  Since T5 is greater than 2.36, the 256 μg/L concentration has significantly lower growth than the control. 
Hence the NOEC and LOEC for growth are 128 μg/L and 256 μg/L, respectively.
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MSD � d Sw (1/n1)� (1/n)

MSD � 2.36(0.097)[3 (1/4)�(1/4)] � 2.36(0.097)( 2/4)

Percent Reduction �
MSDu

Controlu

x 100

1.10   To quantify the sensitivity of the test, the minimum significant difference (MSD) may be calculated.  The formula is
as follows: 

Where: d = critical value for the Dunnett's Procedure 

Sw = the square root of the within mean square 

n = the number of replicates at each concentration,  assuming an equal number of replicates at all treatment
concentrations

n1 = number of replicates in the control 

For example:

         = 2.36 (0.097)(0.707) 

           = 0.162

1.11   For this set of data, the minimum difference between the control mean and a concentration mean that can be detected
as statistically significant is 0.087 mg.  This represents a decrease in growth of 24% from the control.

1.11.1   If the data have not been transformed, the MSD (and the percent decrease from the control mean that it represents)
can be reported as is. 

1.11.2   In the case where the data have been transformed, the MSD would be in transformed units.  In this case carry out
the following conversion to determine the MSD in untransformed units. 

1.11.2.1   Subtract the MSD from the transformed control mean.  Call this difference D.  Next, obtain untransformed values
for the control mean and the difference, D. 

MSDu = controlu - Du 

Where:  MSDu = the minimum significant difference for untransformed data

Controlu = the untransformed control mean 

Du = the untransformed difference

1.11.2.2   Calculate the percent reduction from the control that MSDu represents as: 
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1.11.3   An example of a conversion of the MSD to untransformed units, when the arc sine square root transformation was
used on the data, follows: 
 
    Step 1. Subtract the MSD from the transformed control mean.  As an example, assume the data in Table C.1

were transformed by the arc sine square root transformation.  Thus: 
 
                0.677 - 0.162 = 0.515
 
    Step 2. Obtain untransformed values for the control mean (0.677) and the difference (0.515) obtained in Step

1 above. 
 
               [ Sine (0.677)]2  =  0.392

                [ Sine (0.515)]2  =  0.243
 
    Step 3. The untransformed MSD (MSDu) is determined by subtracting the untransformed values obtained in

Step 2. 
 

MSDu  =  0.392 - 0.243  =  0.149 
 
In this case, the MSD would represent a 38.0% decrease in survival from the control [(0.149/0.392)(100)]. 

2.  COMPUTER CALCULATIONS

2.1   This computer program incorporates two analyses:  an analysis of variance (ANOVA), and a multiple comparison of
treatment means with the control mean (Dunnett's Procedure).  The ANOVA is used to obtain the error value.  Dunnett's
Procedure indicates which toxicant concentration means (if any) are statistically different from the control mean at the 5%
level of significance.  The program also provides the minimum difference between the control and treatment means that
could be detected as statistically significant, and tests the validity of the homogeneity of variance assumption by Bartlett's
Test.  The multiple comparison is performed based on procedures described by Dunnett (1955).
 
2.2   The source code for the Dunnett's program is structured into a series of subroutines, controlled by a driver routine. 
Each subroutine has a specific function in the Dunnett's Procedure, such as data input, transforming the data, testing for
equality of variances, computing p values, and calculating the one-way analysis of variance. 

2.3   The program compares up to seven toxicant concentrations against the control, and can accommodate up to 50
replicates per concentration.

2.4   If the number of replicates at each toxicant concentration and control are not equal, a t test with Bonferroni's
adjustment is performed instead of Dunnett's Procedure (see Appendix D).

2.5   The program was written in IBM-PC FORTRAN by Computer Sciences Corporation, 26 W. Martin Luther King
Drive, Cincinnati, OH 45268.  A compiled executable version of the program can be obtained from EMSL-Cincinnati by
sending a written request to EMSL at 3411 Church Street, Cincinnati, OH  45244.
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2.6   DATA INPUT AND OUTPUT

2.6.1   Reproduction data from a daphnid, Ceriodaphnia dubia, survival and reproduction test (Table C.6) are used to
illustrate the data input and output for this program.

TABLE C.6. SAMPLE DATA FOR DUNNETT'S PROGRAM CERIODAPHNIA DUBIA
REPRODUCTION DATA

Effluent Concentration (%)

Replicate Control 1.56 3.12 6.25 12.5

1 27 32 39 27 10 
2 30 35 30 34 13 
3 29 32 33 36 7 
4 31 26 33 34 7 
5 16 18 36 31 7 
6 15 29 33 27 10 
7 18 27 33 33 10 
8 17 16 27 31 16 
9 14 35 38 33 12 

10 27 13 44 31 2 

2.6.2   Data Input

2.6.2.1   When the program is entered, the user is asked to select the type of data to be entered: 

1. Response proportions, like survival or fertilization proportions.
2. Counts and measurements, like offspring counts, cystocarp counts or weights.

2.6.2.2   After the type of data is chosen, the user has the following options: 

1. Create a data file
2. Edit a data file
3. Perform analysis on existing data set
4. Stop

2.6.2.3   When Option 1 (Create a data file) is selected for counts and measurements, the program prompts the user for the
following information:

1. Number of concentrations, including control 
2. For each concentration: 

- number of observations 
- data for each observation 

2.6.2.4   After the data have been entered, the user may save the file on a disk, and the program returns to the menu (see
below).

2.6.2.5   Sample data input is shown in Figure C.1.
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EMSL Cincinnati Dunnett Software
Version 1.5

1) Create a data file
2) Edit a data file
3) Perform ANOVA on existing data
4) Stop

Your choice ? 1

Number of groups, including control ? 5

Number of observations for group  1 ? 10

Enter the data for group  1 one observation at a time.

NO.  1?  27

NO.  2?  30

NO.  3?  29

NO.  4?  31

NO.  5?  16

NO.  6?  15

NO.  7?  18

NO.  8?  17

NO.  9?  14

NO. 10?  27

Number of observations for group  2  ?  10

Do you wish to save the data on disk  ?y

Disk file for output  ?  cerio

Figure C.1. Sample Data Input for Dunnett's Program for Reproduction Data from Table C.6.
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2.6.3   Program Output

2.6.3.1   When Option 3 (Perform analysis on existing data set) is selected from the menu, the user is asked to select the
transformation desired, and indicate whether they expect the means of the test groups to be less or greater than the mean for
the control group (see Figure C.2).

2.6.3.2   Summary statistics (Figure C.3) for the raw and transformed data, if applicable, the ANOVA table, results of
Bartlett's Test, the results of the multiple comparison procedure and the minimum detectable difference are included in the
program output.
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EMSL Cincinnati Dunnett Software
Version 1.5

1) Create a data file
2) Edit a data file
3) Perform analysis on existing data set
4) Stop

Your choice  ?  3

File name  ?  cerio

Available Transformations

1) no transform
2) square root
3) log10

Your choice ? 1

Dunnett's test as implemented in this program is
a one-sided test. You must specify the direction
the test is to be run; that is, do you expect the
means for the test groups to be less than or
greater than the mean for the control group mean.

Direction for Dunnett's test : L=less than, G=greater than ? L

Figure C.2. Example of Choosing Option 3 from the Menu of the Dunnett Program.            
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Ceriodaphnia Reproduction Data from Table C.6

Summary Statistics and ANOVA

                 Transformation =      None

   Group       n            Mean            s.d.            CV%

1 = control   10           22.4000         6.9314           30.9
    2         10           26.3000         8.0007           30.4
    3         10           34.6000         4.8351           14.0
    4         10           31.7000         2.9458            9.3
    5*        10            9.4000         3.8930           41.4

*) the mean for this group is significantly less than the control 
   mean at alpha = 0.05 (1-sided) by Dunnett's test

Minimum detectable difference for Dunnett's test = -5.628560
This difference corresponds to -25.13 percent of control

Between concentrations
Sum of squares = 3887.880000 with  4 degrees of freedom.

Error mean square = 31.853333 with 45 degrees of freedom.

Bartlett's test p-value for equality of variances = .029

Do you wish to restart the program ?

Figure C.3. Example of Program Output for the Dunnett's Program Using the Reproduction Data from Table C.6. 
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APPENDIX  D

T TEST WITH BONFERRONI'S ADJUSTMENT

1.   The t test with Bonferroni's adjustment is used as an alternative to Dunnett's Procedure when the number of replicates is
not the same for all concentrations.  This test sets an upper bound of alpha on the overall error rate, in contrast to Dunnett's
Procedure, for which the overall error rate is fixed at alpha.  Thus, Dunnett's Procedure is a more powerful test.

2.   The t test with Bonferroni's adjustment is based on the same assumptions of normality and homogeneity of variance as
Dunnett's Procedure (see Appendix B for testing these assumptions), and, like Dunnett's Procedure, uses a pooled estimate
of the variance, which is equal to the error value calculated in an analysis of variance.

3.   An example of the use of the t test with Bonferroni's adjustment is provided below.  The data used in the example are
the same as in Appendix C, except that the third replicate from the 256 μg/L concentration is presumed to have been lost. 
Thus, Dunnett's Procedure cannot be used.  The weight data are presented in Table D.1.

 TABLE D.1. FATHEAD MINNOW, PIMEPHALES PROMELAS, LARVAL GROWTH DATA
(WEIGHT IN MG) USED FOR THE T-TEST WITH BONFERRONI'S ADJUSTMENT

NaPCP Concentration (μg/L)

Replicate Control 32 64 128 256 

A 0.711 0.517 0.602 0.566 0.455 
B 0.662 0.501 0.669 0.612 0.502 
C 0.646 0.723 0.694 0.410 (LOST) 
D 0.690 0.560 0.676 0.672 0.254 

Mean( ) 0.677 0.575 0.660 0.565 0.404 Ȳ

Total(Ti) 2.709 2.301 2.641 2.260 1.211 

3.1   One way to obtain an estimate of the pooled variance is to construct an ANOVA table including all sums of squares,
using the following formulas:

Where: p = number of effluent concentrations including the control

N = the total sample size; N � �
i
ni

ni = the number of replicates for concentration i

     Total Sum of SquaresSST � �
ij

Yij
2�G 2/N
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SSB � �
i
Ti

2/ni�G 2/N

SST � �
ij

Yij
2�G 2/N

SSW � SST�SSB

     Between Sum of SquaresSSB � �
i
Ti

2/ni�G 2/N

     Within Sum of SquaresSSW � SST�SSB

Where:  G = The grand total of all sample observations; G � �P
i�1

Ti

                              
Ti = The total of the replicate measurements for concentration i 

            
         Yij = The jth observation for concentration i 

3.2   For the data in this example:

n1 = n2 = n 3 = n 4 = 4

T1 = Y11 + Y12 + Y 13 + Y 14 = 2.709
T2 = Y21 + Y22 + Y 23 + Y 24 = 2.301  
T3 = Y31 + Y32 + Y 33 + Y 34 = 2.641 
T4 = Y41 + Y42 + Y 43 + Y 44 = 2.260
T5 = Y51 + Y52 + Y 53 + Y 54 = 1.211
G = T1 + T2 + T3 + T 4 + T 5 = 11.122

         
= 6.668 - (11.122)2 /19 

= 0.158 

= 6.779 - (11.122)2/19 

= 0.269
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TABLE D.3.  COMPLETED ANOVA TABLE FOR THE T-TEST WITH BONFERRONI'S ADJUSTMENT

Source df SS Mean Square

Between 5 - 1 =  4 0.158 0.0395 

Within 19 - 5 = 14 0.111 0.0029 

Total 18 0.269

ti �
(Ȳ1� Ȳi)

Sw (1/n1)� (1/ni)

= 0.269 - 0.158 

= 0.111 

3.3   Summarize these data in the ANOVA table (Table D.2): 

          TABLE D.2.  ANOVA TABLE FOR BONFERRONI'S ADJUSTMENT

Source df Sum of Mean Square (MS)
Squares (SS) (SS/df)

 
Between p - 1 SSB SB

2 = SSB/(p-1)

Within N - p SSW SW
2 = SSW/(N-p)

Total N - 1 SST
 

3.4   Summarize these data in the ANOVA table (Table D.3):

3.5   To perform the individual comparisons, calculate the t statistic for each concentration and control combination, as
follows:

Where: = mean for each concentration Ȳi

= mean for the control Ȳ1

Sw = square root of the within mean square 
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n1 = number of replicates in the control. 

ni = number of replicates for concentration i. 

3.6  Table D.4 includes the calculated t values for each concentration and control combination.

TABLE D.4.  CALCULATED T VALUES

NaPCP 
Concentration i ti 

(μg/L) 

32 2 1.623
64 3 0.220 

128 4 1.782 
256 5 4.022 

3.7   Since the purpose of the test is only to detect a decrease in growth from the control, a one-sided test is appropriate. 
The critical value for the one-sided comparison (2.510), with an overall alpha level of 0.05, fourteen degrees of freedom
and four concentrations excluding the control, was obtained from Table D.5. The mean weight for concentration "i" is
considered significantly less than the mean weight for the control if ti is greater than the critical value.  Since t5 is greater
than 2.510, the 256 μg/L concentration has significantly lower growth than the control.  Hence the NOEC and LOEC for
growth are 128 μg/L and 256 μg/L, respectively.
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TABLE E.1. EXAMPLE OF STEEL'S MANY-ONE RANK TEST:  DATA FOR THE DAPHNID,
CERIODAPHNIA DUBIA, 7-DAY CHRONIC TEST

No.
Effluent Replicate Live

Concentration 1 2 3 4 5 6 7 8 9 10 Adults

 
Control 20 26 26 23 24 27 26 23 27 24 10

3% 13 15 14 13 23 26 0 25 26 27 9
6% 18 22 13 13 23 22 20 22 23 22 10

12% 14 22 20 23 20 23 25 24 25 21 10
25% 9 0 9 7 6 10 12 14 9 13 8
50% 0 0 0 0 0 0 0 0 0 0 0

APPENDIX  E

STEEL'S MANY-ONE RANK TEST

1.   Steel's Many-one Rank Test is a nonparametric test for comparing  treatments with a control.  This test is an alternative
to Dunnett's Procedure, and may be applied to data when the normality assumption has not been met.  Steel's Test requires
equal variances across the treatments and the control, but it is thought to be fairly insensitive to deviations from this
condition (Steel, 1959).  The tables for Steel's Test require an equal number of replicates at each concentration.  If this is not
the case, use Wilcoxon's Rank Sum Test, with Bonferroni's adjustment (see Appendix F).

2.   For an analysis using Steel's Test, for each control and concentration combination, combine the data and arrange the
observations in order of size from smallest to largest.  Assign the ranks to the ordered observations (1 to the smallest, 2 to
the next smallest, etc.).  If ties occur in the ranking, assign the average rank to the observation.  (Extensive ties would
invalidate this procedure).  The sum of the ranks within each concentration and within the control is then calculated.  To
determine if the response in a concentration is significantly different from the response in the control, the minimum rank
sum for each concentration and control combination is compared to the significant values of rank sums given later in this
section.  In this table, k equals the number of treatments excluding the control and n equals the number of replicates for
each concentration and the control.

3.   An example of the use of this test is provided below.  The test employs reproduction data from a Ceriodaphnia dubia
7-day, chronic test.  The data are listed in Table E.1.  Significant mortality was detected via Fisher's Exact Test in the 50%
effluent concentration.  The data for this concentration is not included in the reproduction analysis.

4.   For each control and concentration combination, combine the data and arrange the observations in order of size from
smallest to largest.  Assign ranks (1, 2, 3,..., 16) to the ordered observations (1 to the smallest, 2 to the next smallest, etc.). 
If ties occur in the ranking, assign the average rank to each tied observation. 

5.   An example of assigning ranks to the combined data for the control and 3% effluent concentration is given in Table E.2. 
This ranking procedure is repeated for each control and concentration combination.  The complete set of rankings is listed
in Table E.3.  The ranks are then summed for each effluent concentration, as shown in Table E.4.
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TABLE E.2. EXAMPLE OF STEEL'S MANY-ONE RANK TEST:  ASSIGNING 
RANKS TO THE CONTROL AND 3% EFFLUENT CONCENTRATION

Rank Number of Young Control or % Effluent
Produced

1 0 3
2.5 13 3
2.5 13 3
4 14 3
5 15 3
6 20 Control 
8 23 Control 
8 23 Control 
8 23 3 

10.5 24 Control 
10.5 24 Control 
12 25 3 
15 26 Control 
15 26 Control 
15 26 Control 
15 26 3 
15 26 3 
19 27 Control 
19 27 Control 
19 27 3 

 

TABLE E.3.  TABLE OF RANKS

Replicate Control1 Effluent Concentration (%)
(Organism) 3 6 12 25

1 20 (6,4.5,3,11) 13 (2.5) 18 (3) 14 (1) 9 (5)
2 26 (15,17,17,17) 15 (5) 22 (7.5) 22 (6) 0 (1)
3 26 (15,17,17,17) 14 (4) 13 (1.5) 20 (3) 9 (5)
4 23 (8,11.5,8.5,12.5) 13 (2.5) 13 (1.5) 23 (8.5) 7 (3)
5 24 (10.5,14.5,12,14.5) 23 (8) 23 (11.5) 20 (3) 6 (2)
6 27 (19,19.5,19.5,19.5) 26 (15) 22 (7.5) 23 (8.5) 10 (7)
7 26 (15,17,17,17) 0 (1) 20 (4.5) 25 (14.5) 12 (8)
8 23 (8,11.5,8.5,12.5) 25 (12) 22 (7.5) 24 (12) 14 (10)
9 27 (19,19.5,19.5,19.5) 26 (15) 23 (11.5) 25 (14.5) 9 (5)

10 24 (10.5,14.5,12,14.5) 27 (19) 22 (7.5) 21 (5) 13 (9)

1  Control ranks are given in the order of the concentration with which they were ranked.
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                         TABLE E.4.  RANK SUMS 
  ________________________________________________

Effluent Rank Sum 
Concentration 

(%) 
             ________________________________________________

3 84 
                     6 64 

12 76 
25 55 

             ________________________________________________

6.   For this set of data, determine if the reproduction in any of the effluent concentrations is significantly lower than the
reproduction by the control organisms.  If this occurs, the rank sum at that concentration would be significantly lower than
the rank sum of the control.  Thus, compare the rank sums for the reproduction of each of the various effluent
concentrations with some "minimum" or critical rank sum, at or below which the reproduction would be considered to be
significantly lower than the control.  At a probability level of 0.05, the critical rank in a test with four concentrations and ten
replicates is 76 (see Table E.5 , for R=4).

7.   Comparing the rank sums in Table E.4 to the appropriate critical rank, the 6%, 12% and 25% effluent concentrations are
found to be significantly different from the control.  Thus the NOEC and LOEC for reproduction are 3% and 6%,
respectively.
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TABLE E.5. SIGNIFICANT VALUES OF RANK SUMS: JOINT CONFIDENCE COEFFICIENTS OF
0.95 (UPPER) and 0.99 (LOWER) FOR ONE-SIDED ALTERNATIVES (Steel, 1959)

k = number of treatments (excluding control)

n 2 3 4 5 6 7 8 9

            
4 11 10 10 10 10 -- -- --

-- -- -- -- -- -- -- --
5 18 17 17 16 16 16 16 15

15 -- -- -- -- -- -- --
6 27 26 25 25 24 24 24 23

23 22 21 21 -- -- -- --
7 37 36 35 35 34 34 33 33

32 31 30 30 29 29 29 29
8 49 48 47 46 46 45 45 44

43 42 41 40 40 40 39 39
9 63 62 61 60 59 59 58 58

56 55 54 53 52 52 51 51
10 79 77 76 75 74 74 73 72

71 69 68 67 66 66 65 65
11 97 95 93 92 91 90 90 89

87 85 84 83 82 81 81 80
12 116 114 112 111 110 109 108 108

105 103 102 100 99 99 98 98
13 138 135 133 132 130 129 129 128

125 123 121 120 119 118 117 117
14 161 158 155 154 153 152 151 150

147 144 142 141 140 139 138 137
15 186 182 180 178 177 176 175 174

170 167 165 164 162 161 160 160
16 213 209 206 204 203 201 200 199

196 192 190 188 187 186 185 184
17 241 237 234 232 231 229 228 227

223 219 217 215 213 212 211 210
18 272 267 264 262 260 259 257 256

252 248 245 243 241 240 239 238
19 304 299 296 294 292 290 288 287

282 278 275 273 272 270 268 267
20 339 333 330 327 325 323 322 320

315 310 307 305 303 301 300 299
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APPENDIX  F

WILCOXON RANK SUM TEST

1.   Wilcoxon's Rank Sum Test is a nonparametric test, to be used as an alternative to Steel's Many-one Rank Test when the
number of replicates are not the same at each concentration.  A Bonferroni's adjustment of the pairwise error rate for
comparison of each concentration versus the control is used to set an upper bound of alpha on the overall error rate, in
contrast to Steel's Many-one Rank Test, for which the overall error rate is fixed at alpha.  Thus, Steel's Test is a more
powerful test.

2.   An example of the use of the Wilcoxon Rank Sum Test is provided in Table F.1.  The data used in the example are the
same as in Appendix E, except that two males are presumed to have occurred, one in the control and one in the 12%
effluent concentration.  Thus, there is unequal replication for the reproduction analysis.

3.   For each concentration and control combination, combine the data and arrange the values in order of size, from smallest
to largest.  Assign ranks to the ordered observations (a rank of 1 to the smallest, 2 to the next smallest, etc.).  If ties in rank
occur, assign the average rank to each tied observation. 

TABLE F.1. EXAMPLE OF WILCOXON'S RANK SUM TEST:  DATA FOR THE DAPHNID,
CERIODAPHNIA DUBIA, 7-DAY CHRONIC TEST

No.
Effluent Replicate Live

Concentration 1 2 3 4 5 6 7 8 9 10 Adults

Cont M 26 26 23 24 27 26 23 27 24 10
3% 13 15 14 13 23 26 0 25 26 27 9
6% 18 22 13 13 23 22 20 22 23 22 10

12% 14 22 20 23 M 23 25 24 25 21 10
25% 9 0 9 7 6 10 12 14 9 13 8
50% 0 0 0 0 0 0 0 0 0 0 0

4.   An example of assigning ranks to the combined data for the control and 3% effluent concentration is given in Table F.2. 
This ranking procedure is repeated for each of the three remaining control versus test concentration combinations.  The
complete set of ranks is listed in Table F.3.  The ranks are then summed for each effluent concentration, as shown in
Table F.4.

5.   For this set of data, determine if the reproduction in any of the effluent concentrations is significantly lower than the
reproduction by the control organisms.  If this occurs, the rank sum at that concentration would be significantly lower than
the rank sum for the control.  Thus, compare the rank sums for the reproduction of each of the various effluent
concentrations with some "minimum" or critical rank sum, at or below which the reproduction would be considered to be
significantly lower than the control.  At a probability level of 0.05, the critical rank in a test with four concentrations and
nine replicates in the control is 72 for those concentrations with ten replicates, and 60 for those concentrations with nine
replicates (see Table F.5, for K = 4).

6.   Comparing the rank sums in Table F.4 to the appropriate critical rank, the 6%, 12% and 25% effluent concentrations are
found to be significantly different from the control.  Thus, the NOEC and LOEC for reproduction are 3% and 6%,
respectively.
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TABLE F.2. EXAMPLE OF WILCOXON'S RANK SUM TEST:  ASSIGNING 
RANKS TO THE CONTROL AND EFFLUENT CONCENTRATIONS 

 
Rank Number of Young Control or % Effluent 

Produced 

 
1 0 3
2.5 13 3
2.5 13 3
4 14 3
5 15 3
7 23 Control 
7 23 Control 
7 23 3
9.5 24 Control
9.5 24 Control
11 25 3
14 26 Control
14 26 Control
14 26 Control
14 26 3
14 26 3
18 27 Control
18 27 Control
18 27 3

 

RB-AR26301



293

TABLE F.3.  TABLE OF RANKS

Replicate Control1 Effluent Concentration (%)
(Organism) 3 6 12 25 

1 M 13 (2.5) 18 (3) 14 (1) 9 (5)
2 26 (14,16,15,16) 15 (5) 22 (6.5) 22 (4) 0 (1)
3 26 (14,16,15,16) 14 (4) 13 (1.5) 20 (2) 9 (5)
4 23 (7,10.5,6.5,11.5) 13 (2.5) 13 (1.5) 23 (6.5) 7 (3)
5 24 (9.5,13.5,10,13.5) 23 (7) 23 (10.5) M 6 (2)
6 27 (18,18.5,17.5,18.5) 26 (14) 22 (6.5) 23 (6.5) 10 (7)
7 26 (14,16,15,16) 0 (1) 20 (4) 25 (12.5) 12 (8)
8 23 (7,10.5,6.5,11.5) 25 (11) 22 (6.5) 24 (10) 14 (10)
9 27 (18,18.5,17.5,18.5) 26 (14) 23 (10.5) 25 (12.5) 9 (5)

10 24 (9.5,13.5,10,13.5) 27 (18) 22 (6.5) 21 (3) 13 (9)

1  Control ranks are given in the order of the concentration with which they were ranked.

TABLE F.4.  RANK SUMS 

Effluent Rank Sum No. of Critical 
Concentration Replicates Rank Sum 

3 79 10 72 
6 57 10 72 

12 58 9 60 
25 55 10 72 
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH BONFERRONI'S
ADJUSTMENT OF ERROR RATE FOR COMPARISON OF "K" TREATMENTS VERSUS
A CONTROL FIVE PERCENT CRITICAL LEVEL (ONE-SIDED ALTERNATIVE:
TREATMENT CONTROL)

 
K No. Replicates No. of Replicates Per Effluent Concentration

in Control 
3 4 5 6 7 8 9 10 

 
1 3 6 10 16 23 30 39 49 59

4 6 11 17 24 32 41 51 62
5 7 12 19 26 34 44 54 66
6 8 13 20 28 36 46 57 69
7 8 14 21 29 39 49 60 72
8 9 15 23 31 41 51 63 72
9 10 16 24 33 43 54 66 79

10 10 17 26 35 45 56 69 82

 
2 3 -- -- 15 22 29 38 47 58

4 -- 10 16 23 31 40 49 60
5 6 11 17 24 33 42 52 63
6 7 12 18 26 34 44 55 66
7 7 13 20 27 36 46 57 69
8 8 14 21 29 38 49 60 72
9 8 14 22 31 40 51 62 75

10 9 15 23 32 42 53 65 78

 
3 3 -- -- -- 21 29 37 46 57

4 -- 10 16 22 30 39 48 59
5 -- 11 17 24 32 41 51 62
6 6 11 18 25 33 43 53 65
7 7 12 19 26 35 45 56 68
8 7 13 20 28 37 47 58 70
9 7 13 21 29 39 49 61 73

10 8 14 22 31 41 51 63 76
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH
BONFERRONI'S ADJUSTMENT OF ERROR RATE FOR COMPARISON OF "K"
TREATMENTS VERSUS A CONTROL FIVE PERCENT CRITICAL LEVEL
(ONE-SIDED ALTERNATIVE:  TREATMENT CONTROL) (CONTINUED)

K No. Replicates No. of Replicates Per Effluent Concentration
in Control 

3 4 5 6 7 8 9 10

4 3 -- -- -- 21 28 37 46 56
4 -- -- 15 22 30 38 48 59
5 -- 10 16 23 31 40 50 61
6 6 11 17 24 33 42 52 64
7 6 12 18 26 34 44 55 67
8 7 12 19 27 36 46 57 69
9 7 13 20 28 38 48 60 72

10 7 14 21 30 40 50 62 75

5 3 -- -- -- -- 28 36 46 56
4 -- -- 15 22 29 38 48 58
5 -- 10 16 23 31 40 50 61
6 -- 11 17 24 32 42 52 63
7 6 11 18 25 34 43 54 66
8 6 12 19 27 35 45 56 68
9 7 13 20 28 37 47 59 71

10 7 13 21 29 39 49 61 74

6 3 -- -- -- -- 28 36 45 56
4 -- -- 15 21 29 38 47 58
5 -- 10 16 22 30 39 49 60
6 -- 11 16 24 32 41 51 63
7 6 11 17 25 33 43 54 65
8 6 12 18 26 35 45 56 68
9 6 12 19 27 37 47 58 70

10 7 13 20 29 38 49 60 73

7 3 -- -- -- -- -- 36 45 56
4 -- -- -- 21 29 37 47 58
5 -- -- 15 22 30 39 49 60
6 -- 10 16 23 32 41 51 62
7 -- 11 17 25 33 43 53 65
8 6 11 18 26 35 44 55 67
9 6 12 19 27 36 46 58 70

10 7 13 20 28 38 48 60 72
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH
BONFERRONI'S ADJUSTMENT OF ERROR RATE FOR COMPARISON OF
"K" TREATMENTS VERSUS A CONTROL FIVE PERCENT CRITICAL
LEVEL (ONE-SIDED ALTERNATIVE:  TREATMENT CONTROL)
(CONTINUED)

K No. Replicates No. of Replicate Per Effluent Concentration
in Control 

3 4 5 6 7 8 9 10 

8 3 -- -- -- -- -- 36 45 55 
4 -- -- -- 21 29 37 47 57 
5 -- -- 15 22 30 39 49 59 
6 -- 10 16 23 31 40 51 62 
7 -- 11 17 24 33 42 53 64 
8 6 11 18 25 34 44 55 67 
9 6 12 19 27 36 46 57 69 

10 6 12 19 28 37 48 59 72 

 
9 3 -- -- -- -- -- -- 45 55 

4 -- -- -- 21 28 37 46 57 
5 -- -- 15 22 30 39 48 59 
6 -- 10 16 23 31 40 50 62 
7 -- 10 17 24 33 42 52 64 
8 -- 11 18 25 34 44 55 66 
9 6 11 18 26 35 46 57 69 

10 6 12 19 28 37 47 59 71 

 
10 3 -- -- -- -- -- -- 45 55 

4 -- -- -- 21 28 37 46 57 
5 -- -- 15 22 29 38 48 59 
6 -- 10 16 23 31 40 50 61 
7 -- 10 16 24 32 42 52 64 
8 -- 11 17 25 34 43 54 66 
9 6 11 18 26 35 45 56 68 

10 6 12 19 27 37 47 58 71 
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APPENDIX  G

FISHER'S EXACT TEST

1.   Fisher's Exact Test (Finney, 1948; Pearson and Hartley, 1962) is a statistical method based on the
hypergeometric probability distribution that can be used to test if the proportion of successes is the same in two
Bernoulli (binomial) populations.  When used with the Ceriodaphnia dubia data, it provides a conservative test of
the equality of any two survival proportions assuming only the independence of responses from a Bernoulli
population.  Additionally, since it is a conservative test, a pair-wise comparison error rate of 0.05 is suggested rather
that an experiment-wise error rate.

2.   The basis for Fisher's Exact Test is a 2×2 contingency table.  However, in order to use this table the contingency
table must be arranged in the format shown in Table G.1.  From the 2×2 table, set up for the control and the
concentration you wish to compare, you can determine statistical significance by looking up a value in the table
provided later in this section. 

TABLE G.1.  FORMAT FOR CONTINGENCY TABLE

Number of
Number of

Successes Failures Observations

Row 1 a A - a A 

Row 2 b B - b B 

Total a + b [(A + B) - a - b] A + B 

3.   Arrange the table so that the total number of observations for row one is greater than or equal to the total for row
two (A � B).  Categorize a success such that the proportion of successes for row one is greater than or equal to the
proportion of successes for row two (a/A � b/B).  For the Ceriodaphnia dubia survival data, a success may be 'alive'
or 'dead', whichever causes a/A � b/B.  The test is then conducted by looking up a value in the table of significance
levels of b and comparing it to the b value given in the contingency table.  The table of significance levels of b is
Table G.5.  Enter Table G.5 in the section for A, subsection for B, and the line for a.  If the b value of the
contingency table is equal to or less than the integer in the column headed 0.05 in Table G.5, then the survival
proportion for the effluent concentration is significantly different from the survival proportion for the control.  A
dash or absence of entry in Table G.5 indicates that no contingency table in that class is significant. 

4.   To illustrate Fisher's Exact Test, a set of survival data (Table G.2) from the daphnid, Ceriodaphnia dubia,
survival and reproduction test will be used. 

5.   For each control and effluent concentration construct a 2x2 contingency table.

6.   For the control and effluent concentration of 1% the appropriate contingency table for the test is given in
Table G.3.
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TABLE G.2. EXAMPLE OF FISHER'S EXACT TEST: CERIODAPHNIA DUBIA MORTALITY DATA 

Effluent
Concentration (%) No. Dead Total1

Control 1 9
 

1 0 10
 

3 0 10
 

6 0 10
 

12 0 10
 

25 10 10

1  Total number of live adults at the beginning of the test. 

 7.   Since 10/10 > 8/9, the category 'alive' is regarded as a success.  For A = 10, B = 9 and, a = 10, under the column
headed 0.05, the value from Table G.5 is b = 5.  Since the value of b (b = 8) from the contingency table (Table G.3),
is greater than the value of b (b = 5) from Table G.5, the test concludes that the proportion of survival is not
significantly different for the control and 1% effluent.

8.   The contingency tables for the combinations of control and effluent concentrations of 3%, 6%, 12% are identical
to Table G.3.  The conclusion of no significant difference in the proportion of survival for the control and the level
of effluent would also remain the same.

9.   For the combination of control and 25% effluent, the contingency table would be constructed as Table G.4.  The
category 'dead' is regarded as a success, since 10/10 > 1/9.  The b value (b = 1) from the contingency table
(Table G.4) is less than the b value (b = 5) from the table of significance levels of b (Table G.5).  Thus, the percent
mortality for 25% effluent is significantly greater than the percent mortality for the control.  Thus, the NOEC and
LOEC for survival are 12% and 25%, respectively.

TABLE G.3.  2×2 CONTINGENCY TABLE FOR CONTROL AND 1% EFFLUENT

Number of
Number of 

Alive Dead Observations 
  

1% Effluent 10 0 10

Control 8 1 9

Total 18 1 19
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Table G.4.  2x2 CONTINGENCY TABLE FOR CONTROL AND 25% EFFLUENT 

Number of
Number of

Dead Alive Observations
    

25% Effluent 10 0 10 

Control 1 8 9 

Total 11 8 19 
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         TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND
CORRESPONDING PROBABILITIES (SMALL TYPE)1 

� �0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=8 8  4 -038  3 -013  2 -003  2 -003

A=3 B=3 3 0 -050     —— 7  2 -020  2 -020  1 -005
+  0 -001

 6  1 -020  1 -020  0 -003  0 -003

5  0 -013  0 -013     

A=4 B=4 4  1 -014  1 -014   ——   —— 4  0 -038       

      3 4  0 -029   ——   ——   ——       7 8  3 -026  2 -007  2 -007  1 -001

7  2 -035
-  1 -009  1 -009  0 -001

A=5 B=5 5  1 -024  1 -024  0 -004  0 -004 6  1 -032  0 -006  0 -006   

      4  0 -024  1 -024   ——   —— 5  0 -019  0 -019     

      4 5  1 -048  0 -008  0 -008   ——       6 8  2 -015
-  2 -015

-  1 -003  1 -003

      4  0 -040   ——   ——   —— 7  1 -016  1 -016  0 -002  0 -002

      3 5  0 -018  0 -018   ——   —— 6  0 -009  0 -009  0 -009   

      2 5  0 -048   ——   ——   —— 5  0 -028   ——   ——   

      5 8  2 -035
-  1 -007  1 -007  0 -001

7  1 -032  0 -005
-  0 -005

-  0 -005
-

A=6 B=6 6  2 -030  1 -008  1 -008  0 -001 6  0 -016  0 -016   ——   

5  1 -040  0 -008  0 -008   —— 5  0 -044   ——   ——   

      4  0 -030   ——   ——   ——       4 8  1 -018  1 -018  0 -002  0 -002

      5 6  1 -015
+  0 -015

+  0 -002  0 -002 7  0 -010
+  0 -010

+   ——  

5  0 -013  0 -013   ——   —— 6  0 -030   ——   ——  

4  0 -045
+   ——   ——   ——       3 8  0 -006  0 -006  0 -006  

      4 6  1 -033  0 -005
-  0 -005

-  0 -005
- 7  0 -024  0 -024   ——  

 5  0 -024  0 -024   ——   ——       2 8  0 -022  0 -022   ——  

      3 6  0 -012  0 -012   ——   —— A=9 9  5 -041  4 -015
-  3 -005

-  3 -005
-

5  0 -048   ——   ——   —— 8  3 -025
-  3 -025

-  2 -008  1 -002

      2 6  0 -036   ——   ——   —— 7  2 -028  1 -008  1 -008  0 -001

6  1 -025
-  1 -025

-  0 -005
-  0 -005

-

A=7 B=7 7  3 -035
-  2 -010

+  1 -002  1 -002 5  0 -015
-  0 -015

-   ——  

6  1 -015
-  1 -015

-  0 -002  0 -002 4  0 -041   ——   ——  

5  1 -010
+  0 -010

+   ——   ——       8 9  4 -029  3 -009  3 -009  2 -002

4  0 -035-   ——   ——   —— 8  3 -043  2 -013  1 -003  1 -003

      6 7  2 -021  2 -021  1 -005
-  1 -005

- 7  2 -044  1 -012  0 -002  0 -002

6  1 -025
+  0 -004  0 -004  0 -004 6  1 -036  0 -007  0 -007  

5  0 -016  0 -016   ——   —— 5  0 -020  0 -020   ——  

4  0 -049   ——   ——   ——       7 9  3 -019  3 -019  2 -005  2 -005
-

      5 7  2 -045
+  1 -010

+  0 -001  0 -001 8  2 -024  2 -024  1 -006  0 -001

6  1 -045
+  0 -008  0 -008   —— 7  1 -020  1 -020  0 -003  0 -003

5  0 -027   ——   ——   —— 6  0 -010
+  0 -010

+   ——  

      7  1 -024  1 -024   ——  0 -003 5  0 -029   ——   ——  

6  0 -015
+  0 -015

+  0 -003   ——       6 9  3 -044  2 -011  1 -002  1 -002

5  0 -045
+   ——   ——   —— 8  2 -047  1 -011  0 -001  0 -001

7  0 -008  0 -008  0 -008   —— 7  1 -035
-  0 -006  0 -006  

6  0 -033   ——   ——   —— 6  0 -017  0 -017   ——  

7  0 -028   ——   ——   —— 5  0 -042   ——   ——  

1
The table shows:(1) In bold type, for given a, A and B, the value of b ([a) which is just significant at the probability level
quoted (one-tailed test); and (2) In small type, for given A, B and r = a + b, the exact probability (if there is independence) that
b is equal to or less than the integer shown in bold type.  From Pearson and Hartley (1962). 
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TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND CORRESPONDING
PROBABILITIES (SMALL TYPE)1 (CONTINUED) 

�
Probability

�
Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=9 B=5 9  2 -027  1 -005
-  1 -005

-  1 -005
- A=10 B=4 10  1 -011  1 -011  0 -001  0 -001

8  1 -023  1 -023  0 -003  0 -003 9  1 -041  0 -005
-  0 -005

-  0 -005
-

7  0 -  0 -010
+   ——   —— 8  0 -  0 -015

-   ——   ——

6  0 -028   ——   ——   —— 7  0 -   ——   ——   ——

      4 9  1 -014  1 -014  0 -001  0 -001        3 10  1 -038  0 -003  0 -003  0 -003

8  0 -007  0 -007  0 -007   —— 9  0 -014  0 -014   ——   ——

7  0 -021  0 -021   ——   —— 8  0 -   ——   ——   ——

6  0 -049   ——  0 -005   ——        2 10  0 -  0 -015
+   ——   ——

      3 9  1 -  0 -005
-  0 -005

-  0 -005
- 9  0 -   ——   ——   ——

8  0 -018  0 -018   ——   ——

7  0 -   ——   ——   ——

      2 9  0 -018  0 -018   ——   —— A=11 B=11 11  7 -  6 -018  5 -006  4 -002

10  5 -032  4 -012  3 -004  3 -004

9  4 -040  3 -015
-  2 -004  2 -004

A=10 B=10 10  6 -043  5 -016  4 -005
+  3 -002 8  3 -043  2 -015

-  1 -004  1 -004

9  4 -029  3 -010
-  3 -010  2 -003 7  2 -040  1 -012  0 -002  0 -002

8  3 -  2 -012  1 -003  1 -003 6  1 -032  0 -006  0 -006   ——

7  2 -  1 -010
-  1 -010

-  0 -002 5  0 -018  0 -018   ——   ——

6  1 -029  0 -005
+  0 -005

+   —— 4  0 -   ——   ——   ——

5  0 -016  0 -016   ——   ——        10 11  6 -  5 -012  4 -004  4 -004

4  0 -043   ——   ——   —— 10  4 -021  4 -021  3 -007  2 -002

        9 10  5 -033  4 -011  3 -003  3 -003 9  3 -024  3 -024  2 -007  1 -002

9  4 -  3 -017  2 -005
-  2 -005

- 8  2 -023  2 -023  1 -006  0 -001

8  2 -019  2 -019  1 -004  1 -004 7  1 -017  1 -017  0 -003  0 -003

7  1 -  1 -015
-  0 -002  0 -002 6  1 -043  0 -009  0 -009   ——

6  1 -040  0 -008  0 -008   —— 5  0 -023  0 -023   ——   ——

5  0 -022  0 -022   ——   ——         9 11  5 -026  4 -008  4 -008  3 -002

        8 10  4 -023  4 -023  3 -007  2 -002 10  4 -038  3 -012  2 -003  2 -003

9  3 -032  2 -009  2 -009  1 -002 9  3 -040  2 -012  1 -003  1 -003

8  2 -031  1 -008  1 -008  0 -001 8  2 -  1 -009  1 -009  0 -001

7  1 -023  1 -023  0 -004  0 -004 7  1 -  1 -025
-  0 -004  0 -004

6  0 -011  0 -011   ——   —— 6  0 -012  0 -012   ——   ——

5  0 -029   ——   ——   —— 5  0 -030   ——   ——   ——

        7 10  3 -  3 -015
-  2 -003  2 -003         8 11  4 -018  4 -018  3 -005

-  3 -005
-

9  2 -018  2 -018  1 -004  1 -004 10  3 -024  3 -024  2 -006  1 -001

8  1 -013  1 -013  0 -002  0 -002 9  2 -022  2 -022  1 -005
-  1 -005

-

7  1 -036  0 -006  0 -006   —— 8  1 -  1 -015
-  0 -002  0 -002

6  0 -017  0 -017   ——   —— 7  1 -037  0 -007  0 -007   ——

5  0 -041   ——   ——   —— 6  0 -017  0 -017   ——   ——

        6 10  3 -036  2 -008  2 -008  1 -001 5  0 -040   ——   ——   ——

9  2 -036  1 -008  1 -008  0 -001         7 11  4 -043  3 -011  2 -002  2 -002

8  1 -024  1 -024  0 -003  0 -003 10  3 -047  2 -013  1 002  1 -002

7  0 -  0 -010
+   ——   —— 9  2 -039  1 -009  1 -009  0 -001

6  0 -026   ——   ——   —— 8  1 -  1 -025
-  0 -004  0 -004

        5 10  2 -022  2 -022  1 -004  1 -004 7  0 -  0 -010
+   ——   ——

9  1 -017  1 -017  0 -002  0 -002 6  0 -  0 -025
-   ——   ——

8  1 -  0 -007  0 -007   ——         6 11  3 -  2 006  2 -006  1 -001

7  0 -  0 -019   ——   —— 10  2 -  1 -005
+  1 -005

+  0 -001

6  0 -   ——   ——   —— 9  1 -  1 -018  0 -002  0 -002
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TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND CORRESPONDING
PROBABILITIES (SMALL TYPE)1 (CONTINUED) 

 � Probability � Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=11 B=6 8  1 -043  0 -007  0 -007   —— A=12 B=9 7  1 -037  0 -007  0 -007   ——

7  0 -017  0 -017   ——   —— 6  0 -017  0 -017   ——   ——

6  0 -037   ——   ——   —— 5  0 -039   ——   ——   ——

       5 11  2 -018  2 -018  1 -003  1 -003         8 12  5 -049  4 -014  3 -004  3 -004

10  1 -013  1 -013  0 -001  0 -001 11  3 -018  3 -018  2 -004  2 -004

9  1 -036  0 -005
-  0 -005

-  0 -005
- 10  2 -015

+  2 -015
+  1 -003  1 -003

8  0 -013  0 -013   ——   —— 9  2 -040  1 -010
-  1 -010

-  0 -001

7  0 -029   ——   ——   —— 8  1 -025
-  1 -025

-  0 -004  0 -004

       4 11  1 -009  1 -009  1 -009  0 -001 7  0 -010
+  0 -010

+   ——   ——

10  1 -033  0 -004  0 -004  0 -004 6  0 -024  0 -024   ——   ——

9  0 -011  0 -011   ——   ——         7 12  4 -036  3 -009  3 -009  2 -002

8  0 -026   ——   ——   —— 11  3 -038  2 -010
-  2 -010

-  1 -002

       3 11  1 -033  0 -003  0 -003  0 -003 10  2 -029  1 -006  1 -006  0 -001

10  0 -011  0 -011   ——   —— 9  1 -017  1 -017  0 -002  0 -002

9  0 -027   ——   ——   —— 8  1 -040  0 -007  0 -007   ——

       2 11  0 -013  0 -013   ——   —— 7  0 -016  0 -016   ——   ——

10  0 -038   ——   ——   —— 6  0 -034   ——   ——   ——

        6 12  3 -025
-  3 -025

-  2 -005
-  2 -005

-

11  2 -022  2 -022  1 -004  1 -004

A=12 B=12 12  8 -047  7 -019  6 -007  5 -002 10  1 -013  1 -013  0 -002  0 -002

11  6 -034  5 -014  4 -005
-  4 -005

- 9  1 -032  0 -005
-  0 -005

-  0 -005
-

10  5 -045
-  4 -018  3 -006  2 -002 8  0 -011  0 -011   ——   ——

9  4 -050
-  3 -020  2 -006  1 -001 7  0 -025

-  0 -025
-   ——   ——

8  3 -050
-  2 -018  1 -005

-  1 -005
- 6  0 -050

-   ——   ——   ——

7  2 -045
-  1 -014  0 -002  0 -002         5 12  2 -015

-  2 -015  1 -002  1 -002

6  1 -034  0 -007  0 -007   —— 11  1 -010
-  1 -010

-  1 -010
-  0 -001

5  0 -019  0 -019   ——   —— 10  1 -028  0 -003  0 -003  0 -003

4  0 -047   ——   ——   —— 9  0 -009  0 -009  0 -009   ——

       11 12  7 -037  6 -014  5 -005
-  5 -005

- 8  0 -020  0 -020   ——   ——

11  5 -024  5 -024  4 -008  3 -002 7  0 -041   ——   ——   ——

10  4 -029  3 -010
+  2 -003  2 -003         4 12  2 -050  1 -007  1 -007  0 -001

9  3 -030  2 -009  2 -009  1 -002 11  1 -027  0 -003  0 -003  0 -003

8  2 -026  1 -007  1 -007  0 -001 10  0 -008  0 -008  0 -008   ——

7  1 -019  1 -019  0 -003  0 -003 9  0 -019  0 -019   ——   ——

6  1 -045
-  0 -009  0 -009   —— 8  0 -038   ——   ——   ——

5  0 -024  0 -024   ——   ——         3 12  1 -029  0 -002  0 -002  0 -002

      10 12  6 -029  5 -010  5 -010
-  4 -003 11  0 -009  0 -009  0 -009   ——

11  5 -043  4 -015
+  3 -005

-  3 -005
- 10  0 -022  0 -022   ——   ——

10  4 -048  3 -017  2 -005
-  2 -005

- 9  0 -044   ——   ——   ——

9  3 -046  2 -015
-  1 -004  1 -004         2 12  0 -011  0 -011   ——   ——

8  2 -038  1 -010
+  0 -002  0 -002 11  0 -033   ——   ——   ——

7  1 -026  0 -005
-  0 -005

-  0 -005-

6  0 -012  0 -012   ——   ——

5  0 -030   ——   ——   —— A=13 B=13 13  9 -048  8 -020  7 -007  6 -003

       9 12  5 -021  5 -021  4 -006  3 -002 12  7 -037  6 -015
+  5 -006  4 -002

11  4 -029  3 -009  3 -009  2 -002 11  6 -048  5 -021  4 -008  3 -002

10  3 -029  2 -008  2 -008  1 -002 10  4 -024  4 -024  3 -008  2 -002

9  2 -024  2 -024  1 -006  0 -001 9  3 -024  3 -024  2 -008  1 -002

8  1 -016  1 -016  0 -002  0 -002 8  2 -021  2 -021  1 -006  0 -001
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TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND CORRESPONDING
PROBABILITIES (SMALL TYPE)1   (CONTINUED) 

�
Probability

�
Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=13 B=13 7 2 -048 1 -015+  0 -003  0 -003 A=13 B=7 11  2 -022  2 -022  1 -004  1 -004

6 1 -037 0 -007  0 -007   —— 10  1 -012  1 -012  0 -002  0 -002

5 0 -020 0 -020   ——   —— 9  1 -029  0 -004  0 -004  0 -004

4 0 -048    ——   —— 8  0 -010+  0 -010+   ——   ——

       12 1 8 -039 7 -015-  6 -005+  5 -002 7  0 -022  0 -022   ——   ——

1 6 -027 5 -010-  5 -010-  4 -003 6  0 -044   ——   ——   ——

1 5 -033 4 -013  3 -004  3 -004         6 13  3 -021  3 -021  2 -004  2 -004

1 4 -036 3 -013  2 -004  2 -004 12  2 -017  2 -017  1 -003  1 -003

9 3 -034 2 -011  1 -003  1 -003 11  2 -046  1 -010-  1 -010-  0 -001

8 2 -029 1 -008  1 -008  0 -001 10  1 -024  1 -024  0 -003  0 -003

7 1 -020 1 -020  0 -004  0 -004 9  1 -050-  0 -008  0 -008   ——

6 1 -046 0 -010-  0 -010-   —— 8  0 -017  0 -017   ——   ——

5 0 -024 0 -024   ——   —— 7  0 -034   ——   ——   ——

       11 1 7 -031 6 -011  5 -003  5 -003         5 13  2 -012  2 -012  1 -002  1 -002

1 6 -048 5 -018  4 -006  3 -002 12  2 -044  1 -008  1 -008  0 -001

1 4 -021 4 -021  3 -007  2 -002 11  1 -022  1 -022  0 -002  0 -002

1 3 -021 3 -021  2 -006  1 -001 10  1 -047  0 -007  0 -007   ——

9 3 -050- 2 -017  1 -004  1 -004 9  0 -015-  0 -015-   ——   ——

8 2 -040 1 -011  0 -002  0 -002 8  0 -029   ——   ——   ——

7 1 -027 0 -005-  0 -005-  0 -005-         4 13  2 -044  1 -006  1 -006  0 -000

6 0 -013 0 -013   ——   —— 12  1 -022  1 -022  0 -002  0 -002

0 -030    ——   —— 11  0 -006  0 -006  0 -006   ——

       10 1 6 -024 6 -024  5 -007  4 -002 10  0 -015-  0 -015-   ——   ——

1 5 -035- 4 -012  3 -003  3 -003 9  0 -029   ——   ——   ——

1 4 -037 3 -012  2 -003  2 -003         3 13  1 -025  1 -025  0 -002  0 -002

1 3 -033 2 -010+  1 -002  1 -002 12  0 -007  0 -007  0 -007   ——

9 2 -026 1 -006  1 -006  0 -001 11  0 -018  0 -018   ——   ——

8 1 -017 1 -017  0 -003  0 -003 10  0 -036   ——   ——   ——

7 1 -038 0 -007  0 -007   ——         2 13  0 -010-  0 -010-  0 -010-   ——

6 0 -017 0 -017   ——   —— 12  0 -029   ——   ——   ——

        5 0 -038    ——   ——

        9 1 5 -017 5 -017  4 -005-  4 -005-

1 4 -023 4 -023  3 -007  2 -001 A=14 14  10 -049  9 -020  8 -008  7 -003

1 3 -022 3 -022  2 -006  1 -001 13  8 -038  7 -016  6 -006  5 -002

1 2 -017 2 -017  1 -004  1 -004 12  6 -023  6 -023  5 -009  4 -003

9 2 -040 1 -010+  0 -001  0 -001 11  5 -027  4 -011  3 -004  3 -004

8 1 -025- 1 -025-  0 -004  0 -004 10  4 -028  3 -011  2 -003  2 -003

7 0'-010+ 0 -010+   ——   —— 9  3 -027  2 -009  2 -009  1 -002

6 0 -023 0 -023   ——   —— 8  2 -023  2 -023  1 -006  0 -001

5 0 -049    ——   —— 7  1 -016  1 -016  0 -003  0 -003

        8 1 5 -042 4 -012  3 -003  3 -003 6  1 -038  0 -008  0 -008   ——

1 4 -047 3 -014  2 -003  2 -003 5  0 -020  0 -020   ——   ——

1 3 -041 2 -011  1 -002  1 -002 4  0 -049   ——   ——   ——

1 2 -029 1 -007  1 -007  0 -001        13 14  9 -041  8 -016  7 -006  6 -002

9 1 -017 1 -017  0 -002  0 -002 13  7 -029  6 -011  5 -004  5 -004

8 1 -037 0 -006  0 -006   —— 12  6 -037  5 -015+  4 -005+  3 -002

7 0 -015- 0 -015-   ——   —— 11  5 -041  4 -017  3 -006  2 -001

6 0 -032    ——   —— 10  4 -041  3 -016  2 -005-  2 -005-

        7 1 4 -031 3 -007  3 -007  2 -001 9  3 -038  2 -013  1 -003  1 -003

1 3 -031 2 -007  2 -007  1 -001 8  2 -031  1 -009  1 -009  0 -001
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  TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND CORRESPONDING
PROBABILITIES (SMALL TYPE)1  (CONTINUED) 

�
Probability

�
Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=14 7  1 -021  1 -021  0 -004  0 -004 A=14 B=7 14  4 -026  3 -006  3 -006  2 -001

6  1 -048  0 -010+   ——   —— 13  3 -025  2 -006  2 -006  1 -001

5  0 -025-  0 -025-   ——   —— 12  2 -017  2 -017  1 -003  1 -003

       12 1  8 -033  7 -012  6 -004  6 -004 11  2 -041  1 -009  1 -009  0 -001

1  6 -021  6 -021  5 -007  4 -002 10  1 -021  1 -021  0 -003  0 -003

1  5 -025+  4 -009  4 -009  3 -003 9  1 -043  0 -007  0 -007   ——

1  4 -026  3 -009  3 -009  2 -002 8  0 -015-  0 -015-   ——   ——

1  3 -024  3 -024  2 -007  1 -002 7  0 -030   ——   ——   ——

9  2 -019  2 -019  1 -005-  1 -005-         6 14  3 -018  3 -018  2 -003  2 -003

8  2 -042  1 -012  0 -002  0 -002 13  2 -014  2 -014  1 -002  1 -002

7  1 -028  0 -005+  0 -005+   —— 12  2 -037  1 -007  1 -007  0 -001

6  0 -013  0 -013   ——   —— 11  1 -018  1 -018  0 -002  0 -002

5  0 -030   ——   ——   —— 10  1 -038  0 -005+  0 -005+   ——

       11 1  7 -026  6 -009  6 -009  5 -003 9  0 -012  0 -012   ——   ——

1  6 -039  5 -014  4 -004  4 -004 8  0 -024  0 -024   ——   ——

1  5 -043  4 -016  3 -005-  3 -005- 7  0 -044   ——   ——   ——

1  4 -042  3 -015-  2 -004  2 -004         5 14  2 -010+  2 -010+  1 -001  1 -001

1  3 -036  2 -011  1 -003  1 -003 13  2 -037  1 -006  1 -006  0 -001

9  2 -027  1 -007  1 -007  0 -001 12  1 -017  1 -017  0 -002  0 -002

8  1 -017  1 -017  0 -003  0 -003 11  1 -038  0 -005-  0 -005-  0 -005-

7  1 -038  0 -007  0 -007   —— 10  0 -011  0 -011   ——   ——

6  0 -017  0 -017   ——   —— 9  0 -022  0 -022   ——   ——

5  0 -038   ——   ——   —— 8  0 -040   ——   ——   ——

       10 1  6 -020  6 -020  5 -006  4 -002         4 14  2 -039  1 -005-  1 -005-  1 -005-

1  5 -028  4 -009  4 -009  3 -002 13  1 -019  1 -019  0 -002  0 -002

1  4 -028  3 -009  3 -009  2 -002 12  1 -044  0 -005-  0 -005-  0 -005-

1  3 -024  3 -024  2 -007  1 -001 11  0 -011  0 -011   ——   ——

1  2 -018  2 -018  1 -004  1 -004 10  0 -023  0 -023   ——   ——

9  2 -040  1 -011  0 -002  0 -002 9  0 -041   ——   ——   ——

8  1 -024  1 -024  0 -004  0 -004         3 14  1 -022  1 -022  0 -001  0 -001

7  0 -010-  0 -010-  0 -010-   —— 13  0 -006  0 -006  0 -006   ——

6  0 -022  0 -022   ——   —— 12  0 -015-  0 -015-   ——   ——

5  0 -047   ——   ——   —— 11  0 -029   ——   ——   ——

        9 1  6 -047  5 -014  4 -004  4 -004         2 14  0 -008  0 -008  0 -008   ——

1  4 -018  4 -018  3 -005-  3 -005- 13  0 -025  0 -025   ——   ——

1  3 -017  3 -017  2 -004  2 -004 12  0 -050   ——   ——   ——

1  3 -042  2 -012  1 -002  1 -002

1  2 -029  1 -007  1 -007  0 -001

9  1 -017  1 -017  0 -002  0 -002

8  1 -036  0 -006  0 -006   —— A=15 B=15 15  11 -050-  10 -021  9 -008  8 -003

7  0 -014  0 -014   ——   —— 14   9 -040   8 -018  7 -007  6 -003

6  0 -030   ——   ——   —— 13   7 -025+   6 -010+  5 -004  5 -004

        8 1  5 -036  4 -010-  4 -010-  3 -002 12   6 -030   5 -013  4 -005-  4 -005-

1  4 -039  3 -011  2 -002  2 -002 11   5 -033   4 -013  3 -005-  3 -005-

1  3 -032  2 -008  2 -008  1 -001 10   4 -033   3 -013  2 -004  2 -004

1  2 -022  2 -022  1 -005-  1 -005- 9   3 -030   2 -010+  1 -003  1 -003

1  2 -048  1 -012  0 -002  0 -002 8   2 -025+   1 -007  1 -007  0 -001

9  1 -026  0 -004  0 -004  0 -004 7   1 -018   1 -018  0 -003  0 -003

8  0 -009  0 -009  0 -009   —— 6   1 -040   0 -008  0 -008   ——

7  0 -020  0 -020   ——   —— 5   0 -021   0 -012   ——   ——

6  0 -040   ——   ——   —— 4   0 -050-   ——   ——   ——
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       TABLE G.5. SIGNIFICANT LEVELS OF B: VALUES OF B (LARGE TYPE) AND
CORRESPONDING PROBABILITIES (SMALL TYPE)1 (CONTINUED) 

�
Probability

�
Probability

0-05 0-025 0-01 0-005 0-05 0-025 0-01 0-005

A=15 B=14 15 10 -042  9 -017  8 -006  7 -002 A=15 B=9 13  4 -042  3 -013  2 -003  2 -003

14  8 -031  7 -013  6 -005-  6 -005- 12  3 -032  2 -009  2 -009  1 -002

13  7 -041  6 -017  5 -007  4 -002 11  2 -021  2 -021  1 -005-  1 -005-
12  6 -046  5 -020  4 -007  3 -002 10  2 -045-  1 -011  0 -002  0 -002

11  5 -048  4 -020  3 -007  2 -002 9  1 -024  1 -024  0 -004  0 -004

10  4 -046  3 -018  2 -006  1 -001 8  1 -048  0 -009  0 -009   ——
9  3 -041  2 -014  1 -004  1 -004 7  0 -019  0 -019   ——   ——
8  2 -033  1 -009  1 -009  0 -001 6  0 -037   ——   ——   ——
7  1 -022  1 -022  0 -004  0 -004        8 15  5 -032  4 -008  4 -008  3 -002

6  1 -049  0 -011   ——   —— 14  4 -033  3 -009  3 -009  2 -002

5  0 -025+   ——   ——   —— 13  3 -026  2 -006  2 -006  1 -001

       13 15  9 -035-  8 -013  7 -005-  7 -005- 12  2 -017  2 -017  1 -003  1 -003

14  7 -023  7 -023  6 -009  5 -003 11  2 -037  1 -008  1 -008  0 -001

13  6 -029  5 -011  4 -004  4 -004 10  1 -019  1 -019  0 -003  0 -003

12  5 -031  4 -012  3 -004  3 -004 9  1 -038  0 -006  0 -006   ——
11  4 -030  3 -011  2 -003  2 -003 8  0 -013  0 -013   ——   ——
10  3 -026  2 -008  2 -008  1 -002 7  0 -026   ——   ——   ——
9  2 -020  2 -020  1 -005+  0 -001 6  0 -050-   ——   ——   ——
8  2 -043  1 -013  0 -002  0 -002        7 15  4 -023  4 -023  3 -005-  3 -005-
7  1 -029  0 -005+  0 -005+   —— 14  3 -021  3 -021  2 -004  2 -004

6  0 -013  0 -013   ——   —— 13  2 -014  2 -014  1 -002  1 -002

5  0 -031   ——   ——   —— 12  2 -032  1 -007  1 -007  0 -001

       12 15  8 -028  7 -010-  7 -010-  6 -003 11  1 -015+  1 -015+  0 -002  0 -002

14  7 -043  6 -016  5 -006  4 -002 10  1 -032  0 -005-  0 -005-  0 -005-
13  6 -049  5 -019  4 -007  3 -002 9  0 -010+  0 -010+   ——   ——
12  5 -049  4 -019  3 -006  2 -002 8  0 -020  0 -020   ——   ——
11  4 -045+  3 -017  2 -005-  2 -005- 7  0 -038   ——   ——   ——
10  3 -038  2 -012  1 -003  1 -003        6 15  3 -015+  3 -015+  2 -003  2 -003

9  2 -028  1 -007  1 -007  0 -001 14  2 -011  2 -011  1 -002  1 -002

8  1 -018  1 -018  0 -003  0 -003 13  2 -031  1 -006  1 -006  0 -001

7  1 -038  0 -007  0 -007   —— 12  1 -014  1 -014  0 -002  0 -002

6  0 -017  0 -017   ——   —— 11  1 -029  0 -004  0 -004  0 -004

5  0 -037   ——   ——   —— 10  0 -009  0 -009  0 -009   ——
       11 15  7 -022  7 -022  6 -007  5 -002 9  0 -017  0 -017   ——   ——

14  6 -032  5 -011  4 -003  4 -003 8  0 -032   ——   ——   ——
13  5 -034  4 -012  3 -003  3 -003        5 15  2 -009  2 -009  2 -009  1 -001

12  4 -032  3 -010+  2 -003  2 -003 14  2 -032  1 -005-  1 -005-  1 -005-
11  3 -026  2 -008  2 -008  1 002 13  1 -014  1 -014  0 -001  0 -001

10  2 -019  2 -019  1 -004  1 -004 12  1 -031  0 -004  0 -004  0 -004

9  2 -040  1 -011  0 -002  0 -002 11  0 -008  0 -008  0 -008   ——
8  1 -024  1 -024  0 -004  0 -004 10  0 -016  0 -016   ——   ——
7  1 -049  0 -010-  0 -010-   —— 9  0 -030   ——   ——   ——
6  0 -022  0 -022   ——   ——        4 15  2 -035+  1 -004  1 -004  1 -004

5  0 -046   ——   ——   —— 14  1 -016  1 -016  0 -001  0 -001

       10 15  6 -017  6 -017  5 -005-  5 -005- 13  1 -037  0 -004  0 -004  0 -004

14  5 -023  5 -023  4 -007  3 -002 12  0 -009  0 -009  0 -009   ——
13  4 -022  4 -022  3 -007  2 -001 11  0 -018  0 -018   ——   ——

12  3 -018  3 -018  2 -005-  2 -005- 10  0 -033   ——   ——   ——
11  3 -042  2 -013  1 -003  1 -003        3 15  1 -020  1 -020  0 -001  0 -001

10  2 -029  1 -007  1 -007  0 -001 14  0 -005-  0 -005-  0 -005-  0 -005-
9  1 -016  0 -016  0 -002  0 -002 13  0 -012  0 -012   ——   ——
8  1 -034  0 -006  0 -006   —— 12  0 -025-  0 -025-   ——   ——
7  0 -013  1 -013   ——   —— 11  0 -043   ——   ——   ——
6  0 -028   ——   ——   ——        2 15  0 -007  0 -007  0 -007   ——

        9 15  6 -042  5 -012  4 -003  4 -003 14  0 -022  0 -022   ——   ——
14  5 -047  4 -015-  3 -004  3 -004 13  0 -044   ——   ——   ——
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F �
S1

2

S2
2

 where S1
2 > S2

2

TABLE H.1. CERIODAPHNIA DUBIA REPRODUCTION DATA FROM AN EFFLUENT SCREENING
TEST

Replicate
1 2 3 4 5 6 7 8 9 10 �X S2 

Control 36 38 35 35 28 41 37 33 . . 35.4 14.5
100% Effluent 23 14 21 7 12 17 23 8 18 . 15.9 36.6

F �
36.61

14.55

  APPENDIX  H

SINGLE CONCENTRATION TOXICITY TEST - COMPARISON OF CONTROL

WITH 100% EFFLUENT OR RECEIVING WATER

1.   To statistically compare a control with one concentration, such as 100% effluent or the instream waste
concentration, a t-test is the recommended analysis.  The t-test is based on the assumptions that the observations are
independent and normally distributed and that the variances of the observations are equal between the two groups.

2.   Shapiro Wilk's test may be used to test the normality assumption (see Appendix B for details).  If the data do not
meet the normality assumption, the nonparametric test, Wilcoxon's Rank Sum Test, may be used to analyze the data. 
An example of this test is given in Appendix F.  Since a control and one concentration are being compared, the K =
1 section of Table F.5 contains the needed critical values.

3.   The F test for equality of variances is used to test the homogeneity of variance assumption.  When conducting
the F test, the alternative hypothesis of interest is that the variances are not equal.

4.   To make the two-tailed F test at the 0.01 level of significance, put the larger of the two variances in the
numerator of  F.

5.   Compare F with the 0.005 level of a tabled F value with n1 - 1 and n 2 - 1 degrees of freedom, where n1 and n2

are the number of replicates for each of the two groups. 

6.   A set of Ceriodaphnia dubia reproduction data from an effluent screening test will be used to illustrate the F
test.  The raw data, mean and variance for the control and 100% effluent are given in Table H.1.

7.   Since the variability of the 100% effluent is greater than the variability of the control, S2 for the 100% effluent
concentration is placed in the numerator of the F statistic and S2 for the control is placed in the denominator.

8.   There are 9 replicates for the effluent concentration and 8 replicates for the control.  Thus, the numerator
degrees of freedom is 8 and the denominator degrees of freedom is 7.  For a two-tailed test at the 0.01 level of
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t �
Ȳ1�Ȳ2

Sp
1

n1

�
1

n2

Sp �
(n1�1)S1

2�(n2�1)S 2
2

n1�n2�2

t �
35.4�15.9

5.13
1

8
�

1

9

� 7.82

Sp �
(8�1)14.5�(9�1)36.6

(8�9�2)
� 5.13

significance, the critical F value is obtained from a table of the F distribution (Snedecor and Cochran, 1980).  The
critical F value for this test is 8.68.  Since 2.52 is not greater than 8.68, the conclusion is that the variances of the
control and 100% effluent are homogeneous. 

9.   EQUAL VARIANCE T-TEST

9.1   To perform the t-test, calculate the following test statistic: 

Where:   = Mean for the control Ȳ1

  =  Mean for the effluent concentration Ȳ2

S1
2 = Estimate of the variance for the control 

S2
2 = Estimate of the variance for the effluent concentration

n1 = Number of replicates for the control 

n2 = Number of replicates for the effluent concentration 

9.2   Since we are usually concerned with a decreased response from the control, such as a decrease in survival or a
decrease in reproduction, a one-tailed test is appropriate.  Thus, compare the calculated t with a critical t, where the
critical t is at the 5% level of significance with n1 + n2 - 2 degrees of freedom.  If the calculated t exceeds the critical
t, the mean responses are declared different.

9.3   Using the data from Table H.1 to illustrate the t-test, the calculation of t is as follows:

Where:
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t �
Ȳ1�Ȳ2

S 2
1

n1

�
S 2

2

n2

df � �
(n1�1) (n2�1)

(n2�1) C 2�(1�C)2(n1�1)

C �

S 2
1

n1

S 2
1

n1

�
S 2

2

n2

9.4   For an 0.05 level of significance test with 15 degrees of freedom the critical t is 1.754 (Note:  Table D.5 for K
= 1 includes the critical t values for comparing two groups).  Since 7.82 is greater than 1.754, the conclusion is that
the reproduction in the 100% effluent concentration is significantly lower than the control reproduction.

10.   UNEQUAL VARIANCE T-TEST 

10.1   If the F test for equality of variance fails, the t-test is still a valid test.  However, the denominator of the t statistic
is adjusted as follows:

Where:  =  Mean for the control Ȳ1

 =  Mean for the effluent concentration Ȳ2

S1
2  =  Estimate of the variance for the control  

S2
2  =  Estimate of the variance for the effluent concentration 

n1  =  Number of replicates for the control 

n2  =  Number of replicates for the effluent concentration 

10.2 Additionally, the degrees of freedom for the test are adjusted using the following formula: 

Where: 

10.3   The modified degrees of freedom is usually not an integer.  Common practice is to round down to the nearest
integer.

10.4   The t-test is then conducted as the equal variance t-test.  The calculated t is compared to the critical t at the
0.05 significance level with the modified degrees of freedom.  If the calculated t exceeds the critical t, the mean
responses are found to be statistically different.
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APPENDIX  I

PROBIT ANALYSIS

1.   This program calculates the EC1 and EC50 (or LC1 and LC50), and the associated 95% confidence intervals. 

2.   The program is written in IBM PC Basic for the IBM compatible PC by Computer Sciences Corporation, 26 W.
Martin Luther King Drive, Cincinnati, OH 45268.  A compiled, executable version of the program can be obtained
from EMSL-Cincinnati by sending a written request to EMSL at 3411 Church Street, Cincinnati, OH  45244.

2.1   Data input is illustrated by a set of total mortality data (Figure I.1) from a fathead minnow embryo-larval
survival and teratogenicity test.  The program requests the following input:

1. Desired output of abbreviated (A) or full (F) output?  (Note: only abbreviated output is shown below.)
2. Output designation (P = printer, D = disk file). 
3. Title for the output.
4. The number of exposure concentrations.
5. Toxicant concentration data.

 
2.2   The program output for the abbreviated output includes the following: 
 

1. A table of the observed proportion responding and the proportion responding adjusted for the controls
(see Figure I.2).

2. The calculated chi-square statistic for heterogeneity and the tabular value.  This test is one indicator of
how well the data fit the model.  The program will issue a warning when the test indicates that the data
do not fit the model.

3. Estimated LC1 and LC50 values and associated 95% confidence intervals (see Figure I.2).
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USEPA PROBIT ANALYSIS PROGRAM
USED FOR CALCULATING LC/EC VALUES

Version 1.5

Do you wish abbreviated (A) or full (F) input/output? A
Output to printer (P) or disk file (D)? P
Title ? Example of Probit Analysis

Number responding in the control group = ? 2
Number of animals exposed in the concurrent control group = ? 20
Number of exposure concentrations, exclusive of controls ? 5

Input data starting with the lowest exposure concentration

Concentration = ? 0.5
Number responding = ? 2
Number exposed = ? 20

Concentration = ? 1.0
Number responding = ? 1
Number exposed = ? 20

Concentration = ? 2.0
Number responding = ? 4
Number exposed = ? 20

Concentration = ? 4.0
Number responding = ? 16
Number exposed = ? 20

Concentration = ? 8.0
Number responding = ? 20
Number exposed = ? 20

Number     Number
    Number Conc. Resp. Exposed

1 0.5000 2 20  
2 1.0000 1 20
3 2.0000 4 20
4 4.0000 16 20
5 8.0000 20 20

Do you wish to modify your data ? N

The number of control animals which responded =  2
The number of control animals exposed  =  20
Do you wish to modify these values ? N

Figure I.1.  Sample Data Input for USEPA Probit Analysis program, Version 1.5.
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Example of Probit Analysis
 

Proportion 
Observed Responding

Number Number Proportion Adjusted for
Conc. Exposed Resp. Responding Controls  

 
Control 20 2 0.1000 0.0000
0.5000 20 2 0.1000 0.0174
1.0000 20 1 0.0500 -.0372
2.0000 20 4 0.2000 0.1265
4.0000 20 16 0.8000 0.7816
8.0000 20 20 1.0000 1.0000

 
 
Chi - Square for Heterogeneity (calculated)    =    0.441
Chi - Square for Heterogeneity 
        (tabular value at 0.05 level)          =    7.815
 

 
Example of Probit Analysis
 
      Estimated LC/EC Values and Confidence Limits
 

Exposure Lower Upper
Point Conc. 95% Confidence Limits
 
LC/EC  1.00 1.346 0.453 1.922
LC/EC 50.00 3.018 2.268 3.672

Figure  I.2. USEPA Probit Analysis Program Used for Calculating LC/EC Values, Version 1.5.
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APPENDIX  J

SPEARMAN-KARBER METHOD

1.   The Spearman-Karber Method is a nonparametric statistical procedure for estimating the LC50 and the
associated 95% confidence interval (Finney, 1978).  The Spearman-Karber Method estimates the mean of the
distribution of the log10 of the tolerance.  If the log tolerance distribution is symmetric, this estimate of the mean is
equivalent to an estimate of the median of the log tolerance distribution.

2.   If the response proportions are not monotonically non-decreasing with increasing concentration (constant or
steadily increasing with concentration), the data must be smoothed.  Abbott's procedure is used to "adjust" the
concentration response proportions for mortality occurring in the control replicates.

3.   Use of the Spearman-Karber Method is recommended when partial mortalities occur in the test solutions, but the
data do not fit the Probit model.

4.   To calculate the LC50 using the Spearman-Karber Method, the following must be true:  1) the smoothed
adjusted proportion mortality for the lowest effluent concentration (not including the control) must be zero, and 2)
the smoothed adjusted proportion mortality for the highest effluent concentration must be one.

5.   To calculate the 95% confidence interval for the LC50 estimate, one or more of the smoothed adjusted
proportion mortalities must be between zero and one.

6.   The Spearman-Karber Method is illustrated below using a set of mortality data from a Fathead Minnow Larval
Survival and Growth test.  These data are listed in Table J.1.

TABLE J.1. EXAMPLE OF SPEARMAN-KARBER METHOD:  MORTALITY DATA FROM A
FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST (40 ORGANISMS
PER CONCENTRATION)

    
Effluent Number of Mortality

Concentration Mortalities Proportion
    

Control 2 0.05
6.25% 2 0.05 

12.5% 0 0.00 
25.0% 0 0.00
50.0% 26 0.65

100.0% 40 1.00 
    

7.   Let p0, p1, ..., pk denote the observed response proportion mortalities for the control and k effluent
concentrations.  The first step is to smooth the pi if they do not satisfy p0 � p1 � ... � pk.  The smoothing process
replaces any adjacent pi's that do not conform to p0 � p1 � ... � pk with their average.  For example, if pi is less than
pi-1 then:
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p s
i�1 � p s

i �
(pi�pi�1)

2

Where:  pi
s   = the smoothed observed proportion mortality for effluent concentration i.

7.1   For the data in this example, because the observed mortality proportions for the control and the 6.25% effluent
concentration are greater than the observed response proportions for the 12.5% and 25.0% effluent concentrations,
the responses for these four groups must be averaged:

p s
0 � p s

1 � p s
2 � p s

3 �
0.05�0.05�0.00�0.00

4
�

0.10

4
� 0.025

7.2   Since p4 = 0.65 is larger than p3
s, set p4

s = 0.65.  Similarly, p5 = 1.00 is larger than p4
s, so set p5

s = 1.00. 
Additional smoothing is not necessary.  The smoothed observed proportion mortalities are shown in Table J.2.

8.   Adjust the smoothed observed proportion mortality in each effluent concentration for mortality in the control
group using Abbott's formula (Finney, 1971).  The adjustment takes the form:
 
Where: pi

a = (pi
s - p0

s) / (1 - p0
s)

p0
s = the smoothed observed proportion mortality for the control

pi
s = the smoothed observed proportion mortality for effluent concentration i.

8.1 For the data in this example, the data for each effluent concentration must be adjusted for control mortality
using Abbott's formula, as follows:

p a
0 � p a

1 � p a
2 � p a

3 �
p s

1 �p s
0

1�p s
0

�
0.025�0.025

1�0.025
�

0.0

0.975
� 0.0

p a
4 �

p s
4 �p s

0

1�p s
0

�
0.650�0.025

1�0.025
�

0.0625

0.975
�0.641

p a
5 �

p s
5 �p s

0

1�p s
0

�
1.000�0.025

1�0.025
�

0.975

0.975
� 1.000

The smoothed, adjusted response proportions for the effluent concentrations are shown in Table J.2.  A plot of the
smoothed, adjusted data is shown in Figure J.1.

9.   Calculate the log10 of the estimated LC50, m, as follows:

m� �k�1

i�1

(p a
i�1)(xi�xi�1)

2

Where: pi
a =  the smoothed adjusted proportion mortality at concentration i

Xi = the log10 of concentration i

k =  the number of effluent concentrations tested, not including the control.
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9.1   For this example, the log10 of the estimated LC50, m, is calculated as follows:

      m = [(0.000 - 0.000) (0.7959 + 1.0969)]/2 +
[(0.000 - 0.000) (1.0969 + 1.3979)]/2 +
[(0.641 - 0.000) (1.3979 + 1.6990)]/2 +
[(1.000 - 0.641) (1.6990 + 2.0000)]/2

= 1.656527 

 TABLE J.2. EXAMPLE OF SPEARMAN-KARBER METHOD:  SMOOTHED, ADJUSTED
MORTALITY DATA FROM A FATHEAD MINNOW LARVAL SURVIVAL AND
GROWTH TEST

   
Smoothed,

Smoothed Adjusted
Effluent Mortality Mortality Mortality

Concentration Proportion Proportion Proportion
   

Control 0.05 0.025 0.000
6.25% 0.05 0.025 0.000

12.5% 0.00 0.025 0.000
25.0% 0.00 0.025 0.000
50.0% 0.65 0.650 0.641

100.0% 1.00 1.000 1.000
   

10. Calculate the estimated variance of m as follows:

V(m) � �k�1

i�2

p a
i (1�p a

i )(Xi�1�Xi�1)
2

4(ni�1)

Where: Xi = the log10 of concentration i

ni = the number of organisms tested at effluent concentration i   
      

pi
a = the smoothed adjusted observed proportion mortality at effluent concentration i

k  = the number of effluent concentrations tested, not including the control.

10.1 For this example, the estimated variance of m, V(m), is calculated as follows:

      V(m) = (0.000)(1.000)(1.3979 - 0.7959)2/4(39) +
(0.000)(1.000)(1.6990 - 1.0969)2/4(39) +
(0.641)(0.359)(2.0000 - 1.3979)2/4(39)

= 0.00053477
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1.656527±2 0.00053477 � (1.610277, 1.702777)

11.    Calculate the 95% confidence interval for m:  m±2.0 V(m)

11.1   For this example, the 95% confidence interval for m is calculated as follows:

12.   The estimated LC50 and a 95% confidence interval for the estimated LC50 can be found by taking base10

antilogs of the above values.

12.1   For this example, the estimated LC50 is calculated as follows:

LC50 = antilog(m) = antilog(1.656527) = 45.3%.

12.2   The limits of the 95% confidence interval for the estimated LC50 are calculated by taking the antilogs of the
upper and lower limits of the 95% confidence interval for m as follows:

lower limit:   antilog(1.610277) = 40.8%

upper limit:   antilog(1.702777) = 50.4%
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APPENDIX  K

TRIMMED SPEARMAN-KARBER METHOD

1.   The Trimmed Spearman-Karber Method is a modification of the Spearman-Karber Method, a nonparametric
statistical procedure for estimating the LC50 and the associated 95% confidence interval (Hamilton et al, 1977). 
Appendix  The Trimmed Spearman-Karber Method estimates the trimmed mean of the distribution of the log10 of the
tolerance.  If the log tolerance distribution is symmetric, this estimate of the trimmed mean is equivalent to an
estimate of the median of the log tolerance distribution.

2.   If the response proportions are not monotonically non-decreasing with increasing concentration (constant or
steadily increasing with concentration), the data must be smoothed.  Abbott's procedure is used to "adjust" the
concentration response proportions for mortality occurring in the control replicates.

3.   Use of the Trimmed Spearman-Karber Analysis is recommended only when the requirements for the Probit
Method and the Spearman-Karber Method are not met.

4.   To calculate the LC50 using the Trimmed Spearman-Karber Method, the smoothed, adjusted, observed
proportion mortalities must bracket 0.5.

5.   To calculate the 95% confidence interval for the LC50 estimate, one or more of the smoothed, adjusted, observed
proportion mortalities must be between zero and one.

6.   Let p 0, p 1, ..., p k denote the observed proportion mortalities for the control and the k effluent concentrations. 
The first step is to smooth the pi if they do not satisfy p 0 � p 1 � ... � p k.  The smoothing process replaces any
adjacent pi's that do not conform to p 0 � p 1 � ... � p k, with their average.  For example, if pi is less than pi-1 then:

Where: pi
s
-1 = pi

s = (pi + pi-1)/2

pi
s = the smoothed observed proportion mortality for effluent concentration i.

7.   Adjust the smoothed observed proportion mortality in each effluent concentration for mortality in the control
group using Abbott's formula (Finney, 1971).  The adjustment takes the form:

Where: pi
a = (pi

s - p0
s) / (1 - p0

s)

p0
s = the smoothed observed proportion mortality for the control

pi
s = the smoothed observed proportion mortality for effluent concentration i.

8.   Calculate the amount of trim to use in the estimation of the LC50 as follows:

Where: Trim = max(p1
a, 1-pk

a)

p1
a = the smoothed, adjusted proportion mortality for the lowest effluent concentration, exclusive of

the control

pk
a = the smoothed, adjusted proportion mortality for the highest effluent concentration

k = the number of effluent concentrations, exclusive of the control.

The minimum trim should be calculated for each data set rather than using a fixed amount of trim for each data set.
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9.   Due to the intensive nature of the calculation for the estimated LC50 and the calculation of the associated 95%
confidence interval using the Trimmed Spearman-Karber Method, it is recommended that the data be analyzed by
computer.

10.   A computer program which estimates the LC50 and associated 95% confidence interval using the Trimmed
Spearman-Karber Method, can be obtained from EMSL-Cincinnati by sending a written request to EMSL, 3411
Church Street, Cincinnati, OH  45244.

11.   The Trimmed Spearman-Karber program automatically performs the following functions:

a. Smoothing.
b. Adjustment for mortality in the control.
c. Calculation of the necessary trim.
d. Calculation of the LC50.
e. Calculation of the associated 95% confidence interval.

12.   To illustrate the Trimmed Spearman-Karber method using the Trimmed Spearman-Karber computer program, a
set of data from a Fathead Minnow Larval Survival and Growth test will be used.  The data are listed in Table K.1.

TABLE K.1. EXAMPLE OF TRIMMED SPEARMAN-KARBER METHOD:  MORTALITY DATA
FROM A FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST 
(40 ORGANISMS PER CONCENTRATION)

   
Effluent Number of Mortality

Concentration Mortalities Proportion
%   

Control 2 0.05
6.25 0 0.00 

12.5 2 0.05 
25.0 0 0.00
50.0 0 0.00

100.0 32 0.80 
   

12.1   The program requests the following input (Figure K.1):

a.  Output destination (D = disk file, P = printer).
 b.  Control data.

c.  Data for each toxicant concentration.

12.2 The program output includes the following (Figure K.2):

a.  A table of the concentrations tested, number of organisms exposed, and mortalities.
b.  The amount of trim used in the calculation.
c.  The estimated LC50 and the associated 95% confidence interval.
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A:>spearman                                                              

 TRIMMED SPEARMAN-KARBER METHOD.  VERSION 1.5 
                                  
ENTER DATE OF TEST:                                                            
1
ENTER TEST NUMBER:                                                            
2
WHAT IS TO BE ESTIMATED?
(ENTER "L" FOR LC50 AND "E" FOR EC50)                         
 L                                                 
ENTER TEST SPECIES NAME:  
Fathead minnow
ENTER TOXICANT  NAME:                                          
Effluent                                                          
ENTER UNITS FOR EXPOSURE CONCENTRATION OF TOXICANT:
%
ENTER THE NUMBER OF INDIVIDUALS IN THE CONTROL:                               
 40                                                     
ENTER THE NUMBER OF MORTALITIES IN THE CONTROL:                                
2                                                      
ENTER THE NUMBER OF CONCENTRATIONS                                 
(NOT INCLUDING THE CONTROL;  MAX = 10):                                        
5                                                      
ENTER THE  5 EXPOSURE CONCENTRATIONS (IN INCREASING ORDER):                    
6.25  12.5  25  50  100
ARE THE NUMBER OF INDIVIDUALS AT EACH EXPOSURE CONCENTRATION EQUAL(Y/N)?
y                                                
ENTER THE NUMBER OF INDIVIDUALS AT EACH EXPOSURE CONCENTRATION: 40                           
                         
ENTER UNITS FOR DURATION OF EXPERIMENT                             
(ENTER "H" FOR HOURS, "D" FOR DAYS, ETC.):                                     
Days                                           
ENTER DURATION OF TEST:                                                        
7                                                     
ENTER THE NUMBER OF MORTALITIES AT EACH EXPOSURE CONCENTRATION:  0 2 0 0 32              
                             
WOULD YOU LIKE THE AUTOMATIC TRIM CALCULATION(Y/N)?                           
 y                                                                              

Figure K.1.  Example input for Trimmed Spearman-Karber Method.
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TRIMMED SPEARMAN-KARBER METHOD.  VERSION 1.5       
 
 
 
 

DATE:   1 TEST NUMBER: 2 DURATION:    7 Days     
TOXICANT:  effluent                                       
SPECIES:   fathead minnow

 
RAW DATA:  Concentration Number Mortalities 
 --- ----   (%) Exposed 

.00 40 2 
6.25 40 0

12.50 40 2
25.00 40 0
50.00 40 0

100.00 40 32

SPEARMAN-KARBER TRIM: 20.41% 
 

SPEARMAN-KARBER ESTIMATES: LC50: 77.28 
95% CONFIDENCE LIMITS  
ARE NOT RELIABLE. 

 
NOTE:  MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 
ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION. 

Figure K.2.  Example output for Trimmed Spearman-Karber Method.
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p s
0 � p s

1 � p s
2 � p s

3 �
0.05�0.00�0.00�0.00

4
�

0.05

4
� 0.0125

APPENDIX  L

GRAPHICAL METHOD

1.   The Graphical Method is used to calculate the LC50.  It is a mathematical procedure which estimates the LC50
by linearly interpolating between points of a plot of observed percent mortality versus the base 10 logarithm (log10)
of percent effluent concentration.  This method does not provide a confidence interval for the LC50 estimate and its
use is only recommended when there are no partial mortalities.  The only requirement for the Graphical Method is
that the observed percent mortalities bracket 50%.

2.   For an analysis using the Graphical Method the data must first be smoothed and adjusted for mortality in the
control replicates.  The procedure for smoothing and adjusting the data is detailed in the following steps.

3.   The Graphical Method is illustrated below using a set of mortality data from an Fathead Minnow Larval Survival
and Growth test.  These data are listed in Table L.1.

TABLE L.1. EXAMPLE OF GRAPHICAL METHOD:  MORTALITY DATA FROM A FATHEAD
MINNOW LARVAL SURVIVAL AND GROWTH TEST (40 ORGANISMS PER
CONCENTRATION)

      
Effluent Number of Mortality

Concentration Mortalities Proportion
%      

Control 2 0.05
6.25 0 0.00 

12.5 0 0.00 
25.0 0 0.00
50.0 40 1.00

100.0 40 1.00 
      

4.   Let p 0, p 1, ..., p k denote the observed proportion mortalities for the control and the k effluent concentrations. 
The first step is to smooth the p i if they do not satisfy p 0 � p 1 � ... � pk.  The smoothing process replaces any
adjacent pi's that do not conform to p 0 � p 1 � ... � p k with their average.  For example, if pi is less than pi-1 then:

p s
i�1 � p s

i � (pi�pi�1)/2

Where:  pi
s   = the smoothed observed proportion mortality for effluent concentration i.

4.1   For the data in this example, because the observed mortality proportions for the 6.25%, 12.5%, and 25.0%
effluent concentrations are less than the observed response proportion for the control, the values for these four
groups must be averaged:

4.2   Since p4 = p5 = 1.00 are larger then 0.0125, set p4
s = p5

s = 1.00.  Additional smoothing is not necessary.  The
smoothed observed proportion mortalities are shown in Table L.2.
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TABLE L.2. EXAMPLE OF GRAPHICAL METHOD:  SMOOTHED, ADJUSTED MORTALITY
DATA FROM A FATHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST

      
Smoothed,

Smoothed Adjusted
Effluent Mortality Mortality Mortality

Concentration Proportion Proportion Proportion
%      

Control 0.05 0.0125 0.00
6.25 0.00 0.0125 0.00

12.5 0.00 0.0125 0.00
25.0 0.00 0.0125 0.00
50.0 1.00 1.0000 1.00

100.0 1.00 1.0000 1.00
      

5.   Adjust the smoothed observed proportion mortality in each effluent concentration for mortality in the control
group using Abbott's formula (Finney, 1971).  The adjustment takes the form:

p a
i � (p s

i �p s
0 ) /(1�p s

0 )

Where: p0
s = the smoothed observed proportion mortality for the control

    pi
s = the smoothed observed proportion mortality for effluent concentration i.

5.1   Because the smoothed observed proportion mortality for the control group is greater than zero, the responses
must be adjusted using Abbott's formula, as follows:

p a
0 � p a

1 � p a
2 � p a

3 �
p s

1 �p s
0

1�p s
0

�
0.0125�0.0125

1 � 0.0125
�

0.0

0.9875
� 0.0

p a
4 � p a

5 �
p s

4 �p s
0

1�p s
0

�
1.00 � 0.0125

1 �0.0125
�

0.9875

0.9875
� 1.00

A table of the smoothed, adjusted response proportions for the effluent concentrations are shown in Table L.2.

5.2   Plot the smoothed, adjusted data on 2-cycle semi-log graph paper with the logarithmic axis (the y axis) used for
percent effluent concentration and the linear axis (the x axis) used for observed percent mortality.  A plot of the
smoothed, adjusted data is shown in Figure L.1.

6.   Locate the two points on the graph which bracket 50% mortality and connect them with a straight line.

7.   On the scale for percent effluent concentration, read the value for the point where the plotted line and the 50%
mortality line intersect.  This value is the estimated LC50 expressed as a percent effluent concentration.

7.1   For this example, the two points on the graph which bracket the 50% mortality line (0% mortality at 25%
effluent, and 100% mortality at 50% effluent) are connected with a straight line.  The point at which the plotted line
intersects the 50% mortality line is the estimated LC50.  The estimated LC50 = 35% effluent.
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Figure L.1 Plot of the smoothed adjusted response proportions for fathead minnow, Pimephales promelas, survival data.
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APPENDIX  M

LINEAR INTERPOLATION METHOD

1.   GENERAL PROCEDURE

1.1   The Linear Interpolation Method is used to calculate a point estimate of the effluent or other toxicant
concentration that causes a given percent reduction (e.g., 25%, 50%, etc.) in the reproduction or growth of the test
organisms (Inhibition Concentration, or IC).  The procedure was designed for general applicability in the analysis of
data from short-term chronic toxicity tests, and the generation of an endpoint from a continuous model that allows a
traditional quantitative assessment of the precision of the endpoint, such as confidence limits for the endpoint of a
single test, and a mean and coefficient of variation for the endpoints of multiple tests.

1.2   The Linear Interpolation Method assumes that the responses (1) are monotonically non-increasing, where the
mean response for each higher concentration is less than or equal to the mean response for the previous
concentration, (2) follow a piecewise linear response function, and (3) are from a random, independent, and
representative sample of test data.  If the data are not monotonically nonincreasing, they are adjusted by smoothing
(averaging).  In cases where the responses at the low toxicant concentrations are much higher than in the controls, the
smoothing process may result in a large upward adjustment in the control mean.  Also, no assumption is made about
the distribution of the data except that the data within a group being resampled are independent and identically
distributed.

2.   DATA SUMMARY AND PLOTS

2.1   Calculate the mean responses for the control and each toxicant concentration, construct a summary table, and
plot the data.

3.   MONOTONICITY

3.1   If the assumption of monotonicity of test results is met, the observed response means ( ) should stay the sameȲi

or decrease as the toxicant concentration increases.  If the means do not decrease monotonically, the responses are
"smoothed" by averaging (pooling) adjacent means.

3.2   Observed means at each concentration are considered in order of increasing concentration, starting with the
control mean ( ).  If the mean observed response at the lowest toxicant concentration ( ) is equal to or smallerȲ1 Ȳ2

than the control mean ( ), it is used as the response.  If it is larger than the control mean, it is averaged with theȲ1

control, and this average is used for both the control response (M1) and the lowest toxicant concentration response
(M2).  This mean is then compared to the mean observed response for the next higher toxicant concentration ( ). Ȳ3

Again, if the mean observed response for the next higher toxicant concentration is smaller than the mean of the
control and the lowest toxicant concentration, it is used as the response.  If it is higher than the mean of the first two,
it is averaged with the first two, and the mean is used as the response for the control and two lowest concentrations of
toxicant.  This process is continued for data from the remaining toxicant concentrations.  A numerical example of
smoothing the data is provided below.  (Note:  Unusual patterns in the deviations from monotonicity may require an
additional step of smoothing).  Where  decrease monotonically, the  become Mi without smoothing.Ȳi Ȳi

4.   LINEAR INTERPOLATION METHOD

4.1   The method assumes a linear response from one concentration to the next.  Thus, the ICp is estimated by linear
interpolation between two concentrations whose responses bracket the response of interest, the (p) percent reduction
from the control.

4.2   To obtain the estimate, determine the concentrations CJ and CJ+1 which bracket the response M1 (1 - p/100),
where M1 is the smoothed control mean response and p is the percent reduction in response relative to the control
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ICp � CJ � [ M1 (1 � p/100) � MJ ]
(CJ � 1 � CJ)

(MJ � 1 � MJ)

response.  These calculations can easily be done by hand or with a computer program as described below.   The
linear interpolation estimate is calculated as follows:

Where: CJ = tested concentration whose observed mean response is greater than M1(1 - p/100).

CJ + 1 = tested concentration whose observed mean response is less than M1(1 - p/100).

M1 = smoothed mean response for the control.

MJ = smoothed mean response for concentration J.

MJ + 1 = smoothed mean response for concentration J + 1.

p = percent reduction in response relative to the control response.

ICp = estimated concentration at which there is a percent reduction from the smoothed mean control
response.  The ICp is reported for the test, together with the 95% confidence interval
calculated by the ICPIN.EXE program described below.

4.3   If the CJ is the highest concentration tested, the ICp would be specified as greater than CJ.  If the response at the
lowest concentration tested is used to extrapolate the ICp value, the ICp should be expressed as a less than the lowest
test concentration.

5.   CONFIDENCE INTERVALS

5.1   Due to the use of a linear interpolation technique to calculate an estimate of the ICp, standard statistical methods
for calculating confidence intervals are not applicable for the ICp.  This limitation is avoided by use a technique
known as the bootstrap method as proposed by Efron (1982) for deriving point estimates and confidence intervals.

5.2   In the Linear Interpolation Method, the smoothed response means are used to obtain the ICp estimate reported
for the test.  The bootstrap method is used to obtain the 95% confidence interval for the true mean.  In the bootstrap
method, the test data Yji is randomly resampled with replacement to produce a new set of data Yji*, that is statistically
equivalent to the original data, but a new and slightly different estimate of the ICp (ICp*) is obtained.  This process is
repeated at least 80 times (Marcus and Holtzman, 1988) resulting in multiple "data" sets, each with an associate ICp*
estimate.  The distribution of the ICp* estimates derived from the sets of resampled data approximates the sampling
distribution of the ICp estimate.  The standard error of the ICp is estimated by the standard deviation of the
individual ICp* estimates.  Empirical confidence intervals are derived from the quantiles of the ICp* empirical
distribution.  For example, if the test data are resampled a minimum of 80 time, the empirical 2.5% and the 97.5%
confidence limits are approximately the second smallest and second largest ICp* estimates (Marcus and Holtzman,
1988).  

5.3   The width of the confidence intervals calculated by the bootstrap method is related to the variability of the data. 
When confidence intervals are wide, the reliability of the IC estimate is in question.  However, narrow intervals do
not necessarily indicate that the estimate is highly reliable, because of undetected violations of assumptions and the
fact that the confidence limits based on the empirical quantiles of a bootstrap distribution of 80 samples may be
unstable.

5.4   The bootstrapping method of calculating confidence intervals is computationally intensive.  For this reason, all
of the calculations associated with determining the confidence intervals for the ICp estimate have been incorporated
into a computer program.  Computations are most easily done with a computer program such as the revision of the
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BOOTSTRP program (USEPA, 1988; USEPA, 1989) which is now called "ICPIN" which is described below in
subsection 7.

6.   MANUAL CALCULATIONS

6.1   DATA SUMMARY AND PLOTS

6.1.1   The data used in this example are the Ceriodaphnia dubia reproduction data used in the example in Section
13.  Table M.1 includes the raw data and the mean reproduction for each concentration.  Data are included for all
animals tested regardless of death of the organism.  If an animal died during the test without producing young, a zero
is entered.  If death occurred after producing young, the number of young produced prior to death is entered.  A plot
of the data is provided in Figure M.1.

TABLE M.1.  CERIODAPHNIA DUBIA REPRODUCTION DATA   

Effluent Concentration (%)
Replicate Control 1.56 3.12 6.25 12.5 25.0

1 27 32 39 27 10 0
2 30 35 30 34 13 0
3 29 32 33 36 7 0
4 31 26 33 34 7 0
5 16 18 36 31 7 0
6 15 29 33 27 10 0
7 18 27 33 33 10 0
8 17 16 27 31 16 0
9 14 35 38 33 12 0

10 27 13 44 31 2 0

Mean ( ) 22.4 26.3 34.6 31.7 9.4 0Ȳi

i 1 2 3 4 5 6

6.2   MONOTONICITY

6.2.1   As can be seen from the plot in Figure M.1, the observed means are not monotonically non-increasing with
respect to concentration.  Therefore, the means must be smoothed prior to calculating the IC.

6.2.2   Starting with the control mean Y�1 = 22.4 and Y�2 = 26.3, we see that Y�1 < Y�2 .  Calculate the smoothed means:

M1 � M2 � (Ȳ1 � Ȳ2) /2 � 24.35

6.2.3   Since Y�3 = 34.6 is larger than M2, average Y�3 with the previous concentrations:

6.2.4   Additionally, Y�4 = 31.7 is larger than M3, and is pooled with the first three means.  Thus, 

 M1 � M2 � M3 � M4 � ( M1 � M2 � M3 � Ȳ4 ) /4 � 28.7
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TABLE M.2. CERIODAPHNIA DUBIA REPRODUCTION MEAN RESPONSE AFTER
SMOOTHING

Effluent Response Smoothed 
Concentration Mean (Yi) Mean (Mi)

% i (Young/female) (Young/female)

Control 1 22.4 28.75
1.56 2 26.3 28.75
3.12 3 34.6 28.75
6.25 4 31.7 28.75

12.5 5 9.4 9.40
25.0 6 0.0 0.00

6.2.5   Since M4 > Y�5 = 9.4, set M5 = 9.4.  Likewise, M5 > Y�6 = 0 and M6 becomes 0.  Table M.2 contains the 
smoothed means and Figure M.1 gives a plot of the smoothed response curve.

6.3   LINEAR INTERPOLATION

6.3.1   Estimates of the IC25 and IC50 are calculated using the Linear Interpolation Method.  A 25% reduction in
reproduction, compared to the controls, would result in a mean reproduction of 21.56 young per adult, where M1(1-
p/100) = 28.75(1-25/100).  A 50% reduction in reproduction, compared to the controls, would result in a mean
reproduction of 14.38 young per adult, where M1(1-p/100) = 28.75(1-50/100).  Examining the smoothed means and
their associated concentrations (Table M.2), the two effluent concentrations bracketing the reproduction of 21.56
young per adult are C4 = 6.25% effluent and C5 = 12.5% effluent.  The two effluent concentrations bracketing a
response of 14.38 young per adult are also C4 = 6.25% effluent and C5 = 12.5% effluent.  

6.3.2   Using Equation 1 from 4.2, the estimate of the IC25 is calculated as follows:

 

ICp � CJ � [ M1 (1 � p/100) � MJ ]
(CJ � 1 � CJ)

(MJ � 1 � MJ)

             

IC25 � 6.25 � [28.75 (1 � 25/100) � 28.75]
(12.5 � 6.25)

(9.40 � 28.75)

= 8.57% effluent

6.3.3   Using the equation from section 4.2, the estimate of the IC50 is calculated as follows:

 ICp � CJ � [ M1 (1 � p/100) � MJ ]
(CJ � 1 � CJ)

(MJ � 1 � MJ)

                IC50 � 6.25 � [28.75 (1 � 50/100) � 28.75]
(12.5 � 6.25)

(9.40 � 28.75)

= 10.89% effluent
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6.4   CONFIDENCE INTERVALS

6.4.1   Confidence intervals for the ICp are derived using the bootstrap method.  As described above, this method
involves randomly resampling the individual observations and recalculating the ICp at least 80 times, and
determining the mean ICp, standard deviation, and empirical 95% confidence intervals.  For this reason, the
confidence intervals are calculated using a computer program called ICPIN.  This program is described below and is
available to carry out all the calculations of both the interpolation estimate (ICp) and the confidence intervals.

7.   COMPUTER CALCULATIONS

7.1   The computer program, ICPIN, prepared for the Linear Interpolation Method was written in TURBO PASCAL
for IBM compatible PCs.  The program (version 2.0) has been modified by Computer Science Corporation, Duluth,
MN with funding provided by the Environmental Research Laboratory, Duluth, MN (Norberg-King, 1993).  The
program was originally developed by Battelle Laboratories, Columbus, OH through a government contract supported
by the Environmental Research Laboratory, Duluth, MN (USEPA, 1988).  To obtain the program and supporting
documentation, send a written request to EMSL-Cincinnati at 3411 Church Street, Cincinnati, OH  45244.

7.2   The ICPIN.EXE program performs the following functions:  1) it calculates the observed response means (Yi)
(response means);  2) it calculates the standard deviations;  3) checks the responses for monotonicity; 4) calculates
smoothed means (Mi) (pooled response means) if necessary; 5) uses the means, Mi, to calculate the initial ICp of
choice by linear interpolation; 6) performs a user-specified number of bootstrap resamples between 80 and 1000 (as
multiples of 40); 7) calculates the mean and standard deviation of the bootstrapped ICp estimates; and 8) provides an
original 95% confidence intervals to be used with the initial ICp when the number of replicates per concentration is
over six and provides both original and expanded confidence intervals when the number of replicates per
concentration are less than seven (Norberg-King, 1993).

7.3   For the ICp calculation, up to twelve treatments can be used (which includes the control).  There can be up to 40
replicates per concentration, and the program does not require an equal number of replicates per concentration.  The
value of p can range from 1% to 99%.

7.4   DATA INPUT

7.4.1   Data is entered directly into the program onscreen.  A sample data entry screen in shown in Figure M.2.  The
program documentation provides guidance on the entering and analysis of data for the Linear Interpolation Method
(Norberg-King, 1993).

7.4.2   The user selects the ICp estimate desired (e.g., IC25 or IC50) and the number of resamples to be taken for the
bootstrap method of calculating the confidence intervals.  The program has the capability of performing any number
of resamples from 80 to 1000 as multiples of 40.  However, Marcus and Holtzman (1988) recommend a minimum of
80 resamples for the bootstrap method be used and at least 250 resamples are better (Norberg-King, 1993).

7.5   DATA OUTPUT.

7.5.1   The program output includes the following (Figures M.3 and M.4):

1. A table of the concentration identification, the concentration tested and raw data response for each
replicate and concentration.

2. A table of test concentrations, number of replicates, concentration (units), response means (Ȳi),
standard deviations for each response mean, and the pooled response means (smoothed means; Mi).

3. The linear interpolation estimate of the ICp using the means (Mi).  Use this value for the ICp estimate.
4. The mean ICp and standard deviation from the bootstrap resampling.
5. The confidence intervals calculated by the bootstrap method for the ICp.  Provides an original 95%

confidence intervals to be used with the initial ICp when the number of replicates per concentration is
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over six and provides both original and expanded confidence intervals when the number of replicates
per concentration are less than seven.

7.6   ICPIN program output for the analysis of the Ceriodaphnia dubia reproduction data in Table M.1 is provided in
Figures M.3 and M.4.

7.6.1   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of the
IC25 was 8.57% effluent.  The empirical 95% confidence intervals for the true mean were 8.30% to 8.85% effluent.

7.6.2   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of the
IC50 was 10.89% effluent.  The empirical 95% confidence intervals for the true mean were 10.36% to 11.62%
effluent.
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ICp Data Entry/Edit Screen Current File:

Conc. ID 1 2 3 4 5 6

Conc. Tested

Conc. Tested

Response 1

Response 2

Response 3

Response 4

Response 5

Response 6

Response 7

Response 8

Response 9

Response 10

Response 11

Response 12

Response 13

Response 14

Response 15

Response 16

Response 17

Response 18

Response 19

Response 20

F10 for Command Menu Use arrow Keys to Switch Fields

Figure M.2. ICp data entry/edit screen.  Twelve concentrating identifications can be used.  Data for concentrations
are entered in columns 1 through 6.  For concentrations 7 through 12 and responses 21-40 the data is
entered in additional fields of the same screen.
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Conc. ID             1         2         3         4         5         6

Conc. Tested         0      1.56      3.12      6.25      12.5      25.0

Response  1         27        32        39        27        10         0
Response  2         30        35        30        34        13         0
Response  3         29        32        33        36         7         0
Response  4         31        26        33        34         7         0
Response  5         16        18        36        31         7         0
Response  6         15        29        33        27        10         0
Response  7         18        27        33        33        10         0
Response  8         17        16        27        31        16         0
Response  9         14        35        38        33        12         0
Response 10         27        13        44        31         2         0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent:
Test Start Date: app M   Test Ending Date: 
Test Species: Ceriodaphnia dubia
Test Duration:             7-d
DATA FILE: cerioman.icp
OUTPUT FILE: cerioman.i25

Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates               %       Means       Dev.   Response Means

  1         10             0.000         22.400      6.931     28.750
  2         10             1.560         26.300      8.001     28.750
  3         10             3.120         34.600      4.835     28.750
  4         10             6.250         31.700      2.946     28.750
  5         10            12.500          9.400      3.893      9.400
  6         10            25.000          0.000      0.000      0.000

The Linear Interpolation Estimate:     8.5715   Entered P Value: 25

Number of Resamplings:   80
The Bootstrap Estimates Mean:   8.6014 Standard Deviation:     0.1467
Original Confidence Limits:   Lower:     8.3040 Upper:     8.8496
Resampling time in Seconds:     2.53  Random Seed: -1652543090

Figure M.3.  Example of ICPIN program output for the IC25.

RB-AR26341



333

Conc. ID             1         2         3         4         5         6

Conc. Tested         0      1.56      3.12      6.25      12.5      25.0

Response  1         27        32        39        27        10         0
Response  2         30        35        30        34        13         0
Response  3         29        32        33        36         7         0
Response  4         31        26        33        34         7         0
Response  5         16        18        36        31         7         0
Response  6         15        29        33        27        10         0
Response  7         18        27        33        33        10         0
Response  8         17        16        27        31        16         0
Response  9         14        35        38        33        12         0
Response 10         27        13        44        31         2         0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent:
Test Start Date: app M   Test Ending Date: 
Test Species: Ceriodaphnia dubia
Test Duration:             7-d
DATA FILE: cerioman.icp
OUTPUT FILE: cerioman.i50

Conc.     Number     Concentration     Response      Std.       Pooled
 ID     Replicates               %       Means       Dev.   Response Means

  1         10             0.000         22.400      6.931     28.750
  2         10             1.560         26.300      8.001     28.750
  3         10             3.120         34.600      4.835     28.750
  4         10             6.250         31.700      2.946     28.750
  5         10            12.500          9.400      3.893      9.400
  6         10            25.000          0.000      0.000      0.000

The Linear Interpolation Estimate:    10.8931   Entered P Value: 50

Number of Resamplings:   80
The Bootstrap Estimates Mean:  10.9108 Standard Deviation:     0.3267
Original Confidence Limits:   Lower:    10.3618 Upper:    11.6201
Resampling time in Seconds:     2.58  Random Seed: 340510286

Figure M.4.  Example of ICPIN program output for the IC50.
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MULTI-SECTOR GENERAL PERMIT FOR STORMWATER DISCHARGES 

ASSOCIATED WITH INDUSTRIAL ACTIVITY (MSGP) 
 

AUTHORIZATION TO DISCHARGE UNDER THE 
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM 

 
In compliance with the provisions of the Clean Water Act (CWA), as amended (33 

U.S.C. 1251 et seq.), operators of stormwater discharges associated with industrial activity 
located in an area identified in Appendix C where EPA is the permitting authority are authorized 
to discharge to waters of the United States in accordance with the eligibility and Notice of Intent 
(NOI) requirements, effluent limitations, inspection requirements, and other conditions set forth 
in this permit. This permit is structured as follows:  

 
• general requirements that apply to all facilities are found in Parts 1 through 7;  
• industry sector-specific requirements are found in Part 8; and  
• specific requirements that apply in individual States and Indian Country Lands are 

found in Part 9.   
 
The Appendices (A through K) contain additional permit conditions that apply to all 

operators covered under this permit.   
 
 

This permit becomes effective on September 29, 2008. 
 

This permit and the authorization to discharge expire at midnight, September 29, 2013. 
 
 
 
 
Robert W. Varney, Regional Administrator 
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General Permit 

1. Coverage under this Permit. 
 
1.1 Eligibility. 
 
1.1.1 Facilities Covered. 
 
 To be eligible to discharge under this permit, you must (1) have a stormwater discharge 
associated with industrial activity from your primary industrial activity, as defined in Appendix 
A, provided your primary industrial activity is included in Appendix D, or (2) be notified by 
EPA that you are eligible for coverage under Sector AD of this permit.  
 
1.1.2 Allowable Stormwater Discharges.   
 
 Unless otherwise made ineligible under Part 1.1.4, the following discharges are eligible 
for coverage under this permit: 
 
1.1.2.1 Stormwater discharges associated with industrial activity for any primary industrial 
activities and co-located industrial activities, as defined in Appendix A;  
 
1.1.2.2 Discharges designated by EPA as needing a stormwater permit as provided in Sector 
AD;  
 
1.1.2.3 Discharges that are not otherwise required to obtain NPDES permit authorization but 
are commingled with discharges that are authorized under this permit; 
 
1.1.2.4 Discharges subject to any of the national stormwater-specific effluent limitations 
guidelines listed in Table 1-1; and 
 
Table 1-1.  Stormwater-specific Effluent Limitations Guidelines 
 
Regulated Discharge 

40 CFR 
Section  

MSGP 
Sector 

New Source 
Performance 
Standard (NSPS) 

New 
Source 
Date 

Discharges resulting from spray 
down or intentional wetting of 
logs at wet deck storage areas 

Part 429, 
Subpart I 

A Yes 1/26/81 

Runoff from phosphate fertilizer 
manufacturing facilities that 
comes into contact with any raw 
materials, finished product, by-
products or waste products (SIC 
2874) 

Part 418, 
Subpart A 

C Yes 4/8/74 

Runoff from asphalt emulsion 
facilities 

Part 443, 
Subpart A 

D Yes 7/28/75 

Runoff from material storage 
piles at cement manufacturing 
facilities 

Part 411, 
Subpart C 

E Yes 2/20/74 
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Stormwater Discharges Associated With Industrial Activity 2 

Mine dewatering discharges at 
crushed stone, construction sand 
and gravel, or industrial sand 
mining facilities 

Part 436, 
Subparts 
B, C, and 
D 

J No N/A 

Runoff from hazardous waste and 
non-hazardous waste landfills 

Part 445, 
Subparts 
A and B 

K, L Yes 2/2/00 

Runoff from coal storage piles at 
steam electric generating facilities 

Part 423 O Yes 11/19/82 
(10/8/74)1

 

 

 
1.1.2.5 Discharges subject to any New Source Performance Standards (NSPS) identified in 
Table 1-1 (i.e., where facilities were constructed after the promulgation of that industry’s NSPS), 
provided that you obtain and retain the following EPA documentation with your SWPPP, prior to 
submitting your NOI, and that you comply with any limits pursuant to Part 2.4:  

 
• Determination of “No Significant Impact” under the National Environmental Policy Act 

(NEPA); or  
• A completed Environmental Impact Statement in accordance with an environmental 

review conducted by EPA pursuant to 40 CFR 6.102(a)(6)2. 
 
1.1.3  Allowable Non-Stormwater Discharges.  
 
 The following are the non-stormwater discharges authorized under this permit, provided 
the non-stormwater component of your discharge is in compliance with Part 2.1.2.10:  
 

• Discharges from fire-fighting activities; 
• Fire hydrant flushings; 
• Potable water, including water line flushings; 
• Uncontaminated condensate from air conditioners, coolers, and other compressors 

and from the outside storage of refrigerated gases or liquids; 
• Irrigation drainage; 
• Landscape watering provided all pesticides, herbicides, and fertilizer have been 

applied in accordance with the approved labeling; 
• Pavement wash waters where no detergents are used and no spills or leaks of toxic 

or hazardous materials have occurred (unless all spilled material has been 
removed); 

• Routine external building washdown that does not use detergents; 
• Uncontaminated ground water or spring water; 

                                                 
1 NSPS promulgated in 1974 were not removed via the 1982 regulation; therefore wastewaters generated by Part 
423-applicable sources that were New Sources under the 1974 regulations are subject to the 1974 NSPS. 
2  Note that if you have previously completed an Environmental Impact Statement or obtained a “No Significant 
Impact” statement for discharges subject to NSPS, you have met your obligation under this provision and you only 
need to retain this documentation for your files. 
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• Foundation or footing drains where flows are not contaminated with process 
materials; and 

• Incidental windblown mist from cooling towers that collects on rooftops or 
adjacent portions of your facility, but not intentional discharges from the cooling 
tower (e.g., “piped” cooling tower blowdown or drains).  

 
1.1.4 Limitations on Coverage. 
 
1.1.4.1 Discharges Mixed with Non-Stormwater.  Stormwater discharges that are mixed with 

non-stormwater, other than those non-stormwater discharges listed in Part 1.1.3, are not 
eligible for coverage under this permit. 

 
1.1.4.2 Stormwater Discharges Associated with Construction Activity.  Stormwater discharges 

associated with construction activity disturbing one acre or more are not eligible for 
coverage under this permit, unless in conjunction with mining activities or certain oil and 
gas extraction activities as specified in Sectors G, H, I, and J of this permit.     

 
1.1.4.3 Discharges Currently or Previously Covered by Another Permit.  Unless you received 

written notification from EPA specifically allowing these discharges to be covered under 
this permit, you are not eligible for coverage under this permit for any of the following: 

 
• Stormwater discharges associated with industrial activity that are currently 

covered under an individual NPDES permit or an alternative NPDES general 
permit; 

• Discharges covered within five years prior to the effective date of this permit by 
an individual permit or alternative general permit where that permit established 
site-specific numeric water quality-based limitations developed for the stormwater 
component of the discharge; or  

• Discharges from facilities where any NPDES permit has been or is in the process 
of being denied, terminated, or revoked by EPA (this does not apply to the routine 
reissuance of permits every five years).  

 
1.1.4.4 Stormwater Discharges Subject to Effluent Limitations Guidelines.  For discharges 

subject to stormwater effluent limitation guidelines under 40 CFR, Subchapter N, only 
those stormwater discharges identified in Table 1-1 are eligible for coverage under this 
permit. 

 
1.1.4.5 Endangered and Threatened Species and Critical Habitat Protection.  Coverage under 

this permit is available only if your stormwater discharges, allowable non-stormwater 
discharges, and stormwater discharge-related activities will not adversely affect any 
species that are federally-listed as endangered or threatened (“listed”) under the 
Endangered Species Act (ESA) and will not result in the adverse modification or 
destruction of habitat that is federally-designated as “critical habitat” under the ESA.  
You must meet one of the criteria below, following the procedures in Appendix E:   
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Criterion A. No federally-listed threatened or endangered species or their designated critical 
habitat are likely to occur in the “action area” as defined in Appendix A; or 

 
Criterion B. Consultation between a Federal agency and the U.S. Fish and Wildlife Service 

and/or the National Marine Fisheries Service (together, the “Services”) under 
section 7 of the ESA has been concluded.  Consultations can be either formal or 
informal, and would have occurred only as a result of a separate federal action 
(e.g., during application for an individual wastewater discharge permit or the 
issuance of a wetlands dredge and fill permit). 

  
The consultation must have addressed the effects of your facility’s stormwater 
discharges, allowable non-stormwater discharges, and stormwater discharge-related 
activities on federally-listed threatened or endangered species and federally-designated 
critical habitat, and must have resulted in either: 

 
i. a biological opinion finding no jeopardy to federally-listed species or 

destruction/adverse modification of federally-designated critical habitat; or 
 
ii. written concurrence from the Service(s) with a finding that the facility’s 

stormwater discharges associated with industrial activity, discharge-related 
activities and allowable non-stormwater discharges are not likely to adversely 
affect federally-listed species or federally-designated critical habitat; or 

 
Criterion C. Your industrial activities are authorized through the issuance of a permit under 

section 10 of the ESA, and authorization addresses the effects of the stormwater 
discharges associated with industrial activity, discharge-related activities, and 
allowable non-stormwater discharges on federally-listed species and federally-
designated critical habitat; or 

 
Criterion D. Coordination between you and the U.S. Fish and Wildlife Service and/or the 

National Marine Fisheries Service has been concluded.  The coordination must 
have addressed the effects of the facility’s stormwater discharges associated with 
industrial activity, discharge-related activities, and allowable non-stormwater 
discharges on federally-listed threatened or endangered species and federally-
designated critical habitat.  The result of the coordination must be a written 
statement from the Service concluding that authorizing your stormwater 
discharges, discharge-related activities, and allowable non-stormwater discharges 
is consistent with the determination that the issuance of the MSGP is not likely to 
adversely affect federally-listed threatened or endangered species and federally-
designated critical habitat.  Any conditions or prerequisites deemed necessary to 
achieve consistency with the “not likely to adversely effect” determination 
become eligibility conditions for MSGP coverage, and permit requirements under 
Part 2.3; or 

 
Criterion E. Authorizing your stormwater discharges associated with industrial activity, 

discharge-related activities, and allowable non-stormwater discharges is 
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consistent with the determination that the issuance of the MSGP is not likely to 
adversely affect any federally-listed endangered and threatened (“listed”) species 
or designated critical habitat (“critical habitat”).  To support your determination 
that you meet Criterion E, you must provide supporting documentation for your 
determination.   

 
i. If you are an existing discharger, you must provide the following information 

with your completed Notice of Intent (NOI) form:  (1) a list of the federally-listed 
threatened or endangered species or their designated critical habitat that are likely 
to occur in the “action area”; (2) a list of the pollutant parameters for which you 
have ever exceeded an applicable benchmark or effluent limitations guideline, or 
for which your discharge has ever been found to cause or contribute to an 
exceedance of an applicable water quality standard, or to violate State or Tribal 
water quality requirements (Part 9); and (3) your rationale supporting your 
determination that you meet Criterion E, including appropriate measures to be 
undertaken to avoid or eliminate the likelihood of adverse effects. 

 
ii. If you are a new discharger, you must provide the following information with 

your completed NOI form:  (1) a list of the federally-listed threatened or 
endangered species or their designated critical habitat that are likely to occur in 
the “action area”; (2) a list of the potential pollutants in your discharge; and (3) 
your rationale supporting your determination that you meet Criterion E, including 
appropriate measures to be undertaken to avoid or eliminate the likelihood of 
adverse effects; or 

 
Criterion F. The facility’s stormwater discharges associated with industrial activity, discharge-

related activities, and allowable non-stormwater discharges were already 
addressed in another operator’s valid certification of eligibility that included these 
discharges and activities and there is no reason to believe that federally-listed 
species or federally-designated critical habitat not considered in the prior 
certification may be present or located in the “action area”.  To certify eligibility 
under this criterion there must be no lapse of coverage in the other operator’s 
certification.  By certifying eligibility under this criterion, you agree to comply 
with any measures or controls upon which the other operator's certification was 
based.  You must comply with any applicable terms, conditions, or other 
requirements developed in the process of meeting the eligibility requirements of 
the criteria in this section to remain eligible for coverage under this permit.  If 
your certification is based on another operator’s certification under Criterion E, 
that certification is valid only if you have documentation showing that the other 
operator had certified under Criterion E, and you provide EPA with the 
supporting information required of existing dischargers in Criterion E (above, 
under subparagraph (i)) in your NOI form.   

  
1.1.4.6 Historic Properties Preservation.  Coverage under this permit is available only if your 

stormwater discharges, allowable non-stormwater discharges, and stormwater discharge-
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related activities meet one of the eligibility criteria below, following the procedures in 
Appendix F:  

 
Criterion A. Your stormwater discharges and allowable non-stormwater discharges do not 

have the potential to have an effect on historic properties and you are not 
constructing or installing new stormwater control measures on your site that cause  
subsurface disturbance; or 

 
Criterion B. Your discharge-related activities (i.e., construction and/or installation of 

stormwater control measures that involve subsurface disturbance) will not affect 
historic properties; or 

 
Criterion C. Your stormwater discharges, allowable non-stormwater discharges, and 

discharge-related activities have the potential to have an effect on historic 
properties, and you have consulted with the State Historic Preservation Officer 
(SHPO), Tribal Historic Preservation Officer (THPO), or other tribal 
representative regarding measures to mitigate or prevent any adverse effects on 
historic properties, and you have either (1) obtained and are in compliance with a 
written agreement that outlines all such measures, or (2) been unable to reach 
agreement on such measures; or 

 
Criterion D. You have contacted the State Historic Preservation Officer, Tribal Historic 

Preservation Officer, or other tribal representative and EPA in writing informing 
them that you have the potential to have an effect on historic properties and you 
did not receive a response from the SHPO, THPO, or tribal representative within 
30 days of receiving your letter. 

 
 If you have been unable to reach agreement with a SHPO, THPO, or other tribal 
representative regarding appropriate measures to mitigate or prevent adverse effects, EPA may 
notify you of additional measures you must implement to be eligible for coverage under this 
permit. 
 
1.1.4.7 New Discharges to Water Quality Impaired Waters.  If you are a new discharger you are 

not eligible for coverage under this permit to discharge to an “impaired water”, as defined 
in Appendix A unless you:   

 
a.  prevent all exposure to stormwater of the pollutant(s) for which the waterbody is 

impaired, and retain documentation of procedures taken to prevent exposure 
onsite with your SWPPP; or 

 
b. document that the pollutant(s) for which the waterbody is impaired is not present 

at your site, and retain documentation of this finding with your SWPPP; or  
 
c.  in advance of submitting your NOI, provide to the appropriate EPA Regional 

Office data to support a showing that the discharge is not expected to cause or 
contribute to an exceedance of a water quality standard, and retain such data 
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onsite with your SWPPP.  To do this, you must provide data and other technical 
information to the Regional Office sufficient to demonstrate: 

 
i.    For discharges to waters without an EPA approved or established TMDL, that 

the discharge of the pollutant for which the water is impaired will meet in-
stream water quality criteria at the point of discharge to the waterbody; or 

 
ii.  For discharges to waters with an EPA approved or established TMDL, that 

there are sufficient remaining wasteload allocations in an EPA approved or 
established TMDL to allow your discharge and that existing dischargers to the 
waterbody are subject to compliance schedules designed to bring the 
waterbody into attainment with water quality standards.    

    
You are eligible under Part 1.1.4.7.c if you receive an affirmative determination 
from the Regional Office that your discharge will not contribute to the existing 
impairment, in which case you must maintain such determination onsite with your 
SWPPP, or if the Regional Office fails to respond within 30 days of submission of 
data to the Regional Office.  
 

1.1.4.8 New Discharges to Waters Designated as Tier 3 for Antidegradation Purposes.  If you 
are a new discharger, you are not eligible for coverage under this permit for discharges to 
waters designated by a State or Tribe as Tier 3 (outstanding natural resource waters) for 
antidegradation purposes under 40 CFR 131.13(a)(3) (see list of Tier 3 waters on EPA’s 
website at http://www.epa.gov/npdes/stormwater/msgp). 

 
1.2 Permit Compliance. 
  

Any noncompliance with any of the requirements of this permit constitutes a violation of 
the Clean Water Act.  As detailed in Part 3 (Corrective Actions) of this permit, failure to take any 
required corrective actions constitute an independent, additional violation of this permit and the 
Clean Water Act.  As such, any actions and time periods specified for remedying noncompliance 
do not absolve parties of the initial underlying noncompliance.  However, where corrective 
action is triggered by an event that does not itself constitute permit noncompliance, such as an 
exceedance of an applicable benchmark, there is no permit violation provided you take the 
required corrective action within the relevant deadlines established in Part 3.3.  
 
1.3 Authorization under this Permit. 
 
1.3.1 How to Obtain Authorization. 

 
To obtain authorization under this permit, you must: 
 

• Be located in a State, territory, or Indian Country, or be a Federal Facility 
identified in Appendix C where EPA is the permitting authority; 

• Meet the Part 1.1 eligibility requirements;  
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• Select, design, install, and implement control measures in accordance with Part 
2.1 to meet numeric and non-numeric effluent limits; 

• Submit a complete and accurate Notice of Intent (NOI) either using EPA’s 
electronic Notice of Intent (eNOI) system (accessible at 
www.epa.gov/npdes/eNOI) or using a paper form (included in Appendix G of this 
permit) and then submitting that paper form to the address listed in Part 7.6.1; and 

• Develop a SWPPP according to the requirements in Part 5 of this permit. 
 
  EPA will post on the Internet, at www.epa.gov/npdes/noisearch, all NOIs received.  Late 
NOIs will be accepted but authorization to discharge will not be retroactive. 
 
 Timeframes for discharge authorization are contained in Table 1-2.  Some authorization 
dates in Table 1-2 are dependent on you posting a copy of your SWPPP on the Internet.  Posting 
requires that (1) your NOI identifies the Uniform Resource Locator (URL) that provides direct 
access to your SWPPP, (2) you post a complete copy of your SWPPP at that URL, and (3) the 
SWPPP is available from that URL at least for the period starting the day you submit your NOI 
until you are authorized to discharge.  You are not required to post any confidential business 
information (CBI) at this URL, but you must clearly identify those portions of the SWPPP that 
are being withheld from public access as a result of your determination of CBI.    
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Table 1-2.  NOI Submittal Deadlines/Discharge Authorization Dates 
Category NOI Submission 

Deadline 
Discharge Authorization Date1 

Existing Dischargers – in 
operation as of October 30, 2005 
and authorized for coverage 
under MSGP 2000. 

No later than January 5, 
2009. 

30 days after EPA posts your NOI.  
 
Your authorization under the MSGP 
2000 is automatically continued until 
you have been granted coverage under 
this permit or an alternative permit, or 
coverage is otherwise terminated. 

New Dischargers or New 
Sources - have commenced 
discharging between October 30, 
2005 and January 5, 2009. 

As soon as possible but 
no later than January 5, 
2009. 

30 days after EPA posts your NOI.  

New Dischargers or New 
Sources - commence discharging 
after January 5, 2009. 

A minimum of 60 days 
prior to commencing 
discharge, or a minimum 
of 30 days if your 
SWPPP is posted on the 
Internet during this 
period and the Internet 
address (i.e., URL) to 
your SWPPP is provided 
on the NOI form. 

If you post your SWPPP on the Internet, 
30 days after EPA posts your NOI.  
Otherwise, 60 days after EPA posts your 
NOI. 

New Owner/Operator of 
Existing Discharger - transfer of 
ownership and/or operation of a 
facility whose discharge is 
authorized under this permit 

A minimum of 30 days 
prior to date that the 
transfer will take place to 
the new owner/operator. 

30 days after EPA posts your NOI.   

Other Eligible Dischargers - in 
operation prior to October 30, 
2005, but not covered under the 
MSGP 2000 or another NPDES 
permit. 

Immediately, to 
minimize the time 
discharges from the 
facility will continue to 
be unauthorized. 

If you post your SWPPP on the Internet, 
30 days after EPA posts your NOI.  
Otherwise, 60 days after EPA posts your 
NOI. 

 
1 Based on a review of your NOI or other information, EPA may delay your authorization for 
further review, notify you that additional effluent limitations are necessary, or may deny 
coverage under this permit and require submission of an application for an individual NPDES 
permit, as detailed in Part 1.6.  In these instances, EPA will notify you in writing of the delay, of 
the need for additional effluent limits, or of the request for submission of an individual NPDES 
permit application.  
 
1.3.2 Continuation of this Permit. 
 
 If this permit is not reissued or replaced prior to the expiration date, it will be 
administratively continued in accordance with 40 CFR 122.6 and remain in force and effect.  If 
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you were authorized to discharge under this permit prior to the expiration date, any discharges 
authorized under this permit will automatically remain covered by this permit until the earliest 
of:  
 

• Your authorization for coverage under a reissued permit or a replacement of this 
permit following your timely and appropriate submittal of a complete NOI 
requesting authorization to discharge under the new permit and compliance with 
the requirements of the new permit; or 

• Your submittal of a Notice of Termination; or 
• Issuance or denial of an individual permit for the facility’s discharges; or 
• A formal permit decision by EPA not to reissue this general permit, at which time 

EPA will identify a reasonable time period for covered dischargers to seek 
coverage under an alternative general permit or an individual permit.  Coverage 
under this permit will cease at the end of this time period.  

 
1.4 Terminating Coverage. 
 
1.4.1 Submitting a Notice of Termination. 
 
 To terminate permit coverage, you must submit a complete and accurate Notice of 
Termination either electronically (strongly encouraged) at www.epa.gov/npdes/eNOI or using 
the paper Notice of Termination form included in Appendix H of this permit, to the address 
listed in Part 7.6.1.  Your authorization to discharge under this permit terminates at midnight of 
the day that a complete Notice of Termination is processed and posted on EPA’s website 
(www.epa.gov/npdes/noisearch).  If you submit a Notice of Termination without meeting one or 
more of the conditions identified in Part 1.4.2, then your Notice of Termination is not valid.  You 
are responsible for meeting the terms of this permit until your authorization is terminated.  

 
1.4.2 When to Submit a Notice of Termination.  
 

 You must submit a Notice of Termination within 30 days after one or more of the 
following conditions have been met: 
 

• A new owner or operator has taken over responsibility for the facility; or 
• You have ceased operations at the facility, there are not or no longer will be 

discharges of stormwater associated with industrial activity from the facility, and 
you have already implemented necessary sediment and erosion controls as 
required by Part 2.1.2.5;  

• You are a Sector G, H, or J facility and you have met the applicable termination 
requirements; or 

• You have obtained coverage under an individual or alternative general permit for 
all discharges required to be covered by an NPDES permit, unless EPA has 
required that you obtain such coverage under authority of Part 1.6.1, in which 
case coverage under this permit will terminate automatically. 
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1.5 Conditional Exclusion for No Exposure.  
 
 If you are covered by this permit, and become eligible for a no exposure exclusion from 
permitting under 40 CFR 122.26(g), you may file a No Exposure Certification.  You are no 
longer required to have a permit upon submission of a complete and accurate no exposure 
certification to EPA.  If you are no longer required to have permit coverage because of a no 
exposure exclusion and have submitted a No Exposure Certification form to EPA, you are not 
required to submit a Notice of Termination.  You must submit a No Exposure Certification to 
EPA once every five years.  File your No Exposure Certification using the eNOI system at 
www.epa.gov/npdes/eNOI. 
 
1.6 Alternative Permits.  
 
1.6.1 EPA Requiring Coverage under an Alternative Permit. 
 
  EPA may require you to apply for and/or obtain authorization to discharge under either 
an individual NPDES permit or an alternative NPDES general permit in accordance with 40 CFR 
122.64 and 124.5. Any interested person may petition EPA to take action under this paragraph. If 
EPA requires you to apply for an individual NPDES permit, EPA will notify you in writing that a 
permit application is required. This notification will include a brief statement of the reasons for 
this decision and will provide application information.  In addition, if you are an existing 
discharger authorized to discharge under this permit, the notice will set a deadline to file the 
permit application, and will include a statement that on the effective date of the individual 
NPDES permit, or the alternative general permit as it applies to you, coverage under this general 
permit will terminate. EPA may grant additional time to submit the application if you request it.  
If you are covered under this permit and fail to submit an individual NPDES permit application 
as required by EPA, then the applicability of this permit to you is terminated at the end of the day 
specified by EPA as the deadline for application submittal.  EPA may take appropriate 
enforcement action for any unpermitted discharge. 
   
1.6.2  Permittee Requesting Coverage under an Alternative Permit. 
 
  You may request to be excluded from coverage under this general permit by applying for 
an individual permit.  In such a case, you must submit an individual permit application in 
accordance with the requirements of 40 CFR 122.26(c)(1)(ii), with reasons supporting the 
request, to EPA at the applicable EPA Regional Office listed in Part 7.6.2 of this permit.  The 
request may be granted by issuance of an individual permit or authorization of coverage under an 
alternative general permit if your reasons are adequate to support the request. 
 
  When an individual NPDES permit is issued to you or you are authorized to discharge 
under an alternative NPDES general permit, your authorization to discharge under this permit is 
terminated on the effective date of the individual permit or the date of authorization of coverage 
under the alternative general permit.  
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1.7 Severability. 
 
  Invalidation of a portion of this permit does not necessarily render the whole permit 
invalid.  EPA’s intent is that the permit is to remain in effect to the extent possible; in the event 
that any part of this permit is invalidated, EPA will advise the regulated community as to the 
effect of such invalidation. 
  
2. Control Measures and Effluent Limits. 
 

In the technology-based limits included in Part 2.1 and in Part 8, the term “minimize” 
means reduce and/or eliminate to the extent achievable using control measures (including best 
management practices) that are technologically available and economically practicable and 
achievable in light of best industry practice. 
 
2.1 Control Measures. 
 
 You must select, design, install, and implement control measures (including best 
management practices) to address the selection and design considerations in Part 2.1.1, meet the 
non-numeric effluent limits in Part 2.1.2, and meet limits contained in applicable effluent 
limitations guidelines in Part 2.1.3.  The selection, design, installation, and implementation of 
these control measures must be in accordance with good engineering practices and 
manufacturer’s specifications.  Note that you may deviate from such manufacturer’s 
specifications where you provide justification for such deviation and include documentation of 
your rationale in the part of your SWPPP that describes your control measures, consistent with 
Part 5.1.4.  If you find that your control measures are not achieving their intended effect of 
minimizing pollutant discharges, you must modify these control measures as expeditiously as 
practicable.  Regulated stormwater discharges from your facility include stormwater run-on that 
commingles with stormwater discharges associated with industrial activity at your facility. 
  
2.1.1 Control Measure Selection and Design Considerations 
  

You must consider the following when selecting and designing control measures: 
 

• preventing stormwater from coming into contact with polluting materials is  
generally more effective, and less costly, than trying to remove pollutants from 
stormwater; 

• using control measures in combination is more effective than using control 
measures in isolation for minimizing pollutants in your stormwater discharge;   

• assessing the type and quantity of pollutants, including their potential to impact 
receiving water quality, is critical to designing effective control measures that will 
achieve the limits in this permit; 

• minimizing impervious areas at your facility and infiltrating runoff onsite 
(including bioretention cells, green roofs, and pervious pavement, among other 
approaches) can reduce runoff and improve groundwater recharge and stream 
base flows in local streams, although care must be taken to avoid ground water 
contamination; 
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• attenuating flow using open vegetated swales and natural depressions can reduce 
in-stream impacts of erosive flows; 

• conserving and/or restoring of riparian buffers will help protect streams from 
stormwater runoff and improve water quality; and 

• using treatment interceptors (e.g., swirl separators and sand filters) may be 
appropriate in some instances to minimize the discharge of pollutants.  

 
2.1.2 Non-Numeric Technology-Based Effluent Limits (BPT/BAT/BCT). 
   
2.1.2.1 Minimize Exposure.  You must minimize the exposure of manufacturing, processing, and 
material storage areas (including loading and unloading, storage, disposal, cleaning, 
maintenance, and fueling operations) to rain, snow, snowmelt, and runoff by either locating these 
industrial materials and activities inside or protecting them with storm resistant coverings 
(although significant enlargement of impervious surface area is not recommended).  In 
minimizing exposure, you should pay particular attention to the following:  
 

- use grading, berming, or curbing to prevent runoff of contaminated flows and divert 
run-on away from these areas; 

- locate materials, equipment, and activities so that leaks are contained in existing 
containment and diversion systems (confine the storage of leaky or leak-prone 
vehicles and equipment awaiting maintenance to protected areas); 

- clean up spills and leaks promptly using dry methods (e.g., absorbents) to prevent the 
discharge of pollutants; 

- use drip pans and absorbents under or around leaky vehicles and equipment or store 
indoors where feasible;  

- use spill/overflow protection equipment; 
- drain fluids from equipment and vehicles prior to on-site storage or disposal; 
- perform all cleaning operations indoors, under cover, or in bermed areas that prevent 

runoff and run-on and also that capture any overspray; and 
- ensure that all washwater drains to a proper collection system (i.e., not the stormwater 

drainage system). 
 

The discharge of vehicle and equipment washwater, including tank cleaning operations, 
is not authorized by this permit.  These wastewaters must be covered under a separate 
NPDES permit, discharged to a sanitary sewer in accordance with applicable industrial 
pretreatment requirements, or disposed of otherwise in accordance with applicable law. 

 
Note: Industrial materials do not need to be enclosed or covered if stormwater runoff 
from affected areas will not be discharged to receiving waters or if discharges are 
authorized under another NPDES permit.  

 
2.1.2.2 Good Housekeeping.  You must keep clean all exposed areas that are potential sources of 

pollutants, using such measures as sweeping at regular intervals, keeping materials 
orderly and labeled, and storing materials in appropriate containers.     
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2.1.2.3 Maintenance. You must regularly inspect, test, maintain, and repair all industrial 
equipment and systems to avoid situations that may result in leaks, spills, and other 
releases of pollutants in stormwater discharged to receiving waters.   You must maintain 
all control measures that are used to achieve the effluent limits required by this permit in 
effective operating condition.  Nonstructural control measures must also be diligently 
maintained (e.g., spill response supplies available, personnel appropriately trained).  If 
you find that your control measures need to be replaced or repaired, you must make the 
necessary repairs or modifications as expeditiously as practicable.   

 
2.1.2.4 Spill Prevention and Response Procedures.  You must minimize the potential for leaks, 

spills and other releases that may be exposed to stormwater and develop plans for 
effective response to such spills if or when they occur.  At a minimum, you must 
implement: 

 
• Procedures for plainly labeling containers (e.g., “Used Oil,” “Spent Solvents,” 

“Fertilizers and Pesticides,” etc.) that could be susceptible to spillage or leakage 
to encourage proper handling and facilitate rapid response if spills or leaks occur; 

• Preventative measures such as barriers between material storage and traffic areas, 
secondary containment provisions, and procedures for material storage and 
handling;   

• Procedures for expeditiously stopping, containing, and cleaning up leaks, spills, 
and other releases.  Employees who may cause, detect, or respond to a spill or 
leak must be trained in these procedures and have necessary spill response 
equipment available.  If possible, one of these individuals should be a member of 
your stormwater pollution prevention team (see Part 5.1.1); and 

• Procedures for notification of appropriate facility personnel, emergency response 
agencies, and regulatory agencies.  Where a leak, spill, or other release containing 
a hazardous substance or oil in an amount equal to or in excess of a reportable 
quantity established under either 40 CFR Part 110, 40 CFR Part 117, or 40 CFR 
Part 302, occurs during a 24-hour period, you must notify the National Response 
Center (NRC) at (800) 424-8802 or, in the Washington, DC, metropolitan area, 
call (202) 267-2675 in accordance with the requirements of 40 CFR Part 110, 40 
CFR Part 117, and 40 CFR Part 302 as soon as you have knowledge of the 
discharge.  State or local requirements may necessitate reporting spills or 
discharges to local emergency response, public health, or drinking water supply 
agencies.  Contact information must be in locations that are readily accessible and 
available.  

 
2.1.2.5 Erosion and Sediment Controls.  You must stabilize exposed areas and contain runoff 

using structural and/or non-structural control measures to minimize onsite erosion and 
sedimentation, and the resulting discharge of pollutants.  Among other actions you must 
take to meet this limit, you must place flow velocity dissipation devices at discharge 
locations and within outfall channels where necessary to reduce erosion and/or settle out 
pollutants. In selecting, designing, installing, and implementing appropriate control 
measures, you are encouraged to consult with EPA’s internet-based resources relating to 
BMPs for erosion and sedimentation, including the sector-specific Industrial Stormwater 
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Fact Sheet Series, (www.epa.gov/npdes/stormwater/msgp), National Menu of Stormwater 
BMPs (www.epa.gov/npdes/stormwater/menuofbmps), and National Management 
Measures to Control Nonpoint Source Pollution from Urban Areas 
(www.epa.gov/owow/nps/urbanmm/index.html), and any similar State or Tribal 
publications.   

 
2.1.2.6 Management of Runoff.  You must divert, infiltrate, reuse, contain, or otherwise reduce 

stormwater runoff, to minimize pollutants in your discharges.  In selecting, designing, 
installing, and implementing appropriate control measures, you are encouraged to consult 
with EPA’s internet-based resources relating to runoff management, including the sector-
specific Industrial Stormwater Fact Sheet Series, 
(www.epa.gov/npdes/stormwater/msgp), National Menu of Stormwater BMPs 
(www.epa.gov/npdes/stormwater/menuofbmps), and National Management Measures to 
Control Nonpoint Source Pollution from Urban Areas 
(www.epa.gov/owow/nps/urbanmm/index.html), and any similar State or Tribal 
publications. 

 
2.1.2.7 Salt Storage Piles or Piles Containing Salt.  You must enclose or cover storage piles of 

salt, or piles containing salt, used for deicing or other commercial or industrial purposes, 
including maintenance of paved surfaces.  You must implement appropriate measures 
(e.g., good housekeeping, diversions, containment) to minimize exposure resulting from 
adding to or removing materials from the pile.  Piles do not need to be enclosed or 
covered if stormwater runoff from the piles is not discharged or if discharges from the 
piles are authorized under another NPDES permit. 

 
2.1.2.8 Sector Specific Non-Numeric Effluent Limits.  You must achieve any additional non-

numeric limits stipulated in the relevant sector-specific section(s) of Part 8. 
 
2.1.2.9 Employee Training.  You must train all employees who work in areas where industrial 

materials or activities are exposed to stormwater, or who are responsible for 
implementing activities necessary to meet the conditions of this permit (e.g., inspectors, 
maintenance personnel), including all members of your Pollution Prevention Team.  
Training must cover both the specific control measures used to achieve the effluent limits  
in this Part, and monitoring, inspection, planning, reporting, and documentation 
requirements in other parts of this permit.  EPA recommends training be conducted at 
least annually (or more often if employee turnover is high). 

     
2.1.2.10 Non-Stormwater Discharges.  You must eliminate non-stormwater discharges not 

authorized by an NPDES permit. See Part 1.2.3 for a list of non-stormwater discharges 
authorized by this permit.   

 
2.1.2.11 Waste, Garbage and Floatable Debris.  You must ensure that waste, garbage, and 

floatable debris are not discharged to receiving waters by keeping exposed areas free of 
such materials or by intercepting them before they are discharged. 
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2.1.2.12 Dust Generation and Vehicle Tracking of Industrial Materials.  You must minimize 
generation of dust and off-site tracking of raw, final, or waste materials. 

 
2.1.3 Numeric Effluent Limitations Based on Effluent Limitations Guidelines 
 
 If you are in an industrial category subject to one of the effluent limitations guidelines 
identified in Table 6-1 (see Part 6.2.2.1), you must meet the effluent limits referenced in Table 2-
1 below: 
 

Table 2-1.  Applicable Effluent Limitations Guidelines 
 

Regulated Activity 40 CFR Part/Subpart Effluent Limit 
Discharges resulting from spray down or 
intentional wetting of logs at wet deck 
storage areas 

Part 429, Subpart I See Part 8.A.7 

Runoff from phosphate fertilizer 
manufacturing facilities that comes into 
contact with any raw materials, finished 
product, by-products or waste products 
(SIC 2874) 

Part 418, Subpart A See Part 8.C.4 

Runoff from asphalt emulsion facilities Part 443, Subpart A See Part 8.D.4 
Runoff from material storage piles at 
cement manufacturing facilities 

Part 411, Subpart C See Part 8.E.5 

Mine dewatering discharges at crushed 
stone, construction sand and gravel, or 
industrial sand mining facilities 

Part 436, Subparts B, C, 
or D 

See Part 8.J.9 

Runoff from hazardous waste landfills Part 445, Subpart A See Part 8.K.6 
Runoff from non-hazardous waste 
landfills 

Part 445, Subpart B See Part 8.L.10 

Runoff from coal storage piles at steam 
electric generating facilities 

Part 423 See Part 8.O.8 

 

2.2 Water Quality-Based Effluent Limitations.  
 
2.2.1 Water Quality Standards 
 

Your discharge must be controlled as necessary to meet applicable water quality 
standards. 

 
EPA expects that compliance with the other conditions in this permit will control 

discharges as necessary to meet applicable water quality standards.  If at any time you become 
aware, or EPA determines, that your discharge causes or contributes to an exceedance of 
applicable water quality standards, you must take corrective action as required in Part 3.1, 
document the corrective actions as required in Parts 3.4 and 5.4, and report the corrective actions 
to EPA as required in Part 7.2.   
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Additionally, EPA may impose additional water quality-based limitations on a site-
specific basis, or require you to obtain coverage under an individual permit, if information in 
your NOI, required reports, or from other sources indicates that your discharges are not 
controlled as necessary to meet applicable water quality standards. 

  
2.2.2  Discharges to Water Quality Impaired Waters. 
 
2.2.2.1 Existing Discharge to an Impaired Water with an EPA Approved or Established 

TMDL.  If you discharge to an impaired water with an EPA approved or established 
TMDL, EPA will inform you if any additional limits or controls are necessary for your 
discharge to be consistent with the assumptions of any available wasteload allocation in 
the TMDL, or if coverage under an individual permit is necessary in accordance with Part 
1.6.1.  
  

2.2.2.2 Existing Discharge to an Impaired Water without an EPA Approved or Established 
TMDL.  If you discharge to an impaired water without an EPA approved or established 
TMDL, you are required to comply with Part 2.2.1 and the monitoring requirement of 
Part 6.2.4.  Note that this provision also applies to situations where EPA determines that 
your discharge is not controlled as necessary to meet water quality standards in a 
downstream water segment, even if your discharge is to a receiving water that is not 
specifically identified on a Section 303(d) list.   

 
2.2.2.3 New Discharge to an Impaired Water.  If your authorization to discharge under this 

permit relied on Part 1.1.4.7 for a new discharge to an impaired water, you must 
implement and maintain any control measures or conditions on your site that enabled you 
to become eligible under Part 1.1.4.7, and modify such measures or conditions as 
necessary pursuant to any Part 3 corrective actions.  You are also required to comply with 
Part 2.2.1 and the monitoring requirements of Parts 6.2.4. 

 
2.2.3 Tier 2 Antidegradation Requirements for New or Increased Dischargers 
 
 If you are a new discharger, or an existing discharger required to notify EPA of an 
increased discharge consistent with Part 7.4 (i.e., a “planned changes” report), and you discharge 
directly to waters designated by a State or Tribe as Tier 2 or Tier 2.5 for antidegradation 
purposes under 40 CFR 131.12(a) (see list of Tier 2 and 2.5 waters on EPA’s website at 
http://www.epa.gov/npdes/stormwater/msgp), EPA may notify you that additional analyses, 
control measures, or other permit conditions are necessary to comply with the applicable 
antidegradation requirements, or notify you that an individual permit application is necessary in 
accordance with Part 1.6.1.   
 
2.3 Requirements Relating to Endangered Species and Historic Properties 
 
 If your eligibility under either Part 1.1.4.5 or Part 1.1.4.6 was made possible through 
your, or another operator’s, agreement to include certain measures or prerequisite actions, or 
implement certain terms and conditions, you must comply with all such agreed-upon 
requirements to maintain eligibility under the MSGP. 

Stormwater Discharges Associated With Industrial Activity 17 

RB-AR26366

http://www.epa.gov/npdes/stormwater/msgp


General Permit 

 
2.4 Requirements Relating to the National Environmental Policy Act (NEPA) Review 
 
 If your eligibility under Part 1.1.2.5 was made possible through your agreement to 
implement any mitigation measures as a result of the NEPA review process, you must comply 
with all such agreed-upon measures to maintain eligibility under the MSGP. 
 
3. Corrective Actions 

 
3.1 Conditions Requiring Review and Revision to Eliminate Problem 

 
 If any of the following conditions occur, you must review and revise the selection, 
design, installation, and implementation of your control measures to ensure that the condition is 
eliminated and will not be repeated in the future: 
 

• an unauthorized release or discharge (e.g., spill, leak, or discharge of non-stormwater not 
authorized by this or another NPDES permit) occurs at your facility;  

• a discharge violates a numeric effluent limit; 
• you become aware, or EPA determines, that your control measures are not stringent 

enough for the discharge to meet applicable water quality standards;  
• an inspection or evaluation of your facility by an EPA official, or local, State, or Tribal 

entity, determines that modifications to the control measures are necessary to meet the 
non-numeric effluent limits in this permit; or 

• you find in your routine facility inspection, quarterly visual assessment, or 
comprehensive site inspection that your control measures are not being properly operated 
and maintained. 

 
3.2 Conditions Requiring Review to Determine if Modifications Are Necessary 

 
If any of the following conditions occur, you must review the selection, design, installation, 

and implementation of your control measures to determine if modifications are necessary to meet 
the effluent limits in this permit: 

 
• construction or a change in design, operation, or maintenance at your facility 

significantly changes the nature of pollutants discharged in stormwater from your 
facility, or significantly increases the quantity of pollutants discharged; or 

• the average of 4 quarterly sampling results exceeds an applicable benchmark.  If less 
than 4 benchmark samples have been taken, but the results are such that an 
exceedence of the 4 quarter average is mathematically certain (i.e., if the sum of 
quarterly sample results to date is more than 4 times the benchmark level) this is 
considered a benchmark exceedence, triggering this review. 

 
3.3 Corrective Action Deadlines 

 
 You must document your discovery of any of the conditions listed in Parts 3.1 and 3.2 
within 24 hours of making such discovery.  Subsequently, within 14 days of such discovery, you 
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must document any corrective action(s) to be taken to eliminate or further investigate the 
deficiency, or if no corrective action is needed, the basis for that determination.  Specific 
documentation required within 24 hours and 14 days is detailed in Part 3.4.  If you determine that 
changes are necessary following your review, any modifications to your control measures must 
be made before the next storm event if possible, or as soon as practicable following that storm 
event.   These time intervals are not grace periods, but are schedules considered reasonable for 
documenting your findings and for making repairs and improvements.  They are included in this 
permit to ensure that the conditions prompting the need for these repairs and improvements are 
not allowed to persist indefinitely.   
 
3.4 Corrective Action Report  

 
Within 24 hours of discovery of any condition listed in Parts 3.1 and 3.2, you must 

document the following information (i.e., questions 3-5 of the Corrective Actions section in the 
Annual Reporting Form, provided in Appendix I): 
 

• Identification of the condition triggering the need for corrective action review; 
• Description of the problem identified; and 
• Date the problem was identified. 

 
Within 14 days of discovery of any condition listed in Parts 3.1 and 3.2, you must 

document the following information (i.e., questions 7-11 of the Corrective Actions section in the 
Annual Reporting Form, provided in Appendix I): 
 

• Summary of corrective action taken or to be taken (or, for triggering events identified in 
Part 3.2 where you determine that corrective action is not necessary, the basis for this 
determination); 

• Notice of whether SWPPP modifications are required as a result of this discovery or 
corrective action;  

• Date corrective action initiated; and  
• Date corrective action completed or expected to be completed. 

 
 You must submit this documentation in an annual report as required in Part 7.2 and retain 
a copy onsite with your SWPPP as required in Part 5.4. 
 
3.5 Effect of Corrective Action 

 
If the event triggering the review is a permit violation (e.g., non-compliance with an 

effluent limit), correcting it does not remove the original violation.  Additionally, failing to take 
corrective action in accordance with this section is an additional permit violation.  EPA will 
consider the appropriateness and promptness of corrective action in determining enforcement 
responses to permit violations. 
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3.6 Substantially Identical Outfalls 
 
If the event triggering corrective action is linked to an outfall that represents other 

substantially identical outfalls, your review must assess the need for corrective action for each 
outfall represented by the outfall that triggered the review.  Any necessary changes to control 
measures that affect these other outfalls must also be made before the next storm event if 
possible, or as soon as practicable following that storm event. 
   
4. Inspections 
 

You must conduct the inspections in Parts 4.1, 4.2, and 4.3 at your facility. 
 
4.1 Routine Facility Inspections.  

 
4.1.1 Routine Facility Inspection Procedures. 

 
Conduct routine facility inspections of all areas of the facility where industrial materials 

or activities are exposed to stormwater, and of all stormwater control measures used to comply 
with the effluent limits contained in this permit.  Routine facility inspections must be conducted 
at least quarterly (i.e., once each calendar quarter) although in many instances, more frequent 
inspection (e.g., monthly) may be appropriate for some types of equipment, processes, and 
control measures or areas of the facility with significant activities and materials exposed to 
stormwater.  Perform these inspections during periods when the facility is in operation.  You 
must specify the relevant inspection schedules in your SWPPP document as required in Part 
5.1.5.  These routine inspections must be performed by qualified personnel (for definition see 
Appendix A) with at least one member of your stormwater pollution prevention team 
participating.  At least once each calendar year, the routine facility inspection must be conducted 
during a period when a stormwater discharge is occurring. 
 
4.1.2 Routine Facility Inspection Documentation. 

 
You must document the findings of each routine facility inspection performed and 

maintain this documentation onsite with your SWPPP as required in Part 5.4. You are not 
required to submit your routine facility inspection findings to EPA, unless specifically requested 
to do so.  At a minimum, your documentation of each routine facility inspection must include: 

 
• The inspection date and time; 
• The name(s) and signature(s) of the inspector(s); 
• Weather information and a description of any discharges occurring at the time of 

the inspection;  
• Any previously unidentified discharges of pollutants from the site; 
• Any control measures needing maintenance or repairs; 
• Any failed control measures that need replacement; 
• Any incidents of noncompliance observed; and 
• Any additional control measures needed to comply with the permit requirements. 
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 Any corrective action required as a result of a routine facility inspection must be 
performed consistent with Part 3 of this permit. 
 
4.1.3 Exceptions to Routine Facility Inspections. 

 
Inactive and Unstaffed Sites:  The requirement to conduct routine facility inspections on 
a quarterly basis does not apply at a facility that is inactive and unstaffed, as long as there 
are no industrial materials or activities exposed to stormwater.  Such a facility is only 
required to conduct an annual comprehensive site inspection in accordance with the 
requirements of Part 4.3.  To invoke this exception, you must maintain a statement in 
your SWPPP pursuant to Part 5.1.5.2 indicating that the site is inactive and unstaffed, and 
that there are no industrial materials or activities exposed to precipitation, in accordance 
with the substantive requirements in 40 CFR 122.26(g)(4)(iii).  The statement must be 
signed and certified in accordance with Appendix B, Subsection 11.  If circumstances 
change and industrial materials or activities become exposed to stormwater or your 
facility becomes active and/or staffed, this exception no longer applies and you must 
immediately resume quarterly facility inspections.  If you are not qualified for this 
exception at the time you are authorized under this permit, but during the permit term you 
become qualified because your facility is inactive and unstaffed, and there are no 
industrial materials or activities that are exposed to stormwater, then you must include the 
same signed and certified statement as above and retain it with your records pursuant to 
Part 5.4. 
 
Inactive and unstaffed facilities covered under Sectors G (Metal Mining), H (Coal Mines 
and Coal Mining-Related Facilities), and J (Non-Metallic Mineral Mining and Dressing), 
are not required to meet the “no industrial materials or activities exposed to stormwater” 
standard to be eligible for this exception from routine inspections, consistent with the 
requirements established in Parts 8.G.8.4, 8.H.8.1, and 8.J.8.1. 

 
4.2 Quarterly Visual Assessment of Stormwater Discharges. 

 
4.2.1 Quarterly Visual Assessment Procedures. 

 
Once each quarter for the entire permit term, you must collect a stormwater sample from 

each outfall (except as noted in Part 4.2.3) and conduct a visual assessment of each of these 
samples.  These samples are not required to be collected consistent with 40 CFR Part 136 
procedures but should be collected in such a manner that the samples are representative of the 
stormwater discharge. 
 

The visual assessment must be made: 
 

• Of a sample in a clean, clear glass, or plastic container, and examined in a well-lit 
area; 

• On samples collected within the first 30 minutes of an actual discharge from a 
storm event.  If it is not possible to collect the sample within the first 30 minutes 
of discharge, the sample must be collected as soon as practicable after the first 30 
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minutes and you must document why it was not possible to take samples within 
the first 30 minutes.  In the case of snowmelt, samples must be taken during a 
period with a measurable discharge from your site; and 

• For storm events, on discharges that occur at least 72 hours (3 days) from the 
previous discharge.  The 72-hour (3-day) storm interval does not apply if you 
document that less than a 72-hour (3-day) interval is representative for local storm 
events during the sampling period. 

 
You must visually inspect the sample for the following water quality characteristics: 
 

- Color; 
- Odor; 
- Clarity; 
- Floating solids; 
- Settled solids; 
- Suspended solids; 
- Foam; 
- Oil sheen; and 
- Other obvious indicators of stormwater pollution. 

 
4.2.2 Quarterly Visual Assessment Documentation. 
 
 You must document the results of your visual assessments and maintain this 
documentation onsite with your SWPPP as required in Part 5.4.  You are not required to submit 
your visual assessment findings to EPA, unless specifically requested to do so.  At a minimum, 
your documentation of the visual assessment must include: 
 

• Sample location(s) 
• Sample collection date and time, and visual assessment date and time for each 

sample; 
• Personnel collecting the sample and performing visual assessment, and their 

signatures; 
• Nature of the discharge (i.e., runoff or snowmelt); 
• Results of observations of the stormwater discharge; 
• Probable sources of any observed stormwater contamination,  
• If applicable, why it was not possible to take samples within the first 30 minutes. 

 
 Any corrective action required as a result of a quarterly visual assessment must be 
performed consistent with Part 3 of this permit. 
 
4.2.3 Exceptions to Quarterly Visual Assessments. 

 
Adverse Weather Conditions: When adverse weather conditions prevent the collection of 
samples during the quarter, you must take a substitute sample during the next qualifying 
storm event. Documentation of the rationale for no visual assessment for the quarter must 
be included with your SWPPP records as described in Part 5.4.  Adverse conditions are 
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those that are dangerous or create inaccessibility for personnel, such as local flooding, 
high winds, or electrical storms, or situations that otherwise make sampling impractical, 
such as drought or extended frozen conditions.   
 
Climates with Irregular Stormwater Runoff: If your facility is located in an area where 
limited rainfall occurs during many parts of the year (e.g., arid or semi-arid climate) or in 
an area where freezing conditions exist that prevent runoff from occurring for extended 
periods, then your samples for the quarterly visual assessments may be distributed during 
seasons when precipitation runoff occurs.   
 
Areas Subject to Snow: In areas subject to snow, at least one quarterly visual assessment 
must capture snowmelt discharge, as described in Part 6.1.3, taking into account the 
exception described above for climates with irregular stormwater runoff. 
   
Inactive and unstaffed sites: The requirement for a quarterly visual assessment does not 
apply at a facility that is inactive and unstaffed, as long as there are no industrial 
materials or activities exposed to stormwater. To invoke this exception, you must 
maintain a statement in your SWPPP as required in Part 5.1.5.2 indicating that the site is 
inactive and unstaffed, and that there are no industrial materials or activities exposed to 
precipitation, in accordance with the substantive requirements in 40 CFR 
122.26(g)(4)(iii).  The statement must be signed and certified in accordance with 
Appendix B, Subsection 11.  If circumstances change and industrial materials or activities 
become exposed to stormwater or your facility becomes active and/or staffed, this 
exception no longer applies and you must immediately resume quarterly visual 
assessments.  If you are not qualified for this exception at the time you are authorized 
under this permit, but during the permit term you become qualified because your facility 
is inactive and unstaffed, and there are no industrial materials or activities that are 
exposed to stormwater, then you must include the same signed and certified statement as 
above and retain it with your records pursuant to Part 5.4. 
 
Inactive and unstaffed facilities covered under Sectors G (Metal Mining), H (Coal Mines 
and Coal Mining-Related Facilities), and J (Non-Metallic Mineral Mining and Dressing), 
are not required to meet the “no industrial materials or activities exposed to stormwater” 
standard to be eligible for this exception from quarterly visual assessment, consistent 
with the requirements established in Parts 8.G.8.4, 8.H.8.1, and 8.J.8.1. 

 
Substantially identical outfalls: If your facility has two or more outfalls that you believe 
discharge substantially identical effluents, as documented in Part 5.1.5.2, you may 
conduct quarterly visual assessments of the discharge at just one of the outfalls and report 
that the results also apply to the substantially identical outfall(s) provided that you 
perform visual assessments on a rotating basis of each substantially identical outfall 
throughout the period of your coverage under this permit.     

 
If stormwater contamination is identified through visual assessment performed at a 
substantially identical outfall, you must assess and modify your control measures as 
appropriate for each outfall represented by the monitored outfall.   
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4.3 Comprehensive Site Inspections. 
 
4.3.1 Comprehensive Site Inspection Procedures. 
 
 You must conduct annual comprehensive site inspections while you are covered under 
this permit.  Annual, as defined in this Part, means once during each of the following inspection 
periods beginning with the period you are authorized to discharge under this permit:  
 
 Year 1:  September 29, 2008 – September 29, 2009 
 Year 2:  September 29, 2009 – September 29, 2010 
 Year 3:  September 29, 2010 – September 29, 2011 
 Year 4:  September 29, 2011 – September 29, 2012 
 Year 5:  September 29, 2012 – September 29, 2013 
 
 You are waived from having to perform a comprehensive site inspection for an inspection 
period, as defined above, if you obtain authorization to discharge less than three months before 
the end of that inspection period. 
 
 Should your coverage be administratively continued after the expiration date of this 
permit, you must continue to perform these inspections annually until you are no longer covered.   
 
 Comprehensive site inspections must be conducted by qualified personnel with at least 
one member of your stormwater pollution prevention team participating in the comprehensive 
site inspections. 
 

Your comprehensive site inspections must cover all areas of the facility affected by the 
requirements in this permit, including the areas identified in the SWPPP as potential pollutant 
sources (see Part 5.1.3) where industrial materials or activities are exposed to stormwater, any 
areas where control measures are used to comply with the effluent limits in Part 2, and areas 
where spills and leaks have occurred in the past 3 years. The inspections must also include a 
review of monitoring data collected in accordance with Part 6.2. Inspectors must consider the 
results of the past year’s visual and analytical monitoring when planning and conducting 
inspections.  Inspectors must examine the following:   

 
• Industrial materials, residue, or trash that may have or could come into contact with 

stormwater;  
• Leaks or spills from industrial equipment, drums, tanks, and other containers;  
• Offsite tracking of industrial or waste materials, or sediment where vehicles enter or exit 

the site;  
• Tracking or blowing of raw, final, or waste materials from areas of no exposure to 

exposed areas; and 
• Control measures needing replacement, maintenance, or repair. 
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 Stormwater control measures required by this permit must be observed to ensure that they 
are functioning correctly.  If discharge locations are inaccessible, nearby downstream locations 
must be inspected. 

 
Your annual comprehensive site inspection may also be used as one of the routine 

inspections, as long as all components of both types of inspections are included. 
 
4.3.2 Comprehensive Site Inspection Documentation. 
 
 You must document the findings of each comprehensive site inspection and maintain this 
documentation onsite with your SWPPP as required in Part 5.4.  In addition, you must submit 
this documentation in an annual report as required in Part 7.2.  At a minimum, your 
documentation of the comprehensive site inspection must include (see the Annual Reporting 
Form included as Appendix I):  

 
• The date of the inspection; 
• The name(s) and title(s) of the personnel making the inspection; 
• Findings from the examination of areas of your facility identified in Part 4.3.1; 
• All observations relating to the implementation of your control measures 

including:  
 previously unidentified discharges from the site, 
 previously unidentified pollutants in existing discharges, 
 evidence of, or the potential for, pollutants entering the drainage system; 
 evidence of pollutants discharging to receiving waters at all facility outfall(s), 

and the condition of and around the outfall, including flow dissipation 
measures to prevent scouring, and 

 additional control measures needed to address any conditions requiring 
corrective action identified during the inspection. 

• Any required revisions to the SWPPP resulting from the inspection; 
• Any incidents of noncompliance observed or a certification stating the facility is 

in compliance with this permit (if there is no noncompliance); and  
• A statement, signed and certified in accordance with Appendix B, Subsection 11 

of the permit. 
 

 Any corrective action required as a result of the comprehensive site inspection must be 
performed consistent with Part 3 of this permit. 

 
5. Stormwater Pollution Prevention Plan (SWPPP).  
 

You must prepare a SWPPP for your facility before submitting your Notice of Intent 
(NOI) for permit coverage. If you prepared a SWPPP for coverage under a previous NPDES 
permit, you must review and update the SWPPP to implement all provisions of this permit prior 
to submitting your NOI.  The SWPPP does not contain effluent limitations; the limitations are 
contained in Part 2 of the permit, and for some sectors, Parts 8 and 9 of the permit.  The SWPPP 
is intended to document the selection, design, and installation of control measures.  As distinct 
from the SWPPP, the additional documentation requirements (see Part 5.4) are intended to 
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document the implementation (including inspection, maintenance, monitoring, and corrective 
action) of the permit requirements. 
 
5.1 Contents of Your SWPPP. 
  
 For coverage under this permit, your SWPPP must contain all of the following elements: 
 

• Stormwater pollution prevention team (see Part 5.1.1); 
• Site description (see Part 5.1.2); 
• Summary of potential pollutant sources (see Part 5.1.3); 
• Description of control measures (see Part 5.1.4); 
• Schedules and procedures (see Part 5.1.5);  
• Documentation to support eligibility considerations under other federal laws (see 

Part 5.1.6); and 
• Signature requirements (see Part 5.1.7). 

 
 Where your SWPPP refers to procedures in other facility documents, such as a Spill 
Prevention, Control and Countermeasure (SPCC) Plan or an Environmental Management System 
(EMS) developed for a National Environmental Performance Track facility, copies of the 
relevant portions of those documents must be kept with your SWPPP.  
 
5.1.1 Stormwater Pollution Prevention Team. 

 
You must identify the staff members (by name or title) that comprise the facility’s 

stormwater pollution prevention team as well as their individual responsibilities. Your 
stormwater pollution prevention team is responsible for assisting the facility manager in 
developing and revising the facility’s SWPPP as well as maintaining control measures and taking 
corrective actions where required.  Each member of the stormwater pollution prevention team 
must have ready access to either an electronic or paper copy of applicable portions of this permit 
and your SWPPP. 

 
5.1.2 Site Description. 
 

Your SWPPP must include the following: 
 

• Activities at the Facility. Provide a description of the nature of the industrial 
activities at your facility. 

• General location map. Provide a general location map (e.g., U.S. Geological 
Survey (USGS) quadrangle map) with enough detail to identify the location of 
your facility and all receiving waters for your stormwater discharges. 

• Site map. Provide a map showing:  
 the size of the property in acres;  
 the location and extent of significant structures and impervious surfaces; 
 directions of stormwater flow (use arrows); 
 locations of all existing structural control measures; 

Stormwater Discharges Associated With Industrial Activity 26 

RB-AR26375



General Permit 

 locations of all receiving waters in the immediate vicinity of your facility, 
indicating if any of the waters are impaired and, if so, whether the waters have 
TMDLs established for them; 

 locations of all stormwater conveyances including ditches, pipes, and swales; 
 locations of potential pollutant sources identified under Part 5.1.3.2; 
 locations where significant spills or leaks identified under Part 5.1.3.3 have 

occurred; 
 locations of all stormwater monitoring points; 
 locations of stormwater inlets and outfalls, with a unique identification code 

for each outfall (e.g., Outfall No. 1, No. 2, etc), indicating if you are treating 
one or more outfalls as “substantially identical” under Parts 4.2.3, 5.1.5.2, and 
6.1.1, and an approximate outline of the areas draining to each outfall; 

 municipal separate storm sewer systems, where your stormwater discharges to 
them; 

 locations and descriptions of all non-stormwater discharges identified under 
Part 2.1.2.10; 

 locations of the following activities where such activities are exposed to 
precipitation:  
o fueling stations; 
o vehicle and equipment maintenance and/or cleaning areas; 
o loading/unloading areas; 
o locations used for the treatment, storage, or disposal of wastes; 
o liquid storage tanks; 
o processing and storage areas; 
o immediate access roads and rail lines used or traveled by carriers of raw 

materials, manufactured products, waste material, or by-products used or 
created by the facility; 

o transfer areas for substances in bulk; and 
o machinery; and 

 locations and sources of run-on to your site from adjacent property that 
contains significant quantities of pollutants. 

 
5.1.3  Summary of Potential Pollutant Sources.  

 
You must document areas at your facility where industrial materials or activities are 

exposed to stormwater and from which allowable non-stormwater discharges are released.  
Industrial materials or activities include, but are not limited to:  material handling equipment or 
activities; industrial machinery; raw materials; industrial production and processes; and 
intermediate products, by-products, final products, and waste products.  Material handling 
activities include, but are not limited to:  the storage, loading and unloading, transportation, 
disposal, or conveyance of any raw material, intermediate product, final product or waste 
product.  For each area identified, the description must include: 
 
5.1.3.1 Activities in the area.  A list of the industrial activities exposed to stormwater (e.g., 

material storage; equipment fueling, maintenance, and cleaning; cutting steel beams).  
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5.1.3.2 Pollutants.  A list of the pollutant(s) or pollutant constituents (e.g., crankcase oil, zinc, 
sulfuric acid, and cleaning solvents) associated with each identified activity.  The 
pollutant list must include all significant materials that have been handled, treated, stored, 
or disposed, and that have been exposed to stormwater in the 3 years prior to the date you 
prepare or amend your SWPPP. 

 
5.1.3.3 Spills and Leaks.  You must document where potential spills and leaks could occur that 

could contribute pollutants to stormwater discharges, and the corresponding outfall(s) 
that would be affected by such spills and leaks. You must document all significant spills 
and leaks of oil or toxic or hazardous pollutants that actually occurred at exposed areas, 
or that drained to a stormwater conveyance, in the 3 years prior to the date you prepare or 
amend your SWPPP. 

 
 Note:  Significant spills and leaks include, but are not limited to, releases of oil or 

hazardous substances in excess of quantities that are reportable under CWA Section 311 
(see 40 CFR 110.6 and 40 CFR 117.21) or Section 102 of the Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA), 42 USC §9602.  
This permit does not relieve you of the reporting requirements of 40 CFR 110, 40 CFR 
117, and 40 CFR 302 relating to spills or other releases of oils or hazardous substances.   

 
5.1.3.4 Non-Stormwater Discharges.  You must document that you have evaluated for the 

presence of non-stormwater discharges and that all unauthorized discharges have been 
eliminated.  Documentation of your evaluation must include: 

 
• The date of any evaluation; 
• A description of the evaluation criteria used; 
• A list of the outfalls or onsite drainage points that were directly observed during 

the evaluation; 
• The different types of non-stormwater discharge(s) and source locations; and 
• The action(s) taken, such as a list of control measures used to eliminate 

unauthorized discharge(s), if any were identified.  For example, a floor drain was 
sealed, a sink drain was re-routed to sanitary, or an NPDES permit application 
was submitted for an unauthorized cooling water discharge. 

 
5.1.3.5 Salt Storage.  You must document the location of any storage piles containing salt used 

for deicing or other commercial or industrial purposes.  
 
5.1.3.6 Sampling Data.  You must summarize all stormwater discharge sampling data collected 

at your facility during the previous permit term.  
 
5.1.4 Description of Control Measures. 
 
5.1.4.1 Control Measures to Meet Technology-Based and Water Quality-Based Effluent 

Limits.  You must document the location and type of control measures you have installed 
and implemented at your site to achieve the non-numeric effluent limits in Part 2.1.2, and 
where applicable in Part 8, the effluent limitations guidelines-based limits in Part 2.1.3,  
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the water quality-based effluent limits in Part 2.2, and any agreed-upon endangered 
species or NEPA-related requirements in Parts 2.3 and 2.4, and describe how you 
addressed the control measure selection and design considerations in Part 2.1.1.  This 
documentation must describe how the control measures at your site address both the 
pollutant sources identified in Part 5.1.3, and any stormwater run-on that commingles 
with any discharges covered under this permit.  
 

5.1.5  Schedules and Procedures 
 
5.1.5.1 Pertaining to Control Measures Used to Comply with the Effluent Limits in Part 2.  

The following must be documented in your SWPPP: 
• Good Housekeeping (See Part 2.1.2.2) – A schedule for regular pickup and 

disposal of waste materials, along with routine inspections for leaks and 
conditions of drums, tanks and containers; 

• Maintenance (See Part 2.1.2.3) –  Preventative maintenance procedures, including 
regular inspections, testing, maintenance, and repair of all industrial equipment 
and systems, and control measures, to avoid situations that may result in leaks, 
spills, and other releases, and any back-up practices in place should a runoff event 
occur while a control measure is off-line; 

• Spill Prevention and Response Procedures (See Part 2.1.2.4) – Procedures for 
preventing and responding to spills and leaks.  You may reference the existence of 
other plans for Spill Prevention Control and Countermeasure (SPCC) developed 
for the facility under Section 311 of the CWA or BMP programs otherwise 
required by an NPDES permit for the facility, provided that you keep a copy of 
that other plan onsite and make it available for review consistent with Part 5.3; 
and 

• Employee Training (Part 2.1.2.9) – A schedule for all types of necessary training. 
 
5.1.5.2 Pertaining to Monitoring and Inspection.  You must document in your SWPPP your 

procedures for conducting the five types of analytical monitoring specified by this permit, 
where applicable to your facility, including: 
 

• Benchmark monitoring (see Part 6.2.1); 
• Effluent limitations guidelines monitoring (see Part 6.2.2);  
• State- or Tribal-specific monitoring (see Part 6.2.3);  
• Impaired waters monitoring (see Part 6.2.4); and 
• Other monitoring as required by EPA (see Part 6.2.5).   

  
For each type of monitoring, your SWPPP must document:  
 

• Locations where samples are collected, including any determination that two or 
more outfalls are substantially identical; 

• Parameters for sampling and the frequency of sampling for each parameter; 
• Schedules for monitoring at your facility, including schedule for alternate 

monitoring periods for climates with irregular stormwater runoff (see Part 6.1.6); 
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• Any numeric control values (benchmarks, effluent limitations guidelines, TMDL-
related requirements, or other requirements) applicable to discharges from each 
outfall; and 

• Procedures (e.g., responsible staff, logistics, laboratory to be used, etc.) for 
gathering storm event data, as specified in Part 6.1. 

 
If you are invoking the exception for inactive and unstaffed sites for benchmark 

monitoring, you must include in your SWPPP the information to support this claim as required 
by Part 6.2.1.3. 
 

You must document the following in your SWPPP if you plan to use the substantially 
identical outfall exception for your quarterly visual assessment requirements in Part 4.2 or your 
benchmark monitoring requirements in Part 6.2.1:  

 
• Location of each of the substantially identical outfalls;  
• Description of the general industrial activities conducted in the drainage area of 

each outfall; 
• Description of the control measures implemented in the drainage area of each 

outfall; 
• Description of the exposed materials located in the drainage area of each outfall 

that are likely to be significant contributors of pollutants to stormwater 
discharges; 

• An estimate of the runoff coefficient of the drainage areas (low = under 40%; 
medium = 40 to 65%; high = above 65%); and 

• Why the outfalls are expected to discharge substantially identical effluents. 
  

You must document in your SWPPP your procedures for performing, as appropriate, the 
three types of inspections specified by this permit, including: 

 
• Routine facility inspections (see Part 4.1); 
• Quarterly visual assessment of stormwater discharges (see Part 4.2); and 
• Comprehensive site inspections (see Part 4.3). 

 
 For each type of inspection performed, your SWPPP must identify: 
 

• Person(s) or positions of person(s) responsible for inspection;  
• Schedules for conducting inspections, including tentative schedule for facilities in 

climates with irregular stormwater runoff discharges (see Part 4.2.3); and 
• Specific items to be covered by the inspection, including schedules for specific 

outfalls. 
 

If you are invoking the exception for inactive and unstaffed sites relating to routine 
facility inspections and quarterly visual assessments, you must include in your SWPPP the 
information to support this claim as required by Parts 4.1.3 and 4.2.3. 
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5.1.6 Documentation to Support Eligibility Considerations Under Other Federal Laws. 
 
5.1.6.1 Documentation Regarding Endangered Species.  You must keep with your SWPPP the 

documentation supporting your determination with regard to Part 1.1.4.5 (Endangered 
and Threatened Species and Critical Habitat Protection). 

 
5.1.6.2 Documentation Regarding Historic Properties.  You must keep with your SWPPP the 

documentation supporting your determination with regard to Part 1.1.4.6 (Historic 
Properties Preservation). 

 
5.1.6.3 Documentation Regarding NEPA Review.  You must keep with your SWPPP the 

documentation supporting your certification of eligibility under Part 1.1.2.5 (Discharges 
Subject to Any New Source Performance Standards). 

  
5.1.7 Signature Requirements. 
 

You must sign and date your SWPPP in accordance with Appendix B, Subsection 11, 
including the date of signature.   
 
5.2 Required SWPPP Modifications. 
 

You must modify your SWPPP whenever necessary to address any of the triggering 
conditions for corrective action in Part 3.1 and to ensure that they do not reoccur, or to reflect 
changes implemented when a review following the triggering conditions in Part 3.2 indicates that 
changes to your control measures are necessary to meet the effluent limits in this permit.  
Changes to your SWPPP document must be made in accordance with the corrective action 
deadlines in Parts 3.3 and 3.4, and must be signed and dated in accordance with Appendix B, 
Subsection 11.   

 
5.3 SWPPP Availability. 
 

You must retain a copy of the current SWPPP required by this permit at the facility, and 
it must be immediately available to EPA; a State, Tribal, or local agency approving stormwater 
management plans; the operator of an MS4 receiving discharges from the site; and 
representatives of the U.S. Fish and Wildlife Service (USFWS) or the National Marine Fisheries 
Service (NMFS) at the time of an onsite inspection or upon request.  EPA may provide access to 
portions of your SWPPP to a member of the public upon request.  Confidential Business 
Information (CBI) may be withheld from the public, but may not be withheld from those staff 
cleared for CBI review within EPA, USFWS, or NMFS.   

 
EPA encourages you to post your SWPPP online and provide the website address on your 

NOI.   
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5.4 Additional Documentation Requirements. 
 

You are required to keep the following inspection, monitoring, and certification records 
with your SWPPP that together keep your records complete and up-to-date, and demonstrate 
your full compliance with the conditions of this permit:  
 

• A copy of the NOI submitted to EPA along with any correspondence exchanged 
between you and EPA specific to coverage under this permit;   

• A copy of the acknowledgment letter you receive from the NOI Processing Center 
or eNOI system assigning your permit tracking number; 

• A copy of this permit (an electronic copy easily available to SWPPP personnel is 
also acceptable); 

• Descriptions and dates of any incidences of significant spills, leaks, or other 
releases that resulted in discharges of pollutants to waters of the U.S., through 
stormwater or otherwise; the circumstances leading to the release and actions 
taken in response to the release; and measures taken to prevent the recurrence of 
such releases (see Part 2.1.2.4);   

• Records of employee training, including date training received (see Part 2.1.2.9); 
• Documentation of maintenance and repairs of control measures, including the 

date(s) of regular maintenance, date(s) of discovery of areas in need of 
repair/replacement, and for repairs, date(s) that the control measure(s) returned to 
full function, and the justification for any extended maintenance/repair schedules 
(see Part 2.1.2.3); 

• All inspection reports, including the Routine Facility Inspection Reports (see Part 
4.1), the Quarterly Visual Assessment Reports (see Part 4.2), and the 
Comprehensive Site Inspection Reports (see Part 4.3); 

• Description of any deviations from the schedule for visual assessments and/or 
monitoring, and the reason for the deviations (e.g., adverse weather or it was 
impracticable to collect samples within the first 30 minutes of a measurable storm 
event) (see Parts 4.2.1, 6.1.4, and 6.2.1.2); 

• Description of any corrective action taken at your site, including triggering event 
and dates when problems were discovered and modifications occurred;  

• Documentation of any benchmark exceedances and how they were responded to, 
including either (1) corrective action taken, (2) a finding that the exceedence was 
due to natural background pollutant levels, or (3) a finding that no further 
pollutant reductions were technologically available and economically practicable 
and achievable in light of best industry practice consistent with Part 6.2.1.2;  

• Documentation to support any determination that pollutants of concern are not 
expected to be present above natural background levels if you discharge directly 
to impaired waters, and that such pollutants were not detected in your discharge or 
were solely attributable to natural background sources (see Part 6.2.4.2); and 

• Documentation to support your claim that your facility has changed its status from 
active to inactive and unstaffed with respect to the requirements to conduct 
routine facility inspections (see Part 4.1.3), quarterly visual assessments (see Part 
4.2.3), and/or benchmark monitoring (see Part 6.2.1.3). 
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6. Monitoring. 
 
You must collect and analyze stormwater samples and document monitoring activities 

consistent with the procedures described in Part 6 and Appendix B, Subsections 10 – 12, and any 
additional sector-specific or State/Tribal-specific requirements in Parts 8 and 9, respectively.  
Refer to Part 7 for reporting and recordkeeping requirements.  
 
6.1 Monitoring Procedures 
 
6.1.1 Monitored Outfalls. 
 
 Applicable monitoring requirements apply to each outfall authorized by this permit, 
except as otherwise exempt from monitoring as a “substantially identical outfall.”  If your 
facility has two or more outfalls that you believe discharge substantially identical effluents, 
based on the similarities of the general industrial activities and control measures, exposed 
materials that may significantly contribute pollutants to stormwater, and runoff coefficients of 
their drainage areas, you may monitor the effluent of just one of the outfalls and report that the 
results also apply to the substantially identical outfall(s). As required in Part 5.1.5.2, your 
SWPPP must identify each outfall authorized by this permit and describe the rationale for any 
substantially identical outfall determinations.  The allowance for monitoring only one of the 
substantially identical outfalls is not applicable to any outfalls with numeric effluent limitations.  
You are required to monitor each outfall covered by a numeric effluent limit as identified in Part 
6.2.2. 
 
6.1.2 Commingled Discharges. 
 

If discharges authorized by this permit commingle with discharges not authorized under 
this permit, any required sampling of the authorized discharges must be performed at a point 
before they mix with other waste streams, to the extent practicable. 

 
6.1.3 Measurable Storm Events. 

 
All required monitoring must be performed on a storm event that results in an actual 

discharge from your site (“measurable storm event”) that follows the preceding measurable 
storm event by at least 72 hours (3 days).  The 72-hour (3-day) storm interval does not apply if 
you are able to document that less than a 72-hour (3-day) interval is representative for local 
storm events during the sampling period.  In the case of snowmelt, the monitoring must be 
performed at a time when a measurable discharge occurs at your site. 

 
 For each monitoring event, except snowmelt monitoring, you must identify the date and 
duration (in hours) of the rainfall event, rainfall total (in inches) for that rainfall event, and time 
(in days) since the previous measurable storm event.  For snowmelt monitoring, you must 
identify the date of the sampling event. 
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6.1.4 Sample Type. 
 
 You must take a minimum of one grab sample from a discharge resulting from a 
measurable storm event as described in Part 6.1.3.  Samples must be collected within the first 30 
minutes of a measurable storm event.  If it is not possible to collect the sample within the first 30 
minutes of a measurable storm event, the sample must be collected as soon as practicable after 
the first 30 minutes and documentation must be kept with the SWPPP explaining why it was not 
possible to take samples within the first 30 minutes.  In the case of snowmelt, samples must be 
taken during a period with a measurable discharge. 
 
6.1.5 Adverse Weather Conditions.   
 
 When adverse weather conditions as described in Part 4.2.3 prevent the collection of 
samples according to the relevant monitoring schedule, you must take a substitute sample during 
the next qualifying storm event.  Adverse weather does not exempt you from having to file a 
benchmark monitoring report in accordance with your sampling schedule.  You must report any 
failure to monitor as specified in Part 7.1 indicating the basis for not sampling during the usual 
reporting period. 
 
6.1.6 Climates with Irregular Stormwater Runoff. 
 
 If your facility is located in areas where limited rainfall occurs during parts of the year 
(e.g., arid or semi-arid climates) or in areas where freezing conditions exist that prevent runoff 
from occurring for extended periods, required monitoring events may be distributed during 
seasons when precipitation occurs, or when snowmelt results in a measurable discharge from 
your site.  You must still collect the required number of samples.  
  
6.1.7 Monitoring Periods. 
  

Monitoring requirements in this permit begin in the first full quarter following either 
April 1, 2009 or your date of discharge authorization, whichever date comes later.  If your 
monitoring is required on a quarterly basis (e.g., benchmark monitoring), you must monitor at 
least once in each of the following 3-month intervals:  
  

• January 1 – March 31; 
• April 1 – June 30; 
• July 1 – September 30; and 
• October 1 – December 31. 
 

For example, if you obtain permit coverage on June 2, 2009, then your first monitoring quarter is 
July 1 - September 30, 2009.  This monitoring schedule may be modified in accordance with Part 
6.1.6 if the revised schedule is documented with your SWPPP and provided to EPA with your 
first monitoring report.  
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6.1.8 Monitoring for Allowable Non-Stormwater Discharges 
 
 You are only required to monitor allowable non-stormwater discharges (as delineated in 
Part 1.1.3) when they are commingled with stormwater discharges associated with industrial 
activity. 
 
6.2 Required Monitoring. 
 

This permit includes five types of required analytical monitoring, one or more of which 
may apply to your discharge:  

 
• Quarterly benchmark monitoring (see Part 6.2.1) 
• Annual effluent limitations guidelines monitoring (see Part 6.2.2);  
• State- or Tribal-specific monitoring (see Part 6.2.3);  
• Impaired waters monitoring (see Part 6.2.4); and 
• Other monitoring as required by EPA (see Part 6.2.5).   

 
When more than one type of monitoring for the same parameter at the same outfall 

applies (e.g., total suspended solids once per year for an effluent limit and once per quarter for 
benchmark monitoring at a given outfall), you may use a single sample to satisfy both 
monitoring requirements (i.e., one sample satisfying both the annual effluent limit sample and 
one of the 4 quarterly benchmark monitoring samples). 

 
All required monitoring must be conducted in accordance with the procedures described 

in Appendix B, Subsection 10.D.  
 

6.2.1 Benchmark Monitoring. 
 
 This permit stipulates pollutant benchmark concentrations that may be applicable to your 
discharge. The benchmark concentrations are not effluent limitations; a benchmark exceedance, 
therefore, is not a permit violation. Benchmark monitoring data are primarily for your use to 
determine the overall effectiveness of your control measures and to assist you in knowing when 
additional corrective action(s) may be necessary to comply with the effluent limitations in Part 2. 
 
6.2.1.1 Applicability of Benchmark Monitoring.  You must monitor for any benchmark 

parameters specified for the industrial sector(s), both primary industrial activity and any 
co-located industrial activities, applicable to your discharge.  Your industry-specific 
benchmark concentrations are listed in the sector-specific sections of Part 8.  If your 
facility is in one of the industrial sectors subject to benchmark concentrations that are 
hardness-dependent, you are required to submit to EPA with your first benchmark report 
a hardness value, established consistent with the procedures in Appendix J, which is 
representative of your receiving water. 

 
Samples must be analyzed consistent with 40 CFR Part 136 analytical methods and using 
test procedures with quantitation limits at or below benchmark values for all benchmark 
parameters for which you are required to sample. 
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6.2.1.2 Benchmark Monitoring Schedule.  Benchmark monitoring must be conducted quarterly, 

as identified in Part 6.1.7, for your first 4 full quarters of permit coverage commencing no 
earlier than April 1, 2009.  Facilities in climates with irregular stormwater runoff, as 
described in Part 6.1.6, may modify this quarterly schedule provided that this revised 
schedule is reported to EPA when the first benchmark sample is collected and reported, 
and that this revised schedule is kept with the facility’s SWPPP as specified in Part 5.4. 

 
Data not exceeding benchmarks:  After collection of 4 quarterly samples, if the average 
of the 4 monitoring values for any parameter does not exceed the benchmark, you have 
fulfilled your monitoring requirements for that parameter for the permit term.  For 
averaging purposes, use a value of zero for any individual sample parameter, analyzed 
using procedures consistent with Part 6.2.1.1, which is determined to be less than the 
method detection limit. For sample values that fall between the method detection level 
and the quantitation limit (i.e., a confirmed detection but below the level that can be 
reliably quantified), use a value halfway between zero and the quantitation limit. 
 

 Data exceeding benchmarks:  After collection of 4 quarterly samples, if the average of 
the 4 monitoring values for any parameter exceeds the benchmark, you must, in 
accordance with Part 3.2, review the selection, design, installation, and implementation of 
your control measures to determine if modifications are necessary to meet the effluent 
limits in this permit, and either: 

 
• Make the necessary modifications and continue quarterly monitoring until you 

have completed 4 additional quarters of monitoring for which the average does 
not exceed the benchmark; or 

 
• Make a determination that no further pollutant reductions are technologically 

available and economically practicable and achievable in light of best industry 
practice to meet the technology-based effluent limits or are necessary to meet the 
water-quality-based effluent limitations in Parts 2 of this permit, in which case 
you must continue monitoring once per year.  You must also document your 
rationale for concluding that no further pollutant reductions are achievable, and 
retain all records related to this documentation with your SWPPP. You must also 
notify EPA of this determination in your next benchmark monitoring report. 

 
In accordance with Part 3.2, you must review your control measures and perform any 
required corrective action immediately (or document why no corrective action is 
required), without waiting for the full 4 quarters of monitoring data, if an exceedance of 
the 4 quarter average is mathematically certain.  If after modifying your control measures 
and conducting 4 additional quarters of monitoring, your average still exceeds the 
benchmark (or if an exceedance of the benchmark by the 4 quarter average is 
mathematically certain prior to conducting the full 4 additional quarters of monitoring), 
you must again review your control measures and take one of the two actions above. 
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Natural background pollutant levels: Following the first 4 quarters of benchmark 
monitoring (or sooner if the exceedance is triggered by less than 4 quarters of data, see 
above), if the average concentration of a pollutant exceeds a benchmark value, and you 
determine that exceedance of the benchmark is attributable solely to the presence of that 
pollutant in the natural background, you are not required to perform corrective action or 
additional benchmark monitoring provided that: 
 

• The average concentration of your benchmark monitoring results is less than or 
equal to the concentration of that pollutant in the natural background; 

• You document and maintain with your SWPPP, as required in Part 5.4, your 
supporting rationale for concluding that benchmark exceedances are in fact 
attributable solely to natural background pollutant levels.  You must include in 
your supporting rationale any data previously collected by you or others 
(including literature studies) that describe the levels of natural background 
pollutants in your stormwater discharge; and 

• You notify EPA on your final quarterly benchmark monitoring report that the 
benchmark exceedances are attributable solely to natural background pollutant 
levels.  

 
Natural background pollutants include those substances that are naturally occurring in 
soils or groundwater. Natural background pollutants do not include legacy pollutants 
from earlier activity on your site, or pollutants in run-on from neighboring sources which 
are not naturally occurring. 

  
6.2.1.3 Exception for Inactive and Unstaffed Sites.  The requirement for benchmark monitoring 

does not apply at a facility that is inactive and unstaffed, as long as there are no industrial 
materials or activities exposed to stormwater.  To invoke this exception, you must do the 
following: 
   

• Maintain a statement onsite with your SWPPP stating that the site is inactive and 
unstaffed, and that there are no industrial materials or activities exposed to 
stormwater in accordance with the substantive requirements in 40 CFR 122.26(g) 
and sign and certify the statement in accordance with Appendix B, Subsection 11; 
and 

• If circumstances change and industrial materials or activities become exposed to 
stormwater or your facility becomes active and/or staffed, this exception no 
longer applies and you must immediately begin complying with the applicable 
benchmark monitoring requirements under Part 6.2 as if you were in your first 
year of permit coverage.  You must indicate in your first benchmark monitoring 
report that your facility has materials or activities exposed to stormwater or has 
become active and/or staffed. 

• If you are not qualified for this exception at the time you are authorized under this 
permit, but during the permit term you become qualified because your facility is 
inactive and unstaffed, and there are no industrial materials or activities that are 
exposed to stormwater, then you must notify EPA of this change in your next 
benchmark monitoring report. You may discontinue benchmark monitoring once 
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you have notified EPA, and prepared and signed the certification statement 
described above concerning your facility’s qualification for this special exception. 

 
Note:  This exception has different requirements for Sectors G, H, and J (see Part 8). 
 

6.2.2 Effluent Limitations Monitoring. 
 
6.2.2.1 Monitoring Based on Effluent Limitations Guidelines.  Table 6-1 identifies the 

stormwater discharges subject to effluent limitation guidelines that are authorized for 
coverage under this permit. Beginning in the first full quarter following April 1, 2009 or 
your date of discharge authorization, whichever date comes later, you must monitor once 
per year at each outfall containing the discharges identified in Table 6-1 for the 
parameters specified in the sector-specific section of Part 8.   

 
Table 6-1.  Required Monitoring for Effluent Limits Based on Effluent Limitations 
Guidelines 
Regulated Activity Effluent Limit Monitoring 

Frequency 
Sample 
Type 

Discharges resulting from spray down or intentional 
wetting of logs at wet deck storage areas 

See Part 8.A.7 1/year Grab 

Runoff from phosphate fertilizer manufacturing 
facilities that comes into contact with any raw 
materials, finished product, by-products or waste 
products (SIC 2874) 

See Part 8.C.4 1/year Grab 

Runoff from asphalt emulsion facilities See Part 8.D.4 1/year Grab 
Runoff from material storage piles at cement 
manufacturing facilities 

See Part 8.E.5 1/year Grab 

Mine dewatering discharges at crushed stone, 
construction sand and gravel, or industrial sand 
mining facilities 

See Part 8.J.9 1/year Grab 

Runoff from hazardous waste landfills See Part 8.K.6 1/year Grab 
Runoff from non-hazardous waste landfills See Part 8.L.10 1/year Grab 
Runoff from coal storage piles at steam electric 
generating facilities 

 
See Part 8.O.8 

 
1/year 

 
Grab 

 
6.2.2.2 Substantially Identical Outfalls.  You must monitor each outfall discharging runoff from 

any regulated activity identified in Table 6-1.  The substantially identical outfall 
monitoring provisions are not available for numeric effluent limits monitoring.     

 
6.2.3 State or Tribal Provisions Monitoring   
 
6.2.3.1 Sectors Required to Conduct State or Tribal Monitoring.  You must comply with any 

State or Tribal monitoring requirements (see Part 9) applicable to your facility’s location.  
 
6.2.3.2 State or Tribal Monitoring Schedule.  If a monitoring frequency is not specified for an 

applicable requirement in Part 9, you must monitor once per year for the entire permit term.  

Stormwater Discharges Associated With Industrial Activity 38 

RB-AR26387



General Permit 

 
6.2.4 Discharges to Impaired Waters Monitoring. 
 
6.2.4.1 Permittees Required to Monitor Discharges to Impaired Waters. If you discharge to an 

impaired water, you must monitor for all pollutants for which the waterbody is impaired 
and for which a standard analytical method exists (see 40 CFR Part 136).     

 
If the pollutant for which the waterbody is impaired is suspended solids, turbidity or 
sediment/sedimentation, you must monitor for Total Suspended Solids (TSS).  If the 
pollutant for which the waterbody is impaired is expressed in the form of an indicator or 
surrogate pollutant, you must monitor for that indicator or surrogate pollutant. No 
monitoring is required when a waterbody’s biological communities are impaired but no 
pollutant, including indicator or surrogate pollutants, is specified as causing the 
impairment, or when a waterbody’s impairment is related to hydrologic modifications, 
impaired hydrology, or temperature.   

 
6.2.4.2 Impaired Waters Monitoring Schedule. 
 
 Discharges to impaired waters without an EPA approved or established TMDL:  

Beginning in the first full quarter following April 1, 2009 or your date of discharge 
authorization, whichever date comes later, you must monitor once per year at each outfall 
(except substantially identical outfalls) discharging stormwater to impaired waters 
without an EPA approved or established TMDL.  This monitoring requirement does not 
apply after one year if the pollutant for which the waterbody is impaired is not detected 
above natural background levels in your stormwater discharge, and you document, as 
required in Part 5.4 (Additional Documentation Requirements), that this pollutant is not 
expected to be present above natural background levels in your discharge. 

 
If the pollutant for which the water is impaired is not present and not expected to be 
present in your discharge, or it is present but you have determined that its presence is 
caused solely by natural background sources, you should include a notification to this 
effect in your first monitoring report, after which you may discontinue annual 
monitoring.  To support a determination that the pollutant’s presence is caused solely by 
natural background sources, you must keep the following documentation with your 
SWPPP records: 

 
• An explanation of why you believe that the presence of the pollutant causing the 

impairment in your discharge is not related to the activities at your facility; and 
• Data and/or studies that tie the presence of the pollutant causing the impairment in 

your discharge to natural background sources in the watershed.   
 

Natural background pollutants include those substances that are naturally occurring in 
soils or groundwater. Natural background pollutants do not include legacy pollutants 
from earlier activity on your site, or pollutants in run-on from neighboring sources which 
are not naturally occurring. 
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 Discharges to impaired waters with an EPA approved or established TMDL:  For 
stormwater discharges to waters for which there is an EPA approved or established 
TMDL, you are not required to monitor for the pollutant for which the TMDL was 
written unless EPA informs you, upon examination of the applicable TMDL and/or 
WLA, that you are subject to such a requirement consistent with the assumptions of the 
applicable TMDL and/or WLA.  EPA’s notice will include specifications on which 
pollutant to monitor and the required monitoring frequency during the first year of permit 
coverage.  Following the first year of monitoring: 

 
• If the TMDL pollutant is not detected in any of your first year samples, you may 

discontinue further sampling, unless the TMDL has specific instructions to the 
contrary, in which case you must follow those instructions.  You must keep 
records of this finding onsite with your SWPPP. 

 
• If you detect the presence of the pollutant causing the impairment in your 

stormwater discharge for any of the samples collected in your first year, you must 
continue monitoring annually throughout the term of this permit, unless the 
TMDL specifies more frequent monitoring, in which case you must follow the 
TMDL requirements. 

 
6.2.5 Additional Monitoring Required by EPA. 
 
 EPA may notify you of additional discharge monitoring requirements.  Any such notice 
will briefly state the reasons for the monitoring, locations, and parameters to be monitored, 
frequency and period of monitoring, sample types, and reporting requirements. 
 
6.3 Follow-up Actions if Discharge Exceeds Numeric Effluent Limit. 
 

You must conduct follow-up monitoring within 30 calendar days (or during the next 
qualifying runoff event, should none occur within 30 days) of implementing corrective action(s) 
taken pursuant to Part 3 in response to an exceedance of a numeric effluent limit contained in 
this permit. See Part 9 for specific monitoring requirements applicable to individual States or 
Tribes.  Monitoring must be performed for any pollutant(s) that exceeds the effluent limit.  If this 
follow-up monitoring exceeds the applicable effluent limitation, you must comply with both 
Parts 6.3.1 and 6.3.2. 

 
6.3.1 Submit an Exceedance Report.  
 
 You must submit an Exceedance Report consistent with Part 7.3.  
 
6.3.2 Continue to Monitor.  
 
 You must continue to monitor, at least quarterly, until your discharge is in compliance 
with the effluent limit or until EPA waives the requirement for additional monitoring.   
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7. Reporting and Recordkeeping 
 
7.1 Reporting Monitoring Data to EPA. 

 
All monitoring data collected pursuant to Parts 6.2 and 6.3 must be submitted to EPA 

using EPA’s online eNOI system (www.epa.gov/npdes/eNOI) no later than 30 days (email date 
or postmark date) after you have received your complete laboratory results for all monitored 
outfalls for the reporting period.  If you cannot access eNOI, paper reporting forms must be 
submitted by the same deadline to the appropriate address identified in Part 7.6.1.  If you are 
using paper reporting forms, EPA strongly recommends that you use the MSGP discharge 
monitoring report (MDMR) available at www.epa.gov/npdes/stormwater/msgp.  See Part 9 for 
specific reporting requirements applicable to individual States or Tribes. 
 
 For benchmark monitoring, note that you are required to submit sampling results to EPA 
no later than 30 days after receiving laboratory results for each quarter that you are required to 
collect benchmark samples, in accordance with Part 6.2.1.2.  If you collect multiple samples in a 
single quarter (e.g., due to adverse weather conditions, climates with irregular stormwater runoff, 
or areas subject to snow), you are required to submit all sampling results to EPA within 30 days 
of receiving the laboratory results. 
  
7.2 Annual Report 
  

You must submit an annual report to EPA that includes the findings from your Part 4.3 
comprehensive site inspection and any corrective action documentation as required in Part 3.4.  
If corrective action is not yet completed at the time of submission of this annual report, you must 
describe the status of any outstanding corrective action(s).  In addition to the information 
required in Parts 3.4 (Corrective Action Report) and 4.3.2 (Comprehensive Site Inspection 
Documentation), you must include the following information with your annual report: 

 
- Facility name 
- NPDES permit tracking number 
- Facility physical address 
- Contact person name, title, and phone number 
 
EPA strongly recommends that you submit this report using the Annual Reporting Form 

provided as Appendix I.  You must submit the annual report to EPA within 45 days (postmark 
date) after conducting the comprehensive site inspection to the address identified in Part 7.6.1. 
 
7.3 Exceedance Report for Numeric Effluent Limits 
 
 If follow-up monitoring pursuant to Part 6.3 exceeds a numeric effluent limit, you must 
submit an Exceedance Report to EPA no later than 30 days after you have received your lab 
results.  Your report must include the following: 
 

• NPDES permit tracking number;  
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• Facility name, physical address and location;  
• Name of receiving water;  
• Monitoring data from this and the preceding monitoring event(s);  
• An explanation of the situation; what you have done and intend to do (should your 

corrective actions not yet be complete) to correct the violation; and 
• An appropriate contact name and phone number. 
 

7.4 Additional Reporting. 
 

In addition to the reporting requirements stipulated in Part 7, you are also subject to the 
standard permit reporting provisions of Appendix B, Subsection 12.   

 
Where applicable, you must submit the following reports to the appropriate EPA 

Regional Office listed in Part 7.6.2, as applicable.  If you discharge through an MS4, you must 
also submit these reports to the MS4 operator (identified pursuant to Part 5.1.2).  

 
• 24-hour reporting (see Appendix B, Subsection 12.F) - You must report any 

noncompliance which may endanger health or the environment. Any information 
must be provided orally within 24 hours from the time you become aware of the 
circumstances; 

• 5-day follow-up reporting to the 24 hour reporting (see Appendix B, Subsection 
12.F) - A written submission must also be provided within five days of the time 
you become aware of the circumstances;  

• Reportable quantity spills (see Part 2.1.2.4) - You must provide notification, as 
required under Part 2.1.2.4, as soon as you have knowledge of a leak, spill, or 
other release containing a hazardous substance or oil in an amount equal to or in 
excess of a reportable quantity. 

 
Where applicable, you must submit the following reports to EPA Headquarters at the 

appropriate address in Part 7.6.1: 
 

• Planned changes (see Appendix B, Subsection 12.A) – You must give notice to 
EPA as soon as possible of any planned physical alterations or additions to the 
permitted facility that qualify the facility as a new source or that could 
significantly change the nature or significantly increase the quantity of pollutants 
discharged; 

• Anticipated noncompliance (see Appendix B, Subsection 12.B) – You must give 
advance notice to EPA of any planned changes in the permitted facility or activity 
which you anticipate will result in noncompliance with permit requirements; 

• Transfer of ownership and/or operation – You must submit a complete and 
accurate NOI in accordance with the requirements of Appendix G of this permit 
and by the deadlines specified in Table 1-2; 

• Compliance schedules (see Appendix B, Subsection 12.F) - Reports of 
compliance or noncompliance with, or any progress reports on, interim and final 
requirements contained in any compliance schedule of this permit must be 
submitted no later than 14 days following each schedule date; 
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• Other noncompliance (see Appendix B, Subsection 12.G) - You must report all 
instances of noncompliance not reported in your monitoring report (pursuant to 
Part 7.1), compliance schedule report, or 24-hour report at the time monitoring 
reports are submitted; and 

• Other information (see Appendix B, Subsection 12.H) – You must promptly 
submit facts or information if you become aware that you failed to submit 
relevant facts in your NOI, or that you submitted incorrect information in your 
NOI or in any report.  

 
7.5 Recordkeeping.  
 
 You must retain copies of your SWPPP (including any modifications made during the 
term of this permit), additional documentation requirements pursuant to Part 5.4 (including 
documentation related to corrective actions taken pursuant to Part 3), all reports and 
certifications required by this permit, monitoring data, and records of all data used to complete 
the NOI to be covered by this permit, for a period of at least 3 years from the date that your 
coverage under this permit expires or is terminated.  
 
7.6 Addresses for Reports 
 
7.6.1 EPA Addresses  
  
 Paper copies of any reports required in Part 6 and 7, not otherwise submitted 
electronically via EPA’s eNOI system (www.epa.gov/npdes/eNOI) must be sent to one of the 
following addresses: 
 
Via U.S. mail: 
 
U.S. Environmental Protection Agency 
Office of Water, Water Permits Division 
Mail Code 4203M, ATTN: MSGP Reports 
1200 Pennsylvania Avenue, NW 
Washington, D.C.  20460 
 
Or Via Overnight/Express Delivery: 
 
U.S. Environmental Protection Agency 
Office of Water, Water Permits Division 
Room 7420, ATTN: MSGP Reports 
1201 Constitution Avenue, NW 
Washington, D.C.  20004 
Phone number: 202-564-9545 
 
 Notices of Intent and Notices of Termination should be submitted using EPA’s eNOI 
system (www.epa.gov/npdes/eNOI) or sent to EPA’s NOI Center (see Appendix G for the 
address). 
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All other written correspondence concerning discharges in any State, Indian Country 

land, Territory, or from any Federal facility covered under this permit and directed to the EPA, 
including individual permit applications, must be sent to the address of the appropriate EPA 
Regional Office listed below: 

 
7.6.2 Regional Addresses 
 
7.6.2.1 Region 1: Connecticut, Massachusetts, and New Hampshire, Rhode Island, 

Vermont. 
 

U.S. EPA Region 1 
Office of Ecosystem Protection 
One Congress Street - CIP 
Boston, MA 02114 
 

7.6.2.2 Region 2: New Jersey, New York, Puerto Rico, and Virgin Islands. 
 

For Puerto Rico and the Virgin Islands 
 
U.S. EPA Region 2 
Caribbean Environmental Protection Division 
Environmental Management Branch 
Centro Europa Building 
1492 Ponce de Leon Avenue, Suite 417 
San Juan, PR 00907-4127 
 

For New Jersey and New York: 
 
(Coverage not available under this permit.) 
 
U.S. EPA Region 2 
Division of Environmental Planning and Protection 
290 Broadway 
New York, NY 10007-1866 
 

7.6.2.3 Region 3: Delaware, District of Columbia, Maryland, Pennsylvania, Virginia, West 
Virginia. 

 
U.S. EPA Region 3 
Water Protection Division (3WP40) 
Stormwater Coordinator 
1650 Arch Street 
Philadelphia, PA 19103 
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7.6.2.4 Region 4: Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South 
Carolina, Tennessee. 

 
(Coverage not available under this permit.)  

 
  U.S. EPA Region 4 
    Clean Water Act Enforcement Section 
    Water Programs Enforcement Branch 
    Water Management Division 
    Atlanta Federal Center 
    61 Forsyth Street SW 
    Atlanta, GA 30303 
 
7.6.2.5 Region 5: Illinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin. 
 

U.S. EPA Region 5 
Water Division 
NPDES Programs Branch 
77 W. Jackson Blvd. 
Mail Code WN16J 
Chicago, IL 60604 

 
7.6.2.6 Region 6: Arkansas, Louisiana, Oklahoma, Texas, and New Mexico (except see 

Region 9 for Navajo lands, and see Region 8 for Ute Mountain Reservation lands).   
 

U.S. EPA Region 6 
Stormwater Coordinator 
Compliance Assurance and Enforcement Division (6EN-WC) 
EPA SW MSGP 
P.O. Box 50625 
Dallas, TX 75205 

 
7.6.2.7 Region 7: Iowa, Kansas, Missouri, Nebraska. 
 

(Coverage not available under this permit.)  
 
U.S. EPA - Region 7 
901 N. 5th Street 
Kansas City, KS 66101 
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7.6.2.8 Region 8: Colorado, Montana, North Dakota, South Dakota, Wyoming, Utah 
(except see Region 9 for Goshute Reservation and Navajo Reservation lands), the 
Ute Mountain Reservation in New Mexico, and the Pine Ridge Reservation in 
Nebraska. 

 
(Coverage not available under this permit.)  
 
U.S. EPA Region 8 

  Stormwater Coordinator (8P-W-P) 
  999 18th Street, Suite 300 
  Denver, CO  80202-2466 
 
7.6.2.9 Region 9: Arizona, California, Hawaii, Nevada, Guam, American Samoa, the 

Commonwealth of the Northern Mariana Islands, the Goshute Reservation in Utah 
and Nevada, the Navajo Reservation in Utah, New Mexico, and Arizona, the Duck 
Valley Reservation in Idaho, Fort McDermitt Reservation in Oregon. 

 
U.S. EPA Region 9 
Water Management Division, WTR-5 
Stormwater Coordinator 
75 Hawthorne Street 
San Francisco, CA 94105 
 

7.6.2.10 Region 10: Alaska, Idaho, Oregon (except see Region 9 for Fort McDermitt 
Reservation), Washington. 

 
U.S. EPA Region 10 
Office of Water and Watersheds OWW-130 
Stormwater Coordinator 
1200 6th Avenue 
Seattle, WA 98101 
 

7.6.3 State and Tribal Addresses.  
 

See Part 9 (States and Tribes) for the addresses of applicable States or Tribes that require 
submission of information to their agencies.   
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart A – Sector A – Timber Products. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit. 

8.A.1  Covered Stormwater Discharges. 

The requirements in Subpart A apply to stormwater discharges associated with industrial 
activity from Timber Products facilities as identified by the SIC Codes specified under Sector A 
in Table D-1 of Appendix D of the permit. 

8.A.2  Limitation on Coverage 
8.A.2.1 Prohibition of Discharges. (See also Part 1.1.4) Not covered by this permit: stormwater 

discharges from areas where there may be contact with the chemical formulations 
sprayed to provide surface protection. These discharges must be covered by a separate 
NPDES permit. 

8.A.2.2 Authorized Non-Stormwater Discharges. (See also Part 1.1.3) Also authorized by this 
permit, provided the non-stormwater component of the discharge is in compliance with 
the requirements in Part 2.1.2 (Non-Numeric Effluent Limits): discharges from the 
spray down of lumber and wood product storage yards where no chemical additives are 
used in the spray-down waters and no chemicals are applied to the wood during storage. 

8.A.3  Additional Technology-Based Effluent Limits. 
8.A.3.1 Good Housekeeping. (See also Part 2.1.2.2) In areas where storage, loading and 

unloading, and material handling occur, perform good housekeeping to limit the 
discharge of wood debris, minimize the leachate generated from decaying wood 
materials, and minimize the generation of dust. 

8.A.4 Additional SWPPP Requirements. 
8.A.4.1 Drainage Area Site Map. (See also Part 5.1.2) Document in your SWPPP where any of 

the following may be exposed to precipitation or surface runoff: processing areas, 
treatment chemical storage areas, treated wood and residue storage areas, wet decking 
areas, dry decking areas, untreated wood and residue storage areas, and treatment 
equipment storage areas. 

8.A.4.2 Inventory of Exposed Materials. (See also Part 5.1.3.2) Where such information exists, 
if your facility has used chlorophenolic, creosote, or chromium-copper-arsenic 
formulations for wood surface protection or preserving, document in your SWPPP the 
following: areas where contaminated soils, treatment equipment, and stored materials 
still remain and the management practices employed to minimize the contact of these 
materials with stormwater runoff. 

RB-AR26396



General Permit 
 
 

Stormwater Discharges Associated With Industrial Activity – Sector A 48 

8.A.4.3 Description of Stormwater Management Controls. (See also Part 5.1.4) Document 
measures implemented to address the following activities and sources: log, lumber, and 
wood product storage areas; residue storage areas; loading and unloading areas; 
material handling areas; chemical storage areas; and equipment and vehicle 
maintenance, storage, and repair areas. If your facility performs wood surface 
protection and preservation activities, address the specific control measures, including 
any BMPs, for these activities.  

8.A.5 Additional Inspection Requirements. 

See also Part 4.1. If your facility performs wood surface protection and preservation 
activities, inspect processing areas, transport areas, and treated wood storage areas monthly to 
assess the usefulness of practices to minimize the deposit of treatment chemicals on unprotected 
soils and in areas that will come in contact with stormwater discharges. 

8.A.6  Sector-Specific Benchmarks 

Table 8.A-1 identifies benchmarks that apply to the specific subsectors of Sector A.  
These benchmarks apply to both your primary industrial activity and any co-located industrial 
activities, which describe your site activities. 

Table 8.A-1 
Subsector  

(You may be subject to requirements for more than 
one sector/subsector) 

Parameter 
Benchmark 
Monitoring 

Concentration 
Chemical Oxygen 
Demand (COD) 

120.0 mg/L 

Total Suspended 
Solids (TSS) 

100 mg/L 

Subsector A1. General Sawmills and Planing Mills 
(SIC 2421) 
 

Total Zinc1 Hardness Dependent 
Total Arsenic 0.15 mg/L Subsector A2. Wood Preserving (SIC 2491) 
Total Copper1 Hardness Dependent 

Subsector A3. Log Storage and Handling  
(SIC 2411) 

Total Suspended 
Solids (TSS) 

100 mg/L 

Chemical Oxygen 
Demand (COD) 

120.0 mg/L Subsector A4. Hardwood Dimension and Flooring 
Mills; Special Products Sawmills, not elsewhere 
classified; Millwork, Veneer, Plywood, and Structural 
Wood; Wood Pallets and Skids; Wood Containers, not 
elsewhere classified; Wood Buildings and Mobile 
Homes; Reconstituted Wood Products; and Wood 
Products Facilities not elsewhere classified (SIC 2426, 
2429, 2431-2439 (except 2434), 2441, 2448, 2449, 
2451, 2452, 2493, and 2499) 

Total Suspended 
Solids (TSS) 

100.0 mg/L 

1 The benchmark values of some metals are dependent on water hardness. For these parameters, permittees must 
determine the hardness of the receiving water (see Appendix J, “Calculating Hardness in Receiving Waters for 
Hardness Dependent Metals,” for methodology), in accordance with Part 6.2.1.1, to identify the applicable ‘hardness 
range’ for determining their benchmark value applicable to their facility.  The ranges occur in 25 mg/L increments.  
Hardness Dependent Benchmarks follow in the table below: 
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Water Hardness Range
Copper 
(mg/L) 

Zinc 
(mg/L) 

0-25 mg/L 0.0038 0.04 
25-50 mg/L 0.0056 0.05 
50-75 mg/L 0.0090 0.08 
75-100 mg/L 0.0123 0.11 
100-125 mg/L 0.0156 0.13 
125-150 mg/L 0.0189 0.16 
150-175 mg/L 0.0221 0.18 
175-200 mg/L 0.0253 0.20 
200-225 mg/L 0.0285 0.23 
225-250 mg/L 0.0316 0.25 
250+ mg/L 0.0332 0.26 

 

8.A.7 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 
of the permit.) 

Table 8.A-2 identifies effluent limits that apply to the industrial activities described 
below.  Compliance with these effluent limits is to be determined based on discharges from these 
industrial activities independent of commingling with any other wastestreams that may be 
covered under this permit.   
 

Table 8.A-21 
Industrial Activity 

pH 6.0 - 9.0 s.u  Discharges resulting from spray down or 
intentional wetting of logs at wet deck 
storage areas 

Debris (woody material 
such as bark, twigs, 

branches, heartwood, or 
sapwood) 

No discharge of debris that 
will not pass through a 

2.54-cm (1-in.) diameter 
round opening 

1 Monitor annually. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart B – Sector B – Paper and Allied Products. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.B.1  Covered Stormwater Discharges. 

The requirements in Subpart B apply to stormwater discharges associated with industrial 
activity from Paper and Allied Products Manufacturing facilities, as identified by the SIC Codes 
specified under Sector B in Table D-1 of Appendix D of the permit. 

8.B.2  Sector-Specific Benchmarks. (See also Part 6 of the permit.) 
 

Table 8.B-1. 

Subsector 
(You may be subject to requirements for more 

than one sector/subsector) 
Parameter 

Benchmark 
Monitoring 

Concentration 

Subsector B1. Paperboard Mills  
(SIC Code 2631) 

Chemical Oxygen 
Demand (COD) 

120 mg/L 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart C – Sector C – Chemical and Allied Products Manufacturing, and Refining. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.C.1  Covered Stormwater Discharges. 

The requirements in Subpart C apply to stormwater discharges associated with industrial 
activity from Chemical and Allied Products Manufacturing, and Refining facilities, as identified 
by the SIC Codes specified under Sector C in Table D-1 of Appendix D of the permit. 

8.C.2  Limitations on Coverage. 
8.C.2.1 Prohibition of Non-Stormwater Discharges. (See also Part 1.1.4) The following are not 

covered by this permit: non-stormwater discharges containing inks, paints, or 
substances (hazardous, nonhazardous, etc.) resulting from an onsite spill, including 
materials collected in drip pans; washwater from material handling and processing 
areas; and washwater from drum, tank, or container rinsing and cleaning. 

8.C.3  Sector-Specific Benchmarks  

Table 8.C-1 identifies benchmarks that apply to the specific subsectors of Sector C.  
These benchmarks apply to both your primary industrial activity and any co-located industrial 
activities. 
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Table 8.C-1.  

Subsector 
(You may be subject to requirements for 

more than one sector/subsector) 
Parameter Benchmark Monitoring 

Concentration 

Nitrate plus Nitrite Nitrogen 0.68 mg/L 
Total Lead1 Hardness Dependent 
Total Iron 1.0 mg/L 
Total Zinc1 Hardness Dependent 

Subsector C1. Agricultural Chemicals (SIC 
2873-2879) 

Phosphorus 2.0 mg/L 
Total Aluminum 0.75 mg/ L 

Total Iron 1.0 mg/L 
Subsector C2. Industrial Inorganic Chemicals  
(SIC 2812-2819) 

Nitrate plus Nitrite Nitrogen 0.68 mg/L 
Nitrate plus Nitrite Nitrogen 0.68 mg/L Subsector C3. Soaps, Detergents, Cosmetics, 

and Perfumes (SIC 2841-2844) Total Zinc1 Hardness Dependent 
Subsector C4. Plastics, Synthetics, and Resins 
(SIC 2821-2824) 

Total Zinc1 Hardness Dependent 

1  The benchmark values of some metals are dependent on water hardness. For these parameters, permittees must 
determine the hardness of the receiving water (see Appendix J, “Calculating Hardness in Receiving Waters for 
Hardness Dependent Metals,” for methodology), in accordance with Part 6.2.1.1, to identify the applicable ‘hardness 
range’ for determining their benchmark value applicable to their facility.  The ranges occur in 25 mg/L increments.  
Hardness Dependent Benchmarks follow in the table below: 
 
 

Water 
Hardness 
Range 

Lead 
(mg/L) 

Zinc 
(mg/L) 

0-25 mg/L 0.014 0.04 
25-50 mg/L 0.023 0.05 
50-75 mg/L 0.045 0.08 
75-100 mg/L 0.069 0.11 
100-125 mg/L 0.095 0.13 
125-150 mg/L 0.122 0.16 
150-175 mg/L 0.151 0.18 
175-200 mg/L 0.182 0.20 
200-225 mg/L 0.213 0.23 
225-250 mg/L 0.246 0.25 
250+ mg/L 0.262 0.26 

 

8.C.4 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 
of the permit.) 

Table 8.C-2 identifies effluent limits that apply to the industrial activities described 
below.  Compliance with these effluent limits is to be determined based on discharges from these 
industrial activities independent of commingling with any other wastestreams that may be 
covered under this permit. 
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Stormwater Discharges Associated With Industrial Activity – Sector C 53 

 

Table 8.C-21 
Industrial Activity Parameter Effluent Limit 

105.0 mg/L, daily maximum Total Phosphorus (as P) 
35 mg/L,  

30-day avg. 
75.0 mg/L,  

daily maximum 

Runoff from phosphate fertilizer 
manufacturing facilities that comes into 
contact with any raw materials, finished 
product, by-products or waste products 
(SIC 2874) 

Fluoride 

25.0 mg/L,  
30-day avg. 

1 Monitor annually. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart D – Sector D – Asphalt Paving and Roofing Materials and Lubricant 
Manufacturing. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.D.1  Covered Stormwater Discharges. 

The requirements in Subpart D apply to stormwater discharges associated with industrial 
activity from Asphalt Paving and Roofing Materials and Lubricant Manufacturing facilities, as 
identified by the SIC Codes specified under Sector D in Table D-1 of Appendix D of the permit. 

8.D.2  Limitations on Coverage. 

The following stormwater discharges associated with industrial activity are not 
authorized by this permit (See also Part 1.1.4) 

8.D.2.1 Discharges from petroleum refining facilities, including those that manufacture asphalt 
or asphalt products, that are subject to nationally established effluent limitation 
guidelines found in 40 CFR Part 419 (Petroleum Refining); or 

8.D.2.2 Discharges from oil recycling facilities; or 

8.D.2.3 Discharges associated with fats and oils rendering. 

8.D.3  Sector-Specific Benchmarks  

Table 8.D-1 identifies benchmarks that apply to the specific subsectors of Sector D.  
These benchmarks apply to both your primary industrial activity and any co-located industrial 
activities, which describe your site activities. 

 
Table 8.D-1.  

Subsector 
 Parameter Benchmark Monitoring 

Concentration 
Subsector D1. Asphalt Paving and Roofing 
Materials (SIC 2951, 2952) 

Total Suspended Solids 
(TSS) 

100 mg/L 
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Stormwater Discharges Associated With Industrial Activity – Sector D 55 

8.D.4 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 
of the permit.) 

Table 8.D-2 identifies effluent limits that apply to the industrial activities described 
below.  Compliance with these effluent limits is to be determined based on discharges from these 
industrial activities independent of commingling with any other wastestreams that may be 
covered under this permit. 
 

Table 8.D-21 
Industrial Activity Parameter Effluent Limit 

23.0 mg/L, 
daily maximum 

15.0 mg/L, 
30-day avg. 

Total Suspended Solids 
(TSS) 

pH 6.0 - 9.0 s.u.  
15.0 mg/L, 

daily maximum 

Discharges from asphalt emulsion facilities. 

Oil and Grease 

10 mg/L, 
30-day avg. 

1Monitor annually. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart E – Sector E – Glass, Clay, Cement, Concrete, and Gypsum Products. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.E.1  Covered Stormwater Discharges. 

The requirements in Subpart E apply to stormwater discharges associated with industrial 
activity from Glass, Clay, Cement, Concrete, and Gypsum Products facilities, as identified by the 
SIC Codes specified under Sector E in Table D-1 of Appendix D of the permit. 

8.E.2 Additional Technology-Based Effluent Limits. 
8.E.2.1 Good Housekeeping Measures. (See also Part 2.1.2.2) With good housekeeping, prevent 

or minimize the discharge of spilled cement, aggregate (including sand or gravel), kiln 
dust, fly ash, settled dust, or other significant material in stormwater from paved 
portions of the site that are exposed to stormwater. Consider sweeping regularly or 
using other equivalent measures to minimize the presence of these materials. Indicate in 
your SWPPP the frequency of sweeping or equivalent measures. Determine the 
frequency based on the amount of industrial activity occurring in the area and the 
frequency of precipitation, but it must be performed at least once a week if cement, 
aggregate, kiln dust, fly ash, or settled dust are being handled or processed. You must 
also prevent the exposure of fine granular solids (cement, fly ash, kiln dust, etc.) to 
stormwater, where practicable, by storing these materials in enclosed silos, hoppers, or 
buildings, or under other covering. 

8.E.3  Additional SWPPP Requirements. 
8.E.3.1 Drainage Area Site Map. (See also Part 5.1.2) Document in the SWPPP the locations of 

the following, as applicable: bag house or other dust control device; 
recycle/sedimentation pond, clarifier, or other device used for the treatment of process 
wastewater; and the areas that drain to the treatment device. 

8.E.3.2 Certification. (See also Part 5.1.3.4) For facilities producing ready-mix concrete, 
concrete block, brick, or similar products, include in the non-stormwater discharge 
certification a description of measures that ensure that process waste waters resulting 
from washing trucks, mixers, transport buckets, forms, or other equipment are 
discharged in accordance with NPDES requirements or are recycled. 

8.E.4  Sector-Specific Benchmarks. 

Table 8.E-1 identifies benchmarks that apply to the specific subsectors of Sector E.  
These benchmarks apply to both your primary industrial activity and any co-located industrial 
activities, which describe your site activities. 
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Table 8.E-1.  

Subsector  
(You may be subject to requirements for 

more than one sector/subsector) 
Parameter 

Benchmark 
Monitoring Cutoff 

Concentration 

Subsector E1. Clay Product Manufacturers 
(SIC 3251-3259, 3261-3269) 

Total Aluminum 0.75 mg/L 

Total Suspended Solids 
(TSS) 

100 mg/L Subsector E2. Concrete and Gypsum Product 
Manufacturers (SIC 3271-3275) 

Total Iron 1.0 mg/L 

 

8.E.5 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 
of the permit.) 

Table 8.E-2 identifies effluent limits that apply to the industrial activities described 
below.  Compliance with these limits is to be determined based on discharges from these 
industrial activities independent of commingling with any other wastestreams that may be 
covered under this permit. 
 

Table 8.E-21 
Industrial Activity Parameter Effluent Limit 

Total Suspended Solids 
(TSS) 

50 mg/L, daily 
maximum 

Discharges from material storage piles at 
cement manufacturing facilities 

pH 6.0 - 9.0 s.u. 
1Monitor annually. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart F – Sector F – Primary Metals. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit. 

8.F.1  Covered Stormwater Discharges. 

The requirements in Subpart F apply to stormwater discharges associated with industrial 
activity from Primary Metals facilities, as identified by the SIC Codes specified under Sector F 
in Table D-1 of Appendix D of the permit. 

8.F.2 Additional Technology-Based Effluent Limits 
8.F.2.1 Good Housekeeping Measures. (See also Part 2.1.2.2) As part of your good 

housekeeping program, include a cleaning and maintenance program for all impervious 
areas of the facility where particulate matter, dust, or debris may accumulate, especially 
areas where material loading and unloading, storage, handling, and processing occur; 
and, where practicable, the paving of areas where vehicle traffic or material storage 
occur but where vegetative or other stabilization methods are not practicable (institute a 
sweeping program in these areas too). For unstabilized areas where sweeping is not 
practicable, consider using stormwater management devices such as sediment traps, 
vegetative buffer strips, filter fabric fence, sediment filtering boom, gravel outlet 
protection, or other equivalent measures that effectively trap or remove sediment. 

8.F.3  Additional SWPPP Requirements. 
8.F.3.1 Drainage Area Site Map. (See also Part 5.1.2) Identify in the SWPPP where any of the 

following activities may be exposed to precipitation or surface runoff: storage or 
disposal of wastes such as spent solvents and baths, sand, slag and dross; liquid storage 
tanks and drums; processing areas including pollution control equipment (e.g., 
baghouses); and storage areas of raw material such as coal, coke, scrap, sand, fluxes, 
refractories, or metal in any form. In addition, indicate where an accumulation of 
significant amounts of particulate matter could occur from such sources as furnace or 
oven emissions, losses from coal and coke handling operations, etc., and could result in 
a discharge of pollutants to waters of the United States. 

8.F.3.2 Inventory of Exposed Material. (See also Part 5.1.3.2) Include in the inventory of 
materials handled at the site that potentially may be exposed to precipitation or runoff, 
areas where deposition of particulate matter from process air emissions or losses during 
material-handling activities are possible 

8.F.4 Additional Inspection Requirements.   (See also Part 4.1) As part of conducting your 
quarterly routine facility inspections (Part 4.1), address all potential sources of pollutants, 
including (if applicable) air pollution control equipment (e.g., baghouses, electrostatic 
precipitators, scrubbers, and cyclones), for any signs of degradation (e.g., leaks, 
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Stormwater Discharges Associated With Industrial Activity – Sector F 59 

corrosion, or improper operation) that could limit their efficiency and lead to excessive 
emissions.  Consider monitoring air flow at inlets and outlets (or use equivalent 
measures) to check for leaks (e.g., particulate deposition) or blockage in ducts. Also 
inspect all process and material handling equipment (e.g., conveyors, cranes, and 
vehicles) for leaks, drips, or the potential loss of material; and material storage areas 
(e.g., piles, bins, or hoppers for storing coke, coal, scrap, or slag, as well as chemicals 
stored in tanks and drums) for signs of material losses due to wind or stormwater runoff. 

8.F.5  Sector-Specific Benchmarks. (See also Part 6 of the permit.) 
 

Table 8.F-1. 
Subsector  

(You may be subject to requirements for 
more than one sector/subsector) 

Parameter Benchmark Monitoring 
Cutoff Concentration 

Total Aluminum 0.75 mg/L Subsector F1. Steel Works, Blast Furnaces, 
and Rolling and Finishing Mills  
(SIC 3312-3317) 

Total Zinc1 Hardness Dependent 

Total Aluminum 0.75 mg/L 
Total Suspended Solids (TSS) 100 mg/L 

Total Copper1 Hardness Dependent 
Total Iron 1.0 mg/L 

Subsector F2. Iron and Steel Foundries  
(SIC 3321-3325) 

Total Zinc1 Hardness Dependent 
Total Copper1 Hardness Dependent Subsector F3. Rolling, Drawing, and 

Extruding of Nonferrous Metals  
(SIC 3351-3357) 

Total Zinc1 Hardness Dependent 

Total Copper1 Hardness Dependent Subsector F4. Nonferrous Foundries  
(SIC 3363-3369) Total Zinc1 Hardness Dependent 
1 The benchmark values of some metals are dependent on water hardness. For these parameters, permittees must 
determine the hardness of the receiving water (see Appendix J, “Calculating Hardness in Receiving Waters for 
Hardness Dependent Metals,” for methodology), in accordance with Part 6.2.1.1, to identify the applicable ‘hardness 
range’ for determining their benchmark value applicable to their facility.  The ranges occur in 25 mg/L increments.  
Hardness Dependent Benchmarks follow in the table below: 
 
 

Water Hardness Range
Copper 
(mg/L) 

Zinc 
(mg/L) 

0-25 mg/L 0.0038 0.04 
25-50 mg/L 0.0056 0.05 
50-75 mg/L 0.0090 0.08 
75-100 mg/L 0.0123 0.11 
100-125 mg/L 0.0156 0.13 
125-150 mg/L 0.0189 0.16 
150-175 mg/L 0.0221 0.18 
175-200 mg/L 0.0253 0.20 
200-225 mg/L 0.0285 0.23 
225-250 mg/L 0.0316 0.25 
250+ mg/L 0.0332 0.26 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart G – Sector G – Metal Mining. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.  

8.G.1  Covered Stormwater Discharges. 

The requirements in Subpart G apply to stormwater discharges associated with industrial 
activity from Metal Mining facilities, including mines abandoned on Federal lands, as identified 
by the SIC Codes specified under Sector G in Table D-1 of Appendix D. Coverage is required 
for metal mining facilities that discharge stormwater contaminated by contact with, or that has 
come into contact with, any overburden, raw material, intermediate product, finished product, 
byproduct, or waste product located on the site of the operation. 

8.G.1.1 Covered Discharges from Inactive Facilities. All stormwater discharges. 

8.G.1.2 Covered Discharges from Active and Temporarily Inactive Facilities. Only the 
stormwater discharges from the following areas are covered: waste rock and overburden 
piles if composed entirely of stormwater and not combining with mine drainage; topsoil 
piles; offsite haul and access roads; onsite haul and access roads constructed of waste 
rock, overburden, or spent ore if composed entirely of stormwater and not combining 
with mine drainage; onsite haul and access roads not constructed of waste rock, 
overburden, or spent ore except if mine drainage is used for dust control; runoff from 
tailings dams or dikes when not constructed of waste rock or tailings and no process 
fluids are present; runoff from tailings dams or dikes when constructed of waste rock or 
tailings and no process fluids are present, if composed entirely of stormwater and not 
combining with mine drainage; concentration building if no contact with material piles; 
mill site if no contact with material piles; office or administrative building and housing 
if mixed with stormwater from industrial area; chemical storage area; docking facility if 
no excessive contact with waste product that would otherwise constitute mine drainage; 
explosive storage; fuel storage; vehicle and equipment maintenance area and building; 
parking areas (if necessary); power plant; truck wash areas if no excessive contact with 
waste product that would otherwise constitute mine drainage; unreclaimed, disturbed 
areas outside of active mining area; reclaimed areas released from reclamation 
requirements prior to December 17, 1990; and partially or inadequately reclaimed areas 
or areas not released from reclamation requirements. 

8.G.1.3 Covered Discharges from Exploration and Construction of Metal Mining and/or Ore 
Dressing Facilities. All stormwater discharges. 

8.G.1.4 Covered Discharges from Facilities Undergoing Reclamation. All stormwater 
discharges. 
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8.G.2  Limitations on Coverage. 
8.G.2.1 Prohibition of Stormwater Discharges. Stormwater discharges not authorized by this 

permit: discharges from active metal mining facilities that are subject to effluent 
limitation guidelines for the Ore Mining and Dressing Point Source Category (40 CFR 
Part 440). 

NOTE:  Stormwater runoff from these sources are subject to 40 CFR Part 440 if they 
are mixed with other discharges subject to Part 440.  In this case, they are not eligible 
for coverage under this permit.  Discharges from overburden/waste rock and 
overburden/waste rock-related areas are not subject to 40 CFR Part 440 unless they: (1)  
drain naturally (or  are intentionally diverted) to a point source; and (2) combine with 
''mine drainage'' that is otherwise regulated under the Part 440 regulations. For such 
sources, coverage under this permit would be available if the discharge composed 
entirely of stormwater does not combine with other sources of mine drainage that are 
not subject to 40 CFR Part 440,  and meets the other eligibility criteria contained in Part 
1.2 of the permit. Permit applicants bear the initial responsibility for determining if they 
are eligible for coverage under this permit, or must seek coverage under another 
NPDES permit. EPA recommends that permit applicants contact the relevant NPDES 
permit issuance authority for assistance to determine the nature and scope of the ''active 
mining area'' on a mine-by-mine basis, as well as to determine the appropriate 
permitting mechanism for authorizing such discharges. 

8.G.2.2 Prohibition of Non-Stormwater Discharges. Not authorized by this permit: adit 
drainage, and contaminated springs or seeps discharging from waste rock dumps that do 
not directly result from precipitation events (see also the standard Limitations on 
Coverage in Part 1.1.4). 

8.G.3 Definitions. 

The following definitions are not intended to supersede the definitions of active and 
inactive mining facilities established by 40 CFR 122.26(b)(14)(iii). 

8.G.3.1 Mining operation - Consists of the active and temporarily inactive phases, and the 
reclamation phase, but excludes the exploration and construction phases. 

8.G.3.2 Exploration phase - Entails exploration and land disturbance activities to determine the 
viability of a site.  The exploration phase is not considered part of “mining operations.”  

8.G.3.3 Construction phase - Includes the building of site access roads and removal of 
overburden and waste rock to expose mineable minerals.  The construction phase is not 
considered part of “mining operations.” 

8.G.3.4 Active phase - Activities including the extraction, removal or recovery of metal ore.  
For surface mines, this definition does not include any land where grading has returned 
the earth to a desired contour and reclamation has begun.  This definition is derived 
from the definition of “active mining area” found at 40 CFR 440.132(a).  The active 
phase is considered part of “mining operations.” 
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8.G.3.5 Reclamation phase - Activities undertaken, in compliance with applicable mined land 
reclamation requirements, following the cessation of the “active phase”, intended to 
return the land to an appropriate post-mining land use in order to meet applicable 
Federal and State reclamation requirements.  The reclamation phase is considered part 
of "mining operations." 

8.G.3.6 Active metal mining facility - A place where work or other activity related to the 
extraction, removal, or recovery of metal ore is being conducted. For surface mines, this 
definition does not include any land where grading has returned the earth to a desired 
contour and reclamation has begun.  This definition is derived from the definition of 
“active mining area” found at 40 CFR 440.132(a). 

8.G.3.7 Inactive metal mining facility - A site or portion of a site where metal mining and/or 
milling occurred in the past but is not an active facility as defined above, and where the 
inactive portion is not covered by an active mining permit issued by the applicable State 
or Federal agency.  An inactive metal mining facility has an identifiable owner / 
operator.  Sites where mining claims are being maintained prior to disturbances 
associated with the extraction, beneficiation, or processing of mined materials and sites 
where minimal activities are undertaken for the sole purpose of maintaining a mining 
claim are not considered either active or inactive mining facilities and do not require an 
NPDES industrial stormwater permit.  

8.G.3.8 Temporarily inactive metal mining facility - A site or portion of a site where metal 
mining and/or milling occurred in the past but currently are not being actively 
undertaken, and the facility is covered by an active mining permit issued by the 
applicable State or Federal agency. 

8.G.3.9 Final Stabilization - A site or portion of a site is “finally stabilized” when it has 
implemented all applicable Federal and State reclamation requirements. 

8.G.4  Technology-Based Effluent Limits for Clearing, Grading, and Excavation Activities. 

Clearing, grading, and excavation activities being conducted as part of the exploration 
and construction phase of mining activities are covered under this permit.  

8.G.4.1 Management Practices for Clearing, Grading, and Excavation Activities.   

8.G.4.1.1 Selecting and installing control measures. For all areas affected by clearing, 
grading, and excavation activities, you must select, design, install, and 
implement control measures that meet applicable Part 2 effluent limits.   

8.G.4.1.2 Good Housekeeping. Litter, debris, and chemicals must be prevented from 
becoming a pollutant source in stormwater discharges.  

8.G.4.1.3 Retention and Detention of Stormwater Runoff. For drainage locations serving 
more than one acre, sediment basins and/or temporary sediment traps should 
be used. At a minimum, silt fences, vegetative buffer strips, or equivalent 
sediment controls are required for all down slope boundaries (and for side 
slope boundaries as necessary based on individual site conditions) of the 
development area unless a sediment basin providing storage for a calculated 
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volume of runoff from a 2-year, 24-hour storm or 3,600 cubic feet of storage 
per acre drained is provided.  You are required to remove sediment from 
sediment traps or sedimentation ponds when design capacity has been reduced 
by 50 percent.  Due to high sediment discharges from some Sector G facilities, 
permittees may need to implement a combination of structural BMP 
approaches to sufficiently decrease discharge of sediment from their facilities.  

8.G.4.2 Inspection of Clearing, Grading, and Excavation Activities.  

8.G.4.2.1 Inspection Frequency. Inspections must be conducted either at least once 
every 7 calendar days, or at least once every 14 calendar days and within 24 
hours of the end of a storm event of 0.5 inches or greater. Inspection 
frequency may be reduced to at least once every month if the entire site is 
temporarily stabilized (pursuant to Part 8.G.4.3.2), if runoff is unlikely due to 
winter (e.g., site is covered with snow or ice) or frozen conditions, or 
construction is occurring during seasonal dry periods in arid areas and semi-
arid areas.  

8.G.4.2.2 Location of Inspections. Inspections must include all areas of the site disturbed 
by clearing, grading, and/or excavation activities and areas used for storage of 
materials that are exposed to precipitation. Sedimentation and erosion control 
measures must be observed to ensure proper operation. Discharge locations 
must be inspected to ascertain whether erosion control measures are effective 
in preventing significant impacts to waters of the United States, where 
accessible. Where discharge locations are inaccessible, nearby downstream 
locations must be inspected to the extent that such inspections are practicable. 
Locations where vehicles enter or exit the site must be inspected for evidence 
of significant off-site sediment tracking.  

8.G.4.2.3 Inspection Reports. For each inspection required above, you must complete an 
inspection report. At a minimum, the inspection report must include the 
information required in Part 4.1. 

8.G.4.3 Requirements for Cessation of Clearing, Grading, and Excavation Activities.   

8.G.4.3.1 Inspections and Maintenance. Inspections and maintenance of control 
measures, including BMPs, associated with clearing, grading, and excavation 
activities being conducted as part of the exploration and construction phase of 
a mining operation must continue until final stabilization has been achieved on 
all portions of the disturbed area, or until the commencement of the active 
mining phase for those areas that have been temporarily stabilized as a 
precursor to mining.  

8.G.4.3.2 Temporary Stabilization of Disturbed Areas. Stabilization measures should be 
initiated immediately in portions of the site where clearing, grading and/or 
excavation activities have temporarily ceased, but in no case more than 14 
days after the clearing, grading and/or excavation activities in that portion of 
the site have temporarily ceased. In arid, semiarid, and drought-stricken areas, 
or in areas subject to snow or freezing conditions, where initiating perennial 
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vegetative stabilization measures is not possible within 14 days after mining, 
exploration, and/or construction activity has temporarily ceased, temporary 
vegetative stabilization measures must be initiated as soon as practicable.  
Until temporary vegetative stabilization is achieved, interim measures such as 
erosion control blankets with an appropriate seed base and tackifiers must be 
employed.  In areas of the site, where exploration and/or construction has 
permanently ceased prior to active mining, temporary stabilization measures 
must be implemented to minimize mobilization of sediment or other pollutants 
until such time as the active mining phase commences. 

8.G.4.3.3 Final Stabilization of Disturbed Areas. Stabilization measures should be 
initiated immediately in portions of the site where exploration and/or 
construction activities have permanently ceased, but in no case more than 14 
days after the exploration and/or construction activity in that portion of the site 
has permanently ceased. In arid, semiarid, and drought-stricken areas, or in 
areas subject to snow or freezing conditions,  where initiating perennial 
vegetative stabilization measures is not possible within 14 days after mining, 
exploration, and/or construction activity has permanently ceased, final 
vegetative stabilization measures must be initiated as soon as possible. Until 
final stabilization is achieved temporary stabilization measures, such as 
erosion control blankets with an appropriate seed base and tackifiers, must be 
used. 

8.G.5 Additional Technology-Based Effluent Limits. 
8.G.5.1 Employee Training. (See also Part 2.1.2.9) Conduct employee training at least annually 

at active and temporarily inactive sites.  

8.G.5.2 Stormwater Controls. Apart from the control measures you implement to meet your Part 
2 effluent limits, consider implementing the following control measures at your site. 
The potential pollutants identified in Part 8.G.6.3 shall determine the priority and 
appropriateness of the control measures selected.   

8.G.5.2.1 Stormwater Diversions: Consider diverting stormwater away from potential 
pollutant sources. Following are some options: interceptor or diversion 
controls (e.g., dikes, swales, curbs, or berms); pipe slope drains; subsurface 
drains; conveyance systems (e.g., channels or gutters, open-top box culverts, 
and waterbars; rolling dips and road sloping; roadway surface water deflector 
and culverts); or their equivalents. 

8.G.5.2.2 Capping: When capping is necessary to minimize pollutant discharges in 
stormwater, identify the source being capped and the material used to 
construct the cap. 

8.G.5.2.3 Treatment: If treatment of stormwater (e.g., chemical or physical systems, oil 
and water separators, artificial wetlands) is necessary to protect water quality, 
describe the type and location of treatment used. Passive and/or active 
treatment of stormwater runoff is encouraged where practicable. Treated 
runoff may be discharged as a stormwater source regulated under this permit 
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provided the discharge is not combined with discharges subject to effluent 
limitation guidelines for the Ore Mining and Dressing Point Source Category 
(40 CFR Part 440). 

8.G.5.3 Certification of Discharge Testing. (See also Part 5.1.3.4) Test or evaluate all outfalls 
covered under this permit for the presence of specific mining-related non-stormwater 
discharges such as seeps or adit discharges, or discharges subject to effluent limitations 
guidelines (e.g., 40 CFR Part 440), such as mine drainage or process water. 
Alternatively (if applicable), you may keep a certification with your SWPPP consistent 
with Part 8.G.6.6.   

8.G.6  Additional SWPPP Requirements.   
8.G.6.1 Nature of Industrial Activities. (See also Part 5.1.2) Briefly document in your SWPPP 

the mining and associated activities that can potentially affect the stormwater 
discharges covered by this permit, including a general description of the location of the 
site relative to major transportation routes and communities. 

8.G.6.2 Site Map. (See also Part 5.1.2) Document in your SWPPP the locations of the following 
(as appropriate): mining or milling site boundaries; access and haul roads; outline of the 
drainage areas of each stormwater outfall within the facility with indications of the 
types of discharges from the drainage areas; location(s) of all permitted discharges 
covered under an individual NPDES permit, outdoor equipment storage, fueling, and 
maintenance areas; materials handling areas; outdoor manufacturing, outdoor storage, 
and material disposal areas; outdoor chemicals and explosives storage areas; 
overburden, materials, soils, or waste storage areas; location of mine drainage (where 
water leaves mine) or other process water; tailings piles and ponds (including proposed 
ones); heap leach pads; off-site points of discharge for mine drainage and process 
water; surface waters; boundary of tributary areas that are subject to effluent limitations 
guidelines; and location(s) of reclaimed areas. 

8.G.6.3 Potential Pollutant Sources. (See also Part 5.1.3) For each area of the mine or mill site 
where stormwater discharges associated with industrial activities occur, identify the 
types of pollutants (e.g., heavy metals, sediment) likely to be present in significant 
amounts. Consider these factors: the mineralogy of the ore and waste rock (e.g., acid 
forming); toxicity and quantity of chemicals used, produced, or discharged; the 
likelihood of contact with stormwater; vegetation of site (if any); and history of 
significant leaks or spills of toxic or hazardous pollutants. Also include a summary of 
any existing ore or waste rock or overburden characterization data and test results for 
potential generation of acid rock. If any new data is acquired due to changes in ore type 
being mined, update your SWPPP with this information. 

8.G.6.4 Documentation of Control Measures.  Document all control measures that you 
implement consistent with Part 8.G.5.2.  If control measures are implemented or 
planned but are not listed in Part 8.G.5.2 (e.g., substituting a less toxic chemical for a 
more toxic one), include descriptions of them in your SWPPP. 

8.G.6.5 Employee Training.  All employee training(s) must be documented in the SWPPP. 

Stormwater Discharges Associated With Industrial Activity – Sector G 65 

RB-AR26414



General Permit  
 

8.G.6.6 Certification of Permit Coverage for Commingled Non-Stormwater Discharges:  If you 
are able, consistent with Part 8.G.5.3 above, to certify that a particular discharge 
composed of commingled stormwater and non-stormwater is covered under a separate 
NPDES permit, and that permit subjects the non-stormwater portion to effluent 
limitations prior to any commingling, retain such certification with your SWPPP. This 
certification must identify the non-stormwater discharges, the applicable NPDES 
permit(s), the effluent limitations placed on the non-stormwater discharge by the 
permit(s), and the points at which the limitations are applied. 

8.G.7 Additional Inspection Requirements.   
(See also Part 4.1 and 8.G.4.2.) Except for areas of the site subject to clearing, grading, 

and/or excavation activities conducted as part of the exploration and construction phase, which 
are subject to Part 8.G.4.2.1, inspect sites at least quarterly unless adverse weather conditions 
make the site inaccessible. Sites which discharge to waters designated as outstanding waters or 
waters which are impaired for sediment or nitrogen must be inspected monthly.  See Part 8.G.8.4 
for inspection requirements for inactive and unstaffed sites. 

8.G.8  Monitoring and Reporting Requirements. (See also Part 6 of the permit.) 
Note:  There are no Part 8.G.8 monitoring and reporting requirements for inactive and 
unstaffed sites. 

8.G.8.1 Benchmark Monitoring for Active Copper Ore Mining and Dressing Facilities. Active 
copper ore mining and dressing facilities, must sample and analyze stormwater 
discharges for the pollutants listed in Table 8.G-1. 

 
Table 8.G-1  

Subsector  
(You may be subject to requirements for 

more than one sector/subsector) 
Parameter 

Benchmark 
Monitoring 

Concentration 

Total Suspended Solids 
(TSS) 

100 mg/L 
 

Nitrate plus Nitrite 
Nitrogen 

0.68 mg/L 
 

Subsector G1. Active Copper Ore Mining and 
Dressing Facilities 
(SIC 1021) 

Chemical Oxygen Demand 
(COD) 

120 mg/L 
 

 
8.G.8.2 Benchmark Monitoring Requirements for Discharges From Waste Rock and 

Overburden Piles at Active Metal Mining Facilities.  For discharges from waste rock 
and overburden piles, perform benchmark monitoring once in the first year for the 
parameters listed in Table 8.G-2, and twice annually in all subsequent years of coverage 
under this permit for any parameters for which the benchmark has been exceeded. You 
are also required to conduct analytic monitoring for the parameters listed in Table 8.G-3 
in accordance with the requirements in Part 8.G.6.3.  The Director may also notify you 
that you must perform additional monitoring to accurately characterize the quality and 
quantity of pollutants discharged from your waste rock and overburden piles. 
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Table 8.G-2.  

Subsector  
(Discharges may be subject to 

requirements for more than one 
sector/subsector) 

Parameter Benchmark Monitoring 
Cutoff Concentration 

Total Suspended Solids (TSS) 100 mg/L 
Turbidity 50 NTU 

pH 6.0-9.0 s.u. 
Hardness (as CaCO3; calc. from 

Ca, Mg)1 
no benchmark value 

Total Antimony 0.64 mg/L 
Total Arsenic  0.15 mg/ L 

Total Beryllium 0.13 mg/L 
Total Cadmium1 Hardness Dependent 
Total Copper1 Hardness Dependent 

Total Iron 1.0 mg/L 
Total Lead1 Hardness Dependent 

Total Mercury 0.0014 mg/L 
Total Nickel1 Hardness Dependent 

Total Selenium 0.005 mg/L 
Total Silver1 Hardness Dependent 

Subsector G2. Iron Ores; Copper Ores; 
Lead and Zinc Ores; Gold and Silver Ores; 
Ferroalloy Ores, Except Vanadium; and 
Miscellaneous Metal Ores (SIC Codes 
1011, 1021, 1031, 1041, 1044, 1061, 1081, 
1094, 1099) 
(Note:  when analyzing hardness for a suite 
of metals, it is more cost effective to add 
analysis of calcium and magnesium, and 
have hardness calculated than to require 
hardness analysis separately) 

Total Zinc1 Hardness Dependent 
1 The benchmark values of some metals are dependent on water hardness. For these parameters, permittees must 
determine the hardness of the receiving water (see Appendix J, “Calculating Hardness in Receiving Waters for 
Hardness Dependent Metals,” for methodology), in accordance with Part 6.2.1.1, to identify the applicable 
‘hardness range’ for determining their benchmark value applicable to their facility.  The ranges occur in 25 mg/L 
increments.  Hardness Dependent Benchmarks follow in the table below: 
 

Water Hardness Range 
Cadmium 
(mg/L) 

Copper 
(mg/L) 

Lead 
(mg/L) 

Nickel 
(mg/L) 

Silver 
(mg/L) 

Zinc 
(mg/L) 

0-25 mg/L 0.0005 0.0038 0.014 0.15 0.0007 0.04 
25-50 mg/L 0.0008 0.0056 0.023 0.20 0.0007 0.05 
50-75 mg/L 0.0013 0.0090 0.045 0.32 0.0017 0.08 
75-100 mg/L 0.0018 0.0123 0.069 0.42 0.0030 0.11 
100-125 mg/L 0.0023 0.0156 0.095 0.52 0.0046 0.13 
125-150 mg/L 0.0029 0.0189 0.122 0.61 0.0065 0.16 
150-175 mg/L 0.0034 0.0221 0.151 0.71 0.0087 0.18 
175-200 mg/L 0.0039 0.0253 0.182 0.80 0.0112 0.20 
200-225 mg/L 0.0045 0.0285 0.213 0.89 0.0138 0.23 
225-250 mg/L 0.0050 0.0316 0.246 0.98 0.0168 0.25 
250+ mg/L 0.0053 0.0332 0.262 1.02 0.0183 0.26 

 
8.G.8.3 Additional Analytic Monitoring Requirements for Discharges From Waste Rock and 

Overburden Piles at Active Metal Mining Facilities.  In addition to the monitoring 
required in Part 8.G.6.2 for discharges from waste rock and overburden piles, you must 
also conduct monitoring for additional parameters based on the type of ore you mine at 
your site.  Where a parameter in Table 8.G-3 is the same as a pollutant you are required 
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to monitor for in Table 8.G-2 (i.e., for all of the metals, you must use the corresponding 
benchmark in Table 8.G-2 and you may use any monitoring results conducted for Part 
8.G.6.2 to satisfy the monitoring requirement for that parameter for Part 8.G.6.3.  For 
radium and uranium, which do not have corresponding benchmarks in Table 8.G-2, 
there are no applicable benchmarks.)  The frequency and schedule for monitoring for 
these additional parameters is the same as that specified in Part 6.2.1.2.  

 
Table 8.G-3. Additional Monitoring Requirements for Discharges from Waste Rock and 

Overburden Piles 
Supplemental Requirements 

Pollutants of Concern 
Type of Ore Mined Total Suspended 

Solids (TSS) 
pH Metals, Total  

Tungsten Ore X X Arsenic, Cadmium (H), Copper (H), 
Lead (H), Zinc (H) 

Nickel Ore X X Arsenic, Cadmium (H), Copper (H), 
Lead (H), Zinc (H) 

Aluminum Ore X X Iron 
Mercury Ore X X Nickel (H) 
Iron Ore X X Iron (Dissolved) 
Platinum Ore   Cadmium (H), Copper (H), Mercury, 

Lead (H), Zinc (H) 
Titanium Ore X X Iron, Nickel (H), Zinc (H) 
Vanadium Ore X X Arsenic, Cadmium (H), Copper (H), 

Lead (H), Zinc (H) 
Molybdenum X X Arsenic, Cadmium (H), Copper (H), 

Lead (H), Mercury, Zinc (H) 
Uranium, Radium, and 
Vanadium Ore 

X X Chemical Oxygen Demand, Arsenic, 
Radium (Dissolved and Total), 

Uranium, Zinc (H) 
Note: An “X” indicated for TSS and/or pH means that you are required to monitor for those parameters. (H) 
indicates that hardness must also be measured when this pollutant is measured. 
 

 
8.G.8.4 Inactive and Unstaffed Sites – Conditional Exemption from No Exposure Requirements 

for Quarterly Visual Assessments and Routine Facility Inspections. As a Sector G 
facility, if you are seeking to exercise a waiver from the quarterly visual assessment and 
routine facility inspection requirements for inactive and unstaffed sites (including 
temporarily inactive sites), you are conditionally exempt from the requirement to certify 
that “there are no industrial materials or activities exposed to stormwater” in Part 4.2.3.  
This exemption is conditioned on the following: 

• If circumstances change and your facility becomes active and/or staffed, this 
exception no longer applies and you must immediately begin complying with the 
quarterly visual assessment requirements; and 

• EPA retains the authority to revoke this exemption and/or the monitoring waiver 
where it is determined that the discharge causes, has a reasonable potential to cause, 
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or contributes to an instream excursion above an applicable water quality standard, 
including designated uses. 

Subject to the two conditions above, if your facility is inactive and unstaffed, you are 
waived from the requirement to conduct quarterly visual assessments and routine 
facility inspections.  You are not waived from conducting the Part 4.3 comprehensive 
site inspection.  You are encouraged to inspect your site more frequently where you 
have reason to believe that severe weather or natural disasters may have damaged 
control measures or increased discharges. 

 
Table 8.G-4. Applicability of the Multi-Sector General Permit to Stormwater Runoff From Active 

Mining and Dressing Sites, Temporarily Inactive Sites, and Sites Undergoing Reclamation 
Discharge/Source of Discharge Note/Comment 

Piles 
Waste rock/overburden If composed entirely of stormwater and not 

combining with mine drainage. See note below. 
Topsoil -- 

Roads constructed of waste rock or spent ore 
Onsite haul roads If composed entirely of stormwater and not 

combining with mine drainage. See note below. 
Offsite haul and access roads -- 

Roads not constructed of waste rock or spent ore 
Onsite haul roads Except if mine drainage is used for dust control 
Offsite haul and access roads -- 

Milling/concentrating 
Runoff from tailings dams and dikes when 
constructed of waste rock/tailings 

Except if process fluids are present and only if 
composed entirely of stormwater and not 
combining with mine drainage. See Note below. 

Runoff from tailings dams/dikes when not 
constructed of waste rock and tailings 

Except if process fluids are present 

Concentration building If stormwater only and no contact with piles 
Mill site If stormwater only and no contact with piles  

Ancillary areas 
Office and administrative building and housing If mixed with stormwater from the industrial area 
Chemical storage area -- 
Docking facility  Except if excessive contact with waste product that 

would otherwise constitute mine drainage 
Explosive storage -- 
Fuel storage (oil tanks/coal piles) -- 
Vehicle and equipment maintenance area/building -- 
Parking areas But coverage unnecessary if only employee and 

visitor-type parking 
Power plant 

Truck wash area Except when excessive contact with waste product 
that would otherwise constitute mine drainage 
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Stormwater Discharges Associated With Industrial Activity – Sector G 70 

Table 8.G-4. Applicability of the Multi-Sector General Permit to Stormwater Runoff From Active 
Mining and Dressing Sites, Temporarily Inactive Sites, and Sites Undergoing Reclamation 

Reclamation-related areas 
Any disturbed area (unreclaimed) Only if not in active mining area 
Reclaimed areas released from reclamation 
requirements prior to Dec. 17, 1990 

-- 

Partially/inadequately reclaimed areas or areas not 
released from reclamation requirements  

-- 

Note: Stormwater runoff from these sources are subject to the NPDES program for stormwater unless mixed with 
discharges subject to 40 CFR Part 440 that are regulated by another permit prior to mixing. Non-stormwater 
discharges from these sources are subject to NPDES permitting and may be subject to the effluent limitation 
guidelines under 40 CFR Part 440. Discharges from overburden/waste rock and overburden/waste rock-related 
areas are not subject to 40 CFR Part 440 unless: (1) it drains naturally (or is intentionally diverted) to a point 
source; and (2) combines with ''mine drainage'' that is otherwise regulated under the Part 440 regulations. For such 
sources, coverage under this permit would be available if the discharge composed entirely of stormwater does not 
combine with other sources of mine drainage that are not subject to 40 CFR Part 440, as well as meeting other 
eligibility criteria contained in Part 1.1 of the permit. Permit applicants bear the initial responsibility for 
determining the applicable technology-based standard for such discharges. EPA recommends that permit applicants 
contact the relevant NPDES permit issuance authority for assistance to determine the nature and scope of the 
''active mining area'' on a mine-by-mine basis, as well as to determine the appropriate permitting mechanism for 
authorizing such discharges. 

 

8.G.9.  Termination of Permit Coverage 
8.G.9.1 Termination of Permit Coverage for Sites Reclaimed After December 17, 1990. A site 

or a portion of a site that has been released from applicable state or federal reclamation 
requirements after December 17, 1990, is no longer required to maintain coverage 
under this permit. If the site or portion of a site reclaimed after December 17, 1990, was 
not subject to reclamation requirements, the site or portion of the site is no longer 
required to maintain coverage under this permit if the site or portion of the site has been 
reclaimed as defined in Part 8.G.7.2. 

8.G.9.2 Termination of Permit Coverage for Sites Reclaimed Before December 17, 1990. A site 
or portion of a site that was released from applicable state or federal reclamation 
requirements before December 17, 1990, or that was otherwise reclaimed before 
December 17, 1990, is no longer required to maintain coverage under this permit if the 
site or portion of the site has been reclaimed. A site or portion of a site is considered to 
have been reclaimed if: (1) stormwater runoff that comes into contact with raw 
materials, intermediate byproducts, finished products, and waste products does not have 
the potential to cause or contribute to violations of state water quality standards, (2) soil 
disturbing activities related to mining at the sites or portion of the site have been 
completed, (3) the site or portion of the site has been stabilized to minimize soil 
erosion, and (4) as appropriate depending on location, size, and the potential to 
contribute pollutants to stormwater discharges, the site or portion of the site has been 
revegetated, will be amenable to natural revegetation, or will be left in a condition 
consistent with the post-mining land use. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart H – Sector H – Coal Mines and Coal Mining-Related Facilities. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.H.1  Covered Stormwater Discharges. 

The requirements in Subpart H apply to stormwater discharges associated with industrial 
activity from Coal Mines and Coal Mining-Related facilities as identified by the SIC Codes 
specified under Sector H in Table D-1 of Appendix D. 

8.H.2  Limitations on Coverage. 
8.H.2.1 Prohibition of Non-Stormwater Discharges. (See also Part 1.1.4) Not covered by this 

permit: discharges from pollutant seeps or underground drainage from inactive coal 
mines and refuse disposal areas that do not result from precipitation events, and 
discharges from floor drains in maintenance buildings and other similar drains in 
mining and preparation plant areas. 

8.H.2.2 Discharges Subject to Stormwater Effluent Guidelines. (See also Part 1.1.4.4) Not 
authorized by this permit: stormwater discharges subject to an existing effluent 
limitation guideline at 40 CFR Part 434. 

8.H.3 Definitions 

The following definitions are not intended to supersede the definitions of active and 
inactive mining facilities established by 40 CFR 122.26(b)(14)(iii). 

8.H.3.1 Mining operation - Consists of the active and temporarily inactive phases, and the 
reclamation phase, but excludes the exploration and construction phases. 

8.H.3.2 Exploration phase - Entails exploration and land disturbance activities to determine the 
financial viability of a site.  The exploration phase is not considered part of “mining 
operations.”  

8.H.3.3 Construction phase - Includes the building of site access roads and removal of 
overburden and waste rock to expose mineable coal.  The construction phase is not 
considered part of “mining operations.” 

8.H.3.4 Active phase - Activities including the extraction, removal or recovery of coal.  For 
surface mines, this definition does not include any land where grading has returned the 
earth to a desired contour and reclamation has begun.  This definition is derived from 
the definition of “active mining area” found at 40 CFR 434.11(b).  The active phase is 
considered part of “mining operations.” 
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8.H.3.5 Reclamation phase - Activities undertaken, in compliance with applicable mined land 
reclamation requirements, following the cessation of the “active phase”, intended to 
return the land to an appropriate post-mining land use.  The reclamation phase is 
considered part of "mining operations." 

8.H.3.6 Active coal mining facility - A place where work or other activity related to the 
extraction, removal, or recovery of coal is being conducted. For surface mines, this 
definition does not include any land where grading has returned the earth to a desired 
contour and reclamation has begun.  This definition is derived from the definition of 
“active mining area” found at 40 CFR 434.11(b). 

8.H.3.7 Inactive coal mining facility - A site or portion of a site where coal mining and/or 
milling occurred in the past but is not an active facility as defined above, and where the 
inactive portion is not covered by an active mining permit issued by the applicable State 
or Federal agency.  An inactive coal mining facility has an identifiable owner / operator.  
Sites where mining claims are being maintained prior to disturbances associated with 
the extraction, beneficiation, or processing of mined materials and sites where minimal 
activities are undertaken for the sole purpose of maintaining a mining claim are not 
considered either active or inactive mining facilities and do not require an NPDES 
industrial stormwater permit.  

8.H.3.8 Temporarily inactive coal mining facility - A site or portion of a site where coal mining 
and/or milling occurred in the past but currently are not being actively undertaken, and 
the facility is covered by an active mining permit issued by the applicable State or 
Federal agency. 

8.H.3.9 Final Stabilization - A site or portion of a site is “finally stabilized” when it has 
implemented all applicable Federal and State reclamation requirements. 

8.H.4  Technology-Based Effluent Limits for Clearing, Grading, and Excavation Activities. 

Clearing, grading, and excavation activities being conducted as part of the exploration 
and construction phase of mining activities are covered under this permit.  

8.H.4.1 Management Practices for Clearing, Grading, and Excavation Activities.   

8.H.4.1.1 Selecting and installing control measures. For all areas affected by clearing, 
grading, and excavation activities, you must select, design, install, and 
implement control measures that meet applicable Part 2 effluent limits.   

8.H.4.1.2 Good Housekeeping. Litter, debris, and chemicals must be prevented from 
becoming a pollutant source in stormwater discharges.  

8.H.4.1.3 Retention and Detention of Stormwater Runoff. For drainage locations serving 
more than one acre, sediment basins and/or temporary sediment traps should 
be used. At a minimum, silt fences, vegetative buffer strips, or equivalent 
sediment controls are required for all down slope boundaries (and side slope 
boundaries as necessary based on individual site conditions) of the 
development area unless a sediment basin providing storage for a calculated 
volume of runoff from a 2-year, 24-hour storm or 3,600 cubic feet of storage 

Stormwater Discharges Associated With Industrial Activity – Sector H 72 

RB-AR26421



General Permit 
 

per acre drained is provided.  You are required to remove sediment from 
sediment traps or sedimentation ponds when design capacity has been reduced 
by 50 percent.  Due to high sediment discharges from some Sector H facilities, 
permittees may need to implement a combination of structural BMP 
approaches to sufficiently decrease discharge of sediment from their facilities.  

8.H.4.2 Inspection of Clearing, Grading, and Excavation Activities.  

8.H.4.2.1 Inspection Frequency. Inspections must be conducted either at least once 
every 7 calendar days, or at least once every 14 calendar days and within 24 
hours of the end of a storm event of 0.5 inches or greater. Inspection 
frequency may be reduced to at least once every month if the entire site is 
temporarily stabilized (pursuant to Part 8.H.4.3.2), if runoff is unlikely due to 
winter (e.g., site is covered with snow or ice) or frozen conditions, or 
construction is occurring during seasonal dry periods in arid areas and semi-
arid areas. 

8.H.4.2.2 Location of Inspections. Inspections must include all areas of the site disturbed 
by clearing, grading, and/or excavation activities and areas used for storage of 
materials that are exposed to precipitation. Sedimentation and erosion control 
measures must be observed to ensure proper operation. Discharge locations 
must be inspected to ascertain whether erosion control measures are effective 
in preventing significant impacts to waters of the United States, where 
accessible. Where discharge locations are inaccessible, nearby downstream 
locations must be inspected to the extent that such inspections are practicable. 
Locations where vehicles enter or exit the site must be inspected for evidence 
of significant off-site sediment tracking.  

8.H.4.2.3 Inspection Reports. For each inspection required above, you must complete an 
inspection report. At a minimum, the inspection report must include the 
information required in Part 4.1. 

8.H.4.3 Requirements for Cessation of Clearing, Grading, and Excavation Activities. 

8.H.4.3.1 Inspections and Maintenance. Inspections and maintenance of control 
measures, including BMPs, associated with clearing, grading, and/or 
excavation activities being conducted as part of the exploration and 
construction phase of a mining operation must continue until final stabilization 
has been achieved on all portions of the disturbed area.  

8.H.4.3.2 Temporary Stabilization of Disturbed Areas. Stabilization measures should be 
initiated immediately in portions of the site where clearing, grading and/or 
excavation activities have temporarily ceased, but in no case more than 14 
days after the clearing, grading and/or excavation activities in that portion of 
the site have temporarily ceased. In arid, semiarid, and drought-stricken areas, 
or in areas subject to snow or freezing conditions, where initiating perennial 
vegetative stabilization measures is not possible within 14 days after mining, 
exploration, and/or construction activity has temporarily ceased, temporary 
vegetative stabilization measures must be initiated as soon as practicable.  
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Until temporary vegetative stabilization is achieved, interim measures such as 
erosion control blankets with an appropriate seed base and tackifiers must be 
employed.  In areas of the site, where exploration and/or construction has 
permanently ceased prior to active mining, temporary stabilization measures 
must be implemented to minimize mobilization of sediment or other pollutants 
until such time as the active mining phase commences. 

8.H.4.3.2 Final Stabilization of Disturbed Areas. Stabilization measures should be 
initiated immediately in portions of the site where exploration and/or 
construction activities have permanently ceased, but in no case more than 14 
days after the exploration and/or construction activity in that portion of the site 
has permanently ceased. In arid, semiarid, and drought-stricken areas, or in 
areas subject to snow or freezing conditions, or in areas subject to snow or 
freezing conditions, where initiating perennial vegetative stabilization 
measures is not possible within 14 days after mining, exploration, and/or 
construction activity has permanently ceased, temporary vegetative 
stabilization measures must be initiated as soon as possible. Until final 
stabilization is achieved temporary stabilization measures, such as erosion 
control blankets with an appropriate seed base and tackifiers, must be used. 

8.H.5 Additional Technology-Based Effluent Limits. 
8.H.5.1 Good Housekeeping Measures. (See also Part 2.1.2.2) As part of your good 

housekeeping program, consider using sweepers and covered storage, watering haul 
roads to minimize dust generation, and conserving vegetation (where possible) to 
minimize erosion. 

8.H.5.2 Preventive Maintenance. (See also Part 2.1.2.3) Perform inspections or other equivalent 
measures of storage tanks and pressure lines of fuels, lubricants, hydraulic fluid, and 
slurry to prevent leaks due to deterioration or faulty connections. 

8.H.6  Additional SWPPP Requirements. 
8.H.6.1 Other Applicable Regulations. Most active coal mining-related areas (SIC Codes 1221-

1241) are subject to sediment and erosion control regulations of the U.S. Office of 
Surface Mining (OSM) that enforces the Surface Mining Control and Reclamation Act 
(SMCRA). OSM has granted authority to most coal-producing states to implement 
SMCRA through State SMCRA regulations. All SMCRA requirements regarding 
control of stormwater-related pollutant discharges must be addressed and then 
documented with the SWPPP (directly or by reference). 

8.H.6.2 Site Map. (See also Part 5.1.2) Document in your SWPPP where any of the following 
may be exposed to precipitation or surface runoff: haul and access roads; railroad spurs, 
sliding, and internal hauling lines; conveyor belts, chutes, and aerial tramways; 
equipment storage and maintenance yards; coal handling buildings and structures; and 
inactive mines and related areas; acidic spoil, refuse, or unreclaimed disturbed areas; 
and liquid storage tanks containing pollutants such as caustics, hydraulic fluids, and 
lubricants. 
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8.H.6.3 Potential Pollutant Sources. (See also Part 5.1.3) Document in your SWPPP the 
following sources and activities that have potential pollutants associated with them: 
truck traffic on haul roads and resulting generation of sediment subject to runoff and 
dust generation; fuel or other liquid storage; pressure lines containing slurry, hydraulic 
fluid, or other potential harmful liquids; and loading or temporary storage of acidic 
refuse or spoil. 

8.H.7 Additional Inspection Requirements. 
8.H.7.1 Inspections of Active Mining-Related Areas. (See also Part 4) Except for areas of the 

site subject to clearing, grading, and/or excavation activities conducted as part of the 
exploration and construction phase, which are subject to Part 8.H.4.2.1, perform 
quarterly inspections of active mining areas covered by this permit, corresponding with 
the inspections as performed by SMCRA inspectors, of all mining-related areas 
required by SMCRA. Also maintain the records of the SMCRA authority 
representative.  See Part 8.H.8.1 for inspection requirements for inactive and unstaffed 
sties. 

8.H.7.2 Sediment and Erosion Control. (See also Part 2.1.2.5) As indicated in Part 8.H.6.1, 
SMCRA requirements regarding sediment and erosion control measures must be 
complied with for those areas subject to SMCRA authority, including inspection 
requirements. 

8.H.7.3 Comprehensive Site Inspections. (See also Part 4.3) Your inspection program must 
include inspections for pollutants entering the drainage system from activities located 
on or near coal mining-related areas. Among the areas to be inspected are haul and 
access roads; railroad spurs, sliding, and internal hauling lines; conveyor belts, chutes, 
and aerial tramways; equipment storage and maintenance yards; coal handling buildings 
and structures; and inactive mines and related areas. 

8.H.8  Sector-Specific Benchmarks. (See also Part 6 of the permit.) 
 

Table 8.H-1. 

Subsector  
(You may be subject to requirements for 

more than one sector/subsector) 
Parameter 

Benchmark 
Monitoring 

Concentration 

Total Aluminum 0.75 mg/L 
Total Iron 1.0 mg/L 

Subsector H1. Coal Mines and Related Areas 
(SIC 1221-1241) 

Total Suspended Solids (TSS) 100 mg/L 
 
8.H.8.1 Inactive and Unstaffed Sites – Conditional Exemption from No Exposure Requirement 

for Routine Inspections, Quarterly Visual Assessments, and Benchmark Monitoring.  As 
a Sector H facility, if you are seeking to exercise a waiver from either the quarterly 
visual assessment or the benchmark monitoring requirements for inactive and unstaffed 
sites (including temporarily inactive sites), you are conditionally exempt from the 
requirement to certify that “there are no industrial materials or activities exposed to 
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stormwater” in Parts 4.2.3 and 6.2.1.3, respectively.  Additionally, if you are seeking to 
reduce your required quarterly routine inspection frequency to a once annual 
comprehensive inspection, as is allowed under Part 4.1.3, you are also conditionally 
exempt from the requirement to certify that “there are no industrial materials or 
activities exposed to stormwater.”  These conditional exemptions are based on the 
following requirements: 

• If circumstances change and your facility becomes active and/or staffed, this 
exception no longer applies and you must immediately begin complying with the 
applicable benchmark monitoring requirements as if you were in your first year of 
permit coverage, and the quarterly visual assessment requirements; and 

• EPA retains the authority to revoke this exemption and/or the monitoring waiver 
where it is determined that the discharge causes, has a reasonable potential to cause 
or contribute to an instream excursion above an applicable water quality standard, 
including designated uses. 

Subject to the two conditions above, if your facility is inactive and unstaffed, you are 
waived from the requirement to conduct quarterly visual assessments and routine 
facility inspections.  You are not waived from conducting the Part 4.3 comprehensive 
site inspection.  You are encouraged to inspect your site more frequently where you 
have reason to believe that severe weather or natural disasters may have damaged 
control measures or increased discharges. 

8.H.9  Termination of Permit Coverage 
8.H.9.1 Termination of Permit Coverage for Sites Reclaimed After December 17, 1990. A site 

or a portion of a site that has been released from applicable state or federal reclamation 
requirements after December 17, 1990, is no longer required to maintain coverage 
under this permit. If the site or portion of a site reclaimed after December 17, 1990, was 
not subject to reclamation requirements, the site or portion of the site is no longer 
required to maintain coverage under this permit if the site or portion of the site has been 
reclaimed as defined in Part 8.H.7.2. 

8.H.9.2 Termination of Permit Coverage for Sites Reclaimed Before December 17, 1990. A site 
or portion of a site that was released from applicable state or federal reclamation 
requirements before December 17, 1990, or that was otherwise reclaimed before 
December 17, 1990, is no longer required to maintain coverage under this permit if the 
site or portion of the site has been reclaimed. A site or portion of a site is considered to 
have been reclaimed if:  (1) stormwater runoff that comes into contact with raw 
materials, intermediate byproducts, finished products, and waste products does not have 
the potential to cause or contribute to violations of state water quality standards, (2) soil 
disturbing activities related to mining at the sites or portion of the site have been 
completed, (3) the site or portion of the site has been stabilized to minimize soil 
erosion, and (4) as appropriate depending on location, size, and the potential to 
contribute pollutants to stormwater discharges, the site or portion of the site has been 
revegetated, will be amenable to natural revegetation, or will be left in a condition 
consistent with the post-mining land use. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart I – Sector I – Oil and Gas Extraction. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.I.1  Covered Stormwater Discharges.  

The requirements in Subpart I apply to stormwater discharges associated with industrial 
activity from Oil and Gas Extraction facilities as identified by the SIC Codes specified under 
Sector I in Table D-1 of Appendix D of the permit. 

Discharges of stormwater runoff from field activities or operations associated with oil 
and gas exploration, production, processing, or treatment operations or transmission facilities are 
exempt from NPDES permit coverage unless, in accordance with 40 CFR 122.26(c)(1)(iii), the 
facility: 

• Has had a discharge of stormwater resulting in the discharge of a reportable 
quantity for which notification is or was required pursuant to 40 CFR 117.21 or 40 
CFR 302.6 at anytime since November 16, 1987; or 

• Has had a discharge of stormwater resulting in the discharge of a reportable 
quantity for which notification is or was required pursuant to 40 CFR 110.6 at any 
time since November 16, 1987; or 

• Contributes to a violation of a water quality standard. 

Any stormwater discharges that require permit coverage as a result of meeting one of the 
conditions of 122.26(c)(1)(iii) may be covered under this permit unless otherwise required to 
obtain coverage under an alternative NPDES general permit or an individual NPDES permit as 
specified in Part 1.6.1. 

8.I.2  Limitations on Coverage. 
8.I.2.1 Stormwater Discharges Subject to Effluent Limitation Guidelines. (See also Part 

1.1.4.4) This permit does not authorize stormwater discharges from petroleum drilling 
operations that are subject to nationally established effluent limitation guidelines found 
at 40 CFR Part 435, respectively.  

8.I.2.2 Non-Stormwater Discharges. Discharges of vehicle and equipment washwater, 
including tank cleaning operations, are not authorized by this permit. Alternatively, 
washwater discharges must be authorized under a separate NPDES permit, or be 
discharged to a sanitary sewer in accordance with applicable industrial pretreatment 
requirements. 
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8.I.3 Additional Technology-Based Effluent Limits. 
8.I.3.1 Vegetative Controls.  Implement vegetative practices designed to preserve existing 

vegetation, where attainable, and revegetate open areas as soon as practicable after 
grade drilling. Consider the following (or equivalent measures): temporary or 
permanent seeding, mulching, sod stabilization, vegetative buffer strips, and tree 
protection practices. Begin implementing appropriate vegetative practices on all 
disturbed areas within 14 days following the last activity in that area. 

8.I.4  Additional SWPPP Requirements. 
8.I.4.1 Drainage Area Site Map. (See also Part 5.1.2) Document in your SWPPP where any of 

the following may be exposed to precipitation or surface runoff: Reportable Quantity 
(RQ) releases; locations used for the treatment, storage, or disposal of wastes; 
processing areas and storage areas; chemical mixing areas; construction and drilling 
areas; all areas subject to the effluent guidelines requirements for “No Discharge” in 
accordance with 40 CFR 435.32; and the structural controls to achieve compliance with 
the “No Discharge” requirements. 

8.I.4.2 Potential Pollutant Sources. (See also Part 5.1.3) Also document in your SWPPP the 
following sources and activities that have potential pollutants associated with them: 
chemical, cement, mud, or gel mixing activities; drilling or mining activities; and 
equipment cleaning and rehabilitation activities. In addition, include information about the 
reportable quantity (RQ) release that triggered the permit application requirements: the 
nature of the release (e.g., spill of oil from a drum storage area), amount of oil or 
hazardous substance released, amount of substance recovered, date of the release, cause of 
the release (e.g., poor handling techniques and lack of containment in the area), areas 
affected by the release (i.e., land and water), procedure to clean up release, actions or 
procedures implemented to prevent or improve response to a release, and remaining 
potential contamination of stormwater from release (taking into account human health 
risks, the control of drinking water intakes, and the designated uses of the receiving water). 

8.I.4.3 Erosion and Sedimentation Control. (See also Part 2.1.2.5) Unless covered by the 
current Construction General Permit (CGP), the additional documentation requirements 
for sediment and erosion controls for well drillings and sand/shale mining areas include 
the following: 

8.I.4.3.1 Site Description. Also include a description in your SWPPP of the nature of 
the exploration activity, estimates of the total area of site and area disturbed 
due to exploration activity, an estimate of runoff coefficient of the site, a site 
drainage map, including approximate slopes, and the names of all receiving 
waters.  

8.I.4.3.2 Vegetative Controls. Document vegetative practices used consistent with Part 
8.I.3.1 in the SWPPP. 

8.I.5 Additional Inspection Requirements. 

All erosion and sedimentation control measures must be inspected every 7 days. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart J – Sector J – Non-Metallic Mineral Mining and Dressing. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.J.1  Covered Stormwater Discharges. 

The requirements in Subpart J apply to stormwater discharges associated with industrial 
activity from Active and Inactive Non-Metallic Mineral Mining and Dressing facilities as 
identified by the SIC Codes specified under Sector J in Table D-1 of Appendix D of the permit. 

8.J.1.1 Covered Discharges from Inactive Facilities. All stormwater discharges. 

8.J.1.2 Covered Discharges from Active and Temporarily Inactive Facilities. All stormwater 
discharges, except for most stormwater discharges subject to the existing effluent 
limitation guideline at 40 CFR Part 436.  Mine dewatering discharges composed 
entirely of stormwater or uncontaminated ground water seepage from:  construction 
sand and gravel, industrial sand, and crushed stone mining facilities in Regions 1, 2, 3, 
6, 9, and 10 are covered by this permit.   

8.J.1.3 Covered Discharges from Exploration and Construction of Non-Metallic Mineral 
Mining Facilities. All stormwater discharges. 

8.J.1.4 Covered Discharges from Sites Undergoing Reclamation. All stormwater discharges.  

8.J.2  Limitations on Coverage. 

Most stormwater discharges subject to an existing effluent limitation guideline at 40 CFR 
Part 436 are not authorized by this permit. The exceptions to this limitation, which are covered 
by this permit, are mine dewatering discharges composed entirely of stormwater or 
uncontaminated ground water seepage from construction sand and gravel, industrial sand, and 
crushed stone mining facilities in Regions 1, 2, 3, 6, 9, and 10. 

8.J.3  Definitions. 

The following definitions are not intended to supersede the definitions of active and 
inactive mining facilities established by 40 CFR 122.26(b)(14)(iii). 

8.J.3.1 Mining operations - Consists of the active and temporarily inactive phases, and the 
reclamation phase, but excludes the exploration and construction phases.  

8.J.3.2 Exploration phase - Entails exploration and land disturbance activities to determine the 
financial viability of a site.  The exploration phase is not considered part of “mining 
operations.” 
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8.J.3.3  Construction phase - Includes the building of site access roads and removal of 
overburden and waste rock to expose mineable minerals.  The construction phase is not 
considered part of “mining operations”. 

8.J.3.4 Active phase - Activities including the extraction, removal or recovery of minerals.  For 
surface mines, this definition does not include any land where grading has returned the 
earth to a desired contour and reclamation has begun.  This definition is derived from 
the definition of “active mining area” found at 40 CFR 440.132(a).  The active phase is 
considered part of “mining operations.” 

8.J.3.5 Reclamation phase - Activities undertaken, in compliance with applicable mined land 
reclamation requirements, following the cessation of the “active phase”, intended to 
return the land to an appropriate post-mining land use.  The reclamation phase is 
considered part of "mining operations". 

NOTE: The following definitions are not intended to supersede the definitions of active 
and inactive mining facilities established by 40 CFR 122.26(b)(14)(iii). 

8.J.3.6 Active Mineral Mining Facility - A place where work or other activity related to the 
extraction, removal, or recovery of minerals is being conducted. For surface mines, this 
definition does not include any land where grading has returned the earth to a desired 
contour and reclamation has begun.  This definition is derived from the definition of 
“active mining area” found at 40 CFR 440.132(a). 

8.J.3.7 Inactive Mineral Mining Facility - A site or portion of a site where mineral mining 
and/or milling occurred in the past but is not an active facility as defined above, and 
where the inactive portion is not covered by an active mining permit issued by the 
applicable State or Federal agency.  An inactive mineral mining facility has an 
identifiable owner / operator.  Sites where mining claims are being maintained prior to 
disturbances associated with the extraction, beneficiation, or processing of mined 
materials, and sites where minimal activities are undertaken for the sole purpose of 
maintaining a mining claim are not considered either active or inactive mining facilities 
and do not require an NPDES industrial stormwater permit.  

8.J.3.8 Temporarily Inactive Mineral Mining Facility - A site or portion of a site where metal 
mining and/or milling occurred in the past but currently are not being actively 
undertaken, and the facility is covered by an active mining permit issued by the 
applicable State or Federal agency. 

8.J.3.9 Final Stabilization - a site or portion of a site is “finally stabilized” when it has 
implemented all applicable Federal and State reclamation requirements. 

8.J.3.10 Uncontaminated - Free from the presence of pollutants attributable to industrial activity. 

8.J.4 Technology-Based Effluent Limits for Clearing, Grading, and Excavation Activities. 

Clearing, grading, and excavation activities being conducted as part of the exploration 
and construction phase of mining activities are covered under this permit.  

8.J.4.1 Management Practices for Clearing, Grading, and Excavation Activities.  
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8.J.4.1.1 Selecting and installing control measures.  For all areas affected by clearing, 
grading, and excavation activities, you must select, design, install, and 
implement control measures that meet applicable Part 2 effluent limits.   

8.J.4.1.2 Good Housekeeping. (See also Part 2.1.2.2) Litter, debris, and chemicals must 
be prevented from becoming a pollutant source in stormwater discharges. 

8.J.4.1.3  Retention and Detention of Stormwater Runoff. For drainage locations serving 
more than one acre, sediment basins and/or temporary sediment traps should 
be used. At a minimum, silt fences, vegetative buffer strips, or equivalent 
sediment controls are required for all down slope boundaries (and for those 
side slope boundaries deemed appropriate as dictated by individual site 
conditions) of the development area unless a sediment basin providing storage 
for a calculated volume of runoff from a 2-year, 24-hour storm or 3,600 cubic 
feet of storage per acre drained is provided. 

8.J.4.2 Inspection of Clearing, Grading, and Excavation Activities.  (See also Part 4) 

8.J.4.2.1 Inspection Frequency. Inspections must be conducted either at least once 
every 7 calendar days or at least once every 14 calendar days and within 24 
hours of the end of a storm event of 0.5 inches or greater. Inspection 
frequency may be reduced to at least once every month if the entire site is 
temporarily stabilized (pursuant to Part 8.J.4.3.2), if runoff is unlikely due to 
winter conditions (e.g., site is covered with snow, ice, or the ground is frozen), 
or construction is occurring during seasonal arid periods in arid areas and 
semi-arid areas. 

8.J.4.2.2 Location of Inspections. Inspections must include all areas of the site disturbed 
by clearing, grading, and/or excavation activities and areas used for storage of 
materials that are exposed to precipitation. Sedimentation and erosion control 
measures implemented must be observed to ensure proper operation. 
Discharge locations must be inspected to ascertain whether erosion control 
measures are effective in preventing significant impacts to waters of the 
United States, where accessible. Where discharge locations are inaccessible, 
nearby downstream locations must be inspected to the extent that such 
inspections are practicable. Locations where vehicles enter or exit the site 
must be inspected for evidence of significant off-site sediment tracking. 

8.J.4.2.3 Inspection Reports. (See also Part 4.1) For each inspection required above, 
you must complete an inspection report. At a minimum, the inspection report 
must include the information required in Part 4.1. 

8.J.4.3 Requirements for Cessation of Clearing, Grading, and Excavation Activities.  

8.J.4.3.1 Inspections and Maintenance.  Inspections and maintenance of control 
measures, including any BMPs, associated with clearing, grading, and/or 
excavation activities being conducted as part of the exploration and 
construction phase of a mining operation must continue until final stabilization 
has been achieved on all portions of the disturbed area or until the 
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commencement of the active mining phase for those areas that have been 
temporarily stabilized as a precursor to mining 

8.J.4.3.2 Temporary Stabilization of Disturbed Areas. Stabilization measures should be 
initiated immediately in portions of the site where clearing, grading and/or 
excavation activities have temporarily ceased, but in no case more than 14 
days after the clearing, grading and/or excavation activities in that portion of 
the site have temporarily ceased. In arid, semiarid, and drought-stricken areas, 
or in areas subject to snow or freezing conditions, where initiating perennial 
vegetative stabilization measures is not possible within 14 days after mining, 
exploration, and/or construction activity has temporarily ceased, temporary 
vegetative stabilization measures must be initiated as soon as practicable.  
Until temporary vegetative stabilization is achieved, interim measures such as 
erosion control blankets with an appropriate seed base and tackifiers must be 
employed.  In areas of the site, where exploration and/or construction has 
permanently ceased prior to active mining, temporary stabilization measures 
must be implemented to minimize mobilization of sediment or other pollutants 
until such time as the active mining phase commences. 

8.J.4.3.3 Final Stabilization of Disturbed Areas. Stabilization measures should be 
initiated immediately in portions of the site where mining, exploration, and/or 
construction activities have permanently ceased, but in no case more than 14 
days after the exploration and/or construction activity in that portion of the site 
has permanently ceased. In arid, semiarid, and drought-stricken areas, or in 
areas subject to snow or freezing conditions, where initiating perennial 
vegetative stabilization measures is not possible within 14 days after mining, 
exploration, and/or construction activity has permanently ceased, final 
vegetative stabilization measures must be initiated as soon as possible. Until 
final stabilization is achieved temporary stabilization measures, such as 
erosion control blankets with an appropriate seed base and tackifiers must be 
used.   

8.J.5 Additional Technology-Based Effluent Limits. 
8.J.5.1 Employee Training. Conduct employee training at least annually at active and 

temporarily inactive sites. (See also Part 2.1.2.9) 

8.J.5.2 Stormwater Controls. Apart from the control measures you implement to meet your Part 
2 effluent limits, where necessary to minimize pollutant discharges, implement the 
following control measures at your site. The potential pollutants identified in Part 
8.J.5.3 shall determine the priority and appropriateness of the control measures selected.  

8.J.5.2.1 Stormwater Diversions: Consider diverting stormwater away from potential 
pollutant sources. Following are some control measure options: interceptor or 
diversion controls (e.g., dikes, swales, curbs, or berms); pipe slope drains; 
subsurface drains; conveyance systems (e.g., channels or gutters, open-top box 
culverts, and waterbars; rolling dips and road sloping; roadway surface water 
deflector and culverts); or their equivalents. 
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8.J.5.2.2 Capping: When capping is necessary to minimize pollutant discharges in 
stormwater, identify the source being capped and the material used to 
construct the cap. 

8.J.5.2.3 Treatment: If treatment of stormwater (e.g., chemical or physical systems, oil 
and water separators, artificial wetlands) is necessary to protect water quality, 
describe the type and location of treatment used. Passive and/or active 
treatment of stormwater runoff is encouraged. Treated runoff may be 
discharged as a stormwater source regulated under this permit provided the 
discharge is not combined with discharges subject to effluent limitation 
guidelines for the Mineral Mining and Processing Point Source Category (40 
CFR Part 436). 

8.J.5.3 Certification of Discharge Testing: (See also Part 5.1.4.4) Test or evaluate all outfalls 
covered under this permit for the presence of specific mining-related non-stormwater 
discharges such as discharges subject to effluent limitations guidelines (e.g., 40 CFR 
Part 436). Alternatively (if applicable), you may keep a certification with your SWPPP. 

8.J.6  Additional SWPPP Requirements. 

The requirements in Part 8.J.6 are applicable for sites undergoing exploration and 
construction, active mineral mining facilities, temporarily inactive mineral mining facilities, and 
sites undergoing reclamation. The requirements in Part 8.J.6 are not applicable to inactive 
mineral mining facilities.   

8.J.6.1 Nature of Industrial Activities. (See also Part 5.1.2) Document in your SWPPP the 
mining and associated activities that can potentially affect the stormwater discharges 
covered by this permit, including a general description of the location of the site relative 
to major transportation routes and communities. 

8.J.6.2 Site Map. (See also Part 5.1.2) Document in your SWPPP the locations of the following 
(as appropriate): mining or milling site boundaries; access and haul roads; outline of the 
drainage areas of each stormwater outfall within the facility with indications of the 
types of discharges from the drainage areas; location(s) of all permitted discharges 
covered under an individual NPDES permit, outdoor equipment storage, fueling, and 
maintenance areas; materials handling areas; outdoor manufacturing, outdoor storage, 
and material disposal areas; outdoor chemicals and explosives storage areas; 
overburden, materials, soils, or waste storage areas; location of mine drainage 
dewatering or other process water; heap leach pads; off-site points of discharge for 
mine dewatering and process water; surface waters; boundary of tributary areas that are 
subject to effluent limitations guidelines; and location(s) of reclaimed areas. 

8.J.6.3 Potential Pollutant Sources. (See also Part 5.1.3) For each area of the mine or mill site 
where stormwater discharges associated with industrial activities occur, document in 
your SWPPP the types of pollutants (e.g., heavy metals, sediment) likely to be present 
in significant amounts.  For example, phosphate mining facilities will likely need to 
document pollutants such as selenium, which can be present in significant amounts in 
their discharges.  Consider these factors: the mineralogy of the waste rock (e.g., acid 
forming); toxicity and quantity of chemicals used, produced, or discharged; the 
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likelihood of contact with stormwater; vegetation of site (if any); and history of 
significant leaks or spills of toxic or hazardous pollutants. Also include a summary of 
any existing waste rock or overburden characterization data and test results for potential 
generation of acid rock drainage. 

8.J.6.4 Stormwater Controls.  To the extent that you use any of the control measures in Part 
8.J.5.2, document them in your SWPPP pursuant to Part 5.1.4.  If control measures are 
implemented or planned but are not listed here (e.g., substituting a less toxic chemical 
for a more toxic one), include descriptions of them in your SWPPP. 

8.J.6.4 Employee Training.  All employee training(s) conducted in accordance with Part 8.J.5.1 
must be documented with the SWPPP.  

8.J.6.5 Certification of Permit Coverage for Commingled Non-Stormwater Discharges.  If you 
determine that you are able to certify, consistent with Part 8.J.5.3, that a particular 
discharge composed of commingled stormwater and non-stormwater is covered under a 
separate NPDES permit, and that permit subjects the non-stormwater portion to effluent 
limitations prior to any commingling, you must retain such certification with your 
SWPPP. This certification must identify the non-stormwater discharges, the applicable 
NPDES permit(s), the effluent limitations placed on the non-stormwater discharge by 
the permit(s), and the points at which the limitations are applied.  

8.J.7 Additional Inspection Requirements.  

Except for areas of the site subject to clearing, grading, and/or excavation activities 
conducted as part of the exploration and construction phase, which are subject to Part 8.J.4.2.1, 
you must inspect sites at least quarterly unless adverse weather conditions make the site 
inaccessible. Sites which discharge to waters which are designated as outstanding waters or 
waters which are impaired for sediment or nitrogen must be inspected monthly.  See Part 8.J.8.1 
for inspection requirements for inactive and unstaffed sites.  (See also Part 4.1 and 8.J.4.2.) 

8.J.8 Sector-Specific Benchmarks  

Table 8.J-1 identifies benchmarks that apply to the specific subsectors of Sector J.  These 
benchmarks apply to both your primary industrial activity and any co-located industrial 
activities, which describe your site activities. 

 
Table 8.J-1.  

Subsector 
(You may be subject to requirements for more 

than one sector/subsector) 
Parameter 

Benchmark 
Monitoring 

Concentration 

Nitrate plus Nitrite Nitrogen 0.68 mg/L Subsector J1. Sand and Gravel Mining (SIC 
1442, 1446) Total Suspended Solids (TSS) 100 mg/L 
Subsector J2. Dimension and Crushed Stone and 
Nonmetallic Minerals (except fuels) (SIC 1411, 
1422-1429, 1481, 1499) 

Total Suspended Solids (TSS) 100 mg/L 
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8.J.8.1 Inactive and Unstaffed Sites – Conditional Exemption from No Exposure Requirement 

for Routine Inspections, Quarterly Visual Assessments, and Benchmark Monitoring.  As 
a Sector J facility, if you are seeking to exercise a waiver from either the routine 
inspection, quarterly visual assessment or the benchmark monitoring requirements for 
inactive and unstaffed sites (including temporarily inactive sites), you are conditionally 
exempt from the requirement to certify that “there are no industrial materials or 
activities exposed to stormwater” in Parts 4.2.3 and 6.2.1.3, respectively.  This 
exemption is conditioned on the following: 

• If circumstances change and your facility becomes active and/or staffed, this 
exception no longer applies and you must immediately begin complying with the 
applicable benchmark monitoring requirements as if you were in your first year of 
permit coverage, and the quarterly visual assessment requirements; and 

• EPA retains the authority to revoke this exemption and/or the monitoring waiver 
where it is determined that the discharge causes, has a reasonable potential to cause, 
or contributes to an instream excursion above an applicable water quality standard, 
including designated uses. 

Subject to the two conditions above, if your facility is inactive and unstaffed, you are 
waived from the requirement to conduct quarterly visual assessments and routine 
facility inspections.  You are not waived from conducting the Part 4.3 comprehensive 
site inspection.  You are encouraged to inspect your site more frequently where you 
have reason to believe that severe weather or natural disasters may have damaged 
control measures or increased discharges. 

8.J.9 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 
of the permit) 

Table 8.J-2 identifies effluent limits that apply to the industrial activities described below.  
Compliance with these effluent limits is to be determined based on discharges from these 
industrial activities independent of commingling with any other wastestreams that may be 
covered under this permit. 
 

Table 8.J-2 

Industrial Activity Parameter Effluent Limit1 

Mine dewatering discharges at crushed stone mining 
facilities (SIC 1422 - 1429) 

pH 6.0 - 9.0 

Mine dewatering discharges at construction sand and 
gravel mining facilities (SIC 1442) 

pH 6.0 - 9.0 

25 mg/L, monthly avg. Total Suspended 
Solids (TSS) 45 mg/L, daily maximum 

Mine dewatering discharges at industrial sand mining 
facilities (SIC 1446) 

pH 6.0 - 9.0 
1Monitor annually. 
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8.J.10  Termination of Permit Coverage 
8.J.10.1 Termination of Permit Coverage for Sites Reclaimed After December 17, 1990. A site 

or a portion of a site that has been released from applicable state or federal reclamation 
requirements after December 17, 1990, is no longer required to maintain coverage 
under this permit. If the site or portion of a site reclaimed after December 17, 1990, was 
not subject to reclamation requirements, the site or portion of the site is no longer 
required to maintain coverage under this permit if the site or portion of the site has been 
reclaimed as defined in Part 8.J.7.2. 

8.J.10.2 Termination of Permit Coverage for Sites Reclaimed Before December 17, 1990. A site 
or portion of a site that was released from applicable state or federal reclamation 
requirements before December 17, 1990, or that was otherwise reclaimed before 
December 17, 1990, is no longer required to maintain coverage under this permit if the 
site or portion of the site has been reclaimed. A site or portion of a site is considered to 
have been reclaimed if:  (1) stormwater runoff that comes into contact with raw 
materials, intermediate byproducts, finished products, and waste products does not have 
the potential to cause or contribute to violations of state water quality standards, (2) soil 
disturbing activities related to mining at the sites or portion of the site have been 
completed, (3) the site or portion of the site has been stabilized to minimize soil 
erosion, and (4) as appropriate depending on location, size, and the potential to 
contribute pollutants to stormwater discharges, the site or portion of the site has been 
revegetated, will be amenable to natural revegetation, or will be left in a condition 
consistent with the post-mining land use. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart K – Sector K – Hazardous Waste Treatment, Storage, or Disposal Facilities. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.K.1  Covered Stormwater Discharges. 

The requirements in Subpart K apply to stormwater discharges associated with industrial 
activity from Hazardous Waste Treatment, Storage, or Disposal facilities (TSDFs) as identified 
by the Activity Code specified under Sector K in Table D-1 of Appendix D of the permit. 

8.K.2  Industrial Activities Covered by Sector K. 

This permit authorizes stormwater discharges associated with industrial activity from 
facilities that treat, store, or dispose of hazardous wastes, including those that are operating under 
interim status or a permit under subtitle C of RCRA. 

Disposal facilities that have been properly closed and capped, and have no significant 
materials exposed to stormwater, are considered inactive and do not require permits.   

8.K.3  Limitations on Coverage. 
8.K.3.1 Prohibition of Non-Stormwater Discharges. (See also Part 1.1.4) The following are not 

authorized by this permit: leachate, gas collection condensate, drained free liquids, 
contaminated ground water, laboratory-derived wastewater, and contact washwater 
from washing truck and railcar exteriors and surface areas that have come in direct 
contact with solid waste at the landfill facility. 

8.K.3.2 Limitations on Coverage for Facilities Providing Commercial TSDF Services. For 
facilities located in Region 6 (see Appendix C) coverage is limited to hazardous waste 
TSDFs that are self-generating (including occasionally accepting wastes from community 
household hazardous waste collection events as public service), handle only residential 
wastes, and/or only store hazardous wastes and do not treat or dispose of them.  Coverage 
under this permit is not available to commercial waste disposal and treatment facilities 
located in Region 6 that dispose and treat on a commercial basis any produced hazardous 
wastes (i.e., not their own) as a service to commercial or industrial generators.  

8.K.4  Definitions. 
8.K.4.1 Contaminated stormwater - stormwater that comes into direct contact with landfill 

wastes, the waste handling and treatment areas, or landfill wastewater as defined in Part 
8.K.4.5. Some specific areas of a landfill that may produce contaminated stormwater 
include (but are not limited to) the open face of an active landfill with exposed waste 
(no cover added); the areas around wastewater treatment operations; trucks, equipment, 
or machinery that has been in direct contact with the waste; and waste dumping areas.  
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8.K.4.2 Drained free liquids - aqueous wastes drained from waste containers (e.g., drums) prior 
to landfilling. 

8.K.4.3 Landfill - an area of land or an excavation in which wastes are placed for permanent 
disposal, but that is not a land application or land treatment unit, surface impoundment, 
underground injection well, waste pile, salt dome formation, salt bed formation, 
underground mine, or cave as these terms are defined in 40 CFR 257.2, 258.2, and 
260.10. 

8.K.4.4 Landfill wastewater - as defined in 40 CFR Part 445 (Landfills Point Source Category), 
all wastewater associated with, or produced by, landfilling activities except for sanitary 
wastewater, non-contaminated stormwater, contaminated groundwater, and wastewater 
from recovery pumping wells. Landfill wastewater includes, but is not limited to, 
leachate, gas collection condensate, drained free liquids, laboratory derived wastewater, 
contaminated stormwater, and contact washwater from washing truck, equipment, and 
railcar exteriors and surface areas that have come in direct contact with solid waste at 
the landfill facility. 

8.K.4.5 Leachate - liquid that has passed through or emerged from solid waste and contains 
soluble, suspended, or miscible materials removed from such waste. 

8.K.4.6 Non-contaminated stormwater - stormwater that does not come into direct contact with 
landfill wastes, the waste handling and treatment areas, or landfill wastewater as 
defined in Part 8.K.4.4. Non-contaminated stormwater includes stormwater that flows 
off the cap, cover, intermediate cover, daily cover, and/or final cover of the landfill. 

8.K.5 Sector-Specific Benchmarks  

Table 8.K-1 identifies benchmarks that apply to the specific subsectors of Sector K.  
These benchmarks apply to both your primary industrial activity and any co-located industrial 
activities, which describe your site activities. 
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Table 8.K-1.  
Subsector 

(You may be subject to requirements 
for more than one sector/subsector) 

Parameter 
Benchmark 
Monitoring 

Concentration 
Ammonia 2.14 mg/L 

Total Magnesium 0.064 mg/L 
Chemical Oxygen Demand (COD) 120 mg/L 

Total Arsenic 0.15 mg/L 
Total Cadmium1 Hardness Dependent 
Total Cyanide 0.022 mg/ L 

Total Lead1 Hardness Dependent 
Total Mercury 0.0014 mg/ L 
Total Selenium 0.005 mg/L 

Subsector K1. ALL - Industrial Activity 
Code “HZ” (Note: permit coverage 
limited in some States).  Benchmarks only 
applicable to discharges not subject to 
effluent limitations in 40 CFR Part 445 
Subpart A (see below). 

Total Silver1 Hardness Dependent 
1 The benchmark values of some metals are dependent on water hardness. For these parameters, permittees must 
determine the hardness of the receiving water (see Appendix J, “Calculating Hardness in Receiving Waters for 
Hardness Dependent Metals,” for methodology), in accordance with Part 6.2.1.1, to identify the applicable ‘hardness 
range’ for determining their benchmark value applicable to their facility.  The ranges occur in 25 mg/L increments.  
Hardness Dependent Benchmarks follow in the table below: 
 

Water Hardness Range 
Cadmium 
(mg/L) 

Lead 
(mg/L) 

Silver 
(mg/L) 

0-25 mg/L 0.0005 0.014 0.0007 
25-50 mg/L 0.0008 0.023 0.0007 
50-75 mg/L 0.0013 0.045 0.0017 
75-100 mg/L 0.0018 0.069 0.0030 
100-125 mg/L 0.0023 0.095 0.0046 
125-150 mg/L 0.0029 0.122 0.0065 
150-175 mg/L 0.0034 0.151 0.0087 
175-200 mg/L 0.0039 0.182 0.0112 
200-225 mg/L 0.0045 0.213 0.0138 
225-250 mg/L 0.0050 0.246 0.0168 
250+ mg/L 0.0053 0.262 0.0183 

 

8.K.6 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 
of the permit.) 

Table 8.K-2 identifies effluent limits that apply to the industrial activities described 
below.  Compliance with these effluent limits is to be determined based on discharges from these 
industrial activities independent of commingling with any other wastestreams that may be 
covered under this permit. 
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Table 8.K-21 

Industrial Activity Parameter Effluent Limit 
220 mg/L, daily maximum Biochemical Oxygen 

Demand (BOD5) 56 mg/L, monthly avg. maximum 
88 mg/L, daily maximum Total Suspended Solids 

(TSS) 27 mg/L, monthly avg. maximum 
10 mg/L, daily maximum Ammonia 

4.9 mg/L, monthly avg. maximum 
0.042 mg/L, daily maximum Alpha Terpineol 

0.019 mg/L, monthly avg. maximum 
0.024 mg/L, daily maximum Aniline 

0.015 mg/L, monthly avg. maximum 
0.119 mg/L, daily maximum Benzoic Acid 

0.073 mg/L, monthly avg. maximum 
0.059 mg/L, daily maximum Naphthalene 

0.022 mg/L, monthly avg. maximum 
0.024 mg/L, daily maximum p-Cresol 

0.015 mg/L, monthly avg. maximum 
0.048 mg/L, daily maximum Phenol 

0.029 mg/L, monthly avg. maximum 
0.072 mg/L, daily maximum Pyridine 

0.025 mg/L, monthly avg. maximum 
1.1 mg/L, daily maximum Total Arsenic  

0.54 mg/L, monthly avg. maximum 
1.1 mg/L, daily maximum 

Discharges from hazardous 
waste landfills subject to 
effluent limitations in 40 
CFR Part 445 Subpart A (see 
footnote). 

Total Chromium  

0.46 mg/L, monthly avg. maximum 
0.535 mg/L, daily maximum Total Zinc  

0.296 mg/L, monthly avg. maximum 
 

pH Within the range of 6-9 standard pH units (s.u.) 
1 Monitor annually.  As set forth at 40 CFR Part 445 Subpart A, these numeric limitations apply to contaminated 
stormwater discharges from hazardous waste landfills subject to the provisions of RCRA Subtitle C at 40 CFR Parts 
264 (Subpart N) and 265 (Subpart N) except for any of the following facilities: 

(a) landfills operated in conjunction with other industrial or commercial operations when the landfill receives 
only wastes generated by the industrial or commercial operation directly associated with the landfill; 

(b) landfills operated in conjunction with other industrial or commercial operations when the landfill receives 
wastes generated by the industrial or commercial operation directly associated with the landfill and also 
receives other wastes, provided that the other wastes received for disposal are generated by a facility that is 
subject to the same provisions in 40 CFR Subchapter N as the industrial or commercial operation or that the 
other wastes received are of similar nature to the wastes generated by the industrial or commercial operation;  

(c) landfills operated in conjunction with Centralized Waste Treatment (CWT) facilities subject to 40 CFR Part 
437, so long as the CWT facility commingles the landfill wastewater with other non-landfill wastewater for 
discharge. A landfill directly associated with a CWT facility is subject to this part if the CWT facility 
discharges landfill wastewater separately from other CWT wastewater or commingles the wastewater from its 
landfill only with wastewater from other landfills; or  

(d) landfills operated in conjunction with other industrial or commercial operations when the landfill receives 
wastes from public service activities, so long as the company owning the landfill does not receive a fee or 
other remuneration for the disposal service. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart L – Sector L – Landfills, Land Application Sites, and Open Dumps. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.L.1  Covered Stormwater Discharges. 

The requirements in Subpart L apply to stormwater discharges associated with industrial 
activity from Landfills and Land Application Sites and Open Dumps as identified by the Activity 
Code specified under Sector L in Table D-1 of Appendix D of the permit. 

8.L.2  Industrial Activities Covered by Sector L. 

This permit may authorize stormwater discharges for Sector L facilities associated with 
waste disposal at landfills, land application sites, and open dumps that receive or have received 
industrial waste, including sites subject to regulation under Subtitle D of RCRA.  This permit 
does not cover discharges from landfills that receive only municipal wastes. 

8.L.3  Limitations on Coverage. 
8.L.3.1 Prohibition of Non-Stormwater Discharges. (See also Part 1.1.4) The following 

discharges are not authorized by this permit: leachate, gas collection condensate, 
drained free liquids, contaminated ground water, laboratory wastewater, and contact 
washwater from washing truck and railcar exteriors and surface areas that have come in 
direct contact with solid waste at the landfill facility.  

8.L.4  Definitions. 
8.L.4.1 Contaminated stormwater - stormwater that comes into direct contact with landfill 

wastes, the waste handling and treatment areas, or landfill wastewater. Some areas of a 
landfill that may produce contaminated stormwater include (but are not limited to) the 
open face of an active landfill with exposed waste (no cover added); the areas around 
wastewater treatment operations; trucks, equipment, or machinery that has been in 
direct contact with the waste; and waste dumping areas. 

8.L.4.2 Drained free liquids - aqueous wastes drained from waste containers (e.g., drums) prior 
to landfilling. 

8.L.4.3 Landfill wastewater - as defined in 40 CFR Part 445 (Landfills Point Source Category) 
all wastewater associated with, or produced by, landfilling activities except for sanitary 
wastewater, non-contaminated stormwater, contaminated groundwater, and wastewater 
from recovery pumping wells. Landfill process wastewater includes, but is not limited 
to, leachate; gas collection condensate; drained free liquids; laboratory-derived 
wastewater; contaminated stormwater; and contact washwater from washing truck, 
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equipment, and railcar exteriors and surface areas that have come in direct contact with 
solid waste at the landfill facility. 

8.L.4.4 Leachate - liquid that has passed through or emerged from solid waste and contains 
soluble, suspended, or miscible materials removed from such waste. 

8.L.4.5 Non-contaminated stormwater - stormwater that does not come into direct contact with 
landfill wastes, the waste handling and treatment areas, or landfill wastewater. Non-
contaminated stormwater includes stormwater that flows off the cap, cover, 
intermediate cover, daily cover, and/or final cover of the landfill. 

8.L.5 Additional Technology-Based Effluent Limits. 
8.L.5.1 Preventive Maintenance Program. (See also Part 2.1.2.3) As part of your preventive 

maintenance program, maintain the following: all elements of leachate collection and 
treatment systems, to prevent commingling of leachate with stormwater; the integrity 
and effectiveness of any intermediate or final cover (including repairing the cover as 
necessary), to minimize the effects of settlement, sinking, and erosion. 

8.L.5.2 Erosion and Sedimentation Control. (See also Part 2.1.2.5) Provide temporary 
stabilization (e.g., temporary seeding, mulching, and placing geotextiles on the inactive 
portions of stockpiles) for the following: materials stockpiled for daily, intermediate, 
and final cover; inactive areas of the landfill or open dump; landfills or open dump 
areas that have gotten final covers but where vegetation has yet to establish itself; and 
land application sites where waste application has been completed but final vegetation 
has not yet been established. 

8.L.5.3 Unauthorized Discharge Test Certification. (See also Part 5.1.3.4) The discharge test 
and certification must also be conducted for the presence of leachate and vehicle 
washwater. 

8.L.6  Additional SWPPP Requirements. 
8.L.5.1 Drainage Area Site Map. (See also Part 5.1.2) Document in your SWPPP where any of 

the following may be exposed to precipitation or surface runoff: active and closed 
landfill cells or trenches, active and closed land application areas, locations where open 
dumping is occurring or has occurred, locations of any known leachate springs or other 
areas where uncontrolled leachate may commingle with runoff, and leachate collection 
and handling systems.  

8.L.5.2 Summary of Potential Pollutant Sources. (See also Part 5.1.3) Document in your 
SWPPP the following sources and activities that have potential pollutants associated 
with them: fertilizer, herbicide, and pesticide application; earth and soil moving; waste 
hauling and loading or unloading; outdoor storage of significant materials, including 
daily, interim, and final cover material stockpiles as well as temporary waste storage 
areas; exposure of active and inactive landfill and land application areas; uncontrolled 
leachate flows; and failure or leaks from leachate collection and treatment systems.  
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8.L.7 Additional Inspection Requirements.  (See also Part 4) 
8.L.7.1 Inspections of Active Sites. Except in arid and semi-arid climates, inspect operating 

landfills, open dumps, and land application sites at least once every 7 days. Focus on 
areas of landfills that have not yet been finally stabilized; active land application areas, 
areas used for storage of material and wastes that are exposed to precipitation, 
stabilization, and structural control measures; leachate collection and treatment systems; 
and locations where equipment and waste trucks enter and exit the site. Ensure that 
sediment and erosion control measures are operating properly. For stabilized sites and 
areas where land application has been completed, or where the climate is arid or semi-
arid, conduct inspections at least once every month. 

8.L.7.2 Inspections of Inactive Sites. Inspect inactive landfills, open dumps, and land 
application sites at least quarterly. Qualified personnel must inspect landfill (or open 
dump) stabilization and structural erosion control measures, leachate collection and 
treatment systems, and all closed land application areas. 

8.L.8 Additional Post-Authorization Documentation Requirements. 
8.L.8.1 Recordkeeping and Internal Reporting. Keep records with your SWPPP of the types of 

wastes disposed of in each cell or trench of a landfill or open dump. For land 
application sites, track the types and quantities of wastes applied in specific areas. 

8.L.9  Sector-Specific Benchmarks  

Table 8.L-1 identifies benchmarks that apply to the specific subsectors of Sector L.  
These benchmarks apply to both your primary industrial activity and any co-located industrial 
activities, which describe your site activities. 
 

Table 8.L-1.  

Subsector 
(You may be subject to requirements for more than one 

sector/subsector) 
Parameter 

Benchmark 
Monitoring 

Concentration1 
Subsector L1. All Landfill, Land Application Sites and Open 
Dumps (Industrial Activity Code “LF”) 

Total Suspended 
Solids (TSS) 

100 mg/L 

Subsector L2. All Landfill, Land Application Sites and Open 
Dumps, except Municipal Solid Waste Landfill (MSWLF) Areas 
Closed in Accordance with 40 CFR 258.60 (Industrial Activity 
Code “LF”) 

Total Iron 1.0 mg/L 

1Benchmark monitoring required only for discharges not subject to effluent limitations in 40 CFR Part 445 Subpart 
B (see Table L-2 above). 
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8.L.10. Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 
of the permit.) 

Table 8.L-2 identifies effluent limits that apply to the industrial activities described 
below.  Compliance with these effluent limits is to be determined based on discharges from these 
industrial activities independent of commingling with any other wastestreams that may be 
covered under this permit. 
 

Table 8.L-21 
Industrial Activity Parameter Effluent Limit 

140 mg/L, daily maximum Biochemical Oxygen Demand 
(BOD5) 37 mg/L, monthly avg. maximum 

88 mg/L, daily maximum Total Suspended Solids (TSS) 
27 mg/L, monthly avg. maximum 

10 mg/L, daily maximum Ammonia 
4.9 mg/L, monthly avg. maximum 

0.033 mg/L, daily maximum Alpha Terpineol 
0.016 mg/L monthly avg. maximum 

Discharges from non-
hazardous waste landfills 
subject to effluent limitations 
in 40 CFR Part 445 Subpart 
B. 

0.12 mg/L, daily maximum Benzoic Acid 
0.071 mg/L, monthly avg. maximum 

0.025 mg/L, daily maximum p-Cresol 
0.014 mg/L, monthly avg. maximum 

0.026 mg/L, daily maximum Phenol 
0.015 mg/L, monthly avg. maximum 

0.20 mg/L, daily maximum Total Zinc 

0.11 mg/L, monthly avg. maximum 

 

pH Within the range of 6-9 standard pH 
units (s.u.) 

1 Monitor annually.  As set forth at 40 CFR Part 445 Subpart B, these numeric limitations apply to contaminated 
stormwater discharges from MSWLFs that have not been closed in accordance with 40 CFR 258.60, and to 
contaminated stormwater discharges from those landfills that are subject to the provisions of 40 CFR Part 257 except 
for discharges from any of the following facilities: 

(a) landfills operated in conjunction with other industrial or commercial operations, when the landfill receives 
only wastes generated by the industrial or commercial operation directly associated with the landfill; 

(b) landfills operated in conjunction with other industrial or commercial operations, when the landfill receives 
wastes generated by the industrial or commercial operation directly associated with the landfill and also 
receives other wastes, provided that the other wastes received for disposal are generated by a facility that is 
subject to the same provisions in 40 CFR Subchapter N as the industrial or commercial operation, or that the 
other wastes received are of similar nature to the wastes generated by the industrial or commercial operation;  

(c) landfills operated in conjunction with CWT facilities subject to 40 CFR Part 437, so long as the CWT facility 
commingles the landfill wastewater with other non-landfill wastewater for discharge. A landfill directly 
associated with a CWT facility is subject to this part if the CWT facility discharges landfill wastewater 
separately from other CWT wastewater or commingles the wastewater from its landfill only with wastewater 
from other landfills; or  

(d) landfills operated in conjunction with other industrial or commercial operations when the landfill receives 
wastes from public service activities, so long as the company owning the landfill does not receive a fee or 
other remuneration for the disposal service. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart M – Sector M – Automobile Salvage Yards. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.M.1  Covered Stormwater Discharges. 

The requirements in Subpart M apply to stormwater discharges associated with industrial 
activity from Automobile Salvage Yards as identified by the SIC Code specified under Sector M 
in Table D-1 of Appendix D of this permit. 

8.M.2 Additional Technology-Based Effluent Limits. 
8.M.2.1 Spill and Leak Prevention Procedures. (See also Part 2.1.2.4) Drain vehicles intended 

to be dismantled of all fluids upon arrival at the site (or as soon thereafter as feasible), 
or employ some other equivalent means to prevent spills and leaks.  

8.M.2.2 Employee Training. (See also Part 2.1.2.9) If applicable to your facility, address the 
following areas (at a minimum) in your employee training program: proper handling 
(collection, storage, and disposal) of oil, used mineral spirits, anti-freeze, mercury 
switches, and solvents. 

8.M.2.3 Management of Runoff. (See also Part 2.1.2.6) Consider the following management 
practices: berms or drainage ditches on the property line (to help prevent run-on from 
neighboring properties); berms for uncovered outdoor storage of oily parts, engine 
blocks, and above-ground liquid storage; installation of detention ponds; and 
installation of filtering devices and oil and water separators. 

8.M.3  Additional SWPPP Requirements. 
8.M.3.1 Drainage Area Site Map. (See also Part 5.1.2) Identify locations used for dismantling, 

storage, and maintenance of used motor vehicle parts. Also identify where any of the 
following may be exposed to precipitation or surface runoff: dismantling areas, parts 
(e.g., engine blocks, tires, hub caps, batteries, hoods, mufflers) storage areas, and liquid 
storage tanks and drums for fuel and other fluids. 

8.M.3.2 Potential Pollutant Sources. (See also Part 5.1.3) Assess the potential for the following 
to contribute pollutants to stormwater discharges: vehicle storage areas, dismantling 
areas, parts storage areas (e.g., engine blocks, tires, hub caps, batteries, hoods, 
mufflers), and fueling stations. 

8.M.4 Additional Inspection Requirements.  (See also Part 4.1) Immediately (or as soon 
thereafter as feasible) inspect vehicles arriving at the site for leaks. Inspect quarterly for 
signs of leakage all equipment containing oily parts, hydraulic fluids, any other types of 
fluids, or mercury switches. Also, inspect quarterly for signs of leakage all vessels and 
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Stormwater Discharges Associated With Industrial Activity – Sector M 96 

areas where hazardous materials and general automotive fluids are stored, including, but 
not limited to, mercury switches, brake fluid, transmission fluid, radiator water, and 
antifreeze. 

8.M.5  Sector-Specific Benchmarks. (See also Part 6 of the permit.) 

 
Table 8.M-1. 

Subsector 
(You may be subject to requirements for 

more than one sector/subsector) 
Parameter 

Benchmark 
Monitoring 

Concentration 

Total Suspended Solids (TSS) 100 mg/L 
Total Aluminum 0.75 mg/L 

Total Iron 1.0 mg/L 

Subsector M1. Automobile Salvage 
Yards (SIC 5015) 

Total Lead1 Hardness Dependent 
1 The benchmark values of some metals are dependent on water hardness. For these parameters, permittees must 
determine the hardness of the receiving water (see Appendix J, “Calculating Hardness in Receiving Waters for 
Hardness Dependent Metals,” for methodology), in accordance with Part 6.2.1.1, to identify the applicable 
‘hardness range’ for determining their benchmark value applicable to their facility.  The ranges occur in 25 mg/L 
increments.  Hardness Dependent Benchmarks follow in the table below: 
 
 

Water Hardness Range 
Lead 
(mg/L) 

0-25 mg/L 0.014 
25-50 mg/L 0.023 
50-75 mg/L 0.045 
75-100 mg/L 0.069 
100-125 mg/L 0.095 
125-150 mg/L 0.122 
150-175 mg/L 0.151 
175-200 mg/L 0.182 
200-225 mg/L 0.213 
225-250 mg/L 0.246 
250+ mg/L 0.262 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart N – Sector N – Scrap Recycling and Waste Recycling Facilities. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.N.1  Covered Stormwater Discharges. 

The requirements in Subpart N apply to stormwater discharges associated with industrial 
activity from Scrap Recycling and Waste Recycling facilities as identified by the SIC Code 
specified under Sector N in Table D-1 of Appendix D of the permit. 

8.N.2 Limitation on Coverage. 

Separate permit requirements have been established for recycling facilities that only 
receive source-separated recyclable materials primarily from non-industrial and residential 
sources (i.e., common consumer products including paper, newspaper, glass, cardboard, plastic 
containers, and aluminum and tin cans). This includes recycling facilities commonly referred to 
as material recovery facilities (MRF). 

8.N.2.1 Prohibition of Non-Stormwater Discharges. (See also Part 1.1.4) Non-stormwater 
discharges from turnings containment areas are not covered by this permit (see also Part 
8.N.3.2.3). Discharges from containment areas in the absence of a storm event are 
prohibited unless covered by a separate NPDES permit. 

8.N.3 Additional Technology-Based Effluent Limits. 
8.N.3.1 Scrap and Waste Recycling Facilities (Non-Source Separated, Nonliquid Recyclable 

Materials). Requirements for facilities that receive, process, and do wholesale 
distribution of nonliquid recyclable wastes (e.g., ferrous and nonferrous metals, plastics, 
glass, cardboard, and paper). These facilities may receive both nonrecyclable and 
recyclable materials. This section is not intended for those facilities that accept 
recyclables only from primarily non-industrial and residential sources. 

8.N.3.1.1 Inbound Recyclable and Waste Material Control Program. Minimize the 
chance of accepting materials that could be significant sources of pollutants by 
conducting inspections of inbound recyclables and waste materials. Following 
are some control measure options: (a) provide information and education to 
suppliers of scrap and recyclable waste materials on draining and properly 
disposing of residual fluids (e.g., from vehicles and equipment engines, 
radiators and transmissions, oil filled transformers, and individual containers 
or drums) and removal of mercury switches from vehicles before delivery to 
your facility; (b) establish procedures to minimize the potential of any residual 
fluids from coming into contact with precipitation or runoff; (c) establish 
procedures for accepting scrap lead-acid batteries (additional requirements for 

Stormwater Discharges Associated With Industrial Activity – Sector N 97 

RB-AR26446



General Permit  
 

the handling, storage, and disposal or recycling of batteries are contained in 
the scrap lead-acid battery program provisions in Part 8.N.3.2.6); (d) provide 
training targeted for those personnel engaged in the inspection and acceptance 
of inbound recyclable materials; and (e) establish procedures to ensure that 
liquid wastes, including used oil, are stored in materially compatible and non-
leaking containers and are disposed of or recycled in accordance with the 
Resource Conservation and Recovery Act (RCRA). 

8.N.3.1.2 Scrap and Waste Material Stockpiles and Storage (Outdoor). Minimize 
contact of stormwater runoff with stockpiled materials, processed materials, 
and nonrecyclable wastes. Following are some control measure options: (a) 
permanent or semi-permanent covers; (b) sediment traps, vegetated swales and 
strips, catch basin filters, and sand filters to facilitate settling or filtering of 
pollutants; (c) dikes, berms, containment trenches, culverts, and surface 
grading to divert runoff from storage areas; (d) silt fencing; and (e) oil and 
water separators, sumps, and dry absorbents for areas where potential sources 
of residual fluids are stockpiled (e.g., automobile engine storage areas). 

8.N.3.1.3 Stockpiling of Turnings Exposed to Cutting Fluids (Outdoor Storage). 
Minimize contact of surface runoff with residual cutting fluids by: (a) storing 
all turnings exposed to cutting fluids under some form of permanent or semi-
permanent cover, or (b) establishing dedicated containment areas for all 
turnings that have been exposed to cutting fluids. Any containment areas must 
be constructed of concrete, asphalt, or other equivalent types of impermeable 
material and include a barrier (e.g., berms, curbing, elevated pads) to prevent 
contact with stormwater run-on.  Stormwater runoff from these areas can be 
discharged, provided that any runoff is first collected and treated by an oil and 
water separator or its equivalent.  You must regularly maintain the oil and 
water separator (or its equivalent) and properly dispose of or recycle collected 
residual fluids.   

8.N.3.1.4 Scrap and Waste Material Stockpiles and Storage (Covered or Indoor 
Storage). Minimize contact of residual liquids and particulate matter from 
materials stored indoors or under cover with surface runoff. Following are 
some control measure options: (a) good housekeeping measures, including the 
use of dry absorbents or wet vacuuming to contain, dispose of, or recycle 
residual liquids originating from recyclable containers, or mercury spill kits 
for spills from storage of mercury switches; (b) not allowing washwater from 
tipping floors or other processing areas to discharge to the storm sewer 
system; and (c) disconnecting or sealing off all floor drains connected to the 
storm sewer system. 

8.N.3.1.5 Scrap and Recyclable Waste Processing Areas. Minimize surface runoff from 
coming in contact with scrap processing equipment. Pay attention to 
operations that generate visible amounts of particulate residue (e.g., 
shredding) to minimize the contact of accumulated particulate matter and 
residual fluids with runoff (i.e., through good housekeeping, preventive 
maintenance, etc.). Following are some control measure options: (a) regularly 
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inspect equipment for spills or leaks and malfunctioning, worn, or corroded 
parts or equipment; (b) establish a preventive maintenance program for 
processing equipment;  (c) use dry-absorbents or other cleanup practices to 
collect and dispose of or recycle spilled or leaking fluids or use mercury spill 
kits for spills from storage of mercury switches;  (d) on unattended hydraulic 
reservoirs over 150 gallons in capacity, install protection devices such as low-
level alarms or equivalent devices, or secondary containment that can hold the 
entire volume of the reservoir; (e) containment or diversion structures such as 
dikes, berms, culverts, trenches, elevated concrete pads, and grading to 
minimize contact of stormwater runoff with outdoor processing equipment or 
stored materials; (f) oil and water separators or sumps; (g) permanent or semi-
permanent covers in processing areas where there are residual fluids and 
grease; (h) retention or detention ponds or basins; sediment traps, and 
vegetated swales or strips (for pollutant settling and filtration);  (i) catch basin 
filters or sand filters. 

8.N.3.1.6 Scrap Lead-Acid Battery Program. Properly handle, store, and dispose of 
scrap lead-acid batteries. Following are some control measure options (a) 
segregate scrap lead-acid batteries from other scrap materials; (b) properly 
handle, store, and dispose of cracked or broken batteries; (c) collect and 
dispose of leaking lead-acid battery fluid; (d) minimize or eliminate (if 
possible) exposure of scrap lead-acid batteries to precipitation or runoff; and 
(e) provide employee training for the management of scrap batteries. 

8.N.3.1.7 Spill Prevention and Response Procedures. (See also Part 2.1.2.4)Install 
alarms and/or pump shutoff systems on outdoor equipment with hydraulic 
reservoirs exceeding 150 gallons in the event of a line break. Alternatively, a 
secondary containment system capable of holding the entire contents of the 
reservoir plus room for precipitation can be used. Use a mercury spill kit for 
any release of mercury from switches, anti-lock brake systems, and switch 
storage areas. 

8.N.3.1.8 Supplier Notification Program. As appropriate, notify major suppliers which 
scrap materials will not be accepted at the facility or will be accepted only 
under certain conditions. 

8.N.3.2 Waste Recycling Facilities (Liquid Recyclable Materials).  

8.N.3.2.1 Waste Material Storage (Indoor). Minimize or eliminate contact between 
residual liquids from waste materials stored indoors and from surface runoff. 
The plan may refer to applicable portions of other existing plans, such as Spill 
Prevention, Control, and Countermeasure (SPCC) plans required under 40 
CFR Part 112. Following are some control measure options (a) procedures for 
material handling (including labeling and marking); (b) clean up spills and 
leaks with dry absorbent materials, a wet vacuum system; (c) appropriate 
containment structures (trenching, curbing, gutters, etc.); and (d) a drainage 
system, including appurtenances (e.g., pumps or ejectors, manually operated 
valves), to handle discharges from diked or bermed areas. Drainage should be 
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discharged to an appropriate treatment facility or sanitary sewer system, or 
otherwise disposed of properly. These discharges may require coverage under 
a separate NPDES wastewater permit or industrial user permit under the 
pretreatment program. 

8.N.3.2.2 Waste Material Storage (Outdoor). Minimize contact between stored residual 
liquids and precipitation or runoff. The plan may refer to applicable portions 
of other existing plans, such as SPCC plans required under 40 CFR Part 112. 
Discharges of precipitation from containment areas containing used oil must 
also be in accordance with applicable sections of 40 CFR Part 112. Following 
are some control measure options (a) appropriate containment structures (e.g., 
dikes, berms, curbing, pits) to store the volume of the largest tank, with 
sufficient extra capacity for precipitation; (b) drainage control and other 
diversionary structures; (c) corrosion protection and/or leak detection systems 
for storage tanks; and (d) dry-absorbent materials or a wet vacuum system to 
collect spills. 

8.N.3.2.3 Trucks and Rail Car Waste Transfer Areas. Minimize pollutants in discharges 
from truck and rail car loading and unloading areas. Include measures to clean 
up minor spills and leaks resulting from the transfer of liquid wastes. 
Following are two control measure options: (a) containment and diversionary 
structures to minimize contact with precipitation or runoff, and (b) dry clean-
up methods, wet vacuuming, roof coverings, or runoff controls. 

8.N.3.3 Recycling Facilities (Source-Separated Materials). The following identifies 
considerations for facilities that receive only source-separated recyclables, 
primarily from non-industrial and residential sources.  

8.N.3.3.1 Inbound Recyclable Material Control. Minimize the chance of accepting 
nonrecyclables (e.g., hazardous materials) that could be a significant source of 
pollutants by conducting inspections of inbound materials. Following are 
some control measure options: (a) providing information and education 
measures to inform suppliers of recyclables about acceptable and non-
acceptable materials, (b) training drivers responsible for pickup of recycled 
material, (c) clearly marking public drop-off containers regarding which 
materials can be accepted, (d) rejecting nonrecyclable wastes or household 
hazardous wastes at the source, and (e) establishing procedures for handling 
and disposal of nonrecyclable material. 

8.N.3.3.2 Outdoor Storage. Minimize exposure of recyclables to precipitation and 
runoff. Use good housekeeping measures to prevent accumulation of 
particulate matter and fluids, particularly in high traffic areas. Following are 
some control measure options (a) provide totally enclosed drop-off containers 
for the public; (b) install a sump and pump with each container pit and treat or 
discharge collected fluids to a sanitary sewer system; (c) provide dikes and 
curbs for secondary containment (e.g., around bales of recyclable waste 
paper); (d) divert surface water runoff away from outside material storage 
areas; (e) provide covers over containment bins, dumpsters, and roll-off boxes; 
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and (f) store the equivalent of one day’s volume of recyclable material 
indoors. 

8.N.3.3.3 Indoor Storage and Material Processing. Minimize the release of pollutants 
from indoor storage and processing areas. Following are some control measure 
options (a) schedule routine good housekeeping measures for all storage and 
processing areas, (b) prohibit tipping floor washwater from draining to the 
storm sewer system, and (c) provide employee training on pollution 
prevention practices.  

8.N.3.3.4 Vehicle and Equipment Maintenance. Following are some control measure 
options for areas where vehicle and equipment maintenance occur outdoors (a) 
prohibit vehicle and equipment washwater from discharging to the storm 
sewer system, (b) minimize or eliminate outdoor maintenance areas whenever 
possible, (c) establish spill prevention and clean-up procedures in fueling 
areas, (d) avoid topping off fuel tanks, (e) divert runoff from fueling areas, (f) 
store lubricants and hydraulic fluids indoors, and (g) provide employee 
training on proper handling and storage of hydraulic fluids and lubricants. 

8.N.4  Additional SWPPP Requirements. 
8.N.4.1 Drainage Area Site Map. (See also Part 5.1.2) Document in your SWPPP the locations 

of any of the following activities or sources that may be exposed to precipitation or 
surface runoff: scrap and waste material storage, outdoor scrap and waste processing 
equipment; and containment areas for turnings exposed to cutting fluids. 

8.N.4.2 Maintenance Schedules/Procedures for Collection, Handling, and Disposal or 
Recycling of Residual Fluids at Scrap and Waste Recycling Facilities.  If you are 
subject to Part 8.N.3.1.3, your SWPPP must identify any applicable maintenance 
schedule and the procedures to collect, handle, and dispose of or recycle residual fluids. 

8.N.5 Additional Inspection Requirements. 
8.N.5.1 Inspections for Waste Recycling Facilities. The inspections must be performed 

quarterly, pursuant to Part 4.1, and include, at a minimum, all areas where waste is 
generated, received, stored, treated, or disposed of and that are exposed to either 
precipitation or stormwater runoff. 
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Stormwater Discharges Associated With Industrial Activity – Sector N 102 

8.N.6  Sector-Specific Benchmarks. (See also Part 6 of the permit.) 
 

Table 8.N-1.  
Subsector 

(You may be subject to requirements for 
more than one sector/subsector) 

Parameter Benchmark Monitoring 
Concentration 

Chemical Oxygen Demand 
(COD) 

120 mg/L 

Total Suspended Solids 
(TSS) 

100 mg/L 

Total Recoverable 
Aluminum 

0.75 mg/L 

Total Recoverable Copper1 Hardness Dependent 

Total Recoverable Iron 1.0 mg/L 

Total Recoverable Lead1 Hardness Dependent 

Subsector N1. Scrap Recycling and Waste 
Recycling Facilities except Source-Separated 
Recycling (SIC 5093) 

Total Recoverable Zinc1 Hardness Dependent 
1 The benchmark values of some metals are dependent on water hardness. For these parameters, permittees must 
determine the hardness of the receiving water (see Appendix J, “Calculating Hardness in Receiving Waters for 
Hardness Dependent Metals,” for methodology), in accordance with Part 6.2.1.1, to identify the applicable ‘hardness 
range’ for determining their benchmark value applicable to their facility.  The ranges occur in 25 mg/L increments.  
Hardness Dependent Benchmarks follow in the table below: 
 
 

Water Hardness Range 
Copper 
(mg/L) 

Lead 
(mg/L) 

Zinc 
(mg/L) 

0-25 mg/L 0.0038 0.014 0.04 
25-50 mg/L 0.0056 0.023 0.05 
50-75 mg/L 0.0090 0.045 0.08 
75-100 mg/L 0.0123 0.069 0.11 
100-125 mg/L 0.0156 0.095 0.13 
125-150 mg/L 0.0189 0.122 0.16 
150-175 mg/L 0.0221 0.151 0.18 
175-200 mg/L 0.0253 0.182 0.20 
200-225 mg/L 0.0285 0.213 0.23 
225-250 mg/L 0.0316 0.246 0.25 
250+ mg/L 0.0332 0.262 0.26 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart O – Sector O – Steam Electric Generating Facilities. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.O.1  Covered Stormwater Discharges. 

The requirements in Subpart O apply to stormwater discharges associated with industrial 
activity from Steam Electric Power Generating Facilities as identified by the Activity Code 
specified under Sector O in Table D-1 of Appendix D. 

8.O.2  Industrial Activities Covered by Sector O. 

This permit authorizes stormwater discharges from the following industrial activities at 
Sector O facilities: 

8.O.2.1 steam electric power generation using coal, natural gas, oil, nuclear energy, etc., to 
produce a steam source, including coal handling areas; 

8.O.2.2 coal pile runoff, including effluent limitations established by 40 CFR Part 423; and 

8.O.2.3 dual fuel facilities that could employ a steam boiler. 

8.O.3  Limitations on Coverage. 
8.O.3.1 Prohibition of Non-Stormwater Discharges. Non-stormwater discharges subject to 

effluent limitations guidelines are not covered by this permit. 

8.O.3.2 Prohibition of Stormwater Discharges. Stormwater discharges from the following are 
not covered by this permit:  

8.O.3.2.1 ancillary facilities (e.g., fleet centers and substations) that are not contiguous 
to a stream electric power generating facility;  

8.O.3.2.2 gas turbine facilities (providing the facility is not a dual-fuel facility that 
includes a steam boiler), and combined-cycle facilities where no supplemental 
fuel oil is burned (and the facility is not a dual-fuel facility that includes a 
steam boiler); and 

8.O.3.2.3 cogeneration (combined heat and power) facilities utilizing a gas turbine.   

8.O.4 Additional Technology-Based Effluent Limits.  The following good housekeeping 
measures are required in addition to Part 2.1.2.2: 

8.O.4.1 Fugitive Dust Emissions. Minimize fugitive dust emissions from coal handling areas. 
To minimize the tracking of coal dust offsite, consider procedures such as installing 
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specially designed tires or washing vehicles in a designated area before they leave the 
site and controlling the wash water.  

8.O.4.2 Delivery Vehicles. Minimize contamination of stormwater runoff from delivery vehicles 
arriving at the plant site. Consider procedures to inspect delivery vehicles arriving at the 
plant site and ensure overall integrity of the body or container and procedures to deal 
with leakage or spillage from vehicles or containers.  

8.O.4.3 Fuel Oil Unloading Areas. Minimize contamination of precipitation or surface runoff 
from fuel oil unloading areas. Consider using containment curbs in unloading areas, 
having personnel familiar with spill prevention and response procedures present during 
deliveries to ensure that any leaks or spills are immediately contained and cleaned up, 
and using spill and overflow protection devices (e.g., drip pans, drip diapers, or other 
containment devices placed beneath fuel oil connectors to contain potential spillage 
during deliveries or from leaks at the connectors).  

8.O.4.4 Chemical Loading and Unloading. Minimize contamination of precipitation or surface 
runoff from chemical loading and unloading areas. Consider using containment curbs at 
chemical loading and unloading areas to contain spills, having personnel familiar with 
spill prevention and response procedures present during deliveries to ensure that any 
leaks or spills are immediately contained and cleaned up, and loading and unloading in 
covered areas and storing chemicals indoors.  

8.O.4.5 Miscellaneous Loading and Unloading Areas. Minimize contamination of precipitation 
or surface runoff from loading and unloading areas. Consider covering the loading area; 
grading, berming, or curbing around the loading area to divert run-on; locating the 
loading and unloading equipment and vehicles so that leaks are contained in existing 
containment and flow diversion systems; or equivalent procedures.  

8.O.4.6 Liquid Storage Tanks. Minimize contamination of surface runoff from above-ground 
liquid storage tanks. Consider protective guards around tanks, containment curbs, spill 
and overflow protection, dry cleanup methods, or equivalent measures.  

8.O.4.7 Large Bulk Fuel Storage Tanks. Minimize contamination of surface runoff from large 
bulk fuel storage tanks. Consider containment berms (or their equivalent). You must 
also comply with applicable State and Federal laws, including Spill Prevention, Control 
and Countermeasure (SPCC) Plan requirements.  

8.O.4.8 Spill Reduction Measures.  Minimize the potential for an oil or chemical spill, or 
reference the appropriate part of your SPCC plan. Visually inspect as part of your 
routine facility inspection the structural integrity of all above-ground tanks, pipelines, 
pumps, and related equipment that may be exposed to stormwater, and make any 
necessary repairs immediately.  

8.O.4.9 Oil-Bearing Equipment in Switchyards. Minimize contamination of surface runoff from 
oil-bearing equipment in switchyard areas. Consider using level grades and gravel surfaces 
to retard flows and limit the spread of spills, or collecting runoff in perimeter ditches.  

8.O.4.10 Residue-Hauling Vehicles. Inspect all residue-hauling vehicles for proper covering over 
the load, adequate gate sealing, and overall integrity of the container body. Repair 
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vehicles without load covering or adequate gate sealing, or with leaking containers or 
beds. 

8.O.4.11 Ash Loading Areas. Reduce or control the tracking of ash and residue from ash loading 
areas. Clear the ash building floor and immediately adjacent roadways of spillage, 
debris, and excess water before departure of each loaded vehicle.  

8.O.4.12 Areas Adjacent to Disposal Ponds or Landfills. Minimize contamination of surface 
runoff from areas adjacent to disposal ponds or landfills. Reduce ash residue that may 
be tracked on to access roads traveled by residue handling vehicles, and reduce ash 
residue on exit roads leading into and out of residue handling areas.   

8.O.4.13 Landfills, Scrap yards, Surface Impoundments, Open Dumps, General Refuse Sites. 
Minimize the potential for contamination of runoff from these areas.     

8.O.5 Additional SWPPP Requirements. 
8.O.5.1 Drainage Area Site Map. (See also Part 5.1.2) Document in your SWPPP the locations 

of any of the following activities or sources that may be exposed to precipitation or 
surface runoff: storage tanks, scrap yards, and general refuse areas; short- and long-term 
storage of general materials (including but not limited to supplies, construction 
materials, paint equipment, oils, fuels, used and unused solvents, cleaning materials, 
paint, water treatment chemicals, fertilizer, and pesticides); landfills and construction 
sites; and stock pile areas (e.g., coal or limestone piles). 

8.O.5.2 Documentation of Good Housekeeping Measures.  You must document in your SWPPP 
the good housekeeping measures implemented to meet the effluent limits in Part 8.O.4. 

8.O.6 Additional Inspection Requirements. 
8.O.6.1 Comprehensive Site Compliance Inspection. (See also Part 4.3) As part of your 

inspection, inspect the following areas monthly: coal handling areas, loading or 
unloading areas, switchyards, fueling areas, bulk storage areas, ash handling areas, 
areas adjacent to disposal ponds and landfills, maintenance areas, liquid storage tanks, 
and long term and short term material storage areas. 

8.O.7  Sector-Specific Benchmarks  

Table 8.O-1 identifies benchmarks that apply to the specific subsectors of Sector O.  
These benchmarks apply to both your primary industrial activity and any co-located industrial 
activities, which describe your site activities. 
 

Table 8.O-1.  

Subsector 
(You may be subject to requirements for more than one 

sector/subsector) 
Parameter 

Benchmark 
Monitoring 

Concentration 
Subsector O1. Steam Electric Generating Facilities (Industrial 
Activity Code “SE”) 

Total Iron 1.0 mg/L 
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Stormwater Discharges Associated With Industrial Activity – Sector O 106 

8.O.8 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 
of the permit.) 

Table 8.O-2 identifies effluent limits that apply to the industrial activities described 
below.  Compliance with these effluent limits is to be determined based on discharges from these 
industrial activities independent of commingling with any other wastestreams that may be 
covered under this permit. 

Table 8.O-21 
Industrial Activity Parameter Effluent Limit 

TSS 50 mg/l2 Discharges from coal storage piles at Steam Electric 
Generating Facilities pH 6.0 min - 9.0 max 
1 Monitor annually. 
2 If your facility is designed, constructed, and operated to treat the volume of coal pile runoff that is associated with 
a 10-year, 24-hour rainfall event, any untreated overflow of coal pile runoff from the treatment unit is not subject to 
the 50 mg/L limitation for total suspended solids. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart P – Sector P – Land Transportation and Warehousing. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.P.1  Covered Stormwater Discharges. 

The requirements in Subpart P apply to stormwater discharges associated with industrial 
activity from Land Transportation and Warehousing facilities as identified by the SIC Codes 
specified under Sector P in Table D-1 of Appendix D of the permit. 

8.P.2  Limitation on Coverage 
8.P.2.1 Prohibited Discharges (see also Parts 1.1.4 and 8.P.3.6) This permit does not authorize 

the discharge of vehicle/equipment/surface washwater, including tank cleaning 
operations. Such discharges must be authorized under a separate NPDES permit, 
discharged to a sanitary sewer in accordance with applicable industrial pretreatment 
requirements, or recycled on-site. 

8.P.3 Additional Technology-Based Effluent Limits. 
8.P.3.1 Good Housekeeping Measures. (See also Part 2.1.2.2) In addition to the Good 

Housekeeping requirements in Part 2.1.2.2, you must do the following. Recommended 
control measures are discussed as indicated: 

8.P.3.1.1 Vehicle and Equipment Storage Areas. Minimize the potential for stormwater 
exposure to leaky or leak-prone vehicles/equipment awaiting maintenance.  
Consider the following (or other equivalent measures):  use of drip pans under 
vehicles/equipment, indoor storage of vehicles and equipment, installation of 
berms or dikes, use of absorbents, roofing or covering storage areas, and 
cleaning pavement surfaces to remove oil and grease.  

8.P.3.1.2 Fueling Areas. Minimize contamination of stormwater runoff from fueling 
areas. Consider the following (or other equivalent measures): Covering the 
fueling area; using spill/overflow protection and cleanup equipment; 
minimizing stormwater run-on/runoff to the fueling area; using dry cleanup 
methods; and treating and/or recycling collected stormwater runoff.  

8.P.3.1.3 Material Storage Areas. Maintain all material storage vessels (e.g., for used 
oil/oil filters, spent solvents, paint wastes, hydraulic fluids) to prevent 
contamination of stormwater and plainly label them (e.g., “Used Oil,” “Spent 
Solvents,” etc.). Consider the following (or other equivalent measures): 
storing the materials indoors; installing berms/dikes around the areas; 
minimizing runoff of stormwater to the areas; using dry cleanup methods; and 
treating and/or recycling collected stormwater runoff. 
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8.P.3.1.4 Vehicle and Equipment Cleaning Areas. Minimize contamination of 
stormwater runoff from all areas used for vehicle/equipment cleaning. 
Consider the following (or other equivalent measures): performing all cleaning 
operations indoors; covering the cleaning operation, ensuring that all 
washwater drains to a proper collection system (i.e., not the stormwater 
drainage system); treating and/or recycling collected washwater, or other 
equivalent measures.  

8.P.3.1.5 Vehicle and Equipment Maintenance Areas. Minimize contamination of 
stormwater runoff from all areas used for vehicle/equipment maintenance. 
Consider the following (or other equivalent measures): performing 
maintenance activities indoors; using drip pans; keeping an organized 
inventory of materials used in the shop; draining all parts of fluid prior to 
disposal; prohibiting wet clean up practices if these practices would result in 
the discharge of pollutants to stormwater drainage systems; using dry cleanup 
methods; treating and/or recycling collected stormwater runoff, minimizing 
run on/runoff of stormwater to maintenance areas.  

8.P.3.1.6 Locomotive Sanding (Loading Sand for Traction) Areas. Consider the 
following (or other equivalent measures): covering sanding areas; minimizing 
stormwater run on/runoff; or appropriate sediment removal practices to 
minimize the offsite transport of sanding material by stormwater. 

8.P.3.2 Employee Training. (See also Part 2.1.2.9) Train personnel at least once a year and 
address the following activities, as applicable: used oil and spent solvent management; 
fueling procedures; general good housekeeping practices; proper painting procedures; 
and used battery management. 

8.P.4 Additional SWPPP Requirements.  
8.P.4.1 Drainage Area Site Map. (See also Part 5.1.2) Identify in the SWPPP the following 

areas of the facility and indicate whether activities occurring there may be exposed to 
precipitation/surface runoff: Fueling stations; vehicle/equipment maintenance or 
cleaning areas; storage areas for vehicle/equipment with actual or potential fluid leaks; 
loading/unloading areas; areas where treatment, storage or disposal of wastes occur; 
liquid storage tanks; processing areas; and storage areas. 

8.P.4.2 Potential Pollutant Sources. (See also Part 5.1.3) Assess the potential for the following 
activities and facility areas to contribute pollutants to stormwater discharges: Onsite 
waste storage or disposal; dirt/gravel parking areas for vehicles awaiting maintenance; 
illicit plumbing connections between shop floor drains and the stormwater conveyance 
system(s); and fueling areas. Describe these activities in the SWPPP. 

8.P.4.3 Description of Good Housekeeping Measures.  You must document in your SWPPP the 
good housekeeping measures you implement consistent with Part 8.P.3.  

8.P.4.4 Vehicle and Equipment Washwater Requirements. If applicable, attach to or reference in 
your SWPPP, a copy of the NPDES permit issued for vehicle/equipment washwater or, 
if an NPDES permit has not been issued, a copy of the pending application. If an 
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industrial user permit is issued under a local pretreatment program, attach a copy to 
your SWPPP. In any case, implement all non-stormwater discharge permit conditions or 
pretreatment conditions in your SWPPP. If washwater is handled in another manner 
(e.g., hauled offsite), describe the disposal method and attach all pertinent 
documentation/information (e.g., frequency, volume, destination, etc.) in the plan. 

8.P.5 Additional Inspection Requirements.  (See also Part 4.1) Inspect all the following 
areas/activities: storage areas for vehicles/equipment awaiting maintenance, fueling 
areas, indoor and outdoor vehicle/equipment maintenance areas, material storage areas, 
vehicle/equipment cleaning areas and loading/unloading areas. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart Q – Sector Q – Water Transportation. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.Q.1  Covered Stormwater Discharges. 

The requirements in Subpart Q apply to stormwater discharges associated with industrial 
activity from Water Transportation facilities as identified by the SIC Codes specified under 
Sector Q in Table D-1 of Appendix D of the permit. 

8.Q.2  Limitations on Coverage. 
8.Q.2.1 Prohibition of Non-Stormwater Discharges. (See also Part 1.1.4) Not covered by this 

permit: bilge and ballast water, sanitary wastes, pressure wash water, and cooling water 
originating from vessels. 

8.Q.3  Additional Technology-Based Effluent Limits.    
8.Q.3.1 Good Housekeeping Measures.  You must implement the following good housekeeping 

measures in addition to the requirements of part 2.1.2.2: 

8.Q.3.1.1 Pressure Washing Area. If pressure washing is used to remove marine growth 
from vessels, the discharge water must be permitted by a separate NPDES 
permit. Collect or contain the discharges from the pressures washing area so 
that they are not co-mingled with stormwater discharges authorized by this 
permit.   

8.Q.3.1.2 Blasting and Painting Area.  Minimize the potential for spent abrasives, paint 
chips, and overspray to discharge into receiving waters or the storm sewer 
systems. Consider containing all blasting and painting activities or use other 
measures to minimize the discharge of contaminants (e.g., hanging plastic 
barriers or tarpaulins during blasting or painting operations to contain debris). 
When necessary, regularly clean stormwater conveyances of deposits of 
abrasive blasting debris and paint chips.  

8.Q.3.1.3 Material Storage Areas. Store and plainly label all containerized materials 
(e.g., fuels, paints, solvents, waste oil, antifreeze, batteries) in a protected, 
secure location away from drains. Minimize the contamination of precipitation 
or surface runoff from the storage areas. Specify which materials are stored 
indoors, and consider containment or enclosure for those stored outdoors. If 
abrasive blasting is performed, discuss the storage and disposal of spent 
abrasive materials generated at the facility. Consider implementing an 
inventory control plan to limit the presence of potentially hazardous materials 
onsite.  
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8.Q.3.1.4 Engine Maintenance and Repair Areas. Minimize the contamination of 
precipitation or surface runoff from all areas used for engine maintenance and 
repair. Consider the following (or their equivalents): performing all 
maintenance activities indoors, maintaining an organized inventory of 
materials used in the shop, draining all parts of fluid prior to disposal, 
prohibiting the practice of hosing down the shop floor, using dry cleanup 
methods, and treating and/or recycling stormwater runoff collected from the 
maintenance area.  

8.Q.3.1.5 Material Handling Area. Minimize the contamination of precipitation or 
surface runoff from material handling operations and areas (e.g., fueling, paint 
and solvent mixing, disposal of process wastewater streams from vessels). 
Consider the following (or their equivalents): covering fueling areas, using 
spill and overflow protection, mixing paints and solvents in a designated area 
(preferably indoors or under a shed), and minimizing runoff of stormwater to 
material handling areas.  

8.Q.3.1.6 Drydock Activities. Routinely maintain and clean the drydock to minimize 
pollutants in stormwater runoff. Address the cleaning of accessible areas of 
the drydock prior to flooding, and final cleanup following removal of the 
vessel and raising the dock. Include procedures for cleaning up oil, grease, and 
fuel spills occurring on the drydock. Consider the following (or their 
equivalents): sweeping rather than hosing off debris and spent blasting 
material from accessible areas of the drydock prior to flooding and making 
absorbent materials and oil containment booms readily available to clean up or 
contain any spills.  

8.Q.3.2 Employee Training. (See also Part 2.1.2.9)  As part of your employee training program, 
address, at a minimum, the following activities (as applicable): used oil management, 
spent solvent management, disposal of spent abrasives, disposal of vessel wastewaters, 
spill prevention and control, fueling procedures, general good housekeeping practices, 
painting and blasting procedures, and used battery management. 

8.Q.3.3 Preventive Maintenance. (See also Part 2.1.2.3) As part of your preventive maintenance 
program, perform timely inspection and maintenance of stormwater management 
devices (e.g., cleaning oil and water separators and sediment traps to ensure that spent 
abrasives, paint chips, and solids will be intercepted and retained prior to entering the 
storm drainage system), as well as inspecting and testing facility equipment and 
systems to uncover conditions that could cause breakdowns or failures resulting in 
discharges of pollutants to surface waters. 

8.Q.4 Additional SWPPP Requirements. 
8.Q.4.1 Drainage Area Site Map. (See also Part 5.1.2) Document in your SWPPP where any of 

the following may be exposed to precipitation or surface runoff: fueling; engine 
maintenance and repair; vessel maintenance and repair; pressure washing; painting; 
sanding; blasting; welding; metal fabrication; loading and unloading areas; locations 
used for the treatment, storage, or disposal of wastes; liquid storage tanks; liquid 
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storage areas (e.g., paint, solvents, resins); and material storage areas (e.g., blasting 
media, aluminum, steel, scrap iron). 

8.Q.4.2 Summary of Potential Pollutant Sources. (See also Part 5.1.3) Document in the SWPPP 
the following additional sources and activities that have potential pollutants associated 
with them: outdoor manufacturing or processing activities (e.g., welding, metal 
fabricating) and significant dust or particulate generating processes (e.g., abrasive 
blasting, sanding, and painting.) 

8.Q.5 Additional Inspection Requirements.  

(See also Part 4.1)  Include the following in all quarterly routine facility inspections: 
pressure washing area; blasting, sanding, and painting areas; material storage areas; engine 
maintenance and repair areas; material handling areas; drydock area; and general yard area. 

8.Q.6  Sector-Specific Benchmarks. (See also Part 6 of the permit.) 
 

Table 8.Q-1. 

Subsector 
(You may be subject to requirements for 

more than one sector/subsector) 
Parameter Benchmark Monitoring 

Concentration 

Total Aluminum 0.75 mg/L 
Total Iron 1.0 mg/L 

Total Lead1 Hardness Dependent 

Subsector Q1. Water Transportation 
Facilities  
(SIC 4412-4499) 

Total Zinc1 Hardness Dependent 
1 The benchmark values of some metals are dependent on water hardness. For these parameters, permittees must 
determine the hardness of the receiving water (see Appendix J, “Calculating Hardness in Receiving Waters for 
Hardness Dependent Metals,” for methodology), in accordance with Part 6.2.1.1, to identify the applicable 
‘hardness range’ for determining their benchmark value applicable to their facility.  The ranges occur in 25 mg/L 
increments.  Hardness Dependent Benchmarks follow in the table below: 
 
 

Water Hardness Range 
Lead 
(mg/L) 

Zinc 
(mg/L) 

0-25 mg/L 0.014 0.04 
25-50 mg/L 0.023 0.05 
50-75 mg/L 0.045 0.08 
75-100 mg/L 0.069 0.11 
100-125 mg/L 0.095 0.13 
125-150 mg/L 0.122 0.16 
150-175 mg/L 0.151 0.18 
175-200 mg/L 0.182 0.20 
200-225 mg/L 0.213 0.23 
225-250 mg/L 0.246 0.25 
250+ mg/L 0.262 0.26 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart R – Sector R – Ship and Boat Building and Repair Yards. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.R.1  Covered Stormwater Discharges. 

The requirements in Subpart R apply to stormwater discharges associated with industrial 
activity from Ship and Boat Building and Repair Yards as identified by the SIC Codes specified 
under Sector R in Table D-1 of Appendix D of the permit. 

8.R.2  Limitations on Coverage. 
8.R.2.1 Prohibition of Non-Stormwater Discharges. (See also Part 1.1.4) Discharges containing 

bilge and ballast water, sanitary wastes, pressure wash water, and cooling water 
originating from vessels are not covered by this permit. 

8.R.3 Additional Technology-Based Effluent Limits. 
8.R.3.1 Good Housekeeping Measures. (See also Part 2.1.2.2) 

8.R.3.1.1 Pressure Washing Area. If pressure washing is used to remove marine growth 
from vessels, the discharged water must be permitted as a process wastewater 
by a separate NPDES permit. 

8.R.3.1.2 Blasting and Painting Area. Minimize the potential for spent abrasives, paint 
chips, and overspray to discharging into the receiving water or the storm sewer 
systems. Consider containing all blasting and painting activities, or use other 
measures to prevent the discharge of the contaminants (e.g., hanging plastic 
barriers or tarpaulins during blasting or painting operations to contain debris). 
When necessary, regularly clean stormwater conveyances of deposits of 
abrasive blasting debris and paint chips.  

8.R.3.1.3 Material Storage Areas. Store and plainly label all containerized materials 
(e.g., fuels, paints, solvents, waste oil, antifreeze, batteries) in a protected, 
secure location away from drains. Minimize the contamination of precipitation 
or surface runoff from the storage areas. If abrasive blasting is performed, 
discuss the storage and disposal of spent abrasive materials generated at the 
facility. Consider implementing an inventory control plan to limit the presence 
of potentially hazardous materials onsite. 

8.R.3.1.4 Engine Maintenance and Repair Areas. Minimize the contamination of 
precipitation or surface runoff from all areas used for engine maintenance and 
repair. Consider the following (or their equivalents): performing all 
maintenance activities indoors, maintaining an organized inventory of 
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materials used in the shop, draining all parts of fluid prior to disposal, 
prohibiting the practice of hosing down the shop floor, using dry cleanup 
methods, and treating and/or recycling stormwater runoff collected from the 
maintenance area.  

8.R.3.1.5 Material Handling Area. Minimize the contamination of precipitation or 
surface runoff from material handling operations and areas (e.g., fueling, paint 
and solvent mixing, disposal of process wastewater streams from vessels). 
Consider the following (or their equivalents): covering fueling areas, using 
spill and overflow protection, mixing paints and solvents in a designated area 
(preferably indoors or under a shed), and minimizing stormwater run-on to 
material handling areas.  

8.R.3.1.6 Drydock Activities. Routinely maintain and clean the drydock to minimize 
pollutants in stormwater runoff. Clean accessible areas of the drydock prior to 
flooding and final cleanup following removal of the vessel and raising the 
dock. Include procedures for cleaning up oil, grease, or fuel spills occurring on 
the drydock. Consider the following (or their equivalents): sweeping rather 
than hosing off debris and spent blasting material from accessible areas of the 
drydock prior to flooding, and having absorbent materials and oil containment 
booms readily available to clean up and contain any spills. 

8.R.3.2 Employee Training. (See also Part 2.1.2.9)  As part of your employee training program, 
address, at a minimum, the following activities (as applicable): used oil management, 
spent solvent management, disposal of spent abrasives, disposal of vessel wastewaters, 
spill prevention and control, fueling procedures, general good housekeeping practices, 
painting and blasting procedures, and used battery management. 

8.R.3.4 Preventive Maintenance. (See also Part 2.1.2.3) As part of your preventive maintenance 
program, perform timely inspection and maintenance of stormwater management 
devices (e.g., cleaning oil and water separators and sediment traps to ensure that spent 
abrasives, paint chips, and solids will be intercepted and retained prior to entering the 
storm drainage system), as well as inspecting and testing facility equipment and 
systems to uncover conditions that could cause breakdowns or failures resulting in 
discharges of pollutants to surface waters. 

8.R.4  Additional SWPPP Requirements. 
8.R.4.1 Drainage Area Site Map. (See also Part 5.1.2) Document in your SWPPP where any of 

the following may be exposed to precipitation or surface runoff: fueling; engine 
maintenance or repair; vessel maintenance or repair; pressure washing; painting; 
sanding; blasting; welding; metal fabrication; loading and unloading areas; treatment, 
storage, and waste disposal areas; liquid storage tanks; liquid storage areas (e.g., paint, 
solvents, resins); and material storage areas (e.g., blasting media, aluminum, steel, scrap 
iron). 

8.R.4.2 Potential Pollutant Sources. (See also Part 5.1.3) Document in your SWPPP the 
following additional sources and activities that have potential pollutants associated with 
them (if applicable): outdoor manufacturing or processing activities (e.g., welding, 
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metal fabricating) and significant dust or particulate generating processes (e.g., abrasive 
blasting, sanding, and painting). 

8.R.4.3 Documentation of Good Housekeeping Measures.  Document in your SWPPP any good 
housekeeping measures implemented to meet the effluent limits in Part 8.R.3. 

8.R.4.3.1 Blasting and Painting Areas.  Document in the SWPPP any standard operating 
practices relating to blasting and painting (e.g., prohibiting uncontained 
blasting and painting over open water or prohibiting blasting and painting 
during windy conditions, which can render containment ineffective). 

8.R.4.3.2 Storage Areas.  Specify in your SWPPP which materials are stored indoors, 
and consider containment or enclosure for those stored outdoors. 

8.R.5 Additional Inspection Requirements. 

(See also Part 4.1) Include the following in all quarterly routine facility inspections: 
pressure washing area; blasting, sanding, and painting areas; material storage areas; engine 
maintenance and repair areas; material handling areas; drydock area; and general yard area. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart S – Sector S – Air Transportation. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.S.1  Covered Stormwater Discharges. 

The requirements in Subpart S apply to stormwater discharges associated with industrial 
activity from Air Transportation facilities identified by the SIC Codes specified under Sector S in 
Table D-1 of Appendix D of the permit. 

8.S.2  Limitation on Coverage 
8.S.2.1 Limitations on Coverage. This permit authorizes stormwater discharges from only those 

portions of the air transportation facility that are involved in vehicle maintenance 
(including vehicle rehabilitation, mechanical repairs, painting, fueling and lubrication), 
equipment cleaning operations or deicing operations. 

Note: “deicing” will generally be used to imply both deicing (removing frost, snow or 
ice) and anti-icing (preventing accumulation of frost, snow or ice) activities, unless 
specific mention is made regarding anti-icing and/or deicing activities. 

8.S.2.2 Prohibition of Non-Stormwater Discharges. (See also Part 1.1.4 and Part 8.S.3) This 
permit does not authorize the discharge of aircraft, ground vehicle, runway and 
equipment washwaters; nor the dry weather discharge of deicing chemicals. Such 
discharges must be covered by separate NPDES permit(s).  Note that a discharge 
resulting from snowmelt is not a dry weather discharge. 

8.S.3  Additional Technology-Based Effluent Limits. 
8.S.3.1 Good Housekeeping Measures. (See also Part 2.1.2.2)  

8.S.3.1.1 Aircraft, Ground Vehicle and Equipment Maintenance Areas. Minimize the 
contamination of stormwater runoff from all areas used for aircraft, ground 
vehicle and equipment maintenance (including the maintenance conducted on 
the terminal apron and in dedicated hangers). Consider the following practices 
(or their equivalents): performing maintenance activities indoors; maintaining 
an organized inventory of material used in the maintenance areas; draining all 
parts of fluids prior to disposal; prohibiting the practice of hosing down the 
apron or hanger floor; using dry cleanup methods; and collecting the 
stormwater runoff from the maintenance area and providing treatment or 
recycling.  

8.S.3.1.2 Aircraft, Ground Vehicle and Equipment Cleaning Areas. (See also Part 
8.S.3.6) Clearly demarcate these areas on the ground using signage or other 

Stormwater Discharges Associated With Industrial Activity – Sector S 116 

RB-AR26465



General Permit  
 

appropriate means. Minimize the contamination of stormwater runoff from 
cleaning areas.  

8.S.3.1.3 Aircraft, Ground Vehicle and Equipment Storage Areas. Store all aircraft, 
ground vehicles and equipment awaiting maintenance in designated areas only 
and minimize the contamination of stormwater runoff from these storage 
areas. Consider the following control measures, including any BMPs (or their 
equivalents): storing aircraft and ground vehicles indoors; using drip pans for 
the collection of fluid leaks; and perimeter drains, dikes or berms surrounding 
the storage areas. 

8.S.3.1.4 Material Storage Areas. Maintain the vessels of stored materials (e.g., used 
oils, hydraulic fluids, spent solvents, and waste aircraft fuel) in good 
condition, to prevent or minimize contamination of stormwater. Also plainly 
label the vessels (e.g., “used oil,” “Contaminated Jet A,” etc.). Minimize 
contamination of precipitation/runoff from these areas. Consider the following 
control measures (or their equivalents): storing materials indoors; storing 
waste materials in a centralized location; and installing berms/dikes around 
storage areas.  

8.S.3.1.5 Airport Fuel System and Fueling Areas. Minimize the discharge of fuel to the 
storm sewer/surface waters resulting from fuel servicing activities or other 
operations conducted in support of the airport fuel system. Consider the 
following control measures (or their equivalents): implementing spill and 
overflow practices (e.g., placing absorptive materials beneath aircraft during 
fueling operations); using only dry cleanup methods; and collecting 
stormwater runoff.  

8.S.3.1.6 Source Reduction.  Minimize, and where feasible eliminate, the use of urea 
and glycol-based deicing chemicals, in order to reduce the aggregate amount 
of deicing chemicals used and/or lessen the environmental impact. Chemical 
options to replace ethylene glycol, propylene glycol and urea include: 
potassium acetate; magnesium acetate; calcium acetate; and anhydrous sodium 
acetate. 

8.S.3.1.6.1 Runway Deicing Operation: Minimize contamination of 
stormwater runoff from runways as a result of deicing operations.  
Evaluate whether over-application of deicing chemicals occurs by 
analyzing application rates, and adjust as necessary, consistent 
with considerations of flight safety. Also consider these control 
measure options (or their equivalents): metered application of 
chemicals; pre-wetting dry chemical constituents prior to 
application; installing a runway ice detection system; 
implementing anti-icing operations as a preventive measure against 
ice buildup. 

8.S.3.1.6.2 Aircraft Deicing Operations. Minimize contamination of 
stormwater runoff from aircraft deicing operations.  Determine 
whether excessive application of deicing chemicals occurs and 
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adjust as necessary, consistent with considerations of flight safety. 
This evaluation should be carried out by the personnel most 
familiar with the particular aircraft and flight operations in 
question (versus an outside entity such as the airport authority). 
Consider using alternative deicing/anti-icing agents as well as 
containment measures for all applied chemicals. Also consider 
these control measure options (or their equivalents) for reducing 
deicing fluid use: forced-air deicing systems, computer-controlled 
fixed-gantry systems, infrared technology, hot water, varying 
glycol content to air temperature, enclosed-basket deicing trucks, 
mechanical methods, solar radiation, hangar storage, aircraft 
covers, and thermal blankets for MD-80s and DC-9s. Also 
consider using ice-detection systems and airport traffic flow 
strategies and departure slot allocation systems. 

8.S.3.1.7 Management of Runoff.  (See also 2.1.2.6) Where deicing operations occur, 
implement a program to control or manage contaminated runoff to minimize 
the amount of pollutants being discharged from the site. Consider these 
control measure options (or their equivalents): a dedicated deicing facility 
with a runoff collection/ recovery system; using vacuum/collection trucks; 
storing contaminated stormwater/deicing fluids in tanks and releasing 
controlled amounts to a publicly owned treatment works; collecting 
contaminated runoff in a wet pond for biochemical decomposition (be aware 
of attracting wildlife that may prove hazardous to flight operations); and 
directing runoff into vegetative swales or other infiltration measures. Also 
consider recovering deicing materials when these materials are applied during 
non-precipitation events (e.g., covering storm sewer inlets, using booms, 
installing absorptive interceptors in the drains, etc.) to prevent these materials 
from later becoming a source of stormwater contamination. Used deicing fluid 
should be recycled whenever possible. 

8.S.3.2 Deicing Season. You must determine the seasonal timeframe (e.g., December- 
February, October - March, etc.) during which deicing activities typically occur at the 
facility. Implementation of control measures, including any BMPs, facility inspections 
and monitoring must be conducted with particular emphasis throughout the defined 
deicing season. If you meet the deicing chemical usage thresholds of 100,000 gallons 
glycol and/or 100 tons of urea, the deicing season you identified is the timeframe during 
which you must obtain the four required benchmark monitoring event results for 
deicing-related parameters, i.e., BOD, COD, ammonia and pH.  See also Part 8.S.6. 

8.S.4 Additional SWPPP Requirements.  

An airport authority and tenants of the airport are encouraged to work in partnership in 
the development of a SWPPP. If an airport tenant obtains authorization under this permit and 
develops a SWPPP for discharges from his own areas of the airport, prior to authorization, that 
SWPPP must be coordinated and integrated with the SWPPP for the entire airport. Tenants of the 
airport facility include air passenger or cargo companies, fixed based operators and other parties 

Stormwater Discharges Associated With Industrial Activity – Sector S 118 

RB-AR26467



General Permit  
 

who have contracts with the airport authority to conduct business operations on airport property 
and whose operations result in stormwater discharges associated with industrial activity.  

8.S.4.1 Drainage Area Site Map. (See also Part 5.1.2) Document in the SWPPP the following 
areas of the facility and indicate whether activities occurring there may be exposed to 
precipitation/surface runoff: aircraft and runway deicing operations; fueling stations; 
aircraft, ground vehicle and equipment maintenance/cleaning areas; storage areas for 
aircraft, ground vehicles and equipment awaiting maintenance.   

8.S.4.2 Potential Pollutant Sources. (See also Part 5.1.3) In your inventory of exposed 
materials, describe in your SWPPP the potential for the following activities and facility 
areas to contribute pollutants to stormwater discharges: aircraft, runway, ground vehicle 
and equipment maintenance and cleaning; aircraft and runway deicing operations 
(including apron and centralized aircraft deicing stations, runways, taxiways and 
ramps). If you use deicing chemicals, you must maintain a record of the types 
(including the Material Safety Data Sheets [MSDS]) used and the monthly quantities, 
either as measured or, in the absence of metering, as estimated to the best of your 
knowledge. This includes all deicing chemicals, not just glycols and urea (e.g., 
potassium acetate), because large quantities of these other chemicals can still have an 
adverse impact on receiving waters. Tenants or other fixed-based operations that 
conduct deicing operations must provide the above information to the airport authority 
for inclusion with any comprehensive airport SWPPPs. 

8.S.4.3 Vehicle and Equipment Washwater Requirements. Attach to or reference in your 
SWPPP, a copy of the NPDES permit issued for vehicle/equipment washwater or, if an 
NPDES permit has not been issued, a copy of the pending application. If an industrial 
user permit is issued under a local pretreatment program, include a copy in your 
SWPPP. In any case, if you are subject to another permit, describe your control 
measures for implementing all non-stormwater discharge permit conditions or 
pretreatment requirements in your SWPPP. If washwater is handled in another manner 
(e.g., hauled offsite, retained onsite), describe the disposal method and attach all 
pertinent documentation/information (e.g., frequency, volume, destination, etc.) in your 
SWPPP. 

8.S.4.4 Documentation of Control Measures Used for Management of Runoff:  Document in 
your SWPPP the control measures used for collecting or containing contaminated melt 
water from collection areas used for disposal of contaminated snow. 

8.S.5 Additional Inspection Requirements. 
8.S.5.1 Inspections. (See also Part 4.1) At a minimum conduct routine facility inspections at 

least monthly during the deicing season (e.g., October through April for most mid-
latitude airports). If your facility needs to deice before or after this period, expand the 
monthly inspections to include all months during which deicing chemicals may be used. 
The Director may specifically require you to increase inspection frequencies. 

8.S.5.2 Comprehensive Site Inspections. (See also Part 4.3) Using only qualified personnel, 
conduct your annual site inspection during periods of actual deicing operations, if 
possible. If not practicable during active deicing because of weather, conduct the 
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inspection during the season when deicing operations occur and the materials and 
equipment for deicing are in place. 

8.S.6  Sector-Specific Benchmarks. (See also Part 6 of the permit.) 

Monitor per the requirements in Table 8.S-1. 
 

Table 8.S-1. 

Subsector 
(You may be subject to requirements for more 

than one sector/subsector) 
Parameter 

Benchmark 
Monitoring 

Concentration 

Biochemical Oxygen Demand 
(BOD5)1 

30 mg/L 

Chemical Oxygen Demand 
(COD)1 

120 mg/L 

Ammonia1 2.14 mg/L 

For airports where a single permittee, or a 
combination of permitted facilities use more than 
100,000 gallons of glycol-based deicing 
chemicals and/or 100 tons or more of urea on an 
average annual basis, monitor the first four 
parameters in ONLY those outfalls that collect 
runoff from areas where deicing activities occur 
(SIC 4512-4581). 

pH1 6.0 - 9.0 s.u. 

1 These are deicing-related parameters.  Collect the four benchmark samples, and any required follow-up benchmark 
samples, during the timeframe defined in Part 8.S.3.2 when deicing activities are occurring. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart T – Sector T – Treatment Works. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.T.1  Covered Stormwater Discharges. 

The requirements in Subpart T apply to stormwater discharges associated with industrial 
activity from Treatment Works as identified by the Activity Code specified under Sector T in 
Table D-1 of Appendix D of the permit. 

8.T.2  Industrial Activities Covered by Sector T. 

The requirements listed under this part apply to all existing point source stormwater 
discharges associated with the following activities: 

8.T.2.1 Treatment works treating domestic sewage, or any other sewage sludge or wastewater 
treatment device or system used in the storage, treatment, recycling, and reclamation of 
municipal or domestic sewage, including land dedicated to the disposal of sewage 
sludge; that are located within the confines of a facility with a design flow of 1.0 
million gallons per day (MGD) or more; or are required to have an approved 
pretreatment program under 40 CFR Part 403. 

8.T.2.2 The following are not required to have permit coverage: farm lands, domestic gardens 
or lands used for sludge management where sludge is beneficially reused and which are 
not physically located within the facility, or areas that are in compliance with Section 
405 of the CWA. 

8.T.3  Limitations on Coverage. 
8.T.3.1 Prohibition of Non-Stormwater Discharges. (See also Part 1.1.4) Sanitary and industrial 

wastewater and equipment and vehicle washwater are not authorized by this permit. 

8.T.4 Additional Technology-Based Effluent Limits. 
8.T.4.1 Control Measures. (See also the non-numeric effluent limits in Part 2.1.2) In addition to 

the other control measures, consider the following: routing stormwater to the treatment 
works; or covering exposed materials (i.e., from the following areas: grit, screenings, 
and other solids handling, storage, or disposal areas; sludge drying beds; dried sludge 
piles; compost piles; and septage or hauled waste receiving station). 

8.T.4.2 Employee Training. (See also Part 2.1.2.9) At a minimum, training must address the 
following areas when applicable to a facility: petroleum product management; process 
chemical management; spill prevention and controls; fueling procedures; general good 
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housekeeping practices; and proper procedures for using fertilizer, herbicides, and 
pesticides. 

8.T.5  Additional SWPPP Requirements. 
8.T.5.1 Site Map. (See also Part 5.1.2) Document in your SWPPP where any of the following 

may be exposed to precipitation or surface runoff: grit, screenings, and other solids 
handling, storage, or disposal areas; sludge drying beds; dried sludge piles; compost 
piles; septage or hauled waste receiving station; and storage areas for process 
chemicals, petroleum products, solvents, fertilizers, herbicides, and pesticides. 

8.T.5.2 Potential Pollutant Sources. (See also Part 5.1.3) Document in your SWPPP the 
following additional sources and activities that have potential pollutants associated with 
them, as applicable: grit, screenings, and other solids handling, storage, or disposal 
areas; sludge drying beds; dried sludge piles; compost piles; septage or hauled waste 
receiving station; and access roads and rail lines. 

8.T.5.3 Wastewater and Washwater Requirements. Keep a copy of all your current NPDES 
permits issued for wastewater and industrial, vehicle and equipment washwater 
discharges or, if an NPDES permit has not yet been issued, a copy of the pending 
application(s) with your SWPPP. If the washwater is handled in another manner, the 
disposal method must be described and all pertinent documentation must be retained 
onsite. 

8.T.6 Additional Inspection Requirements.  

(See also Part 4.1) Include the following areas in all inspections: access roads and rail 
lines; grit, screenings, and other solids handling, storage, or disposal areas; sludge drying beds; 
dried sludge piles; compost piles; and septage or hauled waste receiving station. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart U – Sector U – Food and Kindred Products. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.U.1  Covered Stormwater Discharges. 

The requirements in Subpart U apply to stormwater discharges associated with industrial 
activity from Food and Kindred Products facilities as identified by the SIC Codes specified in 
Table D-1 of Appendix D of the permit. 

8.U.2  Limitations on Coverage. 
8.U.2.1 Prohibition of Non-Stormwater Discharges. (See also Part 1.1.4) The following 

discharges are not authorized by this permit: discharges containing boiler blowdown, 
cooling tower overflow and blowdown, ammonia refrigeration purging, and vehicle 
washing and clean-out operations. 

8.U.3 Additional Technology-Based Limitations. 
8.U.3.1 Employee Training. (See also Part 2.1.2.9) Address pest control in your employee 

training program. 

8.U.4  Additional SWPPP Requirements. 
8.U.4.1 Drainage Area Site Map. (See also Part 5.1.2) Document in your SWPPP the locations 

of the following activities if they are exposed to precipitation or runoff: vents and stacks 
from cooking, drying, and similar operations; dry product vacuum transfer lines; animal 
holding pens; spoiled product; and broken product container storage areas. 

8.U.4.2 Potential Pollutant Sources. (See also Part 5.1.3) Document in your SWPPP, in 
addition to food and kindred products processing-related industrial activities, 
application and storage of pest control chemicals (e.g., rodenticides, insecticides, 
fungicides) used on plant grounds. 

8.U.5 Additional Inspection Requirements. 

(See also Part 4.1) Inspect on a quarterly basis, at a minimum, the following areas where 
the potential for exposure to stormwater exists: loading and unloading areas for all significant 
materials; storage areas, including associated containment areas; waste management units; vents 
and stacks emanating from industrial activities; spoiled product and broken product container 
holding areas; animal holding pens; staging areas; and air pollution control equipment. 
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8.U.6  Sector-Specific Benchmarks. (See also Part 6 of the permit.) 
 

Table 8.U-1. 

Subsector 
(You may be subject to requirements 
for more than one Sector / Subsector) 

Parameter 
Benchmark 
Monitoring 

Concentration 

Subsector U1. Grain Mill Products 
(SIC 2041-2048) 

Total Suspended Solids (TSS) 100 mg/L 

Biochemical Oxygen Demand 
(BOD5) 

30 mg/L 

Chemical Oxygen Demand (COD) 120 mg/L 
Nitrate plus Nitrite Nitrogen 0.68 mg/L 

Subsector U2. Fats and Oils Products 
(SIC 2074-2079) 

Total Suspended Solids (TSS) 100 mg/L 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart V – Sector V – Textile Mills, Apparel, and Other Fabric Products. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.V.1  Covered Stormwater Discharges. 

The requirements in Subpart V apply to stormwater discharges associated with industrial 
activity from Textile Mills, Apparel, and Other Fabric Product manufacturing as identified by the 
SIC Codes specified under Sector V in Table D-1 of Appendix D of the permit. 

8.V.2 Limitations on Coverage. 
8.V.2.1 Prohibition of Non-Stormwater Discharges. (See also Part 1.1.4) The following are not 

authorized by this permit: discharges of wastewater (e.g., wastewater resulting from wet 
processing or from any processes relating to the production process), reused or recycled 
water, and waters used in cooling towers. If you have these types of discharges from 
your facility, you must cover them under a separate NPDES permit. 

8.V.3 Additional Technology-Based Limitations. 
8.V.3.1 Good Housekeeping Measures. (See also Part 2.1.2.2)  

8.V.3.1.1 Material Storage Areas. Plainly label and store all containerized materials 
(e.g., fuels, petroleum products, solvents, and dyes) in a protected area, away 
from drains. Minimize contamination of the stormwater runoff from such 
storage areas. Also consider an inventory control plan to prevent excessive 
purchasing of potentially hazardous substances. For storing empty chemical 
drums or containers, ensure that the drums and containers are clean (consider 
triple-rinsing) and that there is no contact of residuals with precipitation or 
runoff. Collect and dispose of washwater from these cleanings properly.  

8.V.3.1.2 Material Handling Areas. Minimize contamination of stormwater runoff from 
material handling operations and areas. Consider the following (or their 
equivalents): use of spill and overflow protection; covering fueling areas; and 
covering or enclosing areas where the transfer of material may occur. When 
applicable, address the replacement or repair of leaking connections, valves, 
transfer lines, and pipes that may carry chemicals, dyes, or wastewater.  

8.V.3.1.3 Fueling Areas. Minimize contamination of stormwater runoff from fueling 
areas. Consider the following (or their equivalents): covering the fueling area, 
using spill and overflow protection, minimizing run-on of stormwater to the 
fueling areas, using dry cleanup methods, and treating and/or recycling 
stormwater runoff collected from the fueling area.  
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8.V.3.1.4 Above-Ground Storage Tank Area. Minimize contamination of the stormwater 
runoff from above-ground storage tank areas, including the associated piping 
and valves. Consider the following (or their equivalents): regular cleanup of 
these areas; including measures for tanks, piping and valves explicitly in your  
SPCC program; minimizing runoff of stormwater from adjacent areas; 
restricting access to the area; inserting filters in adjacent catch basins; 
providing absorbent booms in unbermed fueling areas; using dry cleanup 
methods; and permanently sealing drains within critical areas that may 
discharge to a storm drain.  

8.V.3.2 Employee Training. (See also Part 2.1.2.9) As part of your employee training program, 
address, at a minimum, the following activities (as applicable): use of reused and 
recycled waters, solvents management, proper disposal of dyes, proper disposal of 
petroleum products and spent lubricants, spill prevention and control, fueling 
procedures, and general good housekeeping practices. 

8.V.4  Additional SWPPP Requirements. 
8.V.4.1 Potential Pollutant Sources. (See also Part 5.1.3) Document in your SWPPP the 

following additional sources and activities that have potential pollutants associated with 
them: industry-specific significant materials and industrial activities (e.g., backwinding, 
beaming, bleaching, backing bonding, carbonizing, carding, cut and sew operations, 
desizing, drawing, dyeing locking, fulling, knitting, mercerizing, opening, packing, 
plying, scouring, slashing, spinning, synthetic-felt processing, textile waste processing, 
tufting, turning, weaving, web forming, winging, yarn spinning, and yarn texturing). 

8.V.4.2 Description of Good Housekeeping Measures for Material Storage Areas.  Document in 
the SWPPP your containment area or enclosure for materials stored outdoors in 
connection with Part 8.V.3.1.1 above. 

8.V.5 Additional Inspection Requirements. 

(See also Part 4.1) Inspect, at least monthly, the following activities and areas (at a 
minimum): transfer and transmission lines, spill prevention, good housekeeping practices, 
management of process waste products, and all structural and nonstructural management 
practices. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart W – Sector W – Furniture and Fixtures. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.W.1  Covered Stormwater Discharges. 

The requirements in Subpart W apply to stormwater discharges associated with industrial 
activity from Furniture and Fixtures facilities as identified by the SIC Codes specified under 
Sector W in Table D-1 of Appendix D of the permit. 

8.W.2  Additional SWPPP Requirements. 
8.W.2.1 Drainage Area Site Map. (See also Part 5.1.2) Document in your SWPPP where any of 

the following may be exposed to precipitation or surface runoff: material storage 
(including tanks or other vessels used for liquid or waste storage) areas; outdoor 
material processing areas; areas where wastes are treated, stored, or disposed of; access 
roads; and rail spurs. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart X – Sector X – Printing and Publishing. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.X.1  Covered Stormwater Discharges. 

The requirements in Subpart X apply to stormwater discharges associated with industrial 
activity from Printing and Publishing facilities as identified by the SIC Codes specified under 
Sector X in Table D-1 of Appendix D of the permit. 

8.X.2  Additional Technology-Based Effluent Limits. 
8.X.2.1 Good Housekeeping Measures. (See also Part 2.1.2.2)  

8.X.2.1.1 Material Storage Areas. Plainly label and store all containerized materials 
(e.g., skids, pallets, solvents, bulk inks, hazardous waste, empty drums, 
portable and mobile containers of plant debris, wood crates, steel racks, and 
fuel oil) in a protected area, away from drains. Minimize contamination of the 
stormwater runoff from such storage areas. Also consider an inventory control 
plan to prevent excessive purchasing of potentially hazardous substances.  

8.X.2.1.2 Material Handling Area. Minimize contamination of stormwater runoff from 
material handling operations and areas (e.g., blanket wash, mixing solvents, 
loading and unloading materials). Consider the following (or their 
equivalents): using spill and overflow protection, covering fueling areas, and 
covering or enclosing areas where the transfer of materials may occur. When 
applicable, address the replacement or repair of leaking connections, valves, 
transfer lines, and pipes that may carry chemicals or wastewater.  

8.X.2.1.3 Fueling Areas. Minimize contamination of stormwater runoff from fueling 
areas. Consider the following (or their equivalents): covering the fueling area, 
using spill and overflow protection, minimizing runoff of stormwater to the 
fueling areas, using dry cleanup methods, and treating and/or recycling 
stormwater runoff collected from the fueling area.  

8.X.2.1.4 Above Ground Storage Tank Area. Minimize contamination of the stormwater 
runoff from above-ground storage tank areas, including the associated piping 
and valves. Consider the following (or their equivalents): regularly cleaning 
these areas, explicitly addressing tanks, piping and valves in the SPCC 
program, minimizing stormwater runoff from adjacent areas, restricting access 
to the area, inserting filters in adjacent catch basins, providing absorbent 
booms in unbermed fueling areas, using dry cleanup methods, and 
permanently sealing drains within critical areas that may discharge to a storm 
drain.  
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8.X.2.2 Employee Training. (See also Part 2.1.2.9) As part of your employee training program, 
address, at a minimum, the following activities (as applicable): spent solvent 
management, spill prevention and control, used oil management, fueling procedures, 
and general good housekeeping practices. 

8.X.3 Additional SWPPP Requirements. 
8.X.3.1 Description of Good Housekeeping Measures for Material Storage Areas.  In 

connection with Part 8.X.2.1.1, describe in the SWPPP the containment area or 
enclosure for materials stored outdoors. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart Y – Sector Y – Rubber, Miscellaneous Plastic Products, and Miscellaneous 
Manufacturing Industries. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.Y.1  Covered Stormwater Discharges. 

The requirements in Subpart Y apply to stormwater discharges associated with industrial 
activity from Rubber, Miscellaneous Plastic Products, and Miscellaneous Manufacturing 
Industries facilities as identified by the SIC Codes specified under Sector Y in Table D-1 of 
Appendix D of the permit. 

8.Y.2 Additional Technology-Based Effluent Limits. 
8.Y.2.1 Controls for Rubber Manufacturers. (See also Part 2.1.2) Minimize the discharge of 

zinc in your stormwater discharges. Parts 8.Y.2.1.1 to 8.Y.2.1.5 give possible sources of 
zinc to be reviewed and list some specific control measures to be considered for 
implementation (or their equivalents). Following are some general control measure 
options to consider: using chemicals purchased in pre-weighed, sealed polyethylene 
bags; storing in-use materials in sealable containers, ensuring an airspace between the 
container and the cover to minimize “puffing” losses when the container is opened, and 
using automatic dispensing and weighing equipment.  

8.Y.2.1.1  Zinc Bags.  Ensure proper handling and storage of zinc bags at your facility. 
Following are some control measure options: employee training on the 
handling and storage of zinc bags, indoor storage of zinc bags, cleanup of zinc 
spills without washing the zinc into the storm drain, and the use of 2,500-
pound sacks of zinc rather than 50- to 100-pound sacks. 

8.Y.2.1.2 Dumpsters.  Minimize discharges of zinc from dumpsters. Following are some 
control measure options: covering the dumpster, moving the dumpster 
indoors, or providing a lining for the dumpster. 

8.Y.2.1.3 Dust Collectors and Baghouses.  Minimize contributions of zinc to stormwater 
from dust collectors and baghouses. Replace or repair, as appropriate, 
improperly operating dust collectors and baghouses. 

8.Y.2.1.4 Grinding Operations. Minimize contamination of stormwater as a result of 
dust generation from rubber grinding operations.  One control measure option 
is to install a dust collection system. 

8.Y.2.1.5 Zinc Stearate Coating Operations.  Minimize the potential for stormwater 
contamination from drips and spills of zinc stearate slurry that may be released 
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to the storm drain. One control measure option is to use alternative 
compounds to zinc stearate. 

8.Y.2.2 Controls for Plastic Products Manufacturers. Minimize the discharge of plastic resin 
pellets in your stormwater discharges. Control measures to be considered for 
implementation (or their equivalents) include minimizing spills, cleaning up of spills 
promptly and thoroughly, sweeping thoroughly, pellet capturing, employee education, 
and disposal precautions.  

8.Y.3  Additional SWPPP Requirements. 
8.Y.3.1 Potential Pollutant Sources for Rubber Manufacturers. (See also Part 5.1.3) Document 

in your SWPPP the use of zinc at your facility and the possible pathways through which 
zinc may be discharged in stormwater runoff. 

8.Y.4  Sector-Specific Benchmarks. (See also Part 6 of the permit.) 
 

Table 8.Y-1. 

Subsector 
(You may be subject to requirements for more 

than one sector/subsector) 
Parameter Benchmark Monitoring 

Concentration 

Subsector Y1. Rubber Products Manufacturing 
(SIC 3011, 3021, 3052, 3053, 3061, 3069) 

Total Zinc1 Hardness Dependent 

1 The benchmark values of some metals are dependent on water hardness. For these parameters, permittees 
must determine the hardness of the receiving water (see Appendix J, “Calculating Hardness in Receiving 
Waters for Hardness Dependent Metals,” for methodology), in accordance with Part 6.2.1.1, to identify the 
applicable ‘hardness range’ for determining their benchmark value applicable to their facility.  The ranges 
occur in 25 mg/L increments.  Hardness Dependent Benchmarks follow in the table below: 
 
 

Water Hardness Range 
Zinc 
(mg/L) 

0-25 mg/L 0.04 
25-50 mg/L 0.05 
50-75 mg/L 0.08 
75-100 mg/L 0.11 
100-125 mg/L 0.13 
125-150 mg/L 0.16 
150-175 mg/L 0.18 
175-200 mg/L 0.20 
200-225 mg/L 0.23 
225-250 mg/L 0.25 
250+ mg/L 0.26 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart Z – Sector Z – Leather Tanning and Finishing. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.Z.1  Covered Stormwater Discharges. 

The requirements in Subpart Z apply to stormwater discharges associated with industrial 
activity from Leather Tanning and Finishing facilities as identified by the SIC Code specified 
under Sector Z in Table D-1 of Appendix D of the permit. 

8.Z.2 Additional Technology-Based Effluent Limits. 
8.Z.2.3 Good Housekeeping Measures. (See also Part 2.1.2.2) 

8.Z.2.3.1 Storage Areas for Raw, Semiprocessed, or Finished Tannery By-products. 
Minimize contamination of stormwater runoff from pallets and bales of raw, 
semiprocessed, or finished tannery by-products (e.g., splits, trimmings, 
shavings). Consider indoor storage or protection with polyethylene wrapping, 
tarpaulins, roofed storage, etc. Consider placing materials on an impermeable 
surface and enclosing or putting berms (or equivalent measures) around the 
area to prevent stormwater run-on and runoff.  

8.Z.2.3.2 Material Storage Areas. Label storage containers of all materials (e.g., specific 
chemicals, hazardous materials, spent solvents, waste materials) minimize 
contact of such materials with stormwater.  

8.Z.2.3.3 Buffing and Shaving Areas. Minimize contamination of stormwater runoff 
with leather dust from buffing and shaving areas. Consider dust collection 
enclosures, preventive inspection and maintenance programs, or other 
appropriate preventive measures.  

8.Z.2.3.4 Receiving, Unloading, and Storage Areas. Minimize contamination of 
stormwater runoff from receiving, unloading, and storage areas. If these areas 
are exposed, consider the following (or their equivalents): covering all hides 
and chemical supplies, diverting drainage to the process sewer, or grade 
berming or curbing the area to prevent stormwater runoff.  

8.Z.2.3.5 Outdoor Storage of Contaminated Equipment. Minimize contact of 
stormwater with contaminated equipment. Consider the following (or their 
equivalents): covering equipment, diverting drainage to the process sewer, and 
cleaning thoroughly prior to storage.  

8.Z.2.3.6 Waste Management. Minimize contamination of stormwater runoff from waste 
storage areas. Consider the following (or their equivalents): covering 
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dumpsters, moving waste management activities indoors, covering waste piles 
with temporary covering material such as tarpaulins or polyethylene, and 
minimizing stormwater runoff by enclosing the area or building berms around 
the area.  

8.Z.3  Additional SWPPP Requirements. 
8.Z.3.1 Drainage Area Site Map. (See also Part 5.1.2) Identify in your SWPPP where any of the 

following may be exposed to precipitation or surface runoff: processing and storage 
areas of the beamhouse, tanyard, and re-tan wet finishing and dry finishing operations. 

8.Z.3.2 Potential Pollutant Sources. (See also Part 5.1.3) Document in your SWPPP the 
following sources and activities that have potential pollutants associated with them (as 
appropriate): temporary or permanent storage of fresh and brine-cured hides; extraneous 
hide substances and hair; leather dust, scraps, trimmings, and shavings. 
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Subpart AA – Sector AA – Fabricated Metal Products 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.AA.1 Covered Stormwater Discharges. 

The requirements in Subpart AA apply to stormwater discharges associated with 
industrial activity from Fabricated Metal Products facilities as identified by the SIC Codes 
specified under Sector AA in Table D-1 of Appendix D of the permit. 

8.AA.2 Additional Technology-Based Effluent Limits. 
8.AA.2.1 Good Housekeeping Measures. (See also Part 2.1.2.2) 

8.AA.2.1.1 Raw Steel Handling Storage.  Minimize the generation of and/or recover and 
properly manage scrap metals, fines, and iron dust. Include measures for 
containing materials within storage handling areas.  

8.AA.2.1.2 Paints and Painting Equipment. Minimize exposure of paint and painting 
equipment to stormwater.  

8.AA.2.2 Spill Prevention and Response Procedures. (See also Part 2.1.2.4) Ensure that the 
necessary equipment to implement a cleanup is available to personnel. The following 
areas should be addressed 

8.AA.2.2.1 Metal Fabricating Areas. Maintain clean, dry, orderly conditions in these 
areas. Consider using dry clean-up techniques.  

8.AA.2.2.2 Storage Areas for Raw Metal. Keep these areas free of conditions that could 
cause, or impede appropriate and timely response to, spills or leakage of 
materials. Consider the following (or their equivalents): maintaining storage 
areas so that there is easy access in the event of a spill, and labeling stored 
materials to aid in identifying spill contents.  

8.AA.2.2.3 Metal Working Fluid Storage Areas.  Minimize the potential for stormwater 
contamination from storage areas for metal working fluids.  

8.AA.2.2.4 Cleaners and Rinse Water. Control and clean up spills of solvents and other 
liquid cleaners, control sand buildup and disbursement from sand-blasting 
operations, and prevent exposure of recyclable wastes. Substitute 
environmentally benign cleaners when possible.  

8.AA.2.2.5 Lubricating Oil and Hydraulic Fluid Operations. Minimize the potential for 
stormwater contamination from lubricating oil and hydraulic fluid operations.  
Consider using monitoring equipment or other devices to detect and control 
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leaks and overflows. Consider installing perimeter controls such as dikes, 
curbs, grass filter strips, or equivalent measures.  

8.AA.2.2.6 Chemical Storage Areas.  Minimize stormwater contamination and accidental 
spillage in chemical storage areas. Include a program to inspect containers and 
identify proper disposal methods.  

8.AA.2.3 Spills and Leaks. (See also Part 5.1.3.3)  In your spill prevention and response 
procedures, required by Part 2.1.2.4, pay attention to the following materials (at a 
minimum): chromium, toluene, pickle liquor, sulfuric acid, zinc and other water priority 
chemicals, and hazardous chemicals and wastes. 

8.AA.3 Additional SWPPP Requirements. 
8.AA.3.1 Drainage Area Site Map. (See also Part 5.1.2) Document in your SWPPP where any of 

the following may be exposed to precipitation or surface runoff: raw metal storage 
areas; finished metal storage areas; scrap disposal collection sites; equipment storage 
areas; retention and detention basins; temporary and permanent diversion dikes or 
berms; right-of-way or perimeter diversion devices; sediment traps and barriers; 
processing areas, including outside painting areas; wood preparation; recycling; and 
raw material storage. 

8.AA.3.2 Potential Pollutant Sources. (See also Part 5.1.3) Document in your SWPPP the 
following additional sources and activities that have potential pollutants associated with 
them: loading and unloading operations for paints, chemicals, and raw materials; 
outdoor storage activities for raw materials, paints, empty containers, corn cobs, 
chemicals, and scrap metals; outdoor manufacturing or processing activities such as 
grinding, cutting, degreasing, buffing, and brazing; onsite waste disposal practices for 
spent solvents, sludge, pickling baths, shavings, ingot pieces, and refuse and waste 
piles. 

8.AA.4 Additional Inspection Requirements 
8.AA.4.1 Inspections. (See also Part 4) At a minimum, include the following areas in all 

inspections: raw metal storage areas, finished product storage areas, material and 
chemical storage areas, recycling areas, loading and unloading areas, equipment storage 
areas, paint areas, and vehicle fueling and maintenance areas. 

8.AA.4.2 Comprehensive Site Inspections. (See also Part 4.3) As part of your inspection, also 
inspect areas associated with the storage of raw metals, spent solvents and chemicals 
storage areas, outdoor paint areas, and drainage from roof. Potential pollutants include 
chromium, zinc, lubricating oil, solvents, aluminum, oil and grease, methyl ethyl 
ketone, steel, and related materials. 

Stormwater Discharges Associated With Industrial Activity – Sector AA 135 

RB-AR26484



General Permit  

Stormwater Discharges Associated With Industrial Activity – Sector AA 136 

8.AA.5  Sector-Specific Benchmarks. (See also Part 6 of the permit.) 
 

Table 8.AA-1 

Subsector  
(You may be subject to requirements for 

more than one sector/subsector) 
Parameter Benchmark Monitoring 

Concentration 

Total Aluminum 0.75 mg/L 
Total Iron 1.0 mg/L 
Total Zinc1 Hardness Dependent 

Subsector AA1. Fabricated Metal 
Products, except Coating (SIC 3411-3499; 
3911-3915) 

Nitrate plus Nitrite Nitrogen 0.68 mg/L 
Total Zinc1 Hardness Dependent Subsector AA2. Fabricated Metal Coating 

and Engraving (SIC 3479) Nitrate plus Nitrite Nitrogen 0.68 mg/L 
1 The benchmark values of some metals are dependent on water hardness. For these parameters, permittees must 
determine the hardness of the receiving water (see Appendix J, “Calculating Hardness in Receiving Waters for 
Hardness Dependent Metals,” for methodology), in accordance with Part 6.2.1.1, to identify the applicable 
‘hardness range’ for determining their benchmark value applicable to their facility.  The ranges occur in 25 mg/L 
increments.  Hardness Dependent Benchmarks follow in the table below: 
 
 

Water Hardness Range Zinc (mg/L) 
0-25 mg/L 0.04 
25-50 mg/L 0.05 
50-75 mg/L 0.08 
75-100 mg/L 0.11 
100-125 mg/L 0.13 
125-150 mg/L 0.16 
150-175 mg/L 0.18 
175-200 mg/L 0.20 
200-225 mg/L 0.23 
225-250 mg/L 0.25 
250+ mg/L 0.26 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart AB – Sector AB – Transportation Equipment, Industrial or Commercial 
Machinery Facilities. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.AB.1  Covered Stormwater Discharges. 

The requirements in Subpart AB apply to stormwater discharges associated with 
industrial activity from Transportation Equipment, Industrial or Commercial Machinery facilities 
as identified by the SIC Codes specified under Sector AB in Table D-1 of Appendix D of the 
permit. 

8.AB.2  Additional SWPPP Requirements. 
8.AB.2.1 Drainage Area Site Map. (See also Part 5.1.2) Identify in your SWPPP where any of 

the following may be exposed to precipitation or surface runoff: vents and stacks from 
metal processing and similar operations. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart AC– Sector AC –Electronic and Electrical Equipment and Components, 
Photographic and Optical Goods. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.AC.1  Covered Stormwater Discharges. 

The requirements in Subpart AC apply to stormwater discharges associated with 
industrial activity from facilities that manufacture Electronic and Electrical Equipment and 
Components, Photographic and Optical goods as identified by the SIC Codes specified in Table 
D-1 of Appendix D of the permit. 

8.AC.2  Additional Requirements. 

No additional sector-specific requirements apply. 
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Part 8 – Sector-Specific Requirements for Industrial Activity 

Subpart AD – Sector AD – Stormwater Discharges Designated by the Director as 
Requiring Permits. 

You must comply with Part 8 sector-specific requirements associated with your primary 
industrial activity and any co-located industrial activities, as defined in Appendix A.  The sector-
specific requirements apply to those areas of your facility where those sector-specific activities 
occur.  These sector-specific requirements are in addition to any requirements specified 
elsewhere in this permit.   

8.AD.1  Covered Stormwater Discharges. 

Sector AD is used to provide permit coverage for facilities designated by the Director as 
needing a stormwater permit, and any discharges of stormwater associated with industrial 
activity that do not meet the description of an industrial activity covered by Sectors A-AC. 

8.AD.1.1 Eligibility for Permit Coverage. Because this sector is primarily intended for use by 
discharges designated by the Director as needing a stormwater permit (which is an 
atypical circumstance), and your facility may or may not normally be discharging 
stormwater associated with industrial activity, you must obtain the Director’s written 
permission to use this permit prior to submitting an NOI. If you are authorized to use 
this permit, you will still be required to ensure that your discharges meet the basic 
eligibility provisions of this permit at Part 1.2. 

8.AD.2  Sector-Specific Benchmarks and Effluent Limits. (See also Part 6 of the permit.) 

The Director will establish any additional monitoring and reporting requirements for your 
facility prior to authorizing you to be covered by this permit. Additional monitoring requirements 
would be based on the nature of activities at your facility and your stormwater discharges. 
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9. Permit Conditions Applicable to Specific States, Indian Country Lands, or 

Territories 
 
9.1 Region 1 
 
9.1.1 CTR05000I:  Indian Country lands within the State of Connecticut 
 

No additional requirements. 
 
9.1.2 MAR050000:  Commonwealth of Massachusetts, except Indian Country lands. 
 
 Permittees in Massachusetts must also meet the following conditions.   
 
9.1.2.1 Additional Section 401(a) conditions required by the Commonwealth of Massachusetts. 

Discharges covered by the general permit must comply with the provisions of 314 CMR 
3.00; 314 CMR 4.00; 314 CMR 9.00; and 314 CMR 10.00 and any other related policies 
adopted under the authority of the Massachusetts Clean Waters Act, MGL c.21, ss. 26-53 
and Wetlands Protection Act, MGL s. 40.  
 
New facilities or redevelopment of existing facilities subject to this permit must comply 
with applicable stormwater performance standards prescribed by state regulation or 
policy. A permit under 314 CMR 3.04 is not required for existing facilities which meet 
state stormwater performance standards. An application for a permit under 314 CMR 
3.00 is required only when required under 314 CMR 3.04(2)(b) {designation of a 
discharge on a case-by-case basis} or is otherwise identified in 314 CMR 3.00 or any 
Department policy as a discharge requiring a permit application. Department regulations 
and policies may be obtained through the State House Bookstore or online at 
www.mass.gov/dep. 
 

9.1.2.2 SWPPP Availability.  The Department may request a copy of the Stormwater Pollution 
Prevention Plan (SWPPP) and the permittee is required to submit the SWPPP to the 
Department within 14 days of such a request.  

 
9.1.2.3 Authorization to Inspect.  The Department may conduct an inspection of any facility 

covered by this permit to ensure compliance with state law requirements, including state 
water quality standards. The Department may enforce its certification conditions.  

 
9.1.2.4 Submission of Monitoring Data.  The results of any monitoring required by this permit 

must be sent to the appropriate Regional Office of the Department [attention: Bureau of 
Waste Prevention] where the monitoring identifies exceedances of any effluent limits or 
benchmarks for any parameter for which monitoring is required under this permit. In 
addition, any follow-up monitoring and a description of the corrective actions required 
and undertaken to meet the effluent limits or benchmarks must be sent to the appropriate 
Department Regional Office.  

 

Stormwater Discharges Associated With Industrial Activity  140

RB-AR26489

http://www.mass.gov/dep


 
 

 

 
 

 
  
 

  
 

  
 

 

 

 

 
 
 

 

 
 
 

 

 

 
  
 

General Permit 

9.1.2.5 Sector-Specific Requirements.  The Massachusetts Coastal Zone Management Program 
submitted the following conditions to be added to the permit in order to meet the 
Programs Consistency Review and which will be included in the requirements of this 
Water Quality Certification: 

	 In Sector Q [Water Transportation] add copper to the required monitoring parameters. 
	 In Sector R [Ship and Boat Building and Repair Yards] add aluminum, iron, lead, and 

copper to the list of required monitoring parameters. 
	 Modify the monitoring requirements [Part 6.2.1.2 of the permit] such that all four of 

the quarterly monitoring samples must meet the benchmarks rather than the average 
of the four before no further monitoring is required. 

9.1.3 MAR05000I: Indian Country lands within the Commonwealth of Massachusetts. 

No additional requirements. 

9.1.5 NHR050000: State of New Hampshire. 

Permittees in New Hampshire must also meet the following conditions: 

9.1.5.1 On-site Infiltration of Stormwater.  In Part 2.1.1 (Control Measure Selection and Design 
Considerations), you are required to consider opportunities for infiltrating runoff onsite. 
This is encouraged, but it should only be done if consistent with the statutes and rules of 
the Department of Environmental Services written to protect groundwater. Infiltration 
BMPs are not recommended at industrial sites except in areas where industrial activities 
do not occur, such as at office buildings and their associated parking facilities, or in 
drainage areas at the facility where a certification of no exposure will always be possible 
[see 40 CFR 122.26(g)]. Other justifiable reasons for not using on-site infiltration BMPs 
include the following: 

	 The facility is located in a wellhead protection area as defined in RSA 485-C:2; or 
	 The facility is located in an area where groundwater has been reclassified to GAA, 

GAI or GA2 pursuant to RSA 485-C and Env-Ws 420; or 
	 Any areas that would be exempt from the groundwater recharge requirements 

contained in Env-Ws 415.41, including all land uses or activities considered to be a 
"High-load site." 

9.1.5.2 Maintenance of infiltration best management practices. In addition to the requirements 
in Part 5, the SWPPP must contain the following: 

	 A description of and the location of each on-site infiltration BMP installed; 
	 The maintenance procedures that will be followed to ensure proper operation, 

including the removal of sediment from pretreatment devices; 

Stormwater Discharges Associated With Industrial Activity 141 

RB-AR26490



General Permit  
 

• The inspection procedures that will be followed at least annually. These should 
include the procedures for ensuring that the stormwater being infiltrated is not 
exposed to industrial pollutants and the procedures for ensuring proper drainage to 
prevent mosquito breeding;   

• The employee name (or title of the position) who is a member of the stormwater 
pollution prevention team (see Part 5.1.1) who will be responsible for the 
maintenance required in this section, the inspections required in this section, and any 
necessary corrective actions required in Part 3; and  

• Records for all maintenance performed, inspections conducted, and corrective actions 
taken. 

 
9.1.5.3 Discontinue, Permit or Register On-site Infiltration BMP if Necessary.  If at any time a 

certification of no exposure can no longer be made for any of the stormwater to be 
infiltrated, then the infiltration BMP must cease for that portion of the runoff or the 
discharge must be permitted or registered as appropriate.  The following may be required: 

 
• Infiltration BMP that meet the definition of a Class V well or that infiltrates 

stormwater via a subsurface structure (i.e. concrete chambers, dry well, leach field, 
etc.) will need an underground injection control (UIC) registration from NHDES; and 

• Permitting as a groundwater discharge as required in Env-Ws 1500, if the stormwater 
will or may contain regulated contaminants. 

 
The SWPPP must be modified immediately if new infiltration BMPs are proposed or if 
existing infiltration BMPs will cease. 

 
9.1.5.4 Required NHDES notification. 
 

• Notify the NHDES Groundwater Discharge Permit Coordinator immediately if you 
believe that any infiltration BMP may need to be permitted or registered (See Part 
9.1.5.3) during the permit term. 

• Notify the NHDES Wastewater Engineering Bureau immediately of any plans to 
discharge any new non-stormwater discharges during the permit term.  This does not 
include the allowable non-stormwater discharges listed in Part 1.1.3. 

  
9.1.5.5 Information that may be requested by NHDES.  To ensure compliance with RSA 485-C, 

RSA 485-A, RSA 485-A:13, I(a), Env-Wq 400 and Env-Ws 401 the following 
information may be requested by NHDES.  This information must be kept on site unless 
you receive a written request from NHDES that it be sent to the address shown in Part 
9.1.5.6. 

 
• A site map required in Part 5.1.2, showing the type and location of all on-site 

infiltration BMPs utilized at the facility or the reason(s) why none were installed.    
• A list of all non-stormwater discharges that occur at the facility, including their 

source locations and the control measures being used (See Sections 1.1.3 and 5.1.3.4).  
• A copy of the Annual Reports required in Part 7.2. 
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9.1.5.6 Where to Submit Information.  All required or requested documents must be sent to: NH 
Department of Environmental Services, Wastewater Engineering Bureau, Permits & 
Compliance Section, P.O. Box 95, Concord, NH 03302-0095. 

 
9.1.5.7 Modification of Clean Water Act Section 401 Water Quality Certification.  When 

NHDES determines that additional water quality certification requirements are necessary 
to the protect water quality, it may require individual dischargers to meet additional 
conditions to obtain or continue coverage under the MSGP. Any such conditions must be 
supplied to the permittee in writing. Any required pollutant loading analyses and any 
designs for structural best management practices necessary to protect water quality must 
be prepared by a civil or sanitary engineer registered in New Hampshire. 

 
9.1.6 RIR05000I:  Indian Country lands within the State of Rhode Island. 
 
 No additional requirements. 
 
9.1.7 VTR05000F:  Federal Facilities in the State of Vermont. 
 
 No additional requirement. 
 
9.2 Region 2 
 
9.2.1 PPR050000:  Commonwealth of Puerto Rico 
 
 No additional requirements. 
 
9.3 Region 3 
 
9.3.1 DCR050000:  The District of Columbia 
 
 Permittees in the District of Columbia must also meet the following conditions: 
 
9.3.1.1 Compliance with District of Columbia Laws and Regulations.  Discharges covered by 

the MSGP must comply with the District of Columbia Water Pollution Control Act, (D.C. 
Code § 8-103.01 et seq.) and its implementing regulations in Title 21, Chapters 11 and 19 
of the District of Columbia Municipal Regulations. Nothing in this permit will be 
construed to preclude the institution of any legal action or relieve the permittee from any 
responsibilities, liabilities, or penalties established pursuant to District of Columbia laws 
and regulations. 

 
9.3.1.2 Submission of SWPPP. The Stormwater Pollution Prevention Plan (SWPPP) shall be 

submitted to the District Department of the Environment (Department) at the same time 
the NOI is submitted to EPA, to ensure compliance with District of Columbia laws and 
regulations. 
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9.3.1.3 Submission of No Exposure Certification and NOT.  Copies of the No Exposure 
Certification and Notice of Termination (NOT) shall be submitted to the Department at 
the same time it is submitted to EPA. 

 
9.3.1.4 Authorization to Inspect. The permittee shall allow the Department to inspect any 

facilities, equipment, practices, or operations regulated or required under this permit and 
to access records maintained under the conditions of this permit. 

 
9.3.1.5 Submission of Reports. Signed copies of all reports required under this permit including 

the reporting requirements of Appendix B.12 shall be submitted to the Department at the 
same time it is submitted to EPA. 

 
9.3.1.6 Where to Submit Information.  All required or requested documents shall be sent to the: 

District Department of the Environment, Natural Resources Administration, 51 N Street, 
NE, 5th Floor, Washington, D.C. 20002, Attention: Associate Director, Water Quality 
Division.  

 
9.3.2 DER05000F:  Federal Facilities within the State of Delaware. 
 
 No additional requirements. 
 
9.4 Region 4 
 
 Permit coverage not available. 
 
9.5 Region 5 
 
9.5.1 MIR05000I:  Indian Country Lands within the State of Michigan  
 
 No additional requirements. 
 
9.5.2 MNR05000I:  Indian Country Lands within the State of Minnesota 
    
9.5.2.1 Fond du Lac Reservation  
 

The following conditions apply only to discharges on the Fond du Lac Reservation. 
 

9.5.2.1.1 Submission of NOI and NOT.  Copies of the Notice of Intent (NOI) and Notice of 
Termination (NOT) shall be submitted to the Office of Water Protection at the same 
time it is submitted to EPA. 

 
9.5.2.1.2 Submission of SWPPP.  A copy of the Stormwater Pollution Plan (SWPPP) shall be 

submitted to the Office of Water Protection at least thirty (30) days in advance of 
submitting the NOI to EPA.   
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9.5.2.1.3 Benchmark Monitoring for TSS.  Benchmark Monitoring Concentration (BMC) for 
Total Suspended Solids (TSS) shall be 10 mg/L for Sector A (Timber Products), 
Sector J (Mineral Mining and Dressing), and Sector M (Automobile Salvage Yards) 
that conduct Industrial Activities on the Fond du Lac Reservation.    

 
9.5.2.1.4 Benchmark Monitoring for Nitrate plus Nitrite Nitrogen.  Benchmark Monitoring 

Concentration (BMC) fro Nitrate plus Nitrite Nitrogen shall be 0.12mg/L for Sector J 
(Mineral Mining and Dressing) that conduct Industrial Activities on the Fond du Lac 
Reservation.   

 
9.5.2.1.5 Submission of Monitoring Reports.  Copies of all Monitoring Reports required by 

this permit shall be submitted to the Office of Water Protection. 
 
9.5.2.1.6 Where to Submit Information.  All required or requested documents shall be sent to 

the: Fond du Lac Reservation Office of Water Protection (OWP) at Fond du Lac 
Reservation, Office of Water Protection, 1720 Big Lake Road, Cloquet, Minnesota 
55720.    

 
9.5.2.2 Grand Portage Reservation  
 
 The following conditions apply only to discharges on the Grand Portage Reservation.  
 
9.5.2.2.1 Compliance with Grand Portage Reservation Laws and Regulations.  All industrial 

stormwater discharges authorized by this permit must comply with the Grand Portage 
Water Quality Standards, Applicable Federal Standards, and the Grand Portage Water 
Resources Ordinance, as amended, (“Water Resources Ordinance”). 

 
9.5.2.2.2 Additional Monitoring Required by Grand Portage Reservation.  The Board must be 

contacted, at the address in Part 9.5.2.2.10, at the onset of writing the Stormwater 
Pollution Prevention Plan (SWPPP). Grand Portage may require monitoring of 
stormwater discharges as determined on a case-by-case basis.  If the Board 
determines that a monitoring plan is necessary, the monitoring plan must be prepared 
and incorporated in the SWPPP before the Notice of Intent (NOI) is submitted to 
EPA. 

 
9.5.2.2.3 Submission of SWPPP and NOI.  A copy of the SWPPP and NOI must be submitted 

to the Board for review and approval at least 30 days before submitting the NOI to 
EPA. 

 
9.5.2.2.4 Submission of NOT.  A copy of the Notice of Termination (NOT) must be submitted 

to the Board at the address in Part 9.5.3.10 at the same time it is submitted to EPA. 
 
9.5.2.2.5 Additional Information.  If requested by the Grand Portage Environmental 

Department, the permittee is required to provide additional information necessary for 
a case-by-case eligibility determination to assure compliance with the Grand Portage 
Water Quality Standards and any Applicable Federal Standards. 
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9.5.2.2.6 Submission of Monitoring Data.  All analytical data (e.g., Discharge Monitoring 

Reports, etc.) must be submitted to the Board at the same time it is submitted to EPA. 
 
9.5.2.2.7 Water Quality Standards.   Discharges that the Board has determined to be or may 

reasonably be expected to be contributing to a violation of Grand Portage Water 
Quality Standards or Applicable Federal Standards are not authorized by this permit.  
Upon receipt of this determination EPA will notify the permittee to either improve 
their SWPPP to comply with Grand Portage Water Standards or apply for and obtain 
an individual NPDES permit for these discharges. 

 
9.5.2.2.8 Appeals.  Appeals related to Tribal decisions actions, or enforcement taken pursuant 

to any of the preceding conditions will be heard by the Grand Portage Tribal Court.  
 
9.5.2.2.9 Definitions.  The definitions set forth in the Grand Portage Water Resources 

Ordinance, as amended, govern these certification conditions.  
 
9.5.2.2.10  Where to Submit Information.  All required or requested documents shall be sent to 

the: Grand Portage Environmental Resources Board, P.O. Box 428, Grand Portage, 
MN 55605. 

 
9.5.3 WIR05000I:  Indian Country lands within the State of Wisconsin, except those on 

Sokaogon Chippewa Community lands 
  
 No additional requirements. 
 
 Note:  Facilities in the Sokaogon Chippewa Community are not eligible for stormwater 
discharge coverage under this permit.  Contact the EPA Region 5 office for an individual permit 
application. 
 
9.6 Region 6 
 
9.6.1 LAR05000I:  Indian Country Lands within the State of Louisiana 
 
 No additional requirements. 
 
9.6.2 The State of New Mexico, except Indian Country lands. 
 
 Permittees in New Mexico must also meet the following conditions: 
 
9.6.2.1 Certification Requirements.  Operators are not eligible to obtain authorization under this 

permit for all new and existing stormwater discharges to outstanding national resource 
waters (ONRWs) (also referred to as “Tier 3” waters.) As of 2/16/06, the following 
ONRWs have been designated by the SWQB in New Mexico (see Subsection D of 
20.6.4.9 NMAC). (1) Rio Santa Barbara, including the west, middle and east forks from 
their headwaters downstream to the boundary of the Pecos Wilderness; and (2) the water 
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within the US forest service Valle Vidal special management unit including: (a) Rio 
Costilla, including Comanche, La Cueva, Fernandez, Chuckwagon, Little Costilla, 
Holman, Gold, Grassy, LaBelle, and Vidal creeks, from their headwaters downstream to 
the boundary of the US forest service Valle Vidal special management unit. (b) Middle 
Ponil creek, including the waters of Greenwood Canyon, from their headwaters 
downstream to the boundary of the Elliott S. Barker wildlife management area; (c) 
Shuree lakes; (d) North Ponil creek, including McCrystal and Seally Canyon creeks, from 
their headwaters downstream to the boundary of the US forest service Valle Vidal special 
management unit; and (e) Leandro creek from its headwaters downstream to the 
boundary of the US forest service Valle Vidal. 

 
9.6.3 Indian Country lands within the State of New Mexico, except Ute Mountain 

Reservations Lands (see Region 8) and Navajo Reservation Lands (see Region 9). 
 
9.6.3.1 Pueblo of Acoma.  
 
 The following condition applies only to discharges on the Pueblo of Acoma: 
 
9.6.3.1.1 Submission of NOI and NOT.  The Pueblo will require the owner/operator of each 

facility on or bordering the Pueblo of Acoma to submit copies of its Notice of Intent 
(NOI) and Notice of Termination (NOT) to the Haaku Water Office (HWO) Director 
at the same time it is submitted to EPA.  

 
9.6.3.1.2 SWPPP Availability.  The HWO may request a copy of the Stormwater Pollution 

Prevention Plan (SWPPP) and the permittee is required to submit the SWPPP to the 
HWO upon such request. 

   
9.6.3.1.3 Submission of Monitoring Data.  All analytical data shall also be provided to the 

HWO at the same time it is submitted to EPA. 
 
9.6.3.1.4 Where to Submit Information.  All required or requested documents shall be sent to: 

HWO Director, Haaku Water Office, P.O. Box 309, Pueblo of Acoma, NM 87034. 
 
9.6.3.2 Pueblo of Isleta. 
 
 The following conditions apply only to discharges on the Pueblo of Isleta: 
 
9.6.3.2.1 Submission of SWPPP.  The Stormwater Pollution Prevention Plan (SWPPP) must 

be submitted to the Pueblo of Isleta prior to submitting the Notice of Intent (NOI) to 
EPA. 

 
9.6.3.2.2 SWPPP Modification.  Any update or amendment of the SWPPP shall be submitted 

to the Pueblo of Isleta within 5 calendar days of its finalization. 
 
9.6.3.2.3 Submission of Monitoring Data.  All monitoring data and reports shall be submitted 

to the Pueblo of Isleta at the same time they are submitted to EPA. 
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9.6.3.2.4 Submission of Inspection Reports.  All inspection reports, including the Compliance 

Evaluation Report, shall be submitted to the Pueblo of Isleta within 5 calendar days of 
their finalization. 

 
9.6.3.2.6 Additional Reporting.  Any spill or leak directly to waters designated by the Pueblo 

of Isleta as ‘Primary Contact Recreation’ and/or ‘Primary Contact Ceremonial’ shall 
be considered significant if it contains toxic or hazardous pollutants, oil or petroleum 
products.  The Pueblo of Isleta shall be notified of any spill containing toxic or 
hazardous pollutants and of any spill of oil or petroleum product within 8-hours of 
spill detection. 

 
9.6.3.2.7 Benchmark Monitoring.  Following 4 quarters of benchmark monitoring, if the 

maximum value of the 4 monitoring values does not exceed the benchmark, you have 
fulfilled your monitoring requirements for that parameter for the permit term.  If any 
of the 4 monitoring values exceeds the benchmark, quarterly monitoring shall 
continue until no exceedances of the benchmark are detected in four consecutive 
quarters.  Following this determination, you may reduce monitoring for that pollutant 
to once per year for the duration of the permit period unless an exceedance is again 
detected at which time quarterly sampling will again be required. 

 
9.6.3.2.8 Corrective Action.  You must take corrective action following any benchmark 

exceedance if you determine as a result of reviewing your SWPPP that your SWPPP 
does not meet the requirements of Part 5 of this permit. 

 
9.6.3.2.9 Conditions applicable only to Sector G, Metal Mining.  (See Part G.4.2.1. Inspection 

Frequency).  Inspections must be conducted at least once every 7 calendar days or at 
least once every 14 calendar days and within 24 hours of the end of a storm event of 
0.25 inches or greater. Inspection frequency may be reduced to at least once every 
month if the entire site is temporarily stabilized, if runoff is unlikely due to winter 
conditions (e.g., site is covered with snow, ice, or the ground is frozen), or 
construction is occurring during seasonal arid periods in arid areas and semi-arid 
areas. 

 
9.6.3.2.10  Where to Submit Information.  All required or requested documents shall be sent to: 

Director, Environment Department, Pueblo of Isleta, P.O. Box 1270, Isleta, NM  
87022. 

 
9.6.3.3 Pueblo of Nambe. 
  
 The following conditions apply only to discharges on the Pueblo of Nambe: 
 
9.6.3.3.1 Submission of NOI and NOT.  Copies of the Notice of Intent (NOI) and Notice of 

Termination (NOT) shall be submitted to the Pueblo of Nambe at the same time it is 
submitted to EPA. 
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9.6.3.3.2 SWPPP Availability.  A copy of the Stormwater Pollution Prevention Plan (SWPPP) 
must also be submitted to the Pueblo of Nambe, if requested, at the same time the 
NOI is submitted to EPA. 

 
9.6.3.3.3 Submission of Reports.  All analytical data and a copy of all written reports shall be 

provided to the Pueblo of Nambe at the same time they are provided to the EPA, if 
requested by the Pueblo of Nambe.  

 
9.6.3.3.4 Where to Submit Information.  All required or requested documents shall be sent to: 

Alan G Hook, Manager, Pueblo of Nambe, Department of Environment and Natural 
Resources (DENR), Rt. 1 Box 117-BB, Sante Fe, NM 87506. 

 
9.6.3.4 Pueblo of Pojoaque.  
 
 The following conditions apply only to discharges on the Pueblo of Pojoaque: 
 
9.6.3.4.1 Submission of NOI and NOT.  Copies of the Notice of Intent (NOI) and Notice of 

Termination (NOT) shall be provided at the same time it is provided to EPA.  
 
9.6.3.4.2 SWPPP Availability.  The Pueblo may request a copy of the Stormwater Pollution 

Prevention Plan (SWPPP) and the permittee is required to submit the SWPPP to the 
Pueblo upon such request.    

 
9.6.3.4.3 Submission of Monitoring Data.  All analytical data (e.g., Discharge Monitoring 

Reports, etc) shall be submitted to the Pueblo at the same time it is submitted to EPA.  
 
9.6.3.4.4 Where to Submit Information.  All required or requested documents shall be sent to: 

Luke Mario Duran, Director, Environment Department, 5 West Gutierrez, Suite 2B, 
Sante Fe, NM 87506. 

 
9.6.3.5 Ohkay Owingeh - (formerly known as San Juan Pueblo). 
  
 The following condition applies only to discharges on Ohkay Owingeh (formerly known 
as San Juan Pueblo): 
 
9.6.3.5.1 Submission of NOI and NOT.  Copies of the Notice of Intent (NOI) and Notice of 

Termination (NOT) shall be submitted to Ohkay Owingeh at the same time it is 
submitted to EPA.   

 
9.6.3.5.2 Submission of Monitoring Data and Additional Reporting.  Copies of monitoring 

data or other documents required under the permit must also be submitted to Ohkay 
Owingeh upon request.  

 
9.6.3.5.3 Where to Submit Information.  All required or requested documents shall be sent to 

the: Ohkay Owingeh, Office of Environmental Affairs, P.O. Box 1099, San Juan 
Pueblo, NM 87566. 
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9.6.3.6 Pueblo of Sandia.  
 
 The following conditions apply only to discharges on the Pueblo of Sandia: 
 
9.6.3.6.1 Submission of NOI.  A copy of the Notice of Intent (NOI) must be submitted to the 

Environment Director at the same time it is submitted to EPA. 
 
9.6.3.6.2 Submission of NOT.  A copy of the Notice of Termination (NOT) must be submitted 

to the Environment Director at the same time it is submitted to EPA. The Pueblo of 
Sandia must verify termination of activities prior to EPA’s termination of the permit. 

 
9.6.3.6.3 SWPPP Availability.  The Stormwater Pollution Prevention Plan (SWPPP) must be 

made available to Pueblo of Sandia Environment Department personnel upon request. 
 
9.6.3.6.4 Submission of Monitoring Data.  All analytical data (e.g., Discharge Monitoring 

Reports, follow-up monitoring reports, Exceedance reports, etc) shall be submitted to 
the Environment Director at the same time it is submitted to EPA. 

 
9.6.3.6.5 Submission of Quarterly Visual Assessments.  Copies of all “Quarterly Visual 

Assessments” (Part 4.2) must be submitted to the Environment Director within 7 days 
of completion.  

 
9.6.3.6.6 Submission of Comprehensive Site Inspection Reports.  Copies of all 

“Comprehensive Site Inspection Reports” (Part 4.3) must be submitted to the 
Environment Director within 10 days of completion.  

 
9.6.3.6.7 Additional Reporting.  Any notice of release of oils or hazardous substances shall be 

provided to the Environment Director within twenty-four (24) hours of becoming 
aware of the circumstance, followed by the reporting requirements of 40 CFR 110, 40 
CFR 302, and 40 CFR 302 relating to spills or other releases of oil or hazardous 
substances. 

 
The permittee must also telephone the Pueblo of Sandia Environment Department at (505) 867-

4533 of any spills or unauthorized discharges that may affect drinking water supplies, 
ceremonial and recreational surface waters, elicit fish kills, harm wildlife or 
endangered species or endanger human health or the environment within ten (10) 
hours of becoming aware of the circumstance, followed by the written report when it 
is sent to the EPA. 

 
9.6.3.6.8 Water Quality Standards.  If requested by the Pueblo of Sandia Environment 

Department, the permittee shall provide additional information necessary for a “case 
by case” eligibility determination to assure compliance with Pueblo of Sandia Water 
Quality Standards. 
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Note: Upon receipt of a determination by the Pueblo of Sandia that discharges from a perimittee 
have reasonable potential to be causing or contributing to a violation of Pueblo of 
Sandia Water Quality Standards, EPA Region 6 would be notified. EPA Region 6 
would then notify the permittee to either improve their Stormwater Pollution 
Prevention Plan (SWPPP) to achieve compliance with the Pueblo of Sandia Water 
Quality Standards or apply for and obtain an individual NPDES permit for these 
discharges per CFR 122.28(b)(3). 

 
9.6.3.6.9 Authorization to Inspect.  If requested by the Pueblo of Sandia Environment 

Department the permittee must allow the Pueblo to perform its own routine or 
compliance inspection to ensure the permittee is in compliance and any discharge is 
not contributing to a violation of the Pueblo of Sandia’s Water Quality Standard.  

 
9.6.3.6.10  Alternative Permit.  Any industry discharging to waters of the United States that has 

been designated by the EPA as an impaired water shall not be covered under the 
Multi-Sector General Permit but will be required to obtain an individual permit. 

 
9.6.3.6.11  Where to Submit Information.  All required or requested documents shall be sent to:  

Environment Director, Pueblo of Sandia Environment Department at 481 Sandia 
Loop, Bernalillo, New Mexico 87004 

 
9.6.3.7 Pueblo of Santa Clara.    
 
 The following condition applies only to discharges on the Santa Clara Indian Pueblo: 
 
9.6.3.7.1  Submission of NOI and NOT.  The Notice of Intent (NOI) and Notice of 

Termination (NOT) must be submitted to the Santa Clara Pueblo Governor’s Office at 
the same time it is submitted to EPA 

 
9.6.3.7.2  SWPPP Availability.  A copy of the Stormwater Pollution Prevention Plan must be 

made available to the Pueblo of Santa Clara staff upon request.   
 
9.6.3.7.3  Where to Submit Information.  All required or requested documents shall be sent to 

the:  Santa Clara Pueblo, Governor’s Office, P.O. Box 580, Espanola, NM  87532. 
 
9.6.3.8 Pueblo of Taos 
 
 The following conditions apply only to discharges on the Pueblo of Taos: 
 
9.6.3.8.1 Submission of NOI and NOT. Copies of the Notice of Intent (NOI) and Notice of 

Termination (NOT) shall be provided at the same time it is provided to EPA. 
 
9.6.3.8.2 Submission of SWPPP. Upon request by the Pueblo, a copy of the Stormwater 

Pollution Prevention Plan must be provided to the Taos Pueblo Environmental 
Officer. 
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9.6.3.8.3 Submission of Data and Reports. All analytical data and a copy of all written reports 
shall be provided to the Pueblo at the same time it is provided to the EPA.  

 
9.6.3.8.4 Where to Submit Information. All requested materials shall be sent to Program 

Manager, Taos Pueblo Environmental Office Program Manager, P.O. Box 1846, 
Taos, NM, 97571. 

 
9.6.3.9 Pueblo of Tesuque.  
 
 The following conditions apply only to discharges on the Pueblo of Tesuque: 
 
9.6.3.9.1  Submission of NOI and NOT.  Copies of the Notice of Intent (NOI) and Notice of 

Termination (NOT) shall be provided at the same time it is provided to EPA.  
 
9.6.3.9.2  Submission of SWPPP.  A copy of the Stormwater Pollution Prevention Plan must 

also be made available to the Pueblo of Tesuque at the time the NOI submitted.  
 
9.6.3.9.3  Submission of Monitoring Data.  All analytical data (e.g., Discharge Monitoring 

Reports, etc) shall be provided to the Pueblo at the same time it is provided to the 
EPA.  

 
9.6.3.9.4  Where to Submit Information.  All required or requested documents shall be sent to:  

Jennifer Montoya, Director, Pueblo of Tesuque Environment Department, Rt. 42 Box 
360-T, Santa Fe, NM 87506. 

 
9.6.4 OKR05000I:  Indian Country lands within the State of Oklahoma 
 
9.6.4.1 Certification Requirements.  In order to protect downstream waters subject to the state of 

Oklahoma’s Water Quality Standards (OAC 785:45-5-25) coverage under this permit is 
not available for any new or proposed discharges located within the watershed of any part 
of the Oklahoma Scenic Rivers system, including the Illinois River, Flint Creek, Barren 
Fork Creek, Upper Mountain Fork Creek, Little Lee Creek, and Big Lee Creek or to any 
water designated as an Outstanding Resource Water (ORW). Existing discharges of 
stormwater in these watersheds may be permitted under this permit only from point 
sources existing as of June 25, 1992, whether or not such stormwater discharges were 
permitted as point sources prior to June 25, 1992.  For any such existing discharge, 
increased load of any pollutant above levels of June 25, 1992 is prohibited. Any new or 
proposed discharges not eligible for permit coverage under this paragraph must apply for 
an individual permit. 

 
9.6.4.2 Pawnee Nation of Oklahoma 
 
 The following conditions apply only to discharges on the Pawnee Nation of Oklahoma:  
 
9.6.4.2.1 Submission of NOI and NOT. Copies of the Notice of Intent (NOI) and Notice of 

Termination (NOT) shall be provided at the same time it is provided to EPA. 
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9.6.4.2.2 Submission of SWPPP. Copies of the Stormwater Pollution Prevention Plan must be 

provided to the Director of the Pawnee Nation Department of Environmental 
Conservation and Safety (DECS) no later than the same time as submitted to EPA.  

 
9.6.4.2.3 Submission of Data and Reports. All analytical data and a copy of all written reports 

shall be provided to DECS no later than the same time it is submitted to the EPA.  
 
9.6.4.2.4 Spills or Leaks. All spills or leaks of any size or amount occurring upon the Pawnee 

Nation shall be reported to DECS and the Bureau of Indian Affairs – Pawnee Agency, 
Bureau of Land Management-Moore Office, Oklahoma City, immediately upon 
detection as required under Title X, Article 6, section 611 (Pawnee Nation Oil 
Pollution Control Act – Emergency Response/Notification) of the Pawnee Nation 
Law and Order Code.  

 
9.6.4.2.5 Discharges from Secondary Containment. Discharge of stormwater from secondary 

containment is prohibited and shall not be authorized as cited in Title X, Article 6, 
Section 604(B) (Pawnee National Oil Pollution Control Act – Secondary 
Containment).  

 
9.6.4.2.6  Where to Submit Information.  All required or requested documents shall be sent to:  

Director of the Pawnee Nation Department of Environmental Conservation and 
Safety (DECS), P.O. Box 470, Pawnee, OK 74058. 

 
9.6.5 OKR05000F:  Facilities in the State of Oklahoma not under the jurisdiction of the 

Oklahoma Department of Environmental Quality, except those on Indian Country 
lands.   

 
9.6.5.1 Certification Requirements.  In accordance with Oklahoma’s Water Quality Standards 

(OAC 785:45-5-25) coverage under this permit is not available for any new or proposed 
discharges located within the watershed or any part of the Oklahoma Scenic Rivers 
system, including Illinois River, Flint Creek, Barren Fork Creek, Upper Mountain Fork 
River, Little Lee Creek, and Big Lee Creek or to any water designated as an Outstanding 
Resource Water (ORW). Existing discharges of stormwater in these watersheds may be 
permitted under this permit only from point sources existing as of June 25, 1992, whether 
or not such stormwater discharges were permitted as point sources prior to June 25, 1992.  
For any such existing discharge, increased load of any pollutant above levels of June 25, 
1992 is prohibited.  Any new or proposed discharges not eligible for permit coverage 
under this paragraph must apply for an individual permit. 

 
9.6.6 TXR05000F:  Facilities in the State of Texas not under the jurisdiction of the Texas 

Commission on Environmental Quality, except those on Indian Country lands. 
  
 No additional requirements. 
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9.6.7 TXR05000I:  Indian Country lands within the State of Texas. 
 
 No additional requirements. 
 
9.7 Region 7 
 
 Permit coverage not available 
 
9.8 Region 8 
 
 Permit coverage not available 
 
9.9 Region 9 
 
9.9.1 ASR050000:  The islands of American Samoa 
 
 The following condition applies only to discharges on the American Samoa: 
 
9.9.1.1 Submission of NOI.  All Notices of Intent (NOIs) for stormwater discharges covered 

under the general permits in American Samoa shall be submitted to the American Samoa 
Environmental Protection Agency at the same time it is submitted to EPA. 

 
9.9.1.2 Submission of SWPPPs.  All SWPPPs for stormwater discharges in American Samoa 

shall be submitted to the American Samoa Environmental Protection Agency for review 
and approval.   

 
9.9.2 AZR05000I:  Indian Country lands within the State of Arizona, including Navajo 
Reservation lands in New Mexico and Utah. 
  
9.9.2.1 Hualapai Tribe (Arizona) 
 
 The following condition applies only to discharges on the Hualapai Tribe: 
 
9.9.2.1.1 Submission of NOI and SWPPP.  All Notices of Intent (NOIs) and Stormwater 

Pollution Plans (SWPPPs) for stormwater discharges on Hualapai Tribal lands shall 
be submitted to the Water Resource Program through the Tribal Chairman for review 
and approval 

 
9.9.2.1.2 Where to Submit Information. All required or requested documents shall be sent to: 

Water Resource Program through the Tribal Chairman, P.O. Box 179, Peach Springs, 
AZ 86434.  

 
 
9.9.2.2 Navajo Nation (Arizona). 
 
 The following conditions apply only to discharges on the Navajo Nation: 
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9.9.2.2.1 Submission of NOI.  Notices of Intent (NOI) must be submitted to Navajo EPA for 

review, comment and tracking. 
 
9.9.2.2.2 Submission of SWPPP.  Copies of Stormwater Water Pollution Plans (SWPPPs) and 

supporting Best Management Practices (BMPs) must be submitted to Navajo EPA for 
review and concurrence. 

 
9.9.2.2.3 Submission of Monitoring Data.  Copies of all monitoring reports must be provided 

to Navajo EPA. 
 
9.9.2.3 White Mountain Apache Tribe (Arizona). 
  
 The following condition applies only to discharges on the White Mountain Apache Tribe: 
 
9.9.2.3.1 Submission of NOI.  All Notices of Intent for proposed stormwater discharges under 

the MSGP must be submitted to the Tribal Environmental Office. 
 
9.9.2.3.2 Where to Submit Information.  All required or requested documents shall be sent to 

the:  Tribal Environmental Office, Attention: Doreen E. Gatewood, P.O. Box 1000, 
Whiteriver, AZ 85941. 

  
9.9.3 CAR05000I:  Indian Country lands within the State of California. 
 
9.9.3.1 Big Pine Paiute Tribe of the Owens Valley (California). 
 
 The following condition applies only to discharges on the Big Pine Paiute Tribe of the 
Owens Valley: 
 
9.9.3.1.1 Submission of NOI.  Copies of Notices of Intent (NOIs) shall be submitted to the 

Tribe at the same time (or prior to) it is submitted to EPA. 
 
9.9.3.2 Bishop Paiute Tribe (California). 
 
 The following condition applies only to discharges on the Bishop Paiute Tribe: 
 
9.9.3.2.1 Submission of NOI.  Copies of Notices of Intent (NOIs) for proposed stormwater 

discharges must be submitted to the Tribe’s Environmental Management Office for 
review and comment by the Tribal Environmental Protection Agency (TEPA) Board. 

 
9.9.3.3 Hoopa Valley Tribe (California). 
 
 The following conditions apply only to discharges on the Hoopa Valley Tribe: 
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9.9.3.3.1 Submission of NOI.  All Notices of Intent (NOI) submitted for stormwater discharges 
under the general permits in Hoopa Valley Indian Reservation (HVIR) shall be 
submitted to the Tribal Environmental Protection Agency (TEPA).   

 
9.9.3.3.2 Submission of SWPPP.  All Stormwater Pollution Plans (SWPPPs) for stormwater 

discharges in HVIR shall be submitted to TEPA for review and approval. 
 
9.9.3.4 Twenty-Nine Palms Band of Mission Indians (California) 
 
 The following conditions apply only to discharges on the Twenty-Nine Palms Band of 
Mission Indians: 
 
9.9.3.4.1 Submission of NOI.  Notices of Intent (NOI) must be submitted to the 29 Palms 

Tribal EPA for review, comment, and tracking. 
 
9.9.3.4.2 Submission of SWPPP.  Copies of Stormwater Pollution Prevention Plans (SWPPPs) 

and supporting best management practices (BMPs) must be submitted to the 29 Palms 
Tribal EPA for review and compliance. 

 
9.9.3.4.3 Submission of Monitoring Data.  Copies of all monitoring reports must be provided 

to the 29 Palms Tribal EPA.   
 
9.9.4 GUR050000: The Island of Guam. 
 
 No additional requirements. 
 
9.9.5 JAR050000: Johnston Atoll. 
 
 No additional requirements. 
 
9.9.6 MWR050000:  Midway Island and Wake Island. 
 
 No additional requirements. 
 
9.9.7 Commonwealth of the Northern Mariana Islands 
 
 The following conditions apply only to discharges on the Commonwealth of the Northern 
Mariana Islands (CNMI): 
 
9.9.7.1 Submission of NOI.  Pursuant to Part 10.3(h)(5) of the Standards, every Notice of Intent 

(NOI) submitted to EPA for activities in the CNMI that are to be covered under this 
permit must be postmarked no less than seven (7) calendar days prior to any stormwater 
discharges and a copy must be submitted to the Director of Division of Environmental 
Quality (DEQ) no later than seven (7) calendar days prior to any stormwater discharges.  
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9.9.7.2 Submission of SWPPP.  Pursuant to Part 10.3(h)(3) of the Standards, for any activity 
subject to the permit in the CNMI, a Stormwater Pollution Prevention Plan (SWPPP) for 
stormwater discharges associated with industrial activities must be submitted to DEQ and 
approved by the Director of DEQ prior to submission of the NOI to EPA. 

 
9.9.7.3 Submission of SWPPP Approval Letter.  Pursuant to Part 10.3(h)(4) of the Standards, 

every NOI submitted to EPA for activities in the CNMI that are to be covered under this 
permit must be accompanied by a SWPPP approval letter from DEQ.  
 

9.9.7.4 Submission of Monitoring Data.  Pursuant to Part 10.3(h)(6) of the Standards, permittees 
covered under this permit must submit copies of all monitoring reports to DEQ. 
 

9.9.7.5 Certification.  Pursuant to Section 10.6 of the Standards, this certification shall be subject 
to amendment or modification if and to the extent that existing water quality standards 
are made more stringent, or new water quality standards are adopted, by DEQ.  
 
This certification does not relieve the applicant from obtaining other applicable local or 
federal permits. 

 
9.9.8 NVR05000I:  Indian Country lands within the State of Nevada, including the Duck 

Valley Reservation in Idaho, the Fort McDermitt Reservation in Oregon and the 
Confederated Tribes of the Goshute Reservation in Utah 

 
9.9.8.1 Pyramid Lake Paiute Tribe (Nevada) 
 
 The following conditions apply only to discharges on the Pyramid Lake Paiute Tribe: 
 
9.9.8.1.1  Submission of NOI.  Notice of Intents (NOI) must be submitted to the Tribe for 

review, comments, and tracking. 
 
9.9.8.1.2  Submission of SWPPP.  Copies of Stormwater Pollution Prevention Plans (SWPPPs) 

and supporting best management practices (BMPs) must be submitted to the Pyramid 
Lake Paiute Tribe for review and concurrence. 

 
9.9.8.1.3  Submission of Monitoring Data.  Copies of all monitoring reports must be submitted 

to the Pyramid Lake Paiute Tribe. 
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9.10 Region 10 
 

Table 9.10-1 
NOI Submittal Deadlines/Discharge Authorization Dates for Facilities within Region 10 Areas 

Category  NOI Submission Deadline  Discharge Authorization 
Date1  

Existing Dischargers - in 
operation as of October 30, 
2005 and authorized for 
coverage under MSGP 2000.  

No later than May 27, 2009. 30 days after EPA posts your 
NOI. 
Your authorization under the 
MSGP 2000 is automatically 
continued until you have been 
granted coverage under this 
permit or an alternative permit, 
or coverage is otherwise 
terminated.  

New Dischargers or New 
Sources - have commenced 
discharging between October 
30, 2005 and May 27, 2009.  

As soon as possible but  
no later than May 27, 2009. 

30 days after EPA posts your 
NOI.  

A minimum of 60 days  
prior to commencing  
discharge, or a minimum of 30 
days if your SWPPP is posted 
on the Internet during this 
period and the Internet address 
(i.e., URL) to your SWPPP is 
provided on the NOI form.  

New Dischargers or New 
Sources - commence 
discharging after  
May 27, 2009.  

If you post your SWPPP on the 
Internet, 30 days after EPA 
posts your NOI. 
Otherwise, 60 days after EPA 
posts your NOI.  

New Owner/Operator of 
Existing Discharger - transfer of 
ownership and/or operation of a 
facility whose discharge is 
authorized under this permit  

A minimum of 30 days prior to 
date that the transfer will take 
place to the new 
owner/operator.  

30 days after EPA posts your 
NOI.  

Other Eligible Dischargers - in 
operation prior to October 30, 
2005, but not covered under the 
MSGP 2000 or another NPDES 
permit. 

Immediately, to minimize the 
time discharges from the facility 
will continue to be 
unauthorized.  

If you post your SWPPP on the 
Internet, 30 days after EPA 
posts your NOI. Otherwise, 60 
days after EPA posts your NOI. 

 
 

                                                 
1 Based on a review of your NOI or other information, EPA may delay your authorization for further review, notify 
you that additional effluent limitations are necessary, or may deny coverage under this permit and require 
submission of an application for an individual NPDES permit, as detailed in Part 1.6. In these instances, EPA will 
notify you in writing of the delay, of the need for additional effluent limits, or of the request for submission of an 
individual NPDES permit application. 
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9.10.1 AKR050000: The State of Alaska, except Indian Country lands. 
 
 Deadlines for the submittal of Notices of Intent are listed in Table 9.10-1. Permittees in 
Alaska must also meet the following conditions: 
 
9.10.1.1 Submission of NOI, NOT and all other information.  A copy of the Notice of Intent, 

the No Exposure Certification, the Notice of Termination, all information collected and 
submitted to EPA pursuant to Parts 3.4 and 7, and reports required under Appendix B.12, 
shall be sent to the Alaska Department of Environmental Conservation (ADEC) at the 
same time it is submitted to the EPA.  Submittals to ADEC shall be made to the 
following address: 

  Alaska Department of Environmental Conservation 
  Wastewater Discharge/Storm Water 
  555 Cordova St. 
  Anchorage, AK  99501 
 
9.10.1.2 Plan approval for nondomestic wastewater treatment works.  For all new facilities 

operators who construct, install or operate any part of a nondomestic wastewater 
treatment works shall submit a copy of the engineering plans to ADEC for review at the 
address given above (see 18 AAC 72.600), and pay an engineering plan review fee (see 
18 AAC 72.955). Engineering plan approval must be obtained from ADEC prior to 
construction.  Nondomestic wastewater includes stormwater runoff. 

 
9.10.1.3 Submission of SWPPP for new dischargers.  Operators who have not previously 

obtained coverage under the MSGP must submit a copy of the Storm Water Pollution 
Prevention Plan (SWPPP) for the facility, developed by qualified person, to ADEC for 
review at the time of submittal of the NOI.  The SWPPP shall be accompanied by the 
state-required plan review fee (see 18 AAC 72.955). 

 
9.10.1.4 Submission of SWPPP for existing dischargers.  Operators who submitted a SWPPP to 

ADEC under the previous MSGP must submit copies of any modifications of their 
SWPPP to meet the requirements of the MSGP 2008 with their NOI. 

 
9.10.1.5 Submission of Additional Information.  ADEC reserves the right to request copies of 

the SWPPP modifications made to comply with Part 5.2.  The operator shall submit the 
SWPPP modification to ADEC within 14 days of such a request. 

 
9.10.1.6 Conditions Applicable to New Dischargers and New Sources under Sector G (Metal 

Mining) and Sector H (Coal Mining).  For new dischargers and new sources operating 
under Sector G, Metal Mining (specifically, those facilities that are designed to process 
500 or more tons per day) and Sector H, Coal Mining, the following conditions apply:  

 
• The operator shall develop a new SWPPP for each phase of the project: i.e., 

the exploration, construction, active mining, inactive mining, and reclamation 
phases; 
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• The operator shall submit the construction phase SWPPP to ADEC for review 
at least 90 days prior to the start of construction;  

• The operator shall submit the active mining phase SWPPP to ADEC for 
review at least 90 days prior to the start of the active mining;  

• The operator shall submit a copy of engineering plans for nondomestic 
wastewater treatment facilities used during both the construction phase and 
the active mining phase to ADEC for review at least 90 days prior to the start 
of construction; 

• Representatives of the operator and the prime site construction contractor shall 
meet with ADEC representatives in a pre-construction conference at least 20 
days before the start of the construction phase to discuss the details of the 
construction phase SWPPP and stormwater management during construction;  

• The operator shall have at least one person on-site during construction that is 
qualified and trained in the principles and practices of erosion and sediment 
control and that has the authority to direct the maintenance of stormwater 
control measures. 

 
9.10.1.7 Benchmark Monitoring for pH and turbidity.  The benchmark monitoring 

concentrations, as described in Part 8, may exceed the Alaska water quality standards.  In 
those instances where the benchmark monitoring concentration exceeds the Alaska water 
quality standard, the Alaska water quality standard shall be used as the benchmark 
monitoring concentration.  The following provides the instances where the Alaska Water 
Quality Standards shall be used as the benchmark values: 

 
• For Sectors A, D, E, G, J, K, L, O, and S, the acceptable range for pH is 6.5 to 

8.5 and may not vary more than 0.5 pH units from natural conditions. See 18 
AAC 70.020(b)(6). 

• For Sector G, turbidity in fresh water may not exceed 5 nephelometric 
turbidity units (NTU) above natural conditions when the natural turbidity is 50 
NTU or less, and may not have more than 10% increase in turbidity when the 
natural turbidity is more than 50 NTU, not to exceed a maximum increase of 
25 NTU.  See 18 AAC 70.020(b)(12)(A)(i). 

 
9.10.2 AKR05000I:  Indian Country lands within Alaska 
 

No additional requirements. 
 
 
9.10.3 IDR050000: The State of Idaho, except Indian Country lands 
 
 Deadlines for the submittal of Notices of Intent are listed in Table 9.10-1. Permittees in 
Idaho must also meet the following conditions: 
 
9.10.3.1 Monitoring Frequency for Numeric Effluent Limitations.  Given the inherent 

variability in stormwater discharges, the monitoring for parameters with numeric effluent 
limitations as described in Part 6.2.2 must occur twice per year. 

Stormwater Discharges Associated With Industrial Activity  160

RB-AR26509



General Permit  
 

 
9.10.3.2 Follow-up Monitoring for Benchmark Concentrations.  If all four quarterly samples 

do not exceed the benchmark, the permittee is not required to conduct any additional 
quarterly monitoring for that parameter.  If any of the four quarterly samples exceed the 
benchmark, then the permittee must follow the additional requirements in Part 6.2.1.2 of 
the MSGP, with the following modifications: 

• If the permittee elects to make any necessary modifications and continue 
quarterly monitoring, such monitoring must occur until the results from four 
consecutive quarters of monitoring are less than the benchmark concentration. 

 
9.10.3.3 Monitoring of Discharges to Impaired Waters with an applicable WLA in an EPA-

approved TMDL.  In order to waive any additional monitoring as allowed by Part 6.2.4.2 
of the permit, the permittee must also include documentation in their SWPPP that the 
pollutant(s) of concern is not expected to be present in the discharge.  If such 
documentation can not be made, then the permittee must conduct annual monitoring for 
the duration of the permit. 

 
9.10.3.4 Stormwater Pollution Prevention Plan (SWPPP) Availability.  If requested by Idaho 

Department of Environmental Quality (DEQ), the permittee must submit a copy of the 
SWPPP to DEQ within fourteen (14) days of the request. 

 
9.10.3.5 Submission of NOIs, Monitoring Data, and Additional Reporting.  Copies of the 

following information must be sent to the appropriate DEQ regional office at the same 
time it is submitted to EPA: 

 
• NOIs for facilities with stormwater discharges to impaired waters; 
• Monitoring data collected pursuant to Parts 6.2 and 6.3 of this permit, well as 

any additional monitoring data required by this Part;  
• Exceedance Reports as required by Part 6.3. 

 
Both monitoring data and exceedance reports must be sent to the appropriate DEQ 
regional office with thirty (30) days of receipt of analytical results.   
 

9.10.3.6 Where to Submit Information or to Obtain Additional Information Regarding 
Impaired Waters and Approved TMDLs. Information regarding impaired waters and 
approved TMDLs may be obtained from the appropriate regional DEQ office.  Contact 
information for DEQ offices can be obtained from the DEQ website at 
http://www.deq.idaho.gov/about/contact_us.cfm. 

 
9.10.3.7 Additional Reporting of Discharges Containing Hazardous Materials or Oil.  Any 

unauthorized discharges containing hazardous materials or oil must be reported to the 
Idaho State Communications Center (1-800-632-8000) or to the appropriate DEQ 
Regional Office (see IDAPA 58.01.02.850) as follows:. 
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Regional Office Phone #  Regional Office Phone # 
Boise   (208) 373-0550 Lewiston  (208) 373-4370 
Coeur d’Alene  (208) 769-1422 Pocatello  (208) 236-6168 
Idaho Falls  (208) 528-2650 Twin Falls  (208) 736-2190 
 

9.10.3.8 Additional Conditions Applicable to Sector L (Landfills, Land Application Sites and 
Open Dumps).  Stormwater entering a landfill must be managed as leachate, including 
run off from areas that have received daily cover which may have contacted waste 
material, and thus is not eligible for coverage under the MSGP (See 40 CFR 258.26 
(a)(2); Municipal Solid Waste Landfill Criteria Technical Manual, EPA 530-R-93-017, 
1998).  Stormwater from a closed landfill or from areas of the landfill that have received 
final cover is not leachate, and may be covered under the MSGP. 

 
9.10.3.9 .Benchmark Values for Selenium.  The benchmark value for selenium (as found in 

Sectors G and K) is equal to 0.005 mg/L, which is equivalent to the chronic water quality 
criterion.  Given storms are discrete events of relatively short duration, DEQ believes it is 
more appropriate to use the acute water quality criteria as a benchmark value.  Therefore, 
benchmark values for selenium can be set equal to the acute criteria of 0.02. mg/L and 
still comply with Idaho WQS. 

 
9.10.4 IDR05000I:  Indian Country lands within the State of Idaho, except Duck Valley 

Reservation lands, which are covered under Nevada permit NVR05000I listed in 
Part C.9 

 
 No additional requirements.  
 
9.10.5 ORR05000I:  Indian Country lands within the State of Oregon, except Fort 

McDermitt Reservation lands, which are covered under Nevada permit NVR05000I 
listed in Part C.9 

 
9.10.5.1 Confederated Tribes of the Umatilla Indian Reservation 
 
 Deadlines for the submittal of Notices of Intent are listed in Table 9.10-1. Permittees 
located within the Confederated Tribes of the Umatilla Indian Reservation must also meet the 
following conditions: 
 
9.10.5.1.1 Water Quality Standards. The operator shall be responsible for achieving compliance 

with Confederated Tribes of the Umatilla Indian Reservation’s (CTUIR) Water Quality 
Standards. 

 
9.10.5.1.2 Submission of NOI.  The operator shall submit a copy of the Notice of Intent (NOI to 

be covered by the general permit to the CTUIR Water Resources Program at the address 
below, at the same time it is submitted to EPA. 

 
9.10.5.1.3 Submission of SWPPP. The operator shall be responsible for submitting all 

Stormwater Pollution Prevention Plans (SWPPPs) required under this general permit to 
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the CTUIR Water Resources Program for review and determination that the SWPPP is 
sufficient to meet Tribal Water Quality Standards, prior to the beginning of any discharge 
activities taking place. 

 
9.10.5.1.4 Additional Reporting. The operator shall be responsible for reporting an exceedance 

to Tribal Water Quality Standards to the CTUIR Water Resources Program at the same 
time it is reported to EPA. 

 
9.10.5.1.5 Additional Requirements for Historic Properties Preservation. If the project is an 

undertaking as defined in section 106 of the National Historic Preservation Act (NHPA), 
a cultural resource investigation must occur.  The operator shall provide the CTUIR 
Tribal Historic Preservation Office (THPO) 30 days to comment on the area of potential 
effect (APE) as defined in the permit application. 

• All fieldwork must be conducted by qualified personnel (as outlined by the 
Secretary of Interior’s Standards and Guidelines) and documented using 
Oregon Reporting Standards.  The resulting report must be submitted to the 
THPO and the THPO must concur with the findings and recommendations 
before any ground disturbing work can occur.  The THPO requires 30 days to 
review all reports. 

• The operator must obtain THPO concurrence in writing.  If historic properties 
are present, this written concurrence will outline measures to be taken to 
prevent or mitigate effects to historic properties. 

 
9.10.5.1.6 Where to Submit Information. The NOI, SWPPP, and reports must be sent to:   
 
  CTUIR Water Resources Program 
  P.O. Box 638 
  Pendleton, OR  97801 
  (541) 966-2420 
 

All required Historic Properties Preservation information must be sent to:  
 

CTUIR Cultural Resources Protection Program  
Tribal Historic Preservation Office  
P.O. Box 638 
Pendleton, OR 97801 
(541) 276-3629  

 
9.10.6 WAR05000I:  Indian Country lands within the State of Washington 
 
9.10.6.1 Lummi Nation. 
 
 Deadlines for the submittal of Notices of Intent are listed in Table 9.10-1.  Permittees 
located within the Lummi Nation must also meet the following conditions:  
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9.10.6.1.1 Additional Requirements. Pursuant to Lummi Code of Laws (LCL) 17.05.020(a), the 
operator must also obtain a land use permit from the Lummi Planning Department as 
provided in Title 15 of the Lummi Code of Laws and regulations adopted thereunder. 

 
9.10.6.1.2 Submission of SWPPP for Review and Approval. Pursuant to LCL 17.05.020, each 

operator shall develop and submit a Storm Water Pollution Prevention Plan to the Lummi 
Water Resources Division for review and approval by the Water Resources Manager 
prior to beginning any discharge activities. 

 
9.10.6.1.3 Water Quality Standards. Pursuant to LCL Title 17, each operator shall be 

responsible for achieving compliance with the Water Quality Standards for Surface 
Waters of the Lummi Indian Reservation  (Lummi Administrative Regulations 
[LAR]17LAR07.010 through 17LAR 07.210). 

 
9.10.6.1.4 Submission of NOI, Monitoring Data, Reports and NOT.  Each operator shall submit 

a copy of the Notice of Intent, analytical monitoring results, and Exceedance Reports, 
Annual Reports, and Notice of Termination to the Lumni Water Resources Division at 
the same time it is submitted to the EPA. 

 
9.10.6.1.5 Where to Submit Information or to Obtain Additional Information. All required 

information shall be submitted to: 
 
 Lummi Natural Resources Department 
 ATTN: Water Resources Manager 
 2616 Kwina Road 
 Bellingham, WA  98226 
 

Please see the Lummi Nation website (www.1ummi-nsn.gov)to review a copy of Title 17 
of the Lummi Code of Laws and the references upon which the conditions identified 
above are based. 

 
This certification does not exempt and is provisional upon compliance with other 
applicable statutes and codes administered by federal and Lummi tribal agencies. 

 
9.10.6.2 Puyallup Tribe of Indians.  
 
 Deadlines for the submittal of Notices of Intent are listed in Table 9.10-1.  Permittees 
discharging from tribal trust lands, or to tribal waters of the Puyallup Tribe of Indians (including 
to the Lower Puyallup River and portions of the Blair and Hylebos waterways) must meet the 
following conditions: 
 
9.10.6.2.1 Submission of NOI, NOT and No Exposure Certification. Copies of the Notice of 

Intent (NOI) and Notice of Termination (NOT), and No Exposure Certification shall be 
submitted to the Puyallup Tribe's Natural Resources Department.  
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9.10.6.2.2 Submission of the SWPPP. A copy of the Stormwater Pollution Plan (SWPPP) shall 
be submitted to the Natural Resources Department at least thirty (30) days in advance of 
submitting the NOI to EPA.  

 
9.10.6.2.3 Compliance with Tribe's Water Quality Standards. Each permittee shall be 

responsible for achieving compliance with the Tribe's Water Quality Standards, including 
anti-degradation provisions.  

 
9.10.6.2.4 Submission and Approval of Sampling Plan. A sampling plan shall be submitted to 

the Natural Resources Department and approved by the Tribe prior to initiation of 
monitoring required under Part 6 of this permit. 

 
9.10.6.2.5 Submission of Monitoring Data and Reports. The results of any monitoring required 

by this permit and all reports must be sent to the Natural Resources Department, 
including a description of the corrective actions required and undertaken to meet effluent 
limits or benchmarks (as applicable).  

 
9.10.6.2.6 Authorization to Inspect. The Natural Resources Department may conduct an 

inspection of any facility covered by this permit to ensure compliance with tribal water 
quality standards. The Department may enforce its certification conditions.  

 
9.10.6.2.7 Tribal Endangered Species Act Consultation. Consultation with the Tribe that 

addresses the effects of your facility's stormwater discharges, allowable non-stormwater 
discharges, and stormwater discharge-related activities on federally-listed threatened or 
endangered species and designated critical habitat. Information required as part of the 
consultation shall include:  

 
• Basis of the determination that your stormwater discharges, allowable non-

stormwater discharges, and stormwater discharge-related activities will not 
adversely affect federally-listed as endangered or threatened ("listed") under 
the Endangered Species Act (ESA) and will not result in the adverse 
modification or destruction of designated critical habitat including appropriate 
measures to be undertaken to avoid or eliminate the likelihood of adverse 
effects (under Criterion E in Section 1.1.4.5); and  

• Notice of Intent form complete with extent of action area, list of federally-
listed threatened or endangered species or designated critical habitat likely to 
occur in action area, list of potential pollutants (if you are a new discharger) or 
list of pollutants for which you have ever exceeded an applicable benchmark 
or effluent limitations guideline, or for which your discharge has ever been 
found to cause or contribute to an exceedance of an applicable water quality 
standard (if you are an existing discharger).  
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9.10.6.2.8 Where to Submit Information. All required or requested documents shall be sent to:  
  Puyallup Tribe of Indians 
  Department of Natural Resources  
  c/o Bill Sullivan and Char Naylor 
  3009 E. Portland Avenue 
  Tacoma, Washington 98404 
 
9.10.7 WAR05000F:  Federal Facilities in the State of Washington, except those located on 

Indian Country lands. 
 
 No additional requirements. Deadlines for the submittal of Notices of Intent are listed in 
Table 9.10-1.  
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Appendix A. Definitions, Abbreviations, and Acronyms (for the purposes of this permit). 
 
Action Area – all areas to be affected directly or indirectly by the stormwater discharges, 
allowable non-stormwater discharges, and stormwater discharge-related activities, and not 
merely the immediate area involved in these discharges and activities. 
 
Arid Climate – areas where annual rainfall averages from 0 to 10 inches. 
 
Best Management Practices (BMPs) – schedules of activities, practices (and prohibitions of 
practices), structures, vegetation, maintenance procedures, and other management practices to 
prevent or reduce the discharge of pollutants to waters of the United States. BMPs also include 
treatment requirements, operating procedures, and practices to control plant site runoff, spillage 
or leaks, sludge or waste disposal, or drainage from raw material storage.  See 40 CFR 122.2. 
 
Co-located Industrial Activities – Any industrial activities, excluding your primary industrial 
activity(ies), located on-site that are defined by the stormwater regulations at 122.26(b)(14)(i)-
(ix) and (xi). An activity at a facility is not considered co-located if the activity, when considered 
separately, does not meet the description of a category of industrial activity covered by the 
stormwater regulations or identified by the SIC code list in Appendix D. 
 
Control Measure – refers to any BMP or other method (including effluent limitations) used to 
prevent or reduce the discharge of pollutants to waters of the United States. 
 
Director – a Regional Administrator of the Environmental Protection Agency or an authorized 
representative.  See 40 CFR 122.2. 
 
Discharge – when used without qualification, means the "discharge of a pollutant."  See 40 CFR 
122.2. 
 
Discharge of a pollutant – any addition of any “pollutant” or combination of pollutants to 
“waters of the United States” from any “point source,” or any addition of any pollutant or 
combination of pollutants to the waters of the “contiguous zone” or the ocean from any point 
source other than a vessel or other floating craft which is being used as a means of transportation. 
This includes additions of pollutants into waters of the United States from: surface runoff which 
is collected or channeled by man; discharges through pipes, sewers, or other conveyances, 
leading into privately owned treatment works.  See 40 CFR 122.2. 
 
Discharge-related activities – activities that cause, contribute to, or result in stormwater and 
allowable non-stormwater point source discharges, and measures such as the siting, construction 
and operation of BMPs to control, reduce, or prevent pollution in the discharges. 
 
Drought-stricken area – a period of below average water content in streams, reservoirs, 
ground-water aquifers, lakes and soils. 
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EPA Approved or Established Total Maximum Daily Loads (TMDLs) – “EPA Approved 
TMDLs” are those that are developed by a State and approved by EPA.  “EPA Established 
TMDLs” are those that are developed by EPA. 
 
Existing Discharger – an operator applying for coverage under this permit for discharges 
authorized previously under an NPDES general or individual permit. 
 
Facility or Activity – any NPDES “point source” (including land or appurtenances thereto) that 
is subject to regulation under the NPDES program.  See 40 CFR 122.2. 
 
Federal Facility – any buildings, installations, structures, land, public works, equipment, 
aircraft, vessels, and other vehicles and property, owned by, or constructed or manufactured for 
the purpose of leasing to, the federal government. 
 
Impaired Water (or “Water Quality Impaired Water” or “Water Quality Limited Segment”) – A 
water is impaired for purposes of this permit if it has been identified by a State or EPA pursuant 
to Section 303(d) of the Clean Water Act as not meeting applicable State water quality standards 
(these waters are called “water quality limited segments” under 40 CFR 30.2(j)).  Impaired 
waters include both waters with approved or established TMDLs, and those for which a TMDL 
has not yet been approved or established. 
 
Indian Country – (a) all land within the limits of any Indian reservation under the jurisdiction of 
the United States Government, notwithstanding the issuance of any patent, and including rights-
of-way running through the reservation; (b) all dependent Indian communities within the borders 
of the United States, whether within the original or subsequently acquired territory thereof, and 
whether within or without the limits of a State, and (c) all Indian allotments, the Indian titles to 
which have not been extinguished, including rights-of-way running through the same. This 
definition includes all land held in trust for an Indian tribe. (18 U.S.C. 1151) 
 
Industrial Activity – the 10 categories of industrial activities included in the definition of 
“stormwater discharges associated with industrial activity” as defined in 40 CFR 
122.26(b)(14)(i)-(ix) and (xi). 
 
Industrial Stormwater – stormwater runoff from industrial activity. 
 
Municipal Separate Storm Sewer – a conveyance or system of conveyances (including roads 
with drainage systems, municipal streets, catch basins, curbs, gutters, ditches, man-made 
channels, or storm drains): 
 
(i) Owned or operated by a State, city, town, borough, county, parish, district, association, or 

other public body (created by or pursuant to State law) having jurisdiction over disposal of 
sewage, industrial wastes, stormwater, or other wastes, including special districts under 
State law such as a sewer district, flood control district or drainage district, or similar 
entity, or an Indian tribe or an authorized Indian tribal organization, or a designated and 
approved management agency under section 208 of the CWA that discharges to waters of 
the United States; 
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(ii) Designed or used for collecting or conveying stormwater; 
 
(iii) Which is not a combined sewer; and 
 
(iv) Which is not part of a Publicly Owned Treatment Works (POTW) as defined at 40  

CFR 122.2.  See 40 CFR 122.26(b)(4) and (b)(7). 
 
New Discharger – a facility from which there is a discharge, that did not commence the 
discharge at a particular site prior to August 13, 1979, which is not a new source, and which has 
never received a finally effective NPDES permit for discharges at that site. See 40 CFR 122.2. 
 
New Source – any building, structure, facility, or installation from which there is or may be a 
“discharge of pollutants,” the construction of which commenced: 

 
• after promulgation of standards of performance under section 306 of the CWA 

which are applicable to such source, or 
• after proposal of standards of performance in accordance with section 306 of the 

CWA which are applicable to such source, but only if the standards are 
promulgated in accordance with section 306 within 120 days of their proposal.  
See 40 CFR 122.2. 

 
New Source Performance Standards (NSPS) – technology-based standards for facilities that 
qualify as new sources under 40 CFR 122.2 and 40 CFR 122.29. 
 
No exposure – all industrial materials or activities are protected by a storm-resistant shelter to 
prevent exposure to rain, snow, snowmelt, and/or runoff.  See 40 CFR 122.26(g). 
 
Operator – any entity with a stormwater discharge associated with industrial activity that meets 
either of the following two criteria: 
 

(i) The entity has operational control over industrial activities, including the ability to 
modify those activities; or 

(ii) The entity has day-to-day operational control of activities at a facility necessary to 
ensure compliance with the permit (e.g., the entity is authorized to direct workers at a 
facility to carry out activities required by the permit). 

 
Person – an individual, association, partnership, corporation, municipality, State or Federal 
agency, or an agent or employee thereof.  See 40 CFR 122.2. 
 
Point source – any discernible, confined, and discrete conveyance, including but not limited to 
any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock, 
concentrated animal feeding operation, landfill leachate collection system, vessel, or other 
floating craft from which pollutants are or may be discharged. This term does not include return 
flows from irrigated agriculture or agricultural stormwater runoff.  See 40 CFR 122.2. 
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Pollutant – dredged spoil, solid waste, incinerator residue, filter backwash, sewage, garbage, 
sewage sludge, munitions, chemical wastes, biological materials, heat, wrecked or discarded 
equipment, rock, sand, cellar dirt, and industrial, municipal and agricultural waste discharged 
into water.  See 40 CFR 122.2. 
 
Pollutant of concern – A pollutant which causes or contributes to a violation of a water quality 
standard, including a pollutant which is identified as causing an impairment in a state's 303(d) 
list. 
 
Primary industrial activity – includes any activities performed on-site which are (1) identified 
by the facility’s primary SIC code; or (2) included in the narrative descriptions of 
122.26(b)(14)(i), (iv), (v), or (vii), and (ix). [For co-located activities covered by multiple SIC 
codes, it is recommended that the primary industrial determination be based on the value of 
receipts or revenues or, if such information is not available for a particular facility, the number of 
employees or production rate for each process may be compared. The operation that generates 
the most revenue or employs the most personnel is the operation in which the facility is primarily 
engaged.  In situations where the vast majority of on-site activity falls within one SIC code, that 
activity may be the primary industrial activity.] Narrative descriptions in 40 CFR 122.26(b)(14) 
identified above include: (i) activities subject to stormwater effluent limitations guidelines, new 
source performance standards, or toxic pollutant effluent standards; (iv) hazardous waste 
treatment storage, or disposal facilities including those that are operating under interim status or 
a permit under subtitle C of the Resource Conservation and Recovery Act (RCRA); (v) landfills, 
land application sites and open dumps that receive or have received industrial wastes; (vii) steam 
electric power generating facilities; and (ix) sewage treatment works with a design flow of 1.0 
mgd or more. 
 
Qualified Personnel – Qualified personnel are those who possess the knowledge and skills to 
assess conditions and activities that could impact stormwater quality at your facility, and who 
can also evaluate the effectiveness of control measures. 
 
Reportable Quantity Release – a release of a hazardous substance at or above the established 
legal threshold that requires emergency notification. Refer to 40 CFR Parts 110, 117, and 302 for 
complete definitions and reportable quantities for which notification is required. 
 
Runoff coefficient – the fraction of total rainfall that will appear at the conveyance as runoff.  
See 40 CFR 122.26(b)(11). 
 
Semi-Arid Climate – areas where annual rainfall averages from 10 to 20 inches. 
 
Significant materials – includes, but is not limited to: raw materials; fuels; materials such as 
solvents, detergents, and plastic pellets; finished materials such as metallic products; raw 
materials used in food processing or production; hazardous substances designated under section 
101(14) of CERCLA; any chemical the facility is required to report pursuant to section 313 of 
Title III of SARA; fertilizers; pesticides; and waste products such as ashes, slag and sludge that 
have the potential to be released with stormwater discharges.  See 40 CFR 122.26(b)(12). 
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Special Aquatic Sites – sites identified in 40 CFR 230 Subpart E. These are geographic areas, 
large or small, possessing special ecological characteristics of productivity, habitat, wildlife 
protection, or other important and easily disrupted ecological values. These areas are generally 
recognized as significantly influencing or positively contributing to the general overall 
environmental health or vitality of the entire ecosystem of a region. 
 
Stormwater – stormwater runoff, snow melt runoff, and surface runoff and drainage. See 40 
CFR 122.26(b)(13). 
 
Stormwater Discharges Associated with Construction Activity – a discharge of pollutants in 
stormwater runoff from areas where soil disturbing activities (e.g., clearing, grading, or 
excavating), construction materials, or equipment storage or maintenance (e.g., fill piles, borrow 
areas, concrete truck washout, fueling), or other industrial stormwater directly related to the 
construction process (e.g., concrete or asphalt batch plants) are located. See 40 CFR 
122.26(b)(14)(x) and 40 CFR 122.26(b)(15). 
 
Stormwater Discharges Associated with Industrial Activity – the discharge from any 
conveyance that is used for collecting and conveying stormwater and that is directly related to 
manufacturing, processing or raw materials storage areas at an industrial plant. The term does not 
include discharges from facilities or activities excluded from the NPDES program under Part 
122. For the categories of industries identified in this section, the term includes, but is not limited 
to, stormwater discharges from industrial plant yards; immediate access roads and rail lines used 
or traveled by carriers of raw materials, manufactured products, waste material, or by-products 
used or created by the facility; material handling sites; refuse sites; sites used for the application 
or disposal of process waste waters (as defined at part 401 of this chapter); sites used for the 
storage and maintenance of material handling equipment; sites used for residual treatment, 
storage, or disposal; shipping and receiving areas; manufacturing buildings; storage areas 
(including tank farms) for raw materials, and intermediate and final products; and areas where 
industrial activity has taken place in the past and significant materials remain and are exposed to 
stormwater. For the purposes of this paragraph, material handling activities include storage, 
loading and unloading, transportation, or conveyance of any raw material, intermediate product, 
final product, by-product or waste product. The term excludes areas located on plant lands 
separate from the plant's industrial activities, such as office buildings and accompanying parking 
lots as long as the drainage from the excluded areas is not mixed with stormwater drained from 
the above described areas. Industrial facilities include those that are federally, State, or 
municipally owned or operated that meet the description of the facilities listed in 40 CFR 
122.26(b)(14). The term also includes those facilities designated under the provisions of 40 CFR 
122.26(a)(1)(v).  See 40 CFR 122.26(b)(14). 
 
Tier 2 Waters – For antidegradation purposes, pursuant to 40 CFR 131.12(a)(2), Tier 2 waters 
are characterized as having water quality that exceeds the levels necessary to support 
propagation of fish, shellfish, and wildlife and recreation in and on the water. 
 
Tier 2.5 Waters – For antidegradation purposes, Tier 2.5 waters are those waters designated by 
States or Tribes as neither Tier 2 nor Tier 3.  States have special requirements for these waters.  
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These waters are given a level of protection equal to and above that given to Tier 2 waters, but 
less than that given Tier 3 waters. 
 
Tier 3 Waters – For antidegradation purposes, pursuant to 40 CFR 131.12(a)(3), Tier 3 waters 
are identified by states as having high quality waters constituting an Outstanding Natural 
Resource Water (ONRW), such as waters of National Parks and State Parks, wildlife refuges, 
and waters of exceptional recreational or ecological significance. 
 
Total Maximum Daily Loads (TMDLs) – A TMDL is  a calculation of the maximum amount 
of a pollutant that a waterbody can receive and still meet water quality standards, and an 
allocation of that amount to the pollutant's sources.   A TMDL includes wasteload allocations 
(WLAs) for point source discharges; load allocations (LAs) for nonpoint sources and/or natural 
background, and must include a margin of safety (MOS) and account for seasonal variations. 
(See section 303(d) of the Clean Water Act and 40 CFR 130.2 and 130.7). 
 
Water Quality Impaired – See ‘Impaired Water’. 
 
Water Quality Standards – A water quality standard defines the water quality goals of a water 
body, or portion thereof, by designating the use or uses to be made of the water and by setting 
criteria necessary to protect the uses.  States and EPA adopt water quality standards to protect 
public health or welfare, enhance the quality of water and serve the purposes of the Clean Water 
Act (See CWA sections 101(a)2 and 303(c)).  Water quality standards also include an 
antidegradation policy.  See P.U.D. o. 1 of Jefferson County et al v. Wash Dept of Ecology et al, 
511 US 701, 705 (1994). 
 
“You” and “Your” – as used in this permit are intended to refer to the permittee, the operator, 
or the discharger as the context indicates and that party’s facility or responsibilities. The use of 
“you” and “your” refers to a particular facility and not to all facilities operated by a particular 
entity. For example, “you must submit” means the permittee must submit something for that 
particular facility. Likewise, “all your discharges” would refer only to discharges at that one 
facility. 
 
A.2. ABBREVIATIONS AND ACRONYMS 
 
BAT – Best Available Technology Economically Achievable 
 
BOD5 – Biochemical Oxygen Demand (5-day test) 
 
BMP – Best Management Practice 
 
BPJ – Best Professional Judgment 
 
BPT – Best Practicable Control Technology Currently Available 
 
CERCLA – Comprehensive Environmental Response, Compensation and Liability Act 
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CGP – Construction General Permit 
 
COD – Chemical Oxygen Demand 
 
CWA – Clean Water Act (or the Federal Water Pollution Control Act, 33 U.S.C. §1251 et seq) 
 
CWT – Centralized Waste Treatment 
 
DMR – Discharge Monitoring Report 
 
EPA – U. S. Environmental Protection Agency 
 
ESA – Endangered Species Act 
 
FWS – U. S. Fish and Wildlife Service 
 
LA – Load Allocations 
 
MDMR – MSGP Discharge Monitoring Report 
 
MGD – Million Gallons per Day 
 
MOS – Margin of Safety 
 
MS4 – Municipal Separate Storm Sewer System 
 
MSDS – Material Safety Data Sheet 
 
MSGP – Multi-Sector General Permit 
 
NAICS – North American Industry Classification System 
 
NEPA – National Environmental Policy Act 
 
NHPA – National Historic Preservation Act 
 
NMFS – U. S. National Marine Fisheries Service 
 
NOI – Notice of Intent 
 
NOT – Notice of Termination 
 
NPDES – National Pollutant Discharge Elimination System 
 
NRC – National Response Center 
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NRHP – National Register of Historic Places 
 
NSPS – New Source Performance Standard 
 
NTU – Nephelometric Turbidity Unit 
 
OMB – U. S. Office of Management and Budget 
 
ORW – Outstanding Resource Water 
 
OSM – U. S. Office of Surface Mining 
 
POTW – Publicly Owned Treatment Works 
 
RCRA – Resource Conservation and Recovery Act 
 
RQ – Reportable Quantity 
 
SARA – Superfund Amendments and Reauthorization Act 
 
SHPO – State Historic Preservation Officer 
 
SIC – Standard Industrial Classification 
 
SMCRA – Surface Mining Control and Reclamation Act 
 
SPCC – Spill Prevention, Control, and Countermeasures 
 
SWPPP – Stormwater Pollution Prevention Plan 
 
THPO – Tribal Historic Preservation Officer 
 
TMDL – Total Maximum Daily Load 
 
TSDF – Treatment, Storage, or Disposal Facility 
 
TSS – Total Suspended Solids 
 
USGS – United States Geological Survey 
 
WLA – Wasteload Allocation 
 
WQS – Water Quality Standard 
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Appendix B. Standard Permit Conditions. 
 
Standard permit conditions in Appendix B are consistent with the general permit provisions 
required under 40 CFR 122.41. 
 
B.1 Duty To Comply. 
 
You must comply with all conditions of this permit. Any permit noncompliance constitutes a 
violation of the Clean Water Act and is grounds for enforcement action; for permit termination, 
revocation and reissuance, or modification; or for denial of a permit renewal application. 
 
A. You must comply with effluent standards or prohibitions established under section 307(a) 

of the Clean Water Act for toxic pollutants within the time provided in the regulations 
that establish these standards, even if the permit has not yet been modified to incorporate 
the requirement. 

 
B. Penalties for Violations of Permit Conditions: The Director will adjust the civil and 

administrative penalties listed below in accordance with the Civil Monetary Penalty 
Inflation Adjustment Rule (61 FR 252, December 31, 1996, pp. 69359-69366, as 
corrected in 62 FR 54, March 20, 1997, pp.13514-13517) as mandated by the Debt 
Collection Improvement Act of 1996 for inflation on a periodic basis. This rule allows 
EPA’s penalties to keep pace with inflation. The Agency is required to review its 
penalties at least once every 4 years thereafter and to adjust them as necessary for 
inflation according to a specified formula. The civil and administrative penalties 
following were adjusted for inflation starting in 1996. 
 
1. Criminal Penalties. 

 
1.1 Negligent Violations. The CWA provides that any person who negligently 

violates permit conditions implementing Sections 301, 302, 306, 307, 308, 
318, or 405 of the Act is subject to criminal penalties of not less than $2,500 
nor more than $25,000 per day of violation, or imprisonment of not more 
than one year, or both. In the case of a second or subsequent conviction for a 
negligent violation, a person shall be subject to criminal penalties of not 
more than $50,000 per day of violation or by imprisonment of not more than 
two years, or both. 

 
1.2. Knowing Violations. The CWA provides that any person who knowingly 

violates permit conditions implementing Sections 301, 302, 306, 307, 308, 
318, or 405 of the Act is subject to a fine of not less than $5,000 nor more 
than $50,000 per day of violation, or by imprisonment for not more than 3 
years, or both. In the case of a second or subsequent conviction for a 
knowing violation, a person shall be subject to criminal penalties of not 
more than $100,000 per day of violation, or imprisonment of not more than 
6 years, or both. 
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1.3. Knowing Endangerment. The CWA provides that any person who 
knowingly violates permit conditions implementing Sections 301, 302, 306, 
307, 308, 318, or 405 of the Act and who knows at that time that he or she is 
placing another person in imminent danger of death or serious bodily injury 
shall upon conviction be subject to a fine of not more than $250,000 or by 
imprisonment of not more than 15 years, or both. In the case of a second or 
subsequent conviction for a knowing endangerment violation, a person shall 
be subject to a fine of not more than $500,000 or by imprisonment of not 
more than 30 years, or both. An organization, as defined in section 
309(c)(3)(B)(iii) of the Act, shall, upon conviction of violating the imminent 
danger provision be subject to a fine of not more than $1,000,000 and can 
fined up to $2,000,000 for second or subsequent convictions. 

 
1.4. False Statement. The CWA provides that any person who falsifies, tampers 

with, or knowingly renders inaccurate any monitoring device or method 
required to be maintained under this permit shall, upon conviction, be 
punished by a fine of not more than $10,000, or by imprisonment for not 
more than 2 years, or both. If a conviction of a person is for a violation 
committed after a first conviction of such person under this paragraph, 
punishment is a fine of not more than $20,000 per day of violation, or by 
imprisonment of not more than 4 years, or both. The Act further provides 
that any person who knowingly makes any false statement, representation, 
or certification in any record or other document submitted or required to be 
maintained under this permit, including monitoring reports or reports of 
compliance or non-compliance shall, upon conviction, be punished by a fine 
of not more than $10,000 per violation, or by imprisonment for not more 
than 6 months per violation, or by both. 

 
2. Civil Penalties. The CWA provides that any person who violates a permit 

condition implementing Sections 301, 302, 306, 307, 308, 318, or 405 of the 
Act is subject to a civil penalty not to exceed the maximum amounts authorized 
by Section 309(d) of the Act and the Federal Civil Penalties Inflation 
Adjustment Act (28 U.S.C. § 2461 note) as amended by the Debt Collection 
Improvement Act (31 U.S.C. § 3701 note) (currently $32,500 per day for each 
violation). 

 
3. Administrative Penalties. The CWA provides that any person who violates a 

permit condition implementing Sections 301, 302, 306, 307, 308, 318, or 405 of 
the Act is subject to an administrative penalty, as follows 

 
3.1. Class I Penalty. Not to exceed the maximum amounts authorized by Section 

309(g)(2)(A) of the Act and the Federal Civil Penalties Inflation Adjustment 
Act (28 U.S.C. § 2461 note) as amended by the Debt Collection 
Improvement Act (31 U.S.C. § 3701 note) (currently $11,000 per violation, 
with the maximum amount of any Class I penalty assessed not to exceed 
$32,500). 
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3.2. Class II Penalty. Not to exceed the maximum amounts authorized by 

Section 309(g)(2)(B) of the Act and the Federal Civil Penalties Inflation 
Adjustment Act (28 U.S.C. § 2461 note) as amended by the Debt Collection 
Improvement Act (31 U.S.C. § 3701 note) (currently $11,000 per day for 
each day during which the violation continues, with the maximum amount 
of any Class II penalty not to exceed $157,500). 

 
B.2 Duty to Reapply. 
 
If you wish to continue an activity regulated by this permit after the expiration date of this 
permit, you must apply for and obtain authorization as required by the new permit once EPA 
issues it. 
 
B.3 Need to Halt or Reduce Activity Not a Defense. 
 
It shall not be a defense for you in an enforcement action that it would have been necessary to 
halt or reduce the permitted activity in order to maintain compliance with the conditions of this 
permit. 
 
B.4 Duty to Mitigate. 
 
You must take all reasonable steps to minimize or prevent any discharge in violation of this 
permit which has a reasonable likelihood of adversely affecting human health or the 
environment. 
 
B.5 Proper Operation and Maintenance. 
 
You must at all times properly operate and maintain all facilities and systems of treatment and 
control (and related appurtenances) which are installed or used by you to achieve compliance 
with the conditions of this permit.  Proper operation and maintenance also includes adequate 
laboratory controls and appropriate quality assurance procedures. This provision requires the 
operation of backup or auxiliary facilities or similar systems which are installed by you only 
when the operation is necessary to achieve compliance with the conditions of this permit. 
 
B.6 Permit Actions. 
 
This permit may be modified, revoked and reissued, or terminated for cause. Your filing of a 
request for a permit modification, revocation and reissuance, or termination, or a notification of 
planned changes or anticipated noncompliance does not stay any permit condition. 
 
B.7 Property Rights. 
 
This permit does not convey any property rights of any sort, or any exclusive privileges. 
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B.8 Duty to Provide Information. 
 
You must furnish to EPA or an authorized representative (including an authorized contractor 
acting as a representative of EPA), within a reasonable time, any information which EPA may 
request to determine whether cause exists for modifying, revoking and reissuing, or terminating 
this permit or to determine compliance with this permit. You must also furnish to EPA or an 
authorized representative upon request, copies of records required to be kept by this permit. 
 
B.9 Inspection and Entry. 
 
You must allow EPA or an authorized representative (including an authorized contractor acting 
as a representative of EPA), upon presentation of credentials and other documents as may be 
required by law, to: 
 
A. Enter upon your premises where a regulated facility or activity is located or conducted, or 

where records must be kept under the conditions of this permit; 
 
B. Have access to and copy, at reasonable times, any records that must be kept under the 

conditions of this permit; 
 
C. Inspect at reasonable times any facilities, equipment (including monitoring and control 

equipment), practices, or operations regulated or required under this permit; and 
 
D. Sample or monitor at reasonable times, for the purposes of assuring permit compliance or 

as otherwise authorized by the Clean Water Act, any substances or parameters at any 
location. 

 
B.10 Monitoring and Records. 
 
A. Samples and measurements taken for the purpose of monitoring must be representative of 

the volume and nature of the monitored activity. 
 
B. You must retain records of all monitoring information, including all calibration and 

maintenance records and all original strip chart recordings for continuous monitoring 
instrumentation, copies of all reports required by this permit, and records of all data used 
to complete the application for this permit, for a period of at least three years from the 
date the permit expires or the date the permittee’s authorization is terminated. This period 
may be extended by request of EPA at any time. 

 
C. Records of monitoring information must include: 

 
1. The date, exact place, and time of sampling or measurements; 
 
2. The individual(s) who performed the sampling or measurements; 
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3. The date(s) analyses were performed  
 
4. The individual(s) who performed the analyses; 
 
5. The analytical techniques or methods used; and 
 
6. The results of such analyses. 

 
D. Monitoring must be conducted according to test procedures approved under 40 CFR Part 

136, unless other test procedures have been specified in the permit. 
 
E. The Clean Water Act provides that any person who falsifies, tampers with, or knowingly 

renders inaccurate any monitoring device or method required to be maintained under this 
permit shall, upon conviction, be punished by a fine of not more than $10,000, or by 
imprisonment for not more than 2 years, or both. If a conviction of a person is for a 
violation committed after a first conviction of such person under this paragraph, 
punishment is a fine of not more than $20,000 per day of violation, or by imprisonment 
of not more than 4 years, or both. 

 
B.11 Signatory Requirements. 
 
A. All applications, including NOIs, must be signed as follows: 

 
1. For a corporation: By a responsible corporate officer. For the purpose of this 

subsection, a responsible corporate officer means: (i) a president, secretary, 
treasurer, or vice-president of the corporation in charge of a principal business 
function, or any other person who performs similar policy- or decision-making 
functions for the corporation, or (ii) the manager of one or more manufacturing, 
production, or operating facilities, provided, the manager is authorized to make 
management decisions which govern the operation of the regulated facility 
including having the explicit or implicit duty of making major capital 
investment recommendations, and initiating and directing other comprehensive 
measures to assure long term environmental compliance with environmental 
laws and regulations; the manager can ensure that the necessary systems are 
established or actions taken to gather complete and accurate information for 
permit application requirements; and where authority to sign documents has 
been assigned or delegated to the manager in accordance with corporate 
procedures. 

 
2. For a partnership or sole proprietorship: By a general partner or the proprietor, 

respectively; or 
 
3. For a municipality, state, federal, or other public agency: By either a principal 

executive officer or ranking elected official. For purposes of this subsection, a 
principal executive officer of a federal agency includes (i) the chief executive 
officer of the agency, or (ii) a senior executive officer having responsibility for 
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the overall operations of a principal geographic unit of the agency (e.g., 
Regional Administrator of EPA). 

 
B. Your SWPPP, including changes to your SWPPP to document any corrective actions 

taken as required by Part 3.1, and all reports submitted to EPA, must be signed by a 
person described in Appendix B, Subsection 11.A above or by a duly authorized 
representative of that person. A person is a duly authorized representative only if: 
 
1. The authorization is made in writing by a person described in Appendix B, 

Subsection 11.A; 
 
2. The authorization specifies either an individual or a position having 

responsibility for the overall operation of the regulated facility or activity such 
as the position of plant manager, operator of a well or a well field, 
superintendent, position of equivalent responsibility, or an individual or position 
having overall responsibility for environmental matters for the company. (A 
duly authorized representative may thus be either a named individual or any 
individual occupying a named position); and 

 
3. The signed and dated written authorization is included in the SWPPP. A copy 

must be submitted to EPA, if requested. 
 
C. All other changes to your SWPPP, and other compliance documentation required under 

Part 5.4, must be signed and dated by the person preparing the change or documentation. 
 
D. Changes to Authorization. If an authorization under Appendix B, Subsection 11.B is no 

longer accurate because the industrial facility has been purchased by a different entity, a 
new NOI satisfying the requirements of Subsection 11.B must be submitted to EPA.  See 
Table 1-2 in Part 1.3.1 of the permit.  However, if the only change that is occurring is a 
change in contact information or a change in the facility’s address, the operator need only 
make a modification to the existing NOI submitted for authorization. 

 
E. Any person signing documents in accordance with Appendix B, Subsections 11.A or 

11.B above must include the following certification: 
 
“I certify under penalty of law that this document and all attachments were 
prepared under my direction or supervision in accordance with a system designed 
to assure that qualified personnel properly gathered and evaluated the information 
contained therein. Based on my inquiry of the person or persons who manage the 
system, or those persons directly responsible for gathering the information, the 
information contained is, to the best of my knowledge and belief, true, accurate, 
and complete. I am aware that there are significant penalties for submitting false 
information, including the possibility of fine and imprisonment for knowing 
violations.” 
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F. The CWA provides that any person who knowingly makes any false statement, 
representation, or certification in any record or other document submitted or required to 
be maintained under this permit, including monitoring reports or reports of compliance or 
non-compliance shall, upon conviction, be punished by a fine of not more than $10,000 
per violation, or by imprisonment for not more than 6 months per violation, or by both. 

 
B.12 Reporting Requirements. 
 
A. Planned changes. You must give notice to EPA as soon as possible of any planned 

physical alterations or additions to the permitted facility. Notice is required only when: 
 
1. The alteration or addition to a permitted facility may meet one of the criteria for 

determining whether a facility is a new source in 40 CFR 122.29(b); or 
 
2. The alteration or addition could significantly change the nature or increase the 

quantity of pollutants discharged. This notification applies to pollutants which 
are subject neither to effluent limitations in the permit, nor to notification 
requirements under 40 CFR 122.42(a)(1). 

 
B. Anticipated noncompliance. You must give advance notice to EPA of any planned 

changes in the permitted facility or activity which may result in noncompliance with 
permit requirements. 

 
C. Transfers. This permit is not transferable to any person except after notice to EPA. Where 

a facility wants to change the name of the permittee, the original permittee (the first 
owner or operators) must submit a Notice of Termination pursuant to Part 1.4.  The new 
owner or operator must submit a Notice of Intent in accordance with Part 1.3.1 and Table 
1-2.  See also requirements in Appendix B, Subsections 11.B and 11.D. 

 
D. Monitoring reports. Monitoring results must be reported at the intervals specified 

elsewhere in this permit. 
 
1. Pursuant to Part 7.1, all monitoring data collected pursuant to Part 6.2 and 6.3 

must be submitted to EPA using EPA’s online eNOI system 
(www.epa.gov/npdes/eNOI).  Alternatively, if you cannot access eNOI, 
monitoring results should be reported on the MSGP Discharge Monitoring 
Report (MDMR) form, available at www.epa.gov/npdes/stormwater/msgp, and 
submitted to EPA. 

 
2. If you monitor any pollutant more frequently than required by the permit using 

test procedures approved under 40 CFR Part 136 or as specified in the permit, 
the results of this monitoring must be included in the calculation and reporting 
of the data submitted in the MDMR. 

 
3. Calculations for all limitations which require averaging of measurements must 

use an arithmetic mean.   For averaging purposes, use a value of zero for any 
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individual sample parameter, which is determined to be less than the method 
detection limit. For sample values that fall between the method detection level 
and the quantitation limit (i.e., a confirmed detection but below the level that 
can be reliably quantified), use a value halfway between zero and the 
quantitation limit. 

 
E. Compliance schedules. Reports of compliance or noncompliance with, or any progress 

reports on, interim and final requirements contained in any compliance schedule of this 
permit must be submitted no later than 14 days following each schedule date. 

 
F. Twenty-four hour reporting. 

 
1. You must report any noncompliance which may endanger health or the 

environment. Any information must be provided orally within 24 hours from the 
time you become aware of the circumstances. A written submission must also 
be provided within five days of the time you become aware of the 
circumstances. The written submission must contain a description of the 
noncompliance and its cause; the period of noncompliance, including exact 
dates and times, and if the noncompliance has not been corrected, the 
anticipated time it is expected to continue; and steps taken or planned to reduce, 
eliminate, and prevent reoccurrence of the noncompliance. 

 
2. The following shall be included as information which must be reported within 

24 hours under this paragraph. 
 
a. Any unanticipated bypass which exceeds any effluent limitation in the 

permit. (See 40 CFR 122.41(m)(3)(ii)) 
 
b. Any upset which exceeds any effluent limitation in the permit 
 
c. Violation of a maximum daily discharge limit for any numeric effluent 

limitation. (See 40 CFR 122.44(g).) 
 
3. EPA may waive the written report on a case-by-case basis for reports under 

Appendix B, Subsection 12.F.2 if the oral report has been received within 24 
hours. 

 
G. Other noncompliance. You must report all instances of noncompliance not reported under 

Appendix B, Subsections 12.D, 12.E, and 12.F, at the time monitoring reports are 
submitted. The reports must contain the information listed in Appendix B, Subsection 
12.F. 

 
H. Other information. Where you become aware that you failed to submit any relevant facts 

in a permit application, or submitted incorrect information in a permit application or in 
any report to the Permitting Authority, you must promptly submit such facts or 
information. 
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B.13 Bypass. 
 
A. Definitions. 

 
1. Bypass means the intentional diversion of waste streams from any portion of a 

treatment facility See 40 CFR 122.41(m)(1)(i). 
 
2. Severe property damage means substantial physical damage to property, 

damage to the treatment facilities which causes them to become inoperable, or 
substantial and permanent loss of natural resources which can reasonably be 
expected to occur in the absence of a bypass. Severe property damage does not 
mean economic loss caused by delays in production. See 40 CFR 
122.41(m)(1)(ii). 

 
B. Bypass not exceeding limitations. You may allow any bypass to occur which does not 

cause effluent limitations to be exceeded, but only if it also is for essential maintenance to 
assure efficient operation. These bypasses are not subject to the provisions of Appendix 
B, Subsections 13.C and 13.D. See 40 CFR 122.41(m)(2). 

 
C. Notice. 

 
1. Anticipated bypass. If you know in advance of the need for a bypass, you must 

submit prior notice, if possible at least ten days before the date of the bypass. 
See 40 CFR 122.41(m)(3)(i). 

 
2. Unanticipated bypass. You must submit notice of an unanticipated bypass as 

required in Appendix B, Subsection 12.F (24-hour notice). See 40 CFR 
122.41(m)(3)(ii). 

 
D. Prohibition of bypass. See 40 CFR 122.41(m)(4). 

 
1. Bypass is prohibited, and EPA may take enforcement action against you for 

bypass, unless: 
 
a. Bypass was unavoidable to prevent loss of life, personal injury, or severe 

property damage; 
 
b. There were no feasible alternatives to the bypass, such as the use of 

auxiliary treatment facilities, retention of untreated wastes, or maintenance 
during normal periods of equipment downtime. This condition is not 
satisfied if adequate back-up equipment should have been installed in the 
exercise of reasonable engineering judgment to prevent a bypass which 
occurred during normal periods of equipment downtime or preventive 
maintenance; and 
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c. You submitted notices as required under Appendix B, Subsection 13.C. 
 
2. EPA may approve an anticipated bypass, after considering its adverse effects, if 

EPA determines that it will meet the three conditions listed above in Appendix 
B, Subsection 13.D.1. 

 
B.14 Upset. 
 
A. Definition. Upset means an exceptional incident in which there is unintentional and 

temporary noncompliance with technology based permit effluent limitations because of 
factors beyond your reasonable control. An upset does not include noncompliance to the 
extent caused by operational error, improperly designed treatment facilities, inadequate 
treatment facilities, lack of preventive maintenance, or careless or improper operation. 
See 40 CFR 122.41(n)(1). 

 
B. Effect of an upset. An upset constitutes an affirmative defense to an action brought for 

noncompliance with such technology based permit effluent limitations if the requirements 
of Appendix B, Subsection 14.C are met. No determination made during administrative 
review of claims that noncompliance was caused by upset, and before an action for 
noncompliance, is final administrative action subject to judicial review. See 40 CFR 
122.41(n)(2). 

 
C. Conditions necessary for a demonstration of upset. See 40 CFR 122.41(n)(3).  A 

permittee who wishes to establish the affirmative defense of upset must demonstrate, 
through properly signed, contemporaneous operating logs, or other relevant evidence 
that: 
 
1. An upset occurred and that you can identify the cause(s) of the upset; 
 
2. The permitted facility was at the time being properly operated; and 
 
3. You submitted notice of the upset as required in Appendix B, Subsection 

12.F.2.b (24 hour notice). 
 
4. You complied with any remedial measures required under Appendix B, 

Subsection 4. 
 
D. Burden of proof. In any enforcement proceeding, you, as the one seeking to establish the 

occurrence of an upset, have the burden of proof. See 40 CFR 122.41(n)(4).
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Areas Covered 
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Appendix C.  Permit Area. 
 
EPA can only provide permit coverage in these areas and for classes of discharges that are 
outside the scope of a State’s NPDES program authorization. 
 
C.1 EPA Region 1: Connecticut, Massachusetts, Maine, New Hampshire, Rhode Island, 
Vermont. 
 
This permit offers NPDES permit coverage for stormwater discharges associated with industrial 
activity from the following areas in EPA Region 1: 
 

Permit Number Areas of Coverage/Where EPA Is Permitting Authority 
CTR05000I Indian Country within the State of Connecticut 
MAR050000 Commonwealth of Massachusetts, except Indian Country  
MAR05000I Indian Country within the Commonwealth of Massachusetts 
NHR050000 State of New Hampshire 
RIR05000I Indian Country within the State of Rhode Island 
VTR05000F Federal facilities in the State of Vermont 

 
For stormwater discharges in EPA Region 1 outside the areas of coverage identified above, 
please contact your State NPDES permitting authority to obtain coverage under a State-issued 
NPDES permit. 
 
C.2 EPA Region 2: New Jersey, New York, Puerto Rico, Virgin Islands. 
 
This permit offers NPDES permit coverage for stormwater discharges associated with industrial 
activity from the following areas in EPA Region 2: 
 

Permit Number Areas of Coverage/Where EPA Is Permitting Authority 
PRR050000 Commonwealth of Puerto Rico 

 
For stormwater discharges in EPA Region 2 outside the areas of coverage identified above, 
please contact your State NPDES permitting authority to obtain coverage under a State-issued 
NPDES permit. 
 
C.3 EPA Region 3: Delaware, District of Columbia, Maryland, Pennsylvania, Virginia, 
West Virginia. 
 
This permit offers NPDES permit coverage for stormwater discharges associated with industrial 
activity from the following areas in EPA Region 3: 
 

Permit Number Areas of Coverage/Where EPA Is Permitting Authority 
DCR050000 District of Columbia 
DER05000F Federal facilities in the State of Delaware 
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For stormwater discharges in EPA Region 3 outside the areas of coverage identified above, 
please contact your State NPDES permitting authority to obtain coverage under a State-issued 
NPDES permit. 
 
C.4 EPA Region 4: Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, 
South Carolina, Tennessee (Coverage not available under this permit). 
 
For stormwater discharges in EPA Region 4, please contact your State NPDES permitting 
authority to obtain coverage under a State-issued NPDES permit. 
 
C.5 EPA Region 5: Illinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin. 
 
This permit offers NPDES permit coverage for stormwater discharges associated with industrial 
activity from the following areas in EPA Region 5: 
 

Permit Number Areas of Coverage/Where EPA Is Permitting Authority 
MIR05000I Indian Country within the State of Michigan 
MNR05000I Indian Country within the State of Minnesota 
WIR05000I Indian Country within the State of Wisconsin, except those on Sokaogon 

Chippewa Community lands 
 
For stormwater discharges in EPA Region 5 outside the areas of coverage identified above, 
please contact your State NPDES permitting authority to obtain coverage under a State-issued 
NPDES permit. 
 
C.6 EPA Region 6: Arkansas, Louisiana, Oklahoma, Texas, and New Mexico (except see 
Region 9 for Navajo lands, and see Region 8 for Ute Mountain Reservation lands). 
 
This permit offers NPDES permit coverage for stormwater discharges associated with industrial 
activity from the following areas in EPA Region 6: 
 

Permit Number Areas of Coverage/Where EPA Is Permitting Authority 
LAR05000I Indian Country within the State of Louisiana 
NMR050000 The State of New Mexico, except Indian Country  

NMR05000I Indian Country within the State of New Mexico, except Ute Mountain 
Reservation lands that are covered under Colorado permit COR05000I listed in 
Part C.8 and Navajo Reservation lands that are covered under Arizona permit 
AZR05000I listed in Part C.9. 

OKR05000I Indian Country within the State of Oklahoma 

OKR05000F Facilities in the State of Oklahoma not under the jurisdiction of the Oklahoma 
Department of Environmental Quality, except those on Indian Country. EPA 
jurisdiction facilities include SIC Codes 1311, 1381, 1382, 1389, and 5171 and 
point source (but not nonpoint source) discharges associated with agricultural 
production, services, and silviculture. 
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Permit Number Areas of Coverage/Where EPA Is Permitting Authority 
TXR05000F Facilities in the State of Texas not under the jurisdiction of the Texas Commission 

on Environmental Quality, except those on Indian Country. EPA-jurisdiction 
facilities include SIC Codes 1311, 1321, 1381, 1382, and 1389 (other than oil 
field service company “home base” facilities). 

TXR05000I Indian Country within the State of Texas 
 
For stormwater discharges in EPA Region 6 outside the areas of coverage identified above, 
please contact your State NPDES permitting authority to obtain coverage under a State-issued 
NPDES permit. 
 
C.7 EPA Region 7: Iowa, Kansas, Missouri, Nebraska (Coverage not available under 
this permit). 
 
For stormwater discharges in EPA Region 7, please contact EPA Region 7 or your State NPDES 
permitting authority to obtain coverage under a State-issued NPDES permit. 
 
C.8 EPA Region 8: Colorado, Montana, North Dakota, South Dakota, Wyoming, Utah 
(Coverage not available under this permit). 
 
For stormwater discharges in EPA Region 8 please contact EPA Region 8 or your State NPDES 
permitting authority to obtain coverage under an NPDES permit. 
 
C.9 EPA Region 9: California, Hawaii, Nevada, Guam, American Samoa, the 
Commonwealth of the Northern Mariana Islands, the Confederated Tribes of the Goshute 
Reservation in Utah and Nevada, Indian Country within the State of Arizona including the 
Navajo Reservation in Utah and New Mexico and Arizona, the Duck Valley Reservation in 
Idaho, and the Fort McDermitt Reservation in Oregon. 
 
This permit offers NPDES permit coverage for stormwater discharges associated with industrial 
activity from the following areas in EPA Region 9: 
 

Permit Number Areas of Coverage/Where EPA Is Permitting Authority 
ASR050000 The islands of American Samoa 
AZR05000I Indian Country within the State of Arizona, including Navajo Reservation lands in 

New Mexico and Utah 
CAR05000I Indian Country within the State of California 
GUR050000 The island of Guam 
JAR050000 Johnston Atoll 

MWR050000 Midway Island and Wake Island 
NIR050000 Commonwealth of the Northern Mariana Islands 
NVR05000I Indian Country within the State of Nevada, including the Duck Valley 

Reservation in Idaho, the Fort McDermitt Reservation in Oregon and the 
Confederated Tribes of the Goshute Reservation in Utah 
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For stormwater discharges in EPA Region 9 outside the areas of coverage identified above, 
please contact your State NPDES permitting authority to obtain coverage under a State-issued 
NPDES permit. 

C.10 Region 10: Alaska, Idaho (except see Region 9 for Duck Valley Reservation lands), 
Oregon (except see Region 9 for Fort McDermitt Reservation), Washington. 

This permit offers NPDES permit coverage for stormwater discharges associated with industrial 
activity from the following areas in EPA Region 10: 

Permit Number Areas of Coverage/Where EPA Is Permitting Authority 
AKR050000 The State of Alaska, except Indian Country lands 
AKR05000I Indian Country lands within Alaska  
IDR050000 The State of Idaho, except Indian Country lands 
IDR05000I Indian Country lands within the State of Idaho, except Duck Valley Reservation 

lands, which are covered under Nevada permit NVR05000I listed in Part C.9  
ORR05000I Indian Country lands within the State of Oregon, except Fort McDermitt 

Reservation lands, which are covered under Nevada permit NVR05000I listed in 
Part C.9 

WAR05000I Indian Country lands within the State of Washington 
WAR05000F Federal facilities in the State of Washington, except those located on Indian 

Country lands 

For stormwater discharges in EPA Region 10 outside the areas of coverage identified above, 
please contact your State NPDES permitting authority to obtain coverage under a State-issued 
NPDES permit. 
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Appendix D. Facilities and Activities Covered 
 
Your permit eligibility is limited to discharges from facilities in the “sectors” of industrial 
activity summarized in Table D-1. These sector descriptions are based on Standard Industrial 
Classification (SIC) Codes and Industrial Activity Codes. References to “sectors” in this permit 
(e.g., sector-specific monitoring requirements) refer to these groupings. 
 

Table D-1. Sectors of Industrial Activity Covered by This Permit 
Subsector 

(May be subject to 
more than one 

sector/subsector) 

SIC Code or 
Activity Code1 Activity Represented 

SECTOR A: TIMBER PRODUCTS 

A1 2421 General Sawmills and Planing Mills 
A2 2491 Wood Preserving 
A3 2411 Log Storage and Handling  

2426 Hardwood Dimension and Flooring Mills 
2429 Special Product Sawmills, Not Elsewhere Classified 

2431-2439 
(except 2434) Millwork, Veneer, Plywood, and Structural Wood (see Sector W) 

2448 Wood Pallets and Skids 
2449 Wood Containers, Not Elsewhere Classified 

2451, 2452 Wood Buildings and Mobile Homes 
2493 Reconstituted Wood Products 

A4 

2499 Wood Products, Not Elsewhere Classified 
A5 2441 Nailed and Lock Corner Wood Boxes and Shook 

SECTOR B: PAPER AND ALLIED PRODUCTS 

B1 2631 Paperboard Mills 
2611 Pulp Mills 
2621 Paper Mills 

2652-2657 Paperboard Containers and Boxes 
B2 

2671-2679 Converted Paper and Paperboard Products, Except Containers and Boxes 

SECTOR C: CHEMICALS AND ALLIED PRODUCTS 
C1 2873-2879 Agricultural Chemicals 
C2 2812-2819 Industrial Inorganic Chemicals 

C3 2841-2844 Soaps, Detergents, and Cleaning Preparations; Perfumes, Cosmetics, and 
Other Toilet Preparations 

C4 2821-2824 Plastics Materials and Synthetic Resins, Synthetic Rubber, Cellulosic and 
Other Manmade Fibers Except Glass 

2833-2836 
Medicinal Chemicals and Botanical Products; Pharmaceutical 
Preparations; in vitro and in vivo Diagnostic Substances; and Biological 
Products, Except Diagnostic Substances 

 
C5 

2851 Paints, Varnishes, Lacquers, Enamels, and Allied Products 
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Table D-1. Sectors of Industrial Activity Covered by This Permit 
Subsector 

(May be subject to 
more than one 

sector/subsector) 

SIC Code or 
Activity Code1 Activity Represented 

2861-2869 Industrial Organic Chemicals 
2891-2899 Miscellaneous Chemical Products 

3952 
(limited to list of 
inks and paints) 

Inks and Paints, Including China Painting Enamels, India Ink, Drawing 
Ink, Platinum Paints for Burnt Wood or Leather Work, Paints for China 
Painting, Artist’s Paints and Artist’s Watercolors 

2911 Petroleum Refining 
SECTOR D: ASPHALT PAVING AND ROOFING MATERIALS AND LUBRICANTS 

D1 2951, 2952 Asphalt Paving and Roofing Materials 
D2 2992, 2999 Miscellaneous Products of Petroleum and Coal 

SECTOR E: GLASS, CLAY, CEMENT, CONCRETE, AND GYPSUM PRODUCTS 
3251-3259 Structural Clay Products 

E1 
3261-3269 Pottery and Related Products 

E2 3271-3275 Concrete, Gypsum, and Plaster Products 

3211 Flat Glass 
3221, 3229 Glass and Glassware, Pressed or Blown 

3231 Glass Products Made of Purchased Glass 
3241 Hydraulic Cement 
3281 Cut Stone and Stone Products 

E3 

3291-3299 Abrasive, Asbestos, and Miscellaneous Nonmetallic Mineral Products 
SECTOR F: PRIMARY METALS 

F1 3312-3317 Steel Works, Blast Furnaces, and Rolling and Finishing Mills 
F2 3321-3325 Iron and Steel Foundries 
F3 3351-3357 Rolling, Drawing, and Extruding of Nonferrous Metals 

F4 3363-3369 Nonferrous Foundries (Castings) 

3331-3339 Primary Smelting and Refining of Nonferrous Metals 
3341 Secondary Smelting and Refining of Nonferrous Metals F5 

3398, 3399 Miscellaneous Primary Metal Products 
SECTOR G: METAL MINING (ORE MINING AND DRESSING) 

G1 1021 Copper Ore and Mining Dressing Facilities 
1011 Iron Ores 
1021 Copper Ores 
1031 Lead and Zinc Ores 

1041, 1044 Gold and Silver Ores 
1061 Ferroalloy Ores, Except Vanadium 
1081 Metal Mining Services 

G2 

1094, 1099 Miscellaneous Metal Ores 
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Table D-1. Sectors of Industrial Activity Covered by This Permit 
Subsector 

(May be subject to 
more than one 

sector/subsector) 

SIC Code or 
Activity Code1 Activity Represented 

 
SECTOR H: COAL MINES AND COAL MINING-RELATED FACILITIES 

H1 1221-1241 Coal Mines and Coal Mining-Related Facilities 
SECTOR I: OIL AND GAS EXTRACTION AND REFINING 

1311 Crude Petroleum and Natural Gas 
1321 Natural Gas Liquids I1 

1381-1389 Oil and Gas Field Services 
SECTOR J: MINERAL MINING AND DRESSING 
1442 Construction Sand and Gravel 

J1 
1446 Industrial Sand 
1411 Dimension Stone 

1422-1429 Crushed and Broken Stone, Including Rip Rap 
1481 Nonmetallic Minerals Services, Except Fuels 

J2 

1499 Miscellaneous Nonmetallic Minerals, Except Fuels 
1455, 1459 Clay, Ceramic, and Refractory Materials 

J3 
1474-1479 Chemical and Fertilizer Mineral Mining 

SECTOR K: HAZARDOUS WASTE TREATMENT, STORAGE, OR DISPOSAL FACILITIES 

K1 HZ 
Hazardous Waste Treatment, Storage, or Disposal Facilities, including 
those that are operating under interim status or a permit under subtitle C 
of RCRA 

SECTOR L: LANDFILLS, LAND APPLICATION SITES, AND OPEN DUMPS 
L1 LF All Landfill, Land Application Sites and Open Dumps 

L2 LF 
All Landfill, Land Application Sites and Open Dumps, except Municipal 
Solid Waste Landfill (MSWLF) Areas Closed in Accordance with 40 
CFR 258.60 

SECTOR M: AUTOMOBILE SALVAGE YARDS 
M1 5015 Automobile Salvage Yards 

SECTOR N: SCRAP RECYCLING FACILITIES 

N1 5093 Scrap Recycling and Waste Recycling Facilities except Source-Separated 
Recycling 

N2 5093 Source-separated Recycling Facility 
SECTOR O: STEAM ELECTRIC GENERATING FACILITIES 

O1 SE Steam Electric Generating Facilities, including coal handling sites 
SECTOR P: LAND TRANSPORTATION AND WAREHOUSING 

4011, 4013 Railroad Transportation 
4111-4173 Local and Highway Passenger Transportation 

4212-4231 Motor Freight Transportation and Warehousing 

P1 

4311 United States Postal Service 
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Table D-1. Sectors of Industrial Activity Covered by This Permit 
Subsector 

(May be subject to 
more than one 

sector/subsector) 

SIC Code or 
Activity Code1 Activity Represented 

5171 Petroleum Bulk Stations and Terminals 
SECTOR Q: WATER TRANSPORTATION 

Q1 4412-4499 Water Transportation Facilities 

SECTOR R: SHIP AND BOAT BUILDING AND REPAIRING YARDS 
R1 3731, 3732 Ship and Boat Building or Repairing Yards 

SECTOR S: AIR TRANSPORTATION FACILITIES 

S1 4512-4581 Air Transportation Facilities 
SECTOR T: TREATMENT WORKS 

T1 TW 

Treatment Works treating domestic sewage or any other sewage sludge 
or wastewater treatment device or system, used in the storage, treatment, 
recycling, and reclamation of municipal or domestic sewage, including 
land dedicated to the disposal of sewage sludge that are located within 
the confines of the facility, with a design flow of 1.0 mgd or more, or 
required to have an approved pretreatment program under 40 CFR Part 
403.  Not included are farm lands, domestic gardens or lands used for 
sludge management where sludge is beneficially reused and which are 
not physically located in the confines of the facility, or areas that are in 
compliance with section 405 of the CWA 

SECTOR U: FOOD AND KINDRED PRODUCTS 
U1 2041-2048 Grain Mill Products 
U2 2074-2079 Fats and Oils Products 

2011-2015 Meat Products 
2021-2026 Dairy Products 
2032-2038 Canned, Frozen, and Preserved Fruits, Vegetables, and Food Specialties 
2051-2053 Bakery Products 

2061-2068 Sugar and Confectionery Products 

2082-2087 Beverages 
2091-2099 Miscellaneous Food Preparations and Kindred Products 

U3 

2111-2141 Tobacco Products 
SECTOR V: TEXTILE MILLS, APPAREL, AND OTHER FABRIC PRODUCT MANUFACTURING; 

LEATHER AND LEATHER PRODUCTS 
2211-2299 Textile Mill Products 

2311-2399 Apparel and Other Finished Products Made from Fabrics and Similar 
Materials V1 

3131-3199 Leather and Leather Products (note:  see Sector Z1 for Leather Tanning 
and Finishing) 

SECTOR W: FURNITURE AND FIXTURES 
2434 Wood Kitchen Cabinets 

W1 
2511-2599 Furniture and Fixtures 
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Table D-1. Sectors of Industrial Activity Covered by This Permit 
Subsector 

(May be subject to 
more than one 

sector/subsector) 

SIC Code or 
Activity Code1 Activity Represented 

 
SECTOR X: PRINTING AND PUBLISHING 

X1 2711-2796 Printing, Publishing, and Allied Industries 
SECTOR Y: RUBBER, MISCELLANEOUS PLASTIC PRODUCTS, AND MISCELLANEOUS 

MANUFACTURING INDUSTRIES 
3011 Tires and Inner Tubes 
3021 Rubber and Plastics Footwear 

3052, 3053 Gaskets, Packing and Sealing Devices, and Rubber and Plastic Hoses and 
Belting 

Y1 

3061, 3069 Fabricated Rubber Products, Not Elsewhere Classified 
3081-3089 Miscellaneous Plastics Products 

3931 Musical Instruments 
3942-3949 Dolls, Toys, Games, and Sporting and Athletic Goods 
3951-3955 

(except 3952 – 
see Sector C) 

Pens, Pencils, and Other Artists’ Materials 

3961, 3965 Costume Jewelry, Costume Novelties, Buttons, and Miscellaneous 
Notions, Except Precious Metal 

Y2 

3991-3999 Miscellaneous Manufacturing Industries 
SECTOR Z: LEATHER TANNING AND FINISHING 

Z1 3111 Leather Tanning and Finishing 
SECTOR AA: FABRICATED METAL PRODUCTS 

3411-3499 
(except 3479) 

Fabricated Metal Products, Except Machinery and Transportation 
Equipment, and Coating, Engraving, and Allied Services. AA1 

3911-3915 Jewelry, Silverware, and Plated Ware 
AA2 3479 Fabricated Metal Coating and Engraving 

SECTOR AB: TRANSPORTATION EQUIPMENT, INDUSTRIAL OR COMMERCIAL MACHINERY 

3511-3599 
(except 3571-

3579) 

Industrial and Commercial Machinery, Except Computer and Office 
Equipment (see Sector AC) 

AB1 3711-3799 
(except 3731, 

3732) 

Transportation Equipment Except Ship and Boat Building and Repairing 
(see Sector R) 

SECTOR AC: ELECTRONIC, ELECTRICAL, PHOTOGRAPHIC, AND OPTICAL GOODS 
3571-3579 Computer and Office Equipment 

3812-3873 Measuring, Analyzing, and Controlling Instruments; Photographic and 
Optical Goods, Watches, and Clocks AC1 

3612-3699 Electronic and Electrical Equipment and Components, Except Computer 
Equipment 
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Table D-1. Sectors of Industrial Activity Covered by This Permit 
Subsector 

(May be subject to 
more than one 

sector/subsector) 

SIC Code or 
Activity Code1 Activity Represented 

 
 

SECTOR AD: NON-CLASSIFIED FACILITIES 

AD1 

Other stormwater discharges designated by the Director as needing a permit (see 40 CFR 
122.26(a)(9)(i)(C) & (D)) or any facility discharging stormwater associated with industrial 
activity not described by any of Sectors A-AC. NOTE: Facilities may not elect to be covered 
under Sector AD. Only the Director may assign a facility to Sector AD. 

 
1 A complete list of SIC Codes (and conversions from the newer North American Industry 
Classification System” (NAICS)) can be obtained from the Internet at 
www.census.gov/epcd/www/naics.html or in paper form from various locations in the document 
titled Handbook of Standard Industrial Classifications, Office of Management and Budget, 1987. 
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Appendix E. Procedures Relating to Endangered Species Protection 
 
E.1 Assessing the Effects of Your Discharge and Discharge-Related Activities 
  

You must follow the procedures in this appendix to assess the potential effects of 
applicable stormwater discharges, discharge-related activities, and allowable non-stormwater 
discharges on listed species and their critical habitat and determine which of the eligibility 
criterion (see Part E.2), if any, you qualify under.  In accordance with Part 5.1.6.1 of this permit, 
you must keep documentation with your SWPPP to support your determination of eligibility 
under Part 1.1.4.5, including the process employed and results of the endangered species 
investigation. 

 
If you are seeking renewal of coverage under the MSGP, you must complete this analysis 

using any data collected when your site was fully active and operational, even if you are now 
claiming that your site is inactive and no industrial materials or activities are exposed to 
stormwater.  If no such data exist for your facility, you should utilize the best available 
information from any industrial facility(ies) expected to discharge substantially similar effluents, 
based on the similarities of the general industrial activity, control measures, and runoff 
coefficients of their drainage areas.  You should contact EPA if you need assistance in obtaining 
data from a facility with a substantially similar effluent. 

 
When evaluating the potential effects of your activities, you must consider effects to 

listed species or critical habitats within the “action area.” Action area is defined in Appendix B 
as all areas affected directly or indirectly by the stormwater discharges, allowable non-
stormwater discharges, and stormwater discharge-related activities, and not merely the 
immediate area involved in these discharges and activities. This includes areas beyond the 
footprint of the facility that are likely to be affected by stormwater discharges, discharge-related 
activities, and allowable non-stormwater discharges. For example, normal construction, 
operations and maintenance activities can result in noise impacts and discharges of pollutants 
into downstream areas which can increase the “action area” beyond the footprint of the facility.  
“Facility” is defined in Appendix A. 
 
Step One: Determine if the Eligibility Requirements of Criterion B, C, or F Can Be Met. 
  

You should first determine whether you are eligible under Criteria B, C, or F because of a 
previously completed ESA section 7 consultation, a previously issued ESA Section 10 permit, or 
because your activities were already addressed in another discharger’s certification of eligibility 
as follows: 

 
i. The effects of your activities have been addressed in a consultation under ESA 

Section 7 on a separate Federal action (check box B corresponding to Criterion 
B). 

 
ii. The effects of your activities have been addressed through approval of a Habitat 

Conservation Plan under Section 10 of the ESA (check box C corresponding to 
Criterion C). Stormwater discharges from your industrial facility may be 
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authorized by this MSGP if some activity is authorized through the issuance of a 
permit under section 10 of the ESA and that authorization addressed the effects of 
your stormwater discharges on federally-listed species and designated critical 
habitat. You must follow U.S. Fish and Wildlife Service (FWS) and/or National 
Marine Fisheries Service, also known as NOAA Fisheries (NMFS) procedures 
when applying for an ESA Section 10 permit (see 50 CFR 17.22(b)(1) for FWS 
and 222.22 for NMFS). Application instructions for section 10 permits for FWS 
and NMFS can be obtained by accessing the FWS and NMFS websites 
(www.fws.gov and www.nmfs.noaa.gov) or by contacting the appropriate FWS 
and NMFS regional office. 

 
iii. You are covered under the eligibility certification of another operator for the 

project area (check box F corresponding to Criterion F). Your stormwater 
discharges, discharge-related activities, and allowable non-stormwater discharges 
were already addressed in another discharger’s certification of eligibility under 
Criteria A, B, C, D, or E, which also included your facility and determined that 
federally listed endangered or threatened species or designated critical habitat 
would not be jeopardized. To certify eligibility under this criterion there must be 
no lapse of coverage in the other operator’s certification. By certifying eligibility 
under Criterion F, you agree to comply with any measures or controls upon which 
the other discharge certification under Criterion B, C, or D was based. If your 
certification is based on another operator’s certification under Criterion E, that 
certification is valid only if you have documentation showing that the other 
operator had certified under Criterion E, and you provide EPA with the relevant 
supporting information in your NOI form.  Certification under Criterion F is 
discussed in more detail in the Fact Sheet that accompanies this permit. 

  
Step Two: Determine if Listed Threatened or Endangered Species and Critical Habitat are 

Present in the Action Area. 
 
 Next, you should first determine whether federally-listed species are likely to occur in 
your action area. If you determine that there is a federally-listed species likely to occur in your 
action area, follow Step 3.  If you determine that there are no federally-listed species likely to 
occur in your action area, you can certify that the facility meets Criteria A (check box A 
corresponding to Criteria A). 
 

You can do this by obtaining a list of threatened and endangered species that are likely to 
occur in your general area, including the appropriate receiving water for your discharges. 
County-specific or sometimes township-specific lists of Federally threatened and endangered 
species are available from the local offices of FWS, and NMFS, or on their internet sites. The 
types of species that are likely to be present determine which Service office you should contact 
(in general, NMFS has jurisdiction over marine, estuarine, and anadromous species). Visit 
www.epa.gov/npdes/stormwater/cgp to find the appropriate site for your state or check with your 
local Service office. If there are listed species in your county or township, you must then 
determine, as best you are able, whether any of the species are likely to occur in your action area 
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(use the Services or State and Tribal Heritage Centers, as necessary).  General species 
information can be found at www.fws.gov/endangered.wildlife.html. 
 
 You must also check to see if critical habitat has been designated and whether such areas 
overlap your action area. Critical habitat should be listed on the species list for your county or 
township available from the appropriate Service office. You can also find critical habitat 
designations at 50 CFR Parts 17 and 226 www.access.gpo.gov and at 
www.fws.gov/endangered/wildlife.html. 
 
 If there are no listed species and no critical habitat areas that overlap your action area, or 
if your local FWS or NMFS indicates that listed species are not likely to occur in your action 
area, you have satisfied your eligibility obligations under Criterion A (check box A on the Notice 
of Intent Form). If there are listed species and if you determine or your local FWS, NMFS, or 
State or Tribal Heritage Center indicates that these species could occur in the action area, you 
will need to evaluate whether your action area supports habitat(s) that are suitable for listed 
species or the constituent elements of critical habitat.  Your evaluation may utilize one or more 
of the following approaches: 
 
 Gather information about the species and critical habitat that are likely to occur in your 
action area (www.fws.gov/endangered/wildlife.html).  Conduct a visual inspection of the action 
area to assess the potential presence of listed species and their habitats. Compare the size and 
types of habitats available in your action area and adjacent areas with the size and types of 
habitats used by listed species and constituent elements of critical habitat. This method may be 
particularly suitable for facilities where the action area is smaller in size or located in non-natural 
settings such as highly urbanized areas or industrial parks where there is little or no natural 
habitat, or for facilities that discharge directly into municipal separate storm sewer systems. 
 
 Conduct a formal biological survey (typically performed by environmental consulting 
firms). In some cases, biological surveys may be an appropriate way to assess whether species 
are likely to be located in the action area and whether there could be adverse effects to such 
species. A biological survey may in some cases be useful in conjunction with Steps Two, Three 
or Four of these instructions.  However, biological surveys can often be inconclusive and some 
survey methods may require a special State or Federal permit.  You should coordinate with the 
appropriate Service office before conducting biological surveys for threatened and endangered 
species. 

 
Reference an environmental assessment completed for the site under the National 

Environmental Policy Act (NEPA). Such assessments may indicate whether listed species and 
critical habitats are likely to occur in the action area. Coverage under this MSGP may trigger a 
requirement for such an assessment for new sources (that is, dischargers subject to New Source 
Performance Standards under section 306 of the Clean Water Act). Other facilities might require 
an assessment under NEPA for other reasons, such as federal funding or other federal 
involvement in the facility. If the action area likely supports listed threatened or endangered 
species or critical habitat, you must evaluate the potential for impacts to species and/or habitat 
when following Steps Three through Five. Note that many but not all measures implemented to 
protect listed species under these steps will also protect critical habitat. Thus, meeting the 
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eligibility requirements of this MSGP may require measures to protect critical habitat that are 
separate from those to protect listed species. 
 
Step Three: Determine if your Activities Are Not Likely to Adversely Affect Listed Threatened 

or Endangered Species or Designated Critical Habitat 
 
 To receive MSGP coverage, you must analyze the effects of your activities, which may 
include not only your discharge, but also any construction, operation, and maintenance activities 
related to stormwater management.  You must be able to conclude that your discharge and 
stormwater management related activities are not likely to adversely affect threatened or 
endangered species or designated critical habitat that are likely to occur in your action area. To 
arrive at this conclusion, you should be able to conclude that listed species and critical habitat are 
not likely to be exposed to the effects of your activities, or if they are exposed, they are not likely 
to respond to the effects, or if they do respond, the responses are not sufficient to reduce an 
individual’s chances of surviving and reproducing or diminish the amount or suitability of 
constituent elements of critical habitat.  Construction, operation, and maintenance of facilities 
elated to your stormwater discharge can potentially result in the following adverse effects: r 

 
• Hydrological. Stormwater discharges may adversely affect receiving waters from 

pollutant parameters such as temperature, salinity or pH. These effects will vary with 
the amount of stormwater discharged and the volume and condition of the receiving 
water. Where a stormwater discharge constitutes a minute portion of the total volume 
of the receiving water, adverse hydrological effects are less likely. Industrial activity 
itself may also alter drainage patterns on a site where construction occurs, which can 
impact listed species, their habitat, and critical habitat. 

 
• Habitat. Outdoor activities, such as storage of materials and land disturbances 

associated with stormwater management-related activities, such as the installation or 
placement of stormwater control measures, may adversely affect listed species, their 
habitat, and critical habitat. Stormwater may drain or inundate listed species habitat. 

 
• Toxicity. Pollutants in stormwater may have toxic effects on listed species and 

adversely affect critical habitat.  Exceedances of benchmarks, effluent limitation 
guidelines, or State or Tribal water quality requirements may be indicative of 
potential adverse affects on listed species or critical habitat. 

 
 The scope of effects to consider will vary with each site. If you are having difficulty 
determining whether your facility is likely to adversely affect listed species or critical habitat, or 
one of the Services has already raised concerns to you, you must contact the appropriate office of 
the FWS or NMFS for assistance. If adverse effects are not likely, you have satisfied your 
eligibility obligations under Criterion E and you may proceed to submitting your NOI for 
coverage under the MSGP (check box E corresponding to Criterion E).   As part of certifying 
your compliance with Criterion E, you must submit information to support your findings.  If you 
are an existing discharger, you are required to (1) identify any pollutant parameters for which 
you have ever exceeded the benchmark or effluent limitations guideline, or have ever been found 
to have caused or contributed to an exceedance of an applicable water quality standard, or 
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violated a State or Tribal water quality requirement; (2) provide a list of the federally-listed 
threatened or endangered species or their designated critical habitat that are likely to occur in the 
action area; and (3) provide your rationale supporting your determination that you qualify under 
Criterion E.  If you are a new discharger, you must provide the list of species or critical habitat 
and the technical evaluation (described in (2) and (3) above, respectively), and you must also 
include a list of the potential pollutants in your discharge. 
 
 If you can not yet conclude your stormwater discharge is not likely to adversely affect 
listed species or critical habitat, or if you conclude that your stormwater discharge could 
potentially adversely affect listed species or critical habitat, you must follow Step Four. 
 
Step Four: Determine if Measures Can Be Implemented to Avoid Adverse Effects or If 

Further Analysis Supports the Conclusion that Adverse Effects Are Not Likely. 
 
 If you could not make a preliminary determination in Step 3 that adverse effects to listed 
species and/or critical habitat are not likely to occur, you can still receive coverage under 
Criterion E if appropriate measures are undertaken to avoid or eliminate the likelihood of adverse 
effects prior to applying for MSGP coverage. These measures may be relatively simple, e.g., re-
routing a stormwater discharge to bypass an area where species are located, relocating control 
measures, or changing the “footprint” of the industrial activity.  Provided you are able to install 
and implement appropriate measures, you may proceed to submitting your NOI for coverage 
under the MSGP (check box E corresponding to Criterion E).   As part of certifying your 
compliance with Criterion E, you must submit information to support your findings.  If you are 
an existing discharger, you are first required to (1) identify any pollutant parameters for which 
you have ever exceeded a benchmark or an effluent limitations guideline, or have ever been 
found to have caused or contributed to an exceedance of an applicable water quality standard, or 
violated a State or Tribal water quality requirement; (2) provide a list of the federally-listed 
threatened or endangered species or their designated critical habitat that are likely to occur in the 
action area; and (3) provide your rationale supporting your determination that you qualify under 
Criterion E, including a description of measures you will implement to avoid or eliminate the 
likelihood of adverse effects.  If you are a new discharger, you must provide the list of species or 
critical habitat and the technical evaluation (described in (2) and (3) above, respectively), and 
you must also include a list of the potential pollutants in your discharge. 
 
 If you cannot ascertain which measures to implement to avoid the likelihood of adverse 
effects, you must follow Step Five. 
 
Step Five: Determine if the Eligibility Requirements of Criteria D Can Be Met. 
  

Where adverse effects are likely and you are unable to avoid or eliminate the likelihood 
of adverse effects, you must contact the FWS and/or NMFS. However, you may still be eligible 
for MSGP coverage if any likely adverse effects can be addressed through meeting Criteria D as 
follows: 

 
You have coordinated your activities with the appropriate Service office (see Criterion 
D). In the absence of any other conditions set forth in Step Four, you may still be able to 
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qualify for coverage under this MSGP if you coordinate with the FWS or NMFS and the 
Service provides a letter or memorandum concluding that permitting your stormwater 
discharges under the MSGP is consistent with the “not likely to adversely affect” 
determination for the MSGP. If you adopt measures to avoid or eliminate adverse effects, 
per the Service’s requirements or recommendations, you must abide by those measures 
for the duration of your coverage under the MSGP.  Any such measures must be 
described in the Stormwater Pollution Prevention Plan and are enforceable MSGP 
conditions and/or conditions for meeting the eligibility criteria in Part 1.1.4.5. 

 
 You must comply with any terms and conditions imposed under the eligibility 
requirements to ensure that your stormwater discharges, discharge-related activities, and 
allowable non-stormwater discharges are protective of listed species and/or critical habitat. See 
Part 2.3 of the permit.  If the eligibility requirements cannot be met, and maintained, then you are 
not eligible for coverage under this MSGP. In these instances, you may consider applying to 
EPA for an individual permit. 
 
E.2 Eligibility Criterion 
 
 As required by Part 1.1.4.5, you must meet one or more of the following six criteria (A-F) 
to be eligible for coverage under the permit for your stormwater discharge, discharge-related 
activities, and allowable non-stormwater discharges: 
 
Criterion A. No federally-listed threatened or endangered species or their designated critical 

habitat are likely to occur in the “action area”; or 
 
Criterion B. Consultation between a Federal agency and the U.S. Fish and Wildlife Service 

and/or the National Marine Fisheries Service (together, the “Services”) under 
section 7 of the ESA has been concluded.  Consultations can be either formal or 
informal, and would have occurred only as a result of a separate federal action 
(e.g., during application for an individual wastewater discharge permit or the 
issuance of a wetlands dredge and fill permit). 

  
 The consultation must have addressed the effects of your facility’s stormwater 
discharges, allowable non-stormwater discharges, and stormwater discharge-related activities on 
federally-listed threatened or endangered species and federally-designated critical habitat, and 
must have resulted in either: 
 

i. a biological opinion finding no jeopardy to federally-listed species or 
destruction/adverse modification of federally-designated critical habitat; or 

 
ii. written concurrence from the Service(s) with a finding that the facility’s 

stormwater discharges associated with industrial activity, discharge-related 
activities and allowable non-stormwater discharges are not likely to adversely 
affect federally-listed species or federally-designated critical habitat; or 
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Criterion C. Your industrial activities are authorized through the issuance of a permit under 
section 10 of the ESA, and authorization addresses the effects of the stormwater 
discharges associated with industrial activity, discharge-related activities, and 
allowable non-stormwater discharges on federally-listed species and federally-
designated critical habitat; or 

 
Criterion D. Coordination between you and the U.S. Fish and Wildlife Service and/or the 

National Marine Fisheries Service has been concluded.  The coordination must 
have addressed the effects of the facility’s stormwater discharges associated with 
industrial activity, discharge-related activities, and allowable non-stormwater 
discharges on federally-listed threatened or endangered species and federally-
designated critical habitat.  The result of the coordination must be a written 
statement from the Service concluding that authorizing your stormwater 
discharges, discharge-related activities, and allowable non-stormwater discharges 
is consistent with the determination that the issuance of the MSGP is not likely to 
adversely affect federally-listed threatened or endangered species and federally-
designated critical habitat.  Any conditions or prerequisites deemed necessary to 
achieve consistency with the “not likely to adversely effect” determination 
become eligibility conditions for MSGP coverage, and permit requirements under 
Part 2.3; or 

 
Criterion E. Authorizing your stormwater discharges associated with industrial activity, 

discharge-related activities, and allowable non-stormwater discharges is 
consistent with the determination that the issuance of the MSGP is not likely to 
adversely affect any federally-listed endangered and threatened (“listed”) species 
or designated critical habitat (“critical habitat”).  To support your determination 
that you meet Criterion E, you must provide supporting documentation for your 
determination. 

 
i. If you are an existing discharger, you must provide the following information 

with your completed Notice of Intent (NOI) form:  (1) a list of the federally-listed 
threatened or endangered species or their designated critical habitat that are likely 
to occur in the “action area”; (2) a list of the pollutant parameters for which you 
have ever exceeded the benchmark or applicable effluent limitations guideline, or 
for which you have ever been found to have caused or contributed to an 
exceedance of an applicable water quality standard or to have violated a State or 
Tribal water quality requirement (Part 9); and (3) your rationale supporting your 
determination that you meet Criterion E, including appropriate measures to be 
undertaken to avoid or eliminate the likelihood of adverse effects. 

 
ii. If you are a new discharger, you must provide the following information with 

your completed NOI form:  (1) a list of the federally-listed threatened or 
endangered species or their designated critical habitat that are likely to occur in 
the “action area”; (2) a list of the potential pollutants in your discharge; and (3) 
your rationale supporting your determination that you meet Criterion E, including 
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appropriate measures to be undertaken  to avoid or eliminate the likelihood of 
adverse effects; or 

 
Criterion F. The facility’s stormwater discharges associated with industrial activity, discharge-

related activities, and allowable non-stormwater discharges were already 
addressed in another operator’s valid certification of eligibility that included the 
industrial activities and there is no reason to believe that federally-listed species 
or federally-designated critical habitat not considered in the prior certification 
may be present or located in the “action area”.  To certify eligibility under this 
criterion there must be no lapse of coverage in the other operator’s certification.  
By certifying eligibility under this criterion, you agree to comply with any 
measures or controls upon which the other operator's certification was based.  
You must comply with any applicable terms, conditions, or other requirements 
developed in the process of meeting the eligibility requirements of the criteria in 
this section to remain eligible for coverage under this permit.  Documentation 
must be kept with your SWPPP.  If your certification is based on another 
operator’s certification under Criterion E, that certification is valid only if you 
have documentation showing that the other operator had certified under Criterion 
E, and you provide EPA with the relevant supporting information required of 
existing dischargers in Criterion E (above, under subparagraph (i)) in your NOI 
form.
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Appendix F – Procedures Relating to Historic Properties Preservation 
 
 Section 106 of the National Historic Preservation Act (NHPA) requires Federal agencies 
to take into account the effects of Federal “undertakings” on historic properties that are either 
listed on, or eligible for listing on, the National Register of Historic Places. The term Federal 
“undertaking” is defined in the NHPA regulations to include a project, activity, or program of a 
Federal agency including those carried out by or on behalf of a Federal agency, those carried out 
with Federal financial assistance, and those requiring a Federal permit, license or approval. See 
36 CFR 800.16(y). Historic properties are defined in the NHPA regulations to include prehistoric 
or historic districts, sites, buildings, structures, or objects that are included in, or are eligible for 
inclusion in, the National Register of Historic Places. This term includes artifacts, records, and 
remains that are related to and located within such properties. See 36 CFR 800.16(1). 
 
 EPA’s issuance of the Multi-Sector General Permit is a Federal undertaking within the 
meaning of the NHPA regulations. To address any issues relating to historic properties in 
connection with issuance of the permit, EPA has included criteria for applicants to certify that 
potential impacts of their covered activities on historic properties have been appropriately 
considered and addressed. Although individual applications for coverage under the general 
permit do not constitute separate Federal undertakings, the screening criteria and certifications 
provide an appropriate site-specific means of addressing historic property issues in connection 
with EPA’s issuance of the permit. Applicants seeking coverage under the MSGP are thus 
required to make certain certifications regarding the potential effects of their stormwater 
discharge, allowable non-stormwater discharge, and discharge-related activities on properties 
listed or eligible for listing on the National Register of Historic Places. 
 
 You must meet one or more of the four criteria (A-D), which are also included in Part 
1.1.4.6, to be eligible for coverage under this permit. 
 
Criterion A. Your stormwater discharges and allowable non-stormwater discharges do not 

have the potential to have an effect on historic properties and you are not 
constructing or installing new stormwater control measures on your site that cause 
subsurface disturbance; or 

 
Criterion B. Your discharge-related activities (i.e., construction and/or installation of 

stormwater control measures that involve subsurface disturbance) will not affect 
historic properties; or 

 
Criterion C. Your stormwater discharges, allowable non-stormwater discharges, and 

discharge-related activities have the potential to have an effect on historic 
properties, and you have obtained and are in compliance with a written agreement 
with the State Historic Preservation Officer (SHPO), Tribal Historic Preservation 
Officer (THPO), or other tribal representative regarding measures to mitigate or 
prevent any adverse effects on historic properties, and you have either (1) 
obtained and are in compliance with a written agreement that outlines all such 
measures, or (2) been unable to reach agreement on such measures; or 
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Criterion D. You have contacted the State Historic Preservation Officer, Tribal Historic 
Preservation Officer, or other tribal representative and EPA in writing informing 
them that you have the potential to have an effect on historic properties and you 
did not receive a response from the SHPO, THPO, or tribal representative within 
30 days of receiving your letter. 

 
 If you have been unable to reach agreement with a SHPO, THPO, or other tribal 
representative regarding appropriate measures to mitigate or prevent adverse effects, EPA may 
notify you of additional measures you must implement in order to be eligible for coverage under 
this permit. 
 
Activities with No Potential to Have an Effect on Historic Properties 
 
 A determination that a Federal undertaking has no potential to have an effect on historic 
properties fulfills an agency’s obligations under the NHPA. EPA has reason to believe that the 
vast majority of activities authorized under the MSGP have no potential to have effects on 
historic properties. The purpose of this permit is to control pollutants that may be transported in 
stormwater runoff from industrial facilities. EPA does not anticipate effects on historic properties 
from the pollutants in the stormwater and allowable non-stormwater discharges from these 
industrial facilities. Thus, to the extent EPA’s issuance of this general permit authorizes 
discharges of such constituents, confined to existing stormwater channels or natural drainage 
areas; the permitting action does not have the potential to cause effects on historic properties. 
 
 In addition, the overwhelming majority of sources covered under this permit will be 
facilities that are seeking renewal of previous permit coverage. These existing dischargers should 
have already addressed NHPA issues in the 2000 MSGP as they were required to certify that 
they were either not affecting historic properties or they had obtained written agreement from the 
applicable State Historic Preservation Officer (SHPO) or Tribal Historic Preservation Officer 
(THPO) regarding methods of mitigating potential impacts. Both existing and new dischargers 
must follow the historic property screening procedures to determine their eligibility. EPA is not 
aware of any impacts on historic properties from activities covered under the 2000 MSGP, or, for 
that matter, any need for a written agreement. Therefore, to the extent this permit authorizes 
renewal of prior coverage without relevant changes in operations, it has no potential to have an 
effect on historic properties. 
 
Activities with Potential to Have an Effect on Historic Properties 
 
 EPA believes this permit may have some potential to have an effect on historic properties 
where permittees construct and/or install stormwater control measures that involve subsurface 
disturbance and impact less than one (1) acre of land to comply with this permit. (Ground 
disturbances of one (1) acre or more require coverage under a different permit, the Construction 
General Permit.) Where you have to disturb the land through the construction and/or installation 
of control measures, there is a possibility that artifacts, records, or remains associated with 
historic properties could be impacted. Therefore, if you are establishing new or altering existing 
control measures to manage your stormwater that will involve subsurface ground disturbance of 
less than one (1) acre, you will need to ensure (1) that historic properties will not be impacted by 
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your activities or (2) that you have consulted with the appropriate SHPO, THPO, or other tribal 
representative regarding measures that would mitigate or prevent any adverse effects on historic 
properties. 
 
Examples of Control Measures Which Involve Subsurface Disturbance 
 
 EPA reviewed typical control measures currently employed to determine which practices 
involve some level of earth disturbance. The types of control measures that are presumptively 
expected to cause subsurface ground disturbance include: 
 

• Dikes 
• Berms 
• Catch Basins 
• Ponds 
• Ditches 
• Trenches 
• Culverts 
• Land manipulation: contouring, sloping, and grading 
• Channels 
• Perimeter Drains 
• Swales 

 
 EPA cautions dischargers that this list is non-inclusive. Other control measures that 
involve earth disturbing activities that are not on this list must also be examined for the potential 
to affect historic properties. 
 
Historic Property Screening Process 
 
 You should follow the following screening process in order to certify your compliance 
with historic property eligibility requirements under this permit (see Part 1.1.4.6). The following 
four steps describe how applicants can meet the permit eligibility criteria for protection of 
historic properties under this permit: 
 
Step One: Are you an existing facility that is reapplying for certification under the  

2008 MSGP? 
 
 If you are an existing facility you should have already addressed NHPA issues. To gain 
coverage under the 2000 MSGP you were required to certify that you were either not affecting 
historic properties or had obtained written agreement from the relevant SHPO or THPO 
regarding methods of mitigating potential impacts. As long as you are not constructing or 
installing any new stormwater control measures then you have met eligibility Criterion A of the 
MSGP. After you submit your NOI, there is a 30-day waiting period during which the SHPO, 
THPO, or other tribal representative may review your NOI. The SHPO, THPO, or other tribal 
representative may request that EPA hold up authorization based on concerns about potential 
adverse impacts to historic properties.  EPA will evaluate any such request and notify you if any 
additional measures to address adverse impacts to historic properties are necessary. 
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 If you are an existing facility and will construct or install stormwater control measures 
that require subsurface disturbance of less than one (1) acre then you should proceed to Step 
Three.  (Note: Construction activities disturbing one (1) acre or more are not eligible for 
coverage under this permit.) 
 
 If you are a new facility then you should proceed to Step Two. 
 
Step Two: Are you constructing or installing any stormwater control measures that require 

subsurface disturbance of less than one (1) acre? 
 
 If, as part of your coverage under this permit, you are not building or installing control 
measures on your site that cause less than one (1) acre of subsurface disturbance, then your 
discharge-related activities do not have the potential to have an effect on historic properties. You 
have no further obligations relating to historic properties. You have met eligibility Criterion A of 
the MSGP. After you submit your NOI, there is a 30-day waiting period during which the SHPO, 
THPO, or other tribal representative may review your NOI. The SHPO, THPO, or other tribal 
representative may request that EPA hold up authorization based on concerns about potential 
adverse impacts to historic properties.  EPA will evaluate any such request and notify you if any 
additional measures to address adverse impacts to historic properties are necessary. 
 
 If the answer to the Step Two question is yes, then you should proceed to Step Three. 
 
Step Three: Have prior earth disturbances determined that historic properties do not exist, or 

have prior disturbances precluded the existence of historic properties? 
 
 If previous construction either revealed the absence of historic properties or prior 
disturbances preclude the existence of historic properties, then you have no further obligations 
relating to historic properties. You have met eligibility Criterion B of the MSGP. After you 
submit your NOI, there is a 30-day waiting period during which the SHPO, THPO, or other tribal 
representative may review your NOI. The SHPO, THPO, or other tribal representative may 
request that EPA hold up authorization based on concerns about potential adverse impacts to 
historic properties.  EPA will evaluate any such request and notify you if any additional 
measures to address adverse impacts to historic properties are necessary. 
 
 If the answer to the Step Three question is no, then you should proceed to Step Four. 
 
Step Four: Contact the appropriate historic preservation authorities 
 
 Where you are building and/or installing control measures affecting less than one (1) acre 
of land to control stormwater or allowable non-stormwater discharges associated with this 
permit, and the answer to Step Three is no, then you should contact the relevant SHPO, THPO, 
or other tribal representative to determine the likelihood that artifacts, records, or remains are 
potentially present on your site. This may involve examining local records to determine if 
historic artifacts have been found in nearby areas, as well as limited surface and subsurface 
examination carried out by qualified professionals. 
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 If through this process it is determined that such historic properties potentially exist and 
may be impacted by your construction or installation of control measures, you should contact the 
relevant SHPO, THPO, or tribal representative in writing and request to discuss mitigation or 
prevention of any adverse effects. The letter should describe your facility, the nature and location 
of subsurface disturbance activities that are contemplated, any known or suspected historic 
properties in the area, and any anticipated effects on such properties. The letter should state that 
if the SHPO, THPO, or tribal representative does not respond within 30 days of receiving your 
letter, you may submit your NOI without further consultation.  EPA encourages applicants to 
contact the appropriate authorities as soon as possible in the event of a potential adverse effect to 
an historic property. 
 
 If the SHPO, THPO, or tribal representative sent you a response within 30 days of 
receiving your letter and you enter into, and comply with, a written agreement with the SHPO, 
THPO, or other tribal representative regarding how to address any adverse impacts on historic 
properties, you have met eligibility Criterion C. In this case, you should retain a copy of the 
written agreement consistent with Part 5.1.6.2 of the MSGP.  After you submit your NOI, there 
is a 30-day waiting period during which the SHPO, THPO, or other tribal representative may 
review your NOI. The SHPO, THPO, or other tribal representative may request that EPA delay 
authorization based on concerns about potential adverse impacts to historic properties.  However, 
EPA would generally accept any written agreement as fully addressing such concerns unless new 
information was brought to the Agency’s attention that was not considered in your previous 
discussions with the SHPO, THPO or other tribal representative. 
 
 If you receive a response within 30 days after the SHPO, THPO, or tribal representative 
received your letter and you consult with the SHPO, THPO or tribal representative regarding 
adverse impacts to historic properties and measures to mitigate them but an agreement cannot be 
reached between you and the SHPO, THPO, or other tribal representative, you have still met the 
eligibility for Criterion C.  In this case you should include in your SWPPP a brief description of 
potential effects to historic properties, the consultation process, any measures you will adopt to 
address the potential adverse impacts, and any significant remaining disagreements between you 
and the SHPO, THPO or other tribal representative. After you submit your NOI, there is a 30-
day waiting period during which the SHPO, THPO, or other tribal representative may review 
your NOI. The SHPO, THPO, or other tribal representative may request that EPA delay 
authorization based on concerns about potential adverse impacts to historic properties.  EPA will 
evaluate any such request and notify you if any additional measures to address adverse impacts 
to historic properties are necessary. 
 
 If you have contacted the SHPO, THPO, or tribal representative in writing regarding your 
potential to have an effect on historic properties and the SHPO, THPO, or tribal representative 
did not respond within 30 days of receiving your letter, you have met eligibility Criterion D. You 
are advised to get a receipt from the post office or other carrier confirming the date on which 
your letter was received.  In this case, you should submit a copy of your letter notifying the 
SHPO, THPO or tribal representative of potential impacts with your NOI.  After you submit your 
NOI, there is a 30-day waiting period during which the SHPO, THPO, or other tribal 
representative may review your NOI. The SHPO, THPO, or other tribal representative may 
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request that EPA hold up authorization based on concerns about potential adverse impacts to 
historic properties.  EPA will evaluate any such request and notify you if any additional 
measures to address adverse impacts to historic properties are necessary. 
 
 Addresses for State Historic Preservation Officers and Tribal Historic Preservation 
Officers may be found on the Advisory Council on Historic Preservation’s website 
(www.achp.gov/programs.html). In instances where a Tribe does not have a Tribal Historic 
Preservation Officer, you should contact the appropriate Tribal government office when 
responding to this permit eligibility condition. 
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Appendix G –Notice of Intent (NOI) Form 
 
To obtain coverage under this permit, you must submit a Notice of Intent (NOI).  You must 
submit an NOI using either (1) EPA’s Electronic Notice of Intent (eNOI) system, available at 
www.epa.gov/npdes/eNOI, or (2) file a paper copy of the NOI, a copy of which follows. 
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f. Latitude: (use 
any one of the 
three formats 
provided.) 

1. ___ ___° ___ ___΄ ___ ___˝ N (degrees, minutes, seconds) 

2. ___ ___° ___ ___. ___ ___΄ N (degrees, minutes, decimal) 

3. ___ ___. ___ ___  ___ ___° N ( degrees decimal) 

g. Longitude: 
(use any of 
these 3  
formats) 

1. ___ ___ ___° ___ ___΄ ___ ___˝ W (degrees, minutes, seconds) 

2. ___ ___ ___° ___ ___. ___ ___΄ W  (degrees, minutes, decimal) 

3. ___ ___ ___. ___ ___  ___ ___° W  (degrees decimal) 

(see Appendix C of the MSGP  for the list of  
eligible permit numbers) 

R  

NPDES 
FORM  
3510 -6  

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY  
WASHINGTON,  DC  20460 

NOTICE OF INTENT (NOI) FOR STORMWATER DISCHARGES ASSOCIATED WITH   
INDUSTRIAL  ACTIVITY UNDER THE  NPDES  MULTI-SECTOR  GENERAL  PERMIT  

Form Approved. 
OMB No. 2040-0086 

Submission of this completed Notice of  Intent (NOI) constitutes notice  that the operator identified in Section B of  this  form requests authorization to discharge pollutants 
to waters of the United States  from the  facility or site identified in Section C under EPA’s NPDES  Stormwater Multi-Sector General Permit (MSGP) for industrial  
stormwater. Submission of this NOI constitutes your notice to EPA that  the facility identified in Section C of this form meets the eligibility conditions of  Part 1.1 of the 
MSGP. Please read and make  sure you comply with all eligibility requirements, including the requirement to prepare a stormwater pollution prevention plan. Refer to the  
instructions at the end of  this  form  to complete your NOI. 

A. Permit 
Number: 

Tracking Number (EPA Use Only): 

B. Facility  Operator Information  

1. Name:  

2. IRS Employer Identification Number (EIN):   – 

3. Mailing Address: 

a. Street: 

b. City: c. State:  d. Zip Code:  -

e. Phone: - - f. Fax  
(optional):

- -
 

g. E-mail:

C. Facility Information  

1. Facility Name: 

2. Have stormwater discharges from your site been covered previously  under an NPDES permit?  � YES � NO 

a. If yes, provide the Tracking Number  if you had coverage under EPA’s MSGP 2000 
or the NPDES permit number if you had coverage under  an EPA individual permit. 

b.1 If no, was your facility in operation  and discharging  stormwater prior to October 30, 2005?  YES � NO� 

b.2 If no  to C.2.b.1, did your facility commence discharging after October  30, 2005 and before January 5, 2009? � YES � NO 

3. Location Address: 

a. Street  

b. City: 

c. County or similar government subdivision: d. State: e. Zip Code: 

h. Lat/Long Data Source:  USGS topographic map  � EPA web site � GPS  � Other: _______________________________________________ 

If you used a USGS topographic map, what was the scale?  __________________________________________________________________________ 

4. Estimated area of industrial activity at your site exposed to stormwater: (acres) 

5. Is this a federal facility?  � YES � NO 

6. Is your facility located on Indian Country lands?   � YES � NO 

If yes, name of  reservation, or if not part of a reservation, put “Not Applicable:”  ___________________________________________________________ 

EPA FORM 3510-6 (Revised 09-2008) Page 1 of 7
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40 CFR Part/Subpart Eligible Discharges Affected MSGP Sector Check if  Applicable 

Part 411, Subpart C Runoff from material storage piles at  cement manufacturing facilities  E 

Part 418 Subpart A  
Runoff from phosphate fertilizer manufacturing facilities that comes 
into contact with any raw materials, finished product, by-products or  
waste products (SIC 2874) 

C 

Part 423 Coal pile runoff at  steam electric generating facilities  O 

Part 429, Subpart I 
Discharges resulting from spray down or intentional wetting of logs at
wet deck storage areas 

 
A 

Part 436, Subpart B, C, or D 
Mine dewatering discharges at crushed stone mines, construction  
sand and gravel mines, or industrial sand mines 

J 

Part 443, Subpart A Runoff from asphalt emulsion facilities D 

Part 445, Subparts A & B Runoff from hazardous waste and non-hazardous waste landfills K, L 

 

    
 

  
 

  
 

 
 

  
 

 
 

  
 

 
 

  
 

 
 

  
 

 
 

  
 

 
 

 

D. Discharge information   

1. Does your facility discharge stormwater into a Municipal Separate Storm Sewer System (MS4)?  YES NO 

If yes, name of MS4 operator: ___________________________________________________________________________________________________ 

2. Receiving Waters  and Wetlands (Note: If additional space is needed for  this question, fill out Attachment 1.)   

a. What is the name(s) of your receiving water(s) 
that receive stormwater directly and/or through an 

MS4)? 

If your receiving water is impaired then identify the 
name of the impaired segment, if applicable, in 

parentheses following the receiving water name. 

b. Are any of your 
discharges directly 
into any segment of 

an “impaired” 
water? 

If you answered yes to question D.2.b, then answer the following three questions: 

b.1. What pollutant(s) are causing the 
impairment? 

b.2. Are the 
pollutant(s) causing 

the impairment 
present in your 

discharge? 

b.3. Has a TMDL 
been completed for 

the pollutant(s) 
causing the 
impairment? 

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO  

3. Water Quality Standards (for new dischargers only) 

a. Are any of your discharges into any portion of a receiving water designated  by the state or tribal authority under its antidegradation policy as a Tier 2 (or Tier 

2.5) water (water quality exceeds levels necessary to support propagation of  fish, shellfish, and wildlife and recreation in and on  the water)?   YES NO 

b. Has the receiving water(s) been designated by the state or tribal authority under its antidegradation policy as a Tier 3 water (Outstanding Natural Resource  

Water)?   YES NO 

4. Federal Effluent Limitation Guidelines and Sector-Specific Requirements  

a. Are you requesting permit coverage for any stormwater  discharges subject to effluent limitation guidelines?  YES NO 

b. If yes, which effluent limitation guidelines apply to  your stormwater discharges? 

c. If you are a Sector S (Air Transportation) facility, do you anticipate using  more than 100,000 gallons of glycol-based deicing/anti-icing chemicals and/or 100 tons 

or more of urea on  an average annual  basis?  

5. Identify the 4-digit Standard Industrial Classification (SIC) code or 2-letter Activity Code that best represents the products produced or services rendered  for which  
your facility is primarily engaged, as defined in MSGP: 

Primary SIC Code: OR  Primary Activity Code 

6. Identify the applicable sector(s) and subsector(s) of industrial activity, including co-located industrial activity, for which you are requesting permit coverage: 

a. Sector Subsector b. Sector Subsector c. Sector Subsector 

d. Sector Subsector e. Sector Subsector f. Sector Subsector 

7.a. Is your site presently inactive and  unstaffed?   YES NO 

b1. If yes, is your site expected to be inactive and unstaffed for the entire permit term?  YES NO 

b2. If you select “no” in 7.b1 above, then indicate the length of  time that you expect your facility to be inactive and unstaffed _______________________________ 

  YES   NO  
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     b.  List the pollutants expected to be present in your discharge    

    c. If you are an existing discharger, do you have effluent monitoring data from EPA’s MSGP 2000, or another previous NPDES permit? 

          c.1 If no, why not?      
          c.2 Do you have any other data characterizing pollutants in your stormwater (describe)? 

 

            

         
 

       

                               
 

                               
 

        

 

                               
 

                               
 

   
 

          
 

         
 

 

  

  

 

                     

 

  

  

   NO 

  

    

 

 

 

        

 YES     

 

- -

E. Stormwater Pollution Prevention Plan (SWPPP) Contact Information  

1a. SWPPP Contact Name:  

b. Phone: Ext. c. E-mail:  

2. URL of SWPPP (if applicable):  __________________________________________________________________________________________________________ 

D 

________________________________________________________________________________ 

� 
 ____________________________________________________ 

Inactive/unstaffed site � 

F. Endangered Species Protection 

1. Using the instructions in Appendix E of the MSGP, under which criterion listed in Part  1.1.4.5 are you eligible for coverage under this permit? 

� A � B � C � � E � F 

2. If you select criterion E from Part 1.1.4.5:  

a. What  federally-listed species or federally-designated  critical habitat are in your “action area?”_______________________________________________________ 

__________________________________________________________________________________________________________________________________ 

__________________________________________________________________________________________________________________________________ 

� 

No monitoring required for  my sector    � Other  _______________________________ 

 c.3 If you have benchmark monitoring  data, did you exceed any of the applicable benchmarks?  � YES � NO 

 c.4 Did you exceed any applicable effluent limitation guideline or  cause or  contribute to an exceedance of a State or Tribal water quality standard?� YES � NO 

 c.5 If  you answered “yes” to either question F.2.c.3 or F.2.c.4 above, for what pollutant(s)? _______________________________________________________ 

d. Attach documentation supporting criterion E eligibility.   Documentation should address species and habitat listed  in F.2.a and the potential effects of pollutants listed
in F.2.b (including any monitoring data for  these pollutants) on the listed species and habitat.  

 

3. If you select criterion F from Part 1.1.4.5, provide the operator’s NPDES 
Tracking Number under which you are  certifying eligibility:  

� 

C 

G. Historic Preservation   

Using the instructions in Appendix F of the  MSGP, under  which criterion listed in Part 1.1.4.6 are you eligible for  coverage under this permit?  

� A � B � � D 

- -

H. Certifier Name and Title 
I certify under penalty of law that I meet  the eligibility conditions of this permit and that this document and all attachments were prepared under my direction or 
supervision in accordance with a system designed to assure that qualified personnel properly gather and evaluate the information submitted. Based on my inquiry of 
the person or persons who manage  the system, or those persons directly responsible for gathering the information,  I certify that the  information submitted is, to the  best 
of my knowledge and belief, true, accurate, and complete. I certify that  I am aware that there are significant penalties  for submitting  false information, including the 
possibility of fines and imprisonment for knowing violations. 

Print Name: 

Title:  

Signature: _________________________________________________________________________________ Date: 

E-mail:  

NOI Preparer (Complete if NOI was prepared by  someone other than the certifier)  

Prepared by: 

Organization: 

Phone: Ext. E-mail:  
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Attachment 1. (Fill in as necessary if more space is required for D.2 a-e) 
a. What is the name(s) of your receiving water(s) 
that receive stormwater from your facility (directly 

and/or through an MS4)?  

If your receiving water is impaired then identify the 
name of the impaired segment, if applicable, in 

parentheses following the receiving water name. 

b. Are any of your 
discharges directly 
into any segment of 

an “impaired” 
water? 

If you answered yes to question D.2.b, then answer the following three questions: 

b.1. What pollutant(s) are causing the 
impairment? 

b.2. Are the 
pollutant(s) causing 

the impairment 
present in your 

discharge? 

b.3. Has a TMDL 
been completed for 

the pollutant(s) 
causing the 
impairment? 

 YES  NO  YES  NO  YES  NO 

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES  NO  YES  NO  YES  NO 

 YES  NO  YES  NO  YES  NO 

 YES  NO  YES  NO  YES  NO 

 YES  NO  YES  NO  YES  NO 

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO 

 YES  NO  YES  NO  YES  NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES   NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES  NO  YES  NO  YES  NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO

 YES    NO  YES    NO  YES    NO  
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Instructions for Completing the Notice of Intent for Stormwater Discharges Associated with INDUSTRIAL ACTIVITY under the Multi-Sector General Permit (MSGP) 
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Who Must File a Notice of Intent with EPA? 

Under section 402(p) of the Clean Water Act (CWA) and regulations at 40 CFR 
Part 122, stormwater discharges associated with industrial activity are prohibited to 
waters of the United States unless authorized under a National Pollutant Discharge 
Elimination System (NPDES) permit. You can obtain coverage under the MSGP by 
submitting a completed NOI if you operate a facility: 
• that is located in a jurisdiction where EPA is the permitting authority, listed in 

Appendix C of the MSGP, 
• that discharges stormwater associated with industrial activities, identified in 

Appendix D of the MSGP, 
• that meets the eligibility requirements in Part 1.1 of the permit, 
• that develops a stormwater pollution prevention plan (SWPPP) in accordance 

with Part 5 of the MSGP; and 
• that installs and implements control measures in accordance with Part 2 to 

meet numeric and non-numeric effluent limits. 
 

If you are unsure if you need an NPDES stormwater permit, contact your EPA or 
State NPDES stormwater permit program. Contacts are listed at 
www.epa.gov/npdes/stormwatercontacts. 

One NOI must be submitted for each facility or site for which you are seeking 
permit coverage. You do not need to submit separate NOIs for each type of 
industrial activity present at your facility, provided your SWPPP covers all activities. 
When to File the NOI Form 

Do not file your NOI until you have obtained and thoroughly read a copy of the 
MSGP. A copy of the MSGP is located on the EPA website 
(www.epa.gov/npdes/stormwater/msgp). The MSGP describes procedures to 
ensure your eligibility, prepare your SWPPP, install and implement appropriate 
stormwater control measures, and complete the NOI form questions – all of which 
must be done before you sign the NOI certification statement attesting to the 

accuracy and completeness of your NOI.  You will also need a copy of the MSGP 
once you have obtained coverage so that you can comply with the implementation 
requirements of the permit. 

NOI Submittal Deadlines/Discharge Authorization Dates 
Category NOI Deadline Discharge Authorization Date1

Existing Dischargers - in 
operation as of October 
30, 2005 and authorized 
for coverage under 
MSGP 2000. 

No later than January 
5, 2009. 

30 days after EPA posts your 
NOI. Your authorization under 
the MSGP 2000 is automatically 
continued until you have been 
granted coverage under this 
permit or an alternative permit, 
or coverage is otherwise 
terminated. 

New Dischargers or 
New Sources - have 
commenced discharging 
between October 30, 
2005 and January 5, 
2009. 

As soon as possible 
but no later than 
January 5, 2009. 

30 days after EPA posts your 
NOI. 

New Dischargers or 
New Sources - 
commence discharging 
after January 5, 2009. 

A minimum of 60 days 
prior to commencing 
operation of the facility, 
or a minimum of 30 
days if your SWPPP is 
posted on the Internet 
during this period and 
the Internet address 
(i.e., URL) to your 
SWPPP is provided on 
the NOI form. 

If you post your SWPPP on the 
Internet, 30 days after EPA 
posts your NOI.  Otherwise, 60 
days after EPA posts your NOI. 

New Owner/Operator of 
Existing Discharger - 
transfer of ownership 
and/or operation of a 
facility whose discharge 
is authorized under this 
permit 

A minimum of 30 days 
prior to date that the 
transfer will take place 
to the new 
owner/operator. 

30 days after EPA posts your 
NOI. 

Other Eligible 
Dischargers - in 
operation prior to 
October 30, 2005 but 
not covered under the 
MSGP 2000 or another 
NPDES permit. 

Immediately, to 
minimize the time 
discharges from the 
facility will continue to 
be unauthorized. 

If you post your SWPPP on the 
Internet, 30 days after EPA 
posts your NOI.  Otherwise, 60 
days after EPA posts your NOI. 

1 Based on a review of your NOI or other information, EPA may delay your 
authorization for further review, notify you that additional effluent limitations are 
necessary, or may deny coverage under this permit and require submission of an 
application for an individual NPDES permit, as detailed in MSGP Part 1.6. In these 
instances, EPA will notify you in writing of the delay or the request for submission of an 
individual NPDES permit application. EPA will post these NOIs on its website at 
www.epa.gov/npdes/enoi.  

Where to File the NOI Form 
EPA encourages you to complete the NOI form electronically via the Internet. 

EPA’s Electronic Notice of Intent System (eNOI) can be found at 
www.epa.gov/npdes/enoi. Filing electronically is the fastest way to obtain permit 
coverage and help ensure that your NOI is complete. If you choose not to file 
electronically, you must send the NOI to one of the addresses listed below. 

NOIs sent regular mail: 
Stormwater Notice Processing Center (4203M) 
USEPA 
1200 Pennsylvania Avenue, NW 
Washington, DC 20460 

 
NOIs sent overnight/express mail: 
Stormwater Notice Processing Center 
EPA East Building, Rm. 7420 
1201 Constitution Avenue, NW 
Washington, DC 20004 
202-564-9545 

 
If you have questions, please contact EPA’s Stormwater Notice Processing 

Center toll free at (866) 352-7755. 
• If you file a paper NOI, please submit the original with a signature in ink – 

Do Not Send Copies. Also, faxed copies will not be accepted. 
• Your SWPPP does not need to be submitted for review unless specifically 

requested by EPA or as otherwise required in Part  9 of the MSGP (State, 
Territory, and Tribal requirements). You must keep a copy of your SWPPP 
on-site or otherwise make it available to facility personnel responsible for 
implementing provisions of the permit. 

 
Completing the NOI Form 
To complete this form, type or print in uppercase letters in the appropriate areas 
only. Please make sure you complete all questions. Make sure you make a 
photocopy for your records before you send the completed original form to the 
address above. You may also use this paper form as a checklist for the information 
you will need when filing an NOI electronically via EPA’s eNOI system. 
Section A. Permit Number 

Appendix C of the MSGP 2008 contains a list of geographic areas covered by 
the permit. If your facility is located in one of the listed areas, include the appropriate 
permit number in this section. (For example, if you facility is located in 
Massachusetts, and not on Indian Lands, you would write MAR050000 in this 
space.) If your facility is located in an area not covered by the MSGP, please 
contact your EPA Region, state or territorial NPDES stormwater coordinator (see 
www.epa.gov/npdes/stormwatercontacts for a list of contacts). 
Section B. Facility Operator Information 
1. Provide the legal name of the person, firm, public organization or any other 

public entity that operates the facility described in this application. An operator of 
a facility is a legal entity that controls the operation of the facility. 

2. Provide the Employer Identification Number (EIN from the Internal Revenue 
Service (IRS)), commonly referred to as your taxpayer ID number. If the operator 
does not have an EIN, enter “NA” in the space provided. 

3. Provide the operator’s mailing address, telephone number, fax number 
(optional), and email address. Correspondence will be sent to this address. 

Section C. Facility Information 
1. Enter the facility’s official or legal name. Unless the name of your facility has 

changed, please use the same name provided on prior NOIs or permit 
applications. You can use EPA’s NOI Search website 
(www.epa.gov/npdes/noisearch) to view your previous NOI. 

2. Indicate if industrial stormwater discharges from your facility were previously 
covered by an NPDES permit. 

2a.If your facility was covered by EPA’s MSGP-2000, please include the tracking 
number that you received in your confirmation letter or email from EPA’s 
Stormwater Notice Processing Center. You can find the tracking number 
assigned to your previous NOI on EPA’s NOI Search website 
(www.epa.gov/npdes/noisearch). 

2b1.If your facility was not previously covered by an NPDES permit and discharged 
industrial stormwater, then indicate if it was in operation before October 30, 
2005 and not covered under the MSGP 2000. If you select “yes” to this question 
then you have a 30 day waiting period before you are authorized to discharge. 

2b2.If you select “no” in C.2.b.1, then indicate if your facility discharged stormwater 
between October 30, 2005 and January 5, 2009. If you select “yes” to this 
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question then you have a 30 day waiting period before you are authorized to 
discharge. If you select “no” to this question and you post your SWPPP on the 
Internet and provide EPA the URL in E.2, then you have a 30 day waiting period 
before you are authorized to discharge. If you select “no” to this question, but do 
not post your SWPPP on the Internet and therefore do not answer E.2, then you 
have a 60 day waiting period before you are authorized to discharge. 

3.a-e. Enter the street address, including city, state, zip code, county or similar 
government subdivision of the actual physical location of the facility. Do not use 
a P.O. Box. 

3.f-g. Provide the facility latitude and longitude in one of three formats: (1) degrees, 
minutes, seconds; (2) degrees, minutes, decimal; or(3) degrees decimal. You 
can obtain your facility’s latitude and longitude though Global Positioning 
System (GPS) receivers, U.S. Geological Survey (USGS) quadrangle or 
topographic maps, and EPA’s web-based siting-tools, among other methods. 
Refer to www.epa.gov/npdes/stormwater/msgp for guidance on the use of these 
methods. For consistency, EPA requests you take measurements from the 
location of your facility’s stormwater outfall. Outfalls are locations where the 
stormwater exits the facility, including pipes, ditches, swales, and other 
structures that transport stormwater. If there is more than one outfall present, 
measure at the primary outfall (i.e., the outfall with the largest volume of 
stormwater discharge associated with industrial activity). 

3.h. Identify the data source that you used to determine the facility latitude and 
longitude. If you did not use a USGS quadrangle or topographic map, the EPA 
website, or GPS receivers, then select “Other” and write the method used on 
the line provided. If you used a USGS quadrangle or topographic map, write the 
map scale on the line provided. Scale should be identified on the map. 

4. Enter the estimated area of industrial activity at your site exposed to 
stormwater, in acres. 

5. Indicate if the facility is considered a “federal facility” - Federal facilities include 
any buildings, installations, structures, land, public works, equipment, aircraft, 
vessels, and other vehicles and property, owned or leased by the federal 
government. 

6. Indicate whether the facility is located in Indian Country, and, if so, provide the 
name of the reservation, if applicable. 

 
Section D. Discharge Information 
1. Indicate whether stormwater from your site will be discharged into a municipal 

separate storm sewer system (MS4). An MS4 is a conveyance or system of 
conveyances, including roads with drainage systems, municipal streets, catch 
basins, storm drains, curbs and gutters, ditches and man-made channels, 
owned or operated by a state, city, town, borough, county, parish, district, 
association or other public body, used to collect or convey stormwater. If you 
check “Yes” then identify the name of the MS4 operator on the line provided. If 
you are uncertain of the MS4 operator, contact your local government for that 
information. MS4s are different than combined sewers, which are designed to 
convey both stormwater and sanitary wastewater. Discharges to combined 
sewers do not require an NPDES permit but may be subject to other CWA 
requirements (contact the combined sewer operator for more information). 

2.  Enter information regarding your discharge. If additional space is needed fill out 
Attachment 1. 

2a. Indicate in column “a” of the table the name(s) of the receiving water(s) into 
which stormwater from your facility will discharge. Also provide in parentheses 
the name of the impaired water (and segment, if applicable) into which your 
stormwater is discharged. If you identified more than on receiving water for your 
facility, indicate the first receiving water and complete question 2b and 2.b.1-3 (if 
applicable), before entering the next receiving water. The EPA’s Water Locator 
Tool can help you identify the closest receiving water to your facility 
(www.epa.gov/npdes/msgp). Your receiving water may be a lake, stream, river, 
ocean, wetland or other waterbody, and may or may not be located adjacent to 
your facility. Your stormwater may discharge directly to the receiving water or 
indirectly via a storm sewer system, an open drain or ditch, or other conveyance 
structure. Do NOT list a man-made conveyance, such as a storm sewer system, 
as your receiving water. Indicate the first receiving water your stormwater 
discharge enters. For example, if your discharge enters a storm sewer system, 
that empties into Trout Creek, which flows into Pine River, your receiving water is 
Trout Creek, because it is the first waterbody your discharge will reach. Similarly, 
a discharge into a ditch that feeds Spring Creek should be identified as “Spring 
Creek” since the ditch is a manmade conveyance. If you discharge into a 
municipal separate storm sewer system (MS4), you must identify the waterbody 
into which that portion of the storm sewer discharges. That information should be 
readily available from the operator of the MS4. 

2b. Indicate in column “b” of the table whether you discharge directly to an impaired 
water (lake, stream segment, estuary, etc), listed as “impaired” under section 
303(d) of the Clean Water Act. Each state water quality agency maintains a list of 
waters that are impaired. Most state agencies publish these lists online. The 
EPA’s Water Locator Tool may also help you identify if the nearest receiving 
water is impaired (www.epa.gov/npdes/msgp).  If you discharge into a stream 

segment that is upstream of a listed impaired water but which is not itself on the 
State’s impaired waters list, answer “no” to this question.  In this case, 
requirements in the MSGP for discharges into impaired waters do not apply to 
you, unless notified otherwise by EPA. 

 
Answer the following three questions only if you answered “Yes” to D 2.b: 
2b1. Provide the pollutant(s) listed as causing the impairment in the water identified 

in D.2.b.1 above. Enter each pollutant individually on a separate row in the 
table. 

2b2. Out of the pollutant(s) that you identified in D.2.b.1 above, indicate which 
pollutants you believe will be present in your discharge. If you do not expect the 
pollutant(s) to be in your discharge, then select “no.” 

2b3.Indicate the pollutant(s) that have a Total Maximum Daily Load (TMDL) for the 
impaired stream segment that you identified in D.2.b.2 above. Check with your 
state water quality agency for lists of waters with approved or established 
TMDLs. See www.epa.gov/npdes/msgp for more information. 

3. Water Quality Standards 
3a.If you selected “no” in C.2 indicating that stormwater discharges from your facility 

have not been previously covered under an NPDES permit, then you are 
considered a new discharger and must answer this question; otherwise you are 
considered an existing discharger and may skip this question.  State water 
quality agencies are responsible for setting water quality standards for waters 
within the state’s boundaries. Check EPA’s website (www.epa.gov/npdes/msgp) 
to determine if the water(s) that you discharge into are designated as a “Tier 2 
(or Tier 2.5) water” (See Appendix A of the MSGP 2008 for definitions of “Tier 2 
water” and “Tier 2.5 water”). If you discharge into these waters, EPA may impose 
additional permit conditions to ensure that you do not violate the State’s 
antidegradation policy. 

3.b Idenitfy whether your receiving water is designated as a Tier 3 waterbody. Go to 
www.epa.gov/npdes/msgp for a list of Tier 3 waterbodies. Note that new 
discharges into designated Tier 3 waters are not eligible for coverage under the 
MSGP 2008. 

4. Federal Effluent Limitation Guidelines and Sector-Specific Requirements 
4.a-b. Depending on your industrial activities, your facility may be subject to effluent 

limitation guidelines which include additional effluent limits and monitoring 
requirements for your facility.  Please review these requirements, described in 
Part 2.1.3 of the MSGP, and check any appropriate boxes on the NOI form. 

4.c. For Sector S facilities (Air Transportation), indicate whether you anticipate that 
the entire airport facility will use more than 100,000 gallons of glycol-based 
deicing/anti-icing chemicals and/or 100 tons or more of urea on an average 
annual basis. If so, additional effluent limits and monitoring conditions apply to 
your discharge (see Part 8 Sector S of the MSGP 2008). 

5. List the four-digit Standard Industrial Classification (SIC) code and/or two 
character activity code that best describes the primary industrial activities 
performed by your facility under which you are required to obtain permit 
coverage.  Your primary industrial activity includes any activities performed on-
site which are (1) identified by the facility’s one SIC code for which the facility is 
primarily engaged; and (2) included in the narrative descriptions of 40 CFR 
122.26(b)(14)(i), (iv), (v), or (vii), and (ix). See Appendix D of the MSGP for a 
complete list of SIC codes and activities codes. 

6. If your site has co-located industrial activities that are not identified as your 
primary industrial activity, identify the sector and subsector codes that describe 
these other industrial activities. For a complete list of sector and subsector 
codes, see Appendix D of the MSGP. 

7.a-b Indicate whether your facility is currently inactive and unstaffed. If so then 
indicate whether your facility will be inactive and unstaffed for the entire permit 
term, or if not, specify the specific length of time in units of days, weeks, months, 
or years (e.g. 3 months) that you expect the facility to be inactive and unstaffed. 

 

Section E. Facility Contact Information and SWPPP Location 
1.a-c. Identify the name, telephone number, and email address of the person who 

will serve as a contact for EPA on issues related to stormwater management at 
your facility. This person should be able to answer questions related to 
stormwater discharges, the SWPPP, and other issues related to stormwater 
permit coverage, or have immediate access to individuals with that knowledge. 
This person does not have to be the facility operator, but should have intimate 
knowledge of stormwater management activities at the facility. 

2. If you are making your Stormwater Pollution Prevention Plan publicly available 
on a website provide the appropriate Internet URL address. (Please note that by 
posting your SWPPP on the web, you may qualify for a shortened authorization 
waiting period. See Table 1-2 of the MSGP for more information.) 

Section F. Endangered Species Protection 
1. Based on the instruction provided in Appendix E of the MSGP 2008, indicate 

which permit criterion (A,B,C,D,E, or F) listed in Part 1.1.4.5 you are using  to 
satisfy your eligibility obligations for protection of endangered and threatened 
species, and designated critical habitat. 
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2.a. If you select criterion E (not likely to adversely affect), list those federally-listed 
endangered or threatened species and any federally-listed designated critical 
habitat expected to exist in proximity to your facility. 

2.b List the pollutants that you expect to be present in your stormwater discharge. 
Include any pollutants that you may have included in D.2.b.3 above. 

2.c If you selected “yes” in C.2 then you are considered an existing discharger and 
must answer all the questions in F.2.c.1--5; otherwise you are considered a new 
discharger and may skip the questions under F.2.c. If you are an existing 
discharger who was previously covered under the MSGP 2000, indicate 
whether you have any previous effluent monitoring data. 

2.c1-2.If you select “No,” to F.2.c then indicate why you don’t have any data. Also 
indicate if you have any other data characterizing pollutants in your stormwater 
discharge. 

2.c.3. If you select “Yes,” to F.2.c then indicate whether you exceeded any 
benchmark. 

2.c.4 Indicate whether you have exceeded any applicable effluent limitation 
guideline, or caused or contributed to an exceedance of state or tribal water 
quality requirement(s). 

2.c.5. If you select “Yes” to F.2.c.3.and/or F.2.c.4 then indicate the pollutant 
parameters for which you exceeded the benchmark, applicable effluent 
limitation guideline, or State or Tribal water quality requirement(s). 

2.d. Attach your supporting rationale for your determination of the applicability of 
Criterion E for your facility (applies to both new and existing dischargers).  Your 
documentation should address species and habitat listed in F.2.a and the 
potential effects of pollutants listed in F.2.b on the listed species and habitat.  
This should include consideration of any available data characterizing pollutants 
in your stormwater discharge, or in the discharge of similar facilities if data for 
you facility is not available, that may be of concern to listed species. 

3. If you select Criterion F (already addressed in another operator’s valid 
certification), provide the tracking number that the operator received in their 
confirmation letter or email from EPA’s NOI Processing Center (see Appendix 
E). You can find the tracking number assigned to your previous NOI on EPA’s 
NOI Search website (www.epa.gov/npdes/noisearch). An example where 
criterion F may apply includes airports where several individual airlines have 
applied for coverage under the MSGP, and the entire airport also has applied 
for or obtained coverage.  If the airport has already certified under Appendix E, 
and that certification addresses any potential impacts from the individual 
airlines, then the airlines may reference the airport’s permit tracking number. 

Section G. Historic Preservation 
Based on the instruction provided in Appendix F of the MSGP 2008, indicate 

which permit criterion (A, B, C, or D) listed in Part 1.1.4.6 of the MSGP you used to 
satisfy your eligibility obligations for protection of historic properties. 
Section H. Certification 

Certification statement and signature (see Section B.11 of Appendix B of the 
MSGP for more information). Enter certifier’s printed name, title and email address. 
Sign and date the form. (CAUTION: An unsigned or undated NOI form will prevent 
the granting of permit coverage.) Federal statutes provide for severe penalties for 
submitting false information on this application form. Federal regulations require this 
application to be signed as follows: 
For a corporation: by a responsible corporate officer, which means: 
(i) president, secretary, treasurer, or vice-president of the corporation in charge of a 
principal business function, or any other person who performs similar policy or 
decision making functions for the corporation, or 
(ii) the manager of one or more manufacturing, production, or operating facilities, 
provided the manager is authorized to make management decisions which govern 
the operation of the regulated facility including having the explicit or implicit duty of 
making major capital investment recommendations, and initiating and directing other 
comprehensive measures to assure long term environmental compliance with 
environmental laws and regulations; the manager can ensure that the necessary 
systems are established or actions taken to gather complete and accurate 
information for permit application requirements; and where authority to sign 
documents has been assigned or delegated to the manager in accordance with 
corporate procedures; 
For a partnership or sole proprietorship: by a general partner or the proprietor; or 
For a municipal, State, Federal, or other public facility: by either a principal 
executive or ranking elected official. 

If the NOI was prepared by someone other than the certifier (for example, if the 
NOI was prepared by the facility SWPPP contact or a consultant for the certifier’s 
signature), include the name, organization, phone number and email address of the 
NOI preparer. 
Paperwork Reduction Act Notice 
Public reporting burden for this certification is estimated to average 3.7 hours per 
certification, including time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed, and completing and reviewing 
the collection of information. Burden means the total time, effort, or financial 
resources expended by persons to generate, maintain, retain, or disclose to provide 

information to or for a Federal agency. This includes the time needed to review 
instructions; develop, acquire, install, and utilize technology and systems for the 
purposes of collecting, validating, and verifying information, processing and 
maintaining information, and disclosing and providing information; adjust the existing 
ways to comply with any previously applicable instructions and requirements; train 
personnel to be able to respond to a collection of information; search data sources; 
complete and review the collection of information; and transmit or otherwise disclose 
the information. An agency may not conduct or sponsor, and a person is not 
required to respond to, a collection of information unless it displays a currently valid 
OMB control number. Send comments regarding the burden estimate, any other 
aspect of the collection of information, or suggestions for improving this form, 
including any suggestions which may increase or reduce this burden to: Director, 
Office of Environmental Information Services, Collection Services Division (2823), 
USEPA, 1200 Pennsylvania Avenue, NW, Washington, DC 20460. Include the OMB 
control number of this form on any correspondence. Do not send the completed NOI 
form to this address. 
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Appendix H – Notice of Termination (NOT) Form 
 

To terminate coverage under this permit, you must submit a Notice of Termination 
(NOT).  You must either (1) terminate coverage using EPA’s online eNOI system, available at 
www.epa.gov/npdes/eNOI or (2) file a paper copy of the NOT, a copy of which follows. 
 

Stormwater Discharges Associated With Industrial Activity – Appendix H H-2 
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This Form Replaces Previous Form  2040-0086 (Please  See Instructions Before Completing This Form)  

NPDES 
FORM  
3510-7  

UNITED STATES ENVIRONMENTAL  PROTECTION AGENCY  
WASHINGTON,  DC  20460 

NOTICE OF TERMINATION (NOT) OF COVERAGE UNDER A  NPDES  GENERAL  PERMIT  
FOR STORMWATER DISCHARGES ASSOCIATED WITH  INDUSTRIAL ACTIVITY  

Form Approved. 
OMB No. 2040-0086 

  
  

         
 

 

                               
 

  
 

       
 

                               
 

                          
 

  
 

         
 

          
 

          
 

                               
 

                               
 

                          
 

               
 

  
 

         
 

                               
 

                               
 

       

 
  

 
 

Submission of this Notice of Termination (NOT) constitutes notice that the party identified in Section B of this form is no longer authorized to discharge stormwater 
associated with industrial activity under the NPDES program for the facility identified in Section C of this form. All necessary information must be included on this form.  
Refer to the instructions at the end of this form. 

A. Permit Number: 

1. NPDES Permit Tracking Number: 

2. Reason for Termination (check one  only): a. �  You transferred operational control to another operator. 

b. �  You no longer have a stormwater discharge associated with industrial activity subject to regulation under the  
NPDES program, and you have already implemented necessary sediment and erosion controls as required by  
Part 2.1.2.5. 

 c.  

d. �  You obtained coverage under an alternative NPDES permit. 

� You are a Sector G, H, or J facility and you have met the applicable  termination requirements. 

B. Facility  Operator Information  

1. Name:  

2. IRS Employer Identification Number (EIN):   – 

3. Mailing Address: 

a. Street: 

b. City: c. State: d. Zip Code: -

e. Phone: - - f. Fax  
(optional): - - g. E-mail: ____________________________________________ 

C. Facility Information  

1. Facility Name: 

2. Location Address: 

a. Street  

b. City: 

c. County or similar government subdivision: d. State: e. Zip Code: -

D. Certifier Name and Title 
I certify under penalty of law that I have met at least one of the reasons for terminating permit coverage listed in Section A.2 above.  I understand that  by submitting this  
Notice of Termination, I am no longer authorized to discharge stormwater associated with industrial activity under this general permit, and that discharging  pollutants in  
stormwater associated with industrial activity to waters of  the United States is  unlawful under the Clean Water Act where the discharge is not authorized by a NPDES  
permit. I also understand that the sub mittal o f this  Notice of Termination does not release an operator from liability for any violations of this permit or the Clean Water 
Act. 

Print Name: 

Title:  

Signature:  
Date: 

E-mail: ___________________________________________________________________________________________ 
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Instructions for Completing the Notice of Termination for Stormwater Discharges Associated with INDUSTRIAL ACTIVITY under the Multi-Sector General Permit 
(MSGP) 

Who May File Notice of Termination (NOT) Form 

Permittees currently covered by EPA’s NPDES Stormwater Multi-Sector General 
Permit may submit a Notice of Termination (NOT) form. You must submit an NOT 
within 30 days after one or more of the following conditions have been met: 

•	 a new owner or operator has assumed responsibility for the facility; or 
•	 you have ceased operations at the facility and there are not or no longer will be 

discharges of stormwater associated with industrial activity from the facility, and 
you have already implemented necessary sediment and erosion controls as 
required by Part 2.1.2.5; 

•	 you are a Sector G, H, or J facility and you have met the applicable termination 
requirements; or 

•	 you have obtained coverage under an individual or alternative general permit for 
all discharges required to be covered by an NPDES permit. 

See the MSGP Part 1.4 for more information. 

Where to File NOT form 

EPA encourages you to complete the NOT form online, via the Internet. The Electronic 
Notice of Intent System (eNOI) is found at www.epa.gov/npdes/eNOI. If you cannot 
access the electronic system, you must send the NOT to the address listed below. 

NOTs sent regular mail: 

Stormwater Notice of Termination (4203M)  

USEPA 

1200 Pennsylvania Avenue, NW 

Washington, D.C. 20460 


NOTs sent overnight/express 

Stormwater Notice of Termination 

US EPA East Building, Rm 7420 

1201 Constitution Avenue, NW 

Washington, D.C. 20004 

(202) 564-9545 

Completing the Form 

To complete this form, type or print in uppercase letters in the appropriate areas only. 
Please make sure you complete all questions.  Make sure you make a photocopy for 
your records before you send the completed original form to the address above. 
Please use ink when you sign the original document – DO NOT send copies.  If you 
have any questions about this form, you may call the EPA’s Stormwater Notice 
Processing Center at (866) 352-7755. 

Section A. Permit Information 

1. Enter the NPDES tracking number assigned by EPA’s Stormwater Notice Processing 
Center to the facility.  If you do not know the tracking number, you can find the tracking 
number assigned to your previous NOI on EPA’s NOI Search website 
(www.epa.gov/npdes/noisearch). 

2. Indicate your reason for submitting this Notice of Termination by checking the 
appropriate box (see MSGP Part 1.4 for more information).  

Section B. Facility Operator Information 

1. Give the legal name of the person, firm, public organization, or any other entity that 
operates the facility described in this application.  The operator of the facility is the 
legal entity which controls the facility’s operation, rather than the plant or site manager. 
Do not use a colloquial name. 

2-3. Enter the facility operator’s IRS Employer Identification Number (also know as the 
tax payer ID number). Enter the complete mailing address, email address and 
telephone number of the operator.  This address will be used for any future 
correspondence between EPA and the facility operator. 

Section C. Facility Information  

1-2. Enter the facility’s official or legal name and complete address, including city, 
county or similar government subdivision, state, and ZIP code. 

Section D. Certification 

Certification statement and signature (see Section B.11 of Appendix B of the MSGP for 
more information).  Enter certifier’s printed name, title and email address. Sign and 
date the form. Federal statutes provide for severe penalties for submitting false 
information on this application form. Federal regulations require this application to be 
signed as follows: 

For a corporation: by a responsible corporate officer, which means: (i) president, 
secretary, treasurer, or vice-president of the corporation in charge of the principal 
business function, or any other person who performs similar policy or decision making 
functions, or (ii) the manager of one or more manufacturing, production, or operating 
facilities employing more than 250 persons or having gross annual sales or 
expenditures exceeding $25 million (in second-quarter 1980 dollars), if authority to sign 
documents has been assigned or delegated to the manager in accordance with 
corporate procedures; 

For a partnership or sole proprietorship: by a general partner or the proprietor; or 

For a municipality State, Federal, or other facility: by either a principal executive office 
or ranking elected official. 

Paperwork Reduction Act Notice 

Public reporting burden for this application is estimated to average 0.5 hours per 
application, including time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the 
collection of information. Send comments regarding the burden estimate, any other 
aspect of the collection of information, or suggestions for improving this form, including 
any suggestions which may increase or reduce this burden to: Director, Office of 
Environmental Information Services, Collection Services Division (2823), USEPA, 1200 
Pennsylvania Avenue, NW, Washington, DC 20460. Include the OMB control number 
of this form on any correspondence. Do not send the completed NOT form to this 
address. 
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    NPDES Permit Tracking No.:  

          

 

 
 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, DC 20460 

 

  

Annual Reporting Form 
A. GENERAL INFORMATION 

1. Facility Name:                                 
 

2. NPDES Permit Tracking No.:           
 

3. Facility Physical Address: 

 a. Street:                                
 

 b. City:                           
 

c. State:   
 

d. Zip Code:      -     
 

4. Lead Inspectors Name:                     
 

Title:                     
 

Additional Inspectors Name(s):                     
 

                    
 

5. Contact Person:                     
 

Title:                     
 

Phone:    -    -     
 

Ext.      
 

E-mail:
 
                               

6. Inspection Date:   /   /     
 

B. GENERAL INSPECTION FINDINGS 

1. As part of this comprehensive site inspection, did you inspect all potential pollutant sources, including areas where industrial activity may be exposed to stormwater?   
 YES      NO 

 If NO, describe why not: 

 

NOTE: Complete Section C of this form for each industrial activity area inspected and included in your SWPPP or as newly identified in B.2 or B.3 below where pollutants 
may be exposed to stormwater. 
 

2. Did this inspection identify any stormwater or non-stormwater outfalls not previously identified in your SWPPP?    YES     NO 

 If YES, for each location, describe the sources of those stormwater and non-stormwater discharges and any associated control measures in place: 
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3. Did this inspection identify any sources of stormwater or non-stormwater discharges not previously identified in your SWPPP?    YES     NO 

 If YES, describe these sources of stormwater or non-stormwater pollutants expected to be present in these discharges, and any control measures in place: 

 

4. Did you review stormwater monitoring data as part of this inspection to identify potential pollutant hot spots?      YES      NO      NA, no monitoring performed 

 If YES, summarize the findings of that review and describe any additional inspection activities resulting from this review: 

 

5. Describe any evidence of pollutants entering the drainage system or discharging to surface waters, and the condition of and around outfalls, including flow  
dissipation measures to prevent scouring: 

 

6. Have you taken or do you plan to take any corrective actions, as specified in Part 3 of the permit, since your last annual report submission (or since you received 
authorization to discharge under this permit if this is your first annual report), including any corrective actions identified as a result of this annual comprehensive site 
inspection?  

  YES      NO 

If YES, how many conditions requiring review for correction action as  
specified in Parts 3.1 and 3.2 were addressed by these corrective actions?   

 

NOTE: Complete the attached Corrective Action Form (Section D) for each condition identified, including any conditions identified as a result of this comprehensive 
stormwater inspection. 
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C. INDUSTRIAL ACTIVITY AREA SPECIFIC FINDINGS 

Complete one block for each industrial activity area where pollutants may be exposed to stormwater.  Copy this page for additional industrial activity areas. 

In reviewing each area, you should consider: 
• Industrial materials, residue, or trash that may have or could come into contact with stormwater; 
• Leaks or spills from industrial equipment, drums, tanks, and other containers; 
• Offsite tracking of industrial or waste materials from areas of no exposure to exposed areas; and 
• Tracking or blowing of raw, final, or waste materials from areas of no exposure to exposed areas. 

INDUSTRIAL ACTIVITY AREA ______: 

1. Brief Description: 
 

2. Are any control measures in need of maintenance or repair?    YES   NO 

3. Have any control measures failed and require replacement?    YES  NO 

4. Are any additional/revised control measures necessary in this area?   YES  NO 

If YES to any of these three questions, provide a description of the problem:  (Any necessary corrective actions should be described on the attached  
Corrective Action Form) 

 

INDUSTRIAL ACTIVITY AREA ______: 

1. Brief Description: 

 

2. Are any control measures in need of maintenance or repair?    YES  NO 

3. Have any control measures failed and require replacement?    YES  NO 

4. Are any additional/revised c necessary in this area?     YES  NO 

If YES to any of these three questions, provide a description of the problem:  (Any necessary corrective actions should be described on the attached  
Corrective Action Form) 

 

INDUSTRIAL ACTIVITY AREA ______: 

Brief Description: 

 

2. Are any control measures in need of maintenance or repair?    YES  NO 

3. Have any control measures failed and require replacement?    YES  NO 

4. Are any additional/revised BMPs necessary in this area?    YES  NO 

If YES to any of these three questions, provide a description of the problem:  (Any necessary corrective actions should be described on the attached  
Corrective Action Form) 
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NOTE: Copy this page and attach additional pages as necessary

INDUSTRIAL ACTIVITY AREA ______: 

1. Brief Description: 

 

2. Are any control measures in need of maintenance or repair?   YES  NO 

3. Have any control measures failed and require replacement?   YES  NO 

4. Are any additional/revised BMPs necessary in this area?   YES  NO 

If YES to any of these three questions, provide a description of the problem:  (Any necessary corrective actions should be described on the attached  
Corrective Action Form) 

 

INDUSTRIAL ACTIVITY AREA ______: 

1. Brief Description: 

 

2. Are any control measures in need of maintenance or repair?   YES  NO 

3. Have any control measures failed and require replacement?   YES  NO 

4. Are any additional/revised BMPs necessary in this area?   YES  NO 

If YES to any of these three questions, provide a description of the problem:  (Any necessary corrective actions should be described on the attached  
Corrective Action Form) 

 

INDUSTRIAL ACTIVITY AREA ______: 

1. Brief Description: 

 

2. Are any control measures in need of maintenance or repair?   YES  NO 

3. Have any control measures failed and require replacement?   YES  NO 

4. Are any additional/revised BMPs necessary in this area?   YES  NO 

If YES to any of these three questions, provide a description of the problem:  (Any necessary corrective actions should be described on the attached  
Corrective Action Form) 
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D. CORRECTIVE ACTIONS 

Complete this page for each specific condition requiring a corrective action or a review determining that no corrective action is needed. Copy this 
page for additional corrective actions or reviews. 

Include both corrective actions that have been initiated or completed since the last annual report, and future corrective actions needed to address problems 
identified in this comprehensive stormwater inspection.  Include an update on any outstanding corrective actions that had not been completed at the time of your 
previous annual report. 

1. Corrective Action #   
 

of   
 

for this reporting period. 

2. Is this corrective action: 

 An update on a corrective action from a previous annual report; or 

 A new corrective action? 

3. Identify the condition(s) triggering the need for this review: 

 Unauthorized release or discharge 

 Numeric effluent limitation exceedance 

 Control measures inadequate to meet applicable water quality standards 

 Control measures inadequate to meet non-numeric effluent limitations 

 Control measures not properly operated or maintained 

 Change in facility operations necessitated change in control measures 

 Average benchmark value exceedance 

 Other (describe): ________________________________ 

4. Briefly describe the nature of the problem identified: 

 

5. Date problem identified:   /   /     
 

6. How problem was identified:   

 Comprehensive site inspection 

 Quarterly visual assessment 

 Routine facility inspection 

 Benchmark monitoring 

 Notification by EPA or State or local authorities 

 Other (describe): ________________________________ 

7. Description of corrective action(s) taken or to be taken to eliminate or further investigate the problem (e.g., describe modifications or repairs to control  
measures, analyses to be conducted, etc.) or if no modifications are needed, basis for that determination: 

 

8. Did/will this corrective action require modification of your SWPPP?     YES      NO 

9. Date corrective action initiated:   /   /     
 

10. Date correction action completed:   /   /     
 

or expected to be 
completed:   /   /     

 

11. If corrective action not yet completed, provide the status of corrective action at the time of the comprehensive site inspection and describe any remaining steps 
(including timeframes associated with each step) necessary to complete corrective action: 
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E. ANNUAL REPORT CERTIFICATION 

1. Compliance Certification 

 Do you certify that your annual inspection has met the requirements of Part 4.2 of the permit, and that, based upon the results of this inspection, to the best of 
your knowledge, you are in compliance with the permit?      YES      NO 

 If NO, summarize why you are not in compliance with the permit: 
 

2. Annual Report Certification 

I certify under penalty of law that this document and all attachments were prepared under my direction or supervision in accordance with a system designed to 
assure that qualified personnel properly gathered and evaluated the information submitted.  Based on my inquiry of the person or persons who manage the 
system, or those persons directly responsible for gathering the information, the information submitted is, to the best of my knowledge and belief, true, accurate, 
and complete.  I am aware that there are significant penalties for submitting false information, including the possibility of fine and imprisonment for knowing 
violations. 

Authorized Representative 
Printed Name:                        

 
Title:                     

 

Signatur e:  Date Signed:  
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Appendix J.  Calculating Hardness in Receiving Waters for Hardness Dependent Metals 
 
Overview 
 
EPA adjusted the benchmarks for six hardness-dependent metals (i.e., cadmium, copper, lead, 
nickel, silver, and zinc) to further ensure compliance with water quality standards and provide 
additional protection for endangered species and their critical habitat.  For any sectors required to 
conduct benchmark samples for a hardness-dependent metal, EPA includes ‘hardness ranges’ 
from which benchmark values are determined.  To determine which hardness range to use, you 
must collect data on the hardness of your receiving water(s).  Once the site-specific hardness data 
have been collected, the corresponding benchmark value for each metal is determined by 
comparing where the hardness data fall within 25 mg/L ranges, as shown in Table 1. 
 
 
Table 1.  Hardness Ranges to Be Used to Determine Benchmark Values for Cadmium, 
Copper, Lead, Nickel, Silver, and Zinc. 
 

Benchmark Values (mg/L, total) All Units 
mg/L Cadmium Copper Lead Nickel Silver Zinc 

0-25 mg/L 0.0005 0.0038 0.014 0.15 0.0007 0.04 
25-50 mg/L 0.0008 0.0056 0.023 0.20 0.0007 0.05 
50-75 mg/L 0.0013 0.0090 0.045 0.32 0.0017 0.08 
75-100 mg/L 0.0018 0.0123 0.069 0.42 0.0030 0.11 
100-125 mg/L 0.0023 0.0156 0.095 0.52 0.0046 0.13 
125-150 mg/L 0.0029 0.0189 0.122 0.61 0.0065 0.16 
150-175 mg/L 0.0034 0.0221 0.151 0.71 0.0087 0.18 
175-200 mg/L 0.0039 0.0253 0.182 0.80 0.0112 0.20 
200-225 mg/L 0.0045 0.0285 0.213 0.89 0.0138 0.23 
225-250 mg/L 0.0050 0.0316 0.246 0.98 0.0168 0.25 

250+ mg/L 0.0053 0.0332 0.262 1.02 0.0183 0.26 

How to Determine Hardness for Hardness-Dependent Parameters. 
 
 You may select one of three methods to determine hardness, including; individual grab 
sampling, grab sampling by a group of operators which discharge to the same receiving water, or 
using third-party data.  Regardless of the method used, you are responsible for documenting the 
procedures used for determining hardness values.  Once the hardness value is established, you 
are required to include this information in your first benchmark report submitted to EPA so that 
the Agency can make appropriate comparisons between your benchmark monitoring results and 
the corresponding benchmark.  You must retain all report and monitoring data in accordance 
with Part 7.5 of the permit.  The three method options for determining hardness are detailed in 
the following sections. 

(1) Permittee Samples for Receiving Stream Hardness 
 
 This method involves collecting samples in the receiving water and submitting these to a 
laboratory for analysis.  If you elect to sample your receiving water(s) and submit samples for 

Stormwater Discharges Associated With Industrial Activity – Appendix J J-2 
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analysis, hardness must be determined from the closest intermittent or perennial stream 
downstream of your point of discharge.  The sample can be collected during either dry or wet 
weather.  Collection of the sample during wet weather is more representative of conditions 
during stormwater discharges; however, collection of in-stream samples during wet weather 
events may be impracticable or present safety issues. 
 

Hardness must be sampled and analyzed using approved methods as described in 40 CFR 
Part 136 (Guidelines Establishing Test Procedures for the Analysis of Pollutants). 

(2) Group Monitoring for Receiving Stream Hardness 

 
 You can be part of a group of permittees discharging to the same receiving waters and 
collect samples that are representative of the hardness values for all members of the group.  In 
this scenario, hardness of the receiving water must be determined using 40 CFR Part 136 
procedures and the results shared by group members.  To use the same results, hardness 
measurements must be taken on a stream reach within a reasonable distance of the discharge 
points of each of the group members. 

(3) Collection of Third-Party Hardness Data 
 
 You can submit receiving stream hardness data collected by a third party provided the 
results are collected consistent with the approved 40 CFR Part 136 methods.  These data may 
come from a local water utility, previously conducted stream reports, TMDLs, peer reviewed 
literature, other government publications, or data previously collected by the permittee.  Data 
should be less than 10 years old. 
 
 Water quality data for many of the nation’s surface waters are available on-line or by 
contacting EPA or a state environmental agency.  EPA’s data system STORET, short for 
STOrage and RETrieval, is a repository for receiving water quality, biological, and physical data 
and is used by state environmental agencies, EPA and other federal agencies, universities, private 
citizens, and many others.  Similarly, state environmental agencies and the U.S. Geological 
Service (USGS) also have water quality data available that, in some instances, can be accessed 
online.  “Legacy STORET” codes for hardness include:  259 hardness, carbonate;  260 hardness, 
noncarbonated; and 261 calcium + magnesium, while more recent, “Modern STORET” data 
codes include: 00900 hardness, 00901 carbonate hardness, and 00902 noncarbonate hardness; or 
the discrete measurements of calcium (00915) and magnesium (00925) can be used to calculate 
hardness.  Hardness data historically has been reported as “carbonate,” “noncarbonate,” or “Ca + 
Mg.”  If these are unavailable, then individual results for calcium (Ca) and magnesium (Mg) may 
be used to calculate hardness using the following equation: 
 
 mg/L CaCO3 = 2.497 (Ca mg/L) + 4.118 (Mg mg/L) 
 
When interpreting the data for carbonate and non-carbonate hardness, note that total hardness is 
equivalent to the sum of carbonate and noncarbonate hardness if both forms are reported.  If only 
carbonate hardness is reported, it is more than likely that noncarbonate hardness is absent and the 
total hardness is equivalent to the available carbonate hardness. 
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Submission of this No Exposure Certification constitutes notice that the entity identified in Section A does not require permit authorization for its  
stormwater discharges associated with industrial activity in the State identified in Section B under EPA’s Stormwater Multi Sector General Permit  
due to the existence of a condition of no exposure.  

A condition of no exposure exists at an industrial facility  when all industrial materials and activities are protected by a storm resistant shelter to
prevent exposure to rain, snow, snowmelt, and/or  runoff. Industrial materials or activities include, but are not limited to, material handling equipment  
or activities, industrial machinery, raw  materials, intermediate products, by-products, final products, or waste products. Material handling activities 
include the storage, loading and unloading, transportation, or conveyance of any  raw material, intermediate product, final product or waste product.  
A storm resistant shelter is not required for the following industrial materials and activities: 

 

– drums, barrels, tanks, and similar containers that are tightly sealed, provided those containers are not deteriorated and do not leak. “Sealed” 
means banded or otherwise secured and without operational taps or valves; 

– adequately maintained vehicles used in material handling; and 
– final products, other than products that would be mobilized in stormwater discharges (e.g., rock salt). 

A No Exposure Certification must be provided for each facility qualifying for the no exposure exclusion. In addition, the exclusion from NPDES  
permitting is available on a facility-wide basis only, not for individual outfalls. If any industrial activities or materials are or will be exposed to 
precipitation, the facility is not eligible for the no exposure exclusion. 

By signing and submitting this No  Exposure Certification form, the entity in Section A is certifying that a condition of no exposure exists at its facility  
or site, and is obligated to comply  with the terms and conditions of 40 CFR 122.26(g). 

ALL INFORMATION MUST BE PROVIDED ON THIS FORM. 

Detailed instructions for completing this form  and obtaining the no exposure exclusion are provided on pages 3 and 4. 

A. Facility Operator Information  

1. 
Name: 

3. Email: 

4. Mailing Address: a. Street 

b. City:  
 

B. Facility/Site Location Information 

c. State 
 

d. Zip Code: 
 

1. Facility Name: 

2. a. Street Address: 

b. City: c. County:  

d. State: e. Zip Code: –
 

3. Is the facility located on Indian Lands? 

4. Is this a Federal facility?   YES 

 °  ' " ° ' " 5. a. Latitude:    b. Longitude:  
 

6. a. Was the facility or site previously covered under an NPDES stormwater permit? 

b. If yes, enter NPDES permit number or tracking number: 

Secondary  
(if applicable): 7. SIC/Activity Codes:   Primary:  

8. Total size of site associated with industrial activity: acres 

9. a. Have you paved or roofed over a formerly exposed, pervious area in order to qualify for the no exposure exclusion?  YES  NO 

b. If yes, please indicate approximately how  much area was paved or roofed over. Completing this question does not disqualify  you for the no
exposure exclusion. However, your permitting authority may use this information in considering whether stormwater discharges from your  site
are likely to have an adverse impact on water quality, in which case you could be required to obtain permit coverage. 

  
 

 Less than one acre One to five acres   More than five acres  
 

 YES  NO 

 NO 

 YES  NO 

NPDES 
FORM 
3510-11 

UNITED STATES  ENVIRONMENTAL PROTECTION AGENCY  
WASHINGTON,  DC  20460 

NO EXPOSURE CERTIFICATION FOR EXCLUSION FROM NPDES STORMWATER 
PERMITTING  

Form Approved  
OMB No. 2040-0211  
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C. Exposure Checklist 
Are any of the following materials or activities exposed to precipitation, now or in the foreseeable future? 
 (Please check either “Yes” or “No” in the appropriate box.)  If you answer “Yes” to any of these questions 
 (1) through (11),  you are not eligible for the no exposure exclusion. Yes No

1. Using, storing or cleaning industrial machinery or equipment, and areas where residuals from using, storing or cleaning   
industrial machinery or equipment remain and are exposed to stormwater 

2. Materials or residuals on the ground or in stormwater inlets from spills/leaks   

3. Materials or products from past industrial activity   

4. Material handling equipment (except adequately maintained vehicles)   

5. Materials or products during loading/unloading or transporting activities   

6. Materials or products stored outdoors (except final products intended for outside use [e.g., new cars] where   
exposure to stormwater does not result in the discharge of pollutants) 

7. Materials contained in open, deteriorated or leaking storage drums, barrels, tanks, and similar containers   

8. Materials or products handled/stored on roads or railways owned or  maintained by the discharger   

9. Waste material (except waste in covered, non leaking containers [e.g., dumpsters])   

10. Application or disposal of process wastewater (unless otherwise permitted)  

11. Particulate matter or visible deposits of residuals from roof stacks and/or vents not otherwise regulated    
(i.e., under an air quality control permit) and evident in the stormwater outflow  

D. Certification Statement 
I certify under penalty of law that I have read and understand the eligibility requirements for claiming a condition of “no exposure” and obtaining  
an exclusion from NPDES stormwater permitting.  
I certify under penalty of law that there are no discharges of stormwater contaminated by exposure to industrial activities or materials from the  
industrial facility  or site identified in this document (except as allowed under 40 CFR 122.26(g)(2)). 
I understand that I am obligated to submit a no exposure certification form once every five years to the NPDES permitting authority and, if  
requested, to the operator of the local municipal separate storm sewer system (MS4) into  which the facility discharges (where applicable). I  
understand that I must allow the  NPDES permitting authority, or MS4 operator where the discharge is into the local MS4, to perform inspections 
to confirm the condition of no exposure and to make such inspection reports publicly available upon request. I understand that  I must obtain  
coverage under an NPDES permit prior to any point source discharge of stormwater from the facility.  
Additionally, I certify  under penalty of law that this document and all attachments were prepared under my direction or supervision in accordance  
with a system designed to assure that qualified personnel properly  gathered and evaluated the information submitted. Based on my inquiry of the  
person or persons who manage the system, or those persons directly  responsible for gathering the  information, the information submitted is to  
the best of my knowledge and belief true, accurate and complete.  I am aware that there are significant penalties for submitting false information, 
including the possibility of fine and  imprisonment for knowing violations. 

Print Name: 

Print Title: 

Signature: 

/ /Date: 

Mo       Day       Year  

Email: 

EPA Form 3510-11 (09-08) Page 2 of 4 
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Instructions for the NO EXPOSURE CERTIFICATION for Exclusion from NPDES Stormwater Permitting 

Who May File a No Exposure Certification 

Federal law at 40 CFR Part 122.26 prohibits point source 
discharges of stormwater associated with industrial activity to waters 
of the U.S. without a National Pollutant Discharge Elimination 
System (NPDES) permit. However, NPDES permit coverage is not 
required for discharges of stormwater associated with industrial 
activities identified at 40CFR 122.26(b)(14)(i)-(ix) and (xi) if the 
discharger can certify that a condition of “no exposure” exists at the 
industrial facility or site. 

Stormwater discharges from construction activities identified in 
40 CFR 122.26(b)(14)(x) and (b)(15) are not eligible for the no 
exposure exclusion. 

Obtaining and Maintaining the No Exposure Exclusion 

This form is used to certify that a condition of no exposure exists at 
the industrial facility or site described herein. This certification is only 
applicable in jurisdictions where EPA is the NPDES permitting 
authority and must be re-submitted at least once every five years. 

The industrial facility operator must maintain a condition of no 
exposure at its facility or site in order for the no exposure exclusion 
to remain applicable. If conditions change resulting in the exposure 
of materials and activities to stormwater, the facility operator must 
obtain coverage under an NPDES stormwater permit immediately. 

Where to File the No Exposure Certification Form 

No Exposure Forms sent regular mail: 

SW No Exposure Certification (4203M) 
USEPA 
1200 Pennsylvania Avenue, NW 
Washington, D.C. 20460 

Forms sent overnight/express: 

SW No Exposure Certification 
US EPA East Building, Rm. 7420 

1201 Constitution Avenue, NW 
Washington, D.C. 20004 

(202) 564-9545 

Completing the Form 

You must type or print, using uppercase letters, in appropriate areas 
only. Enter only one character per space (i.e., between the marks). 
Abbreviate if necessary to stay within the number of characters 
allowed for each item. Use one space for breaks between words. 
One form must be completed for each facility or site for which you 
are seeking to certify a condition of no exposure. Additional 
guidance on completing this form can be accessed at EPA’s 
website: www.epa.gov/npdes/stormwater. Please make sure you 
have addressed all applicable questions and have made a 
photocopy for your records before sending the completed form to 
the above address. 

Section A. Facility Operator Information 

1. Provide the legal name of the person, firm, public organization, or 
any other entity that operates the facility or site described in this 
certification. The name of the operator may or may not be the 
same as the name of the facility. The operator is the legal entity 
that controls the facility’s operation, rather than the plant or site 
manager. 

2. Provide the telephone number of the facility operator. 

3. 	Provide the email address of the facility operator. 

4. Provide the mailing address of the operator (P.O. Box numbers 
may be used). Include the city, state, and zip code. All 
correspondence will be sent to this address. 

Section B. Facility/Site Location Information 

1. Enter the official or legal name of the facility or site. 

2. Enter the complete street address (if no street address exists, 
provide a geographic description [e.g., Intersection of Routes 9 
and 55]), city, county, state, and zip code. Do not use a P.O. 
Box number. 

3. Indicate whether the facility is located on Indian Lands. 

4. Indicate whether the industrial facility is operated by	 a 
department or agency of the Federal Government (see also 
Section 313 of the Clean Water Act). 

5. Enter the latitude and longitude of the approximate center of 
the facility or site in degrees/minutes/seconds. Latitude and 
longitude can be obtained from United States Geological 
Survey (USGS) quadrangle or topographic maps, by calling 
1-(888) ASK-USGS, or by accessing the Census Bureau at: 
www.census.gov/cgi-bin/gazetteer 

Latitude and longitude for a facility in decimal form must be 
converted to degrees (°), minutes ('), and seconds (") for proper 
entry on the certification form. To convert decimal latitude or 
longitude to degrees/minutes/seconds, follow the steps in the 
following example. 

Example: Convert decimal latitude 45.1234567 to degrees (°), 
minutes ('), and seconds ("). 

a) The numbers to the left of the decimal point are the degrees: 
45°. 

b) To obtain minutes, multiply the first four numbers to the right 
of the decimal point by 0.006: 1234 x 0.006 = 7.404. 

c) The numbers to the left of the decimal point in the result 
obtained in (b) are the minutes: 7'. 

d) To obtain seconds, multiply the remaining three numbers to 
the right of the decimal from the result obtained in (b) by 
0.06: 404 x 0.06 = 24.24. Since the numbers to the right of 
the decimal point are not used, the result is 24". 

e) The conversion for 45.1234567 = 45° 7' 24". 

6. Indicate whether the facility was previously covered under an 
NPDES stormwater permit. If so, include the permit number or 
permit tracking number. 

7. Enter the 4-digit SIC code which identifies the facility’s primary 
activity and second 4-digit SIC code identifying the facility’s 
secondary activity, if applicable. SIC codes can be obtained 
from the Standard Industrial Classification Manual, 1987. 

8. Enter the total size of the site associated with industrial activity 
in acres. Acreage may be determined by dividing square 
footage by 43,560, as demonstrated in the following example. 

 Example: Convert 54,450 ft2 to acres 

Divide 54,450 ft2 by 43,450 square feet per acre: 

54, 450 ft2 ) 43,560 ft2/acre = 1.25 acres. 


9. Check “Yes” or “No” as appropriate to indicate whether you have 
paved or roofed over a formerly exposed, pervious area (i.e., 
lawn, meadow, dirt or gravel road/parking lot) in order to qualify 
for no exposure. If yes, also indicate approximately how much 
area was paved or roofed over and is now impervious area. 
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Instructions for the NO EXPOSURE CERTIFICATION for Exclusion from NPDES Stormwater Permitting 

Section C. Exposure Checklist 

Check “Yes” or “No” as appropriate to describe the exposure 
condition at your facility. If you answer “Yes” to ANY of the 
questions (1) through (11) in this section, a potential for exposure 
exists at your site and you cannot certify to a condition of no 
exposure. You must obtain (or already have) coverage under an 
NPDES stormwater permit. After obtaining permit coverage, you 
can institute modifications to eliminate the potential for a discharge 
of stormwater exposed to industrial activity, and then certify to a 
condition of no exposure. 

Section D. Certification Statement 

Federal statutes provide for severe penalties for submitting false 
information on this application form. Federal regulations require 
this application to be signed as follows: 

For a corporation: by a responsible corporate officer, which 
means: 

(i) president, secretary, treasurer, or vice-president of the 
corporation in charge of a principal business function, 
or any other person who performs similar policy or 
decision making functions for the corporation, or 

(ii) the manager of one or more manufacturing, production, 
or operating facilities, provided the manager is 
authorized to make management decisions which 
govern the operation of the regulated facility including 
having the explicit or implicit duty of making major 
capital investment recommendations, and initiating and 
directing other comprehensive measures to assure long 
term environmental compliance with environmental laws 
and regulations; the manager can ensure that the 
necessary systems are established or actions taken to 
gather complete and accurate information for permit 

application requirements; and where authority to sign 
documents has been assigned or delegated to the 
manager in accordance with corporate procedures; 

For a partnership or sole proprietorship: by a general partner 
or the proprietor, or 

For a municipal, State, Federal, or other public facility: by 
either a principal executive or ranking elected official. 

Paperwork Reduction Act Notice 

Public reporting burden for this certification is estimated to average 
1.0 hour per certification, including time for reviewing instructions, 
searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing the collection of 
information. Burden means the total time, effort, or financial 
resources expended by persons to generate, maintain, retain, or 
disclose to provide information to or for a Federal agency. This 
includes the time needed to review instructions; develop, acquire, 
install, and utilize technology and systems for the purposes of 
collecting, validating, and verifying information, processing and 
maintaining information, and disclosing and providing information; 
adjust the existing ways to comply with any previously applicable 
instructions and requirements; train personnel to be able to 
respond to a collection of information; search data sources; 
complete and review the collection of information; and transmit or 
otherwise disclose the information. An agency may not conduct or 
sponsor, and a person is not required to respond to, a collection of 
information unless it displays a currently valid OMB control number. 
Send comments regarding the burden estimate, any other aspect 
of the collection of information, or suggestions for improving this 
form, including any suggestions which may increase or reduce this 
burden to: Director, OPPE Regulatory Information Division (2137), 
USEPA, 401 M Street, SW, Washington, D.C. 20460. Include the 
OMB control number of this form on any correspondence. Do not 
send the completed No Exposure Certification form to this address. 
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DISCLAIMER 

This document was issued in support of EPA regulations and policy initiatives involving the 
development and implementation of a national storm water program. This document is agency 
guidance only. It does not establish or affect legal rights or obligations. Agency decisions in 
any particular case will be made applying the laws and regulations on the basis of specific facts 
when permits are issued or regulations promulgated. Mention of trade names or commercial 
products does not constitute endorsement or recommendation for use. 

RB-AR26593



FOREWORD 

Pollutants in storm water discharges from many sources an largely uncontrolled. The National 
Water Quality Inventory, 1990 Report to Congress provides a general assessment of water 
quality based on biennial reports submitted by the States under Section 305(b) of the Clean 
Water Act. The report indicates that roughly 30% of identified cases of Water quality 
impairment reported by the States are attributable to storm water discharges. 

sampling data from storm water discharges is an important tool which provides information on 
the types and amounts of pollutants present. This data can then used to identify pollutant 
sources and to develop storm water pollution prevention plans and best management practices 
priorities to control these sources. 

This manual is for operators of facilities that discharge storm water associated with industrial 
activity and operators of large and medium municipal separate storm sewer system. This 
manual describes the basic sampling requirements for NPDES storm water discharge permit 
applications and provides procedural guidance on how to conduct sampling. Many of the 
concepts in this guidance may also be applicable to sampling requirements contained in NPDES 
storm water permits. 

This document was issued in support of EPA regulations and policy initiatives involving the 
development and implementation of a national storm water program. This document is agency 
guidance only. It does not establish or affect legal rights or obligations. Agency decisions in 
any particular case will be made applying the laws and regulations on the basis of specific facts 
when permits arc issued or regulations promulgated. 

This document is expected to be revised periodically to reflect advances in this rapidly evolving 
area. Comments from users are welcomed. Send comments to the U.S. Environmental 
Protection Agency, Office of Wastewater Enforcement and Compliance, 401 M Street, SW, 
Mailcode EN-336, Washington, DC 20460. 

Michael Cook, 
Director 

Office of Wastewater Enforcement 
and Compliance 

RB-AR26594



TABLE OF CONTENTS 

TABLE OF CONTENTS 

Page 

1.INTRODUCTION...........................................................................................1 

1.1 PURPOSE OF THIS MANUAL. . .............................. 2 
1.2 ORGANIZATION OF THIS MANUAL ........................... 2 

2. BACKGROUND FOR STORM WATER SAMPLING . . . . . . . . . . . . . . . . . . . . . . 5 

2.1 BENEFITS OF SAMPLING .................................. 5 
2.2 INDUSTRIAL FACILITY APPLICATION REQUIREMENTS ............. 6 
2.3 MUNICIPALITIES' APPLICATION REQUIREMENTS ................. 7 
2.4 APPLICATION SUBMITTAL DEADLINES ........................ 8 
2.5 WHERE TO SUBMIT APPLICATIONS ........................... 8 
2.6 WHO MUST SAMPLE ..................................... 9 
2.7 WHEN SAMPLING IS REQUIRED ............................. 15 

2.7.1 STORM EVENT C RITERIA ............................. 15 
2.7.2 OBTAINING RAINFALL DATA .......................... 18 
2.7.3 DETERMINING REPRESENTATIVENESS ................... 22 
2.7.4 LOGISTICAL PROBLEMS WITH WHEN TO SAMPLE ........... 23 
2.7.5 WHEN INDUSTRIAL FACILITIES MUST SAMPLE ............. 24 
2.7.6 WHEN MUNICIPAL FACILITIES MUST SAMPLE .............. 28 
2.7.7 USE OF HISTORICAL DATA. ........................... 29 

2.8 WHERE TO SAMPLE STORM WATER DISCHARGES . . . . . . . . . . . . . . . . 29 

2.8.1 INDUSTRIAL FACILITIES ............................. 30 
2.8.2 MUNICIPALITIES ................................... 30 
2.8.3 LOGISTICS OF WHERE TO SAMPLE ...................... 31 

2.9 STAFFING CONSIDERATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 

3. FUNDAMENTALS OF SAMPLING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

3.1 TYPES AND TECHNIQUES OF SAMPLING . . . . . . . . . . . . . . . . . . . . 35 

3.1.1 SAMPLE TYPE VERSUS SAMPLE TECHNIQUE ............... 36 
3.1.2 SAMPLE TYPE: GRAB AND COMPOSITE SAMPLES ........... 36 
3.1.3 SAMPLE TECHNIQUE: MANUAL VERSUS AUTOMATIC 

SAMPLING ....................................... 39 

RB-AR26595



TABLE OF CONTENTS 

TABLE OF CONTENTS (Continued) 

Page 

3.2 OBTAINING FLOW DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

3.2.1 MEASURING FLOW RATES . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
3.2.2 ESTIMATING FLOW RATES . . . . . . . . . . . . . . . . . . . . . . . . . . . 49 
3.2.3 MEASURING TOTAL FLOW VOLUMES FOR THE SAMPLED RAIN 

EVENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 
3.2.4 ESTIMATING TOTAL FLOW VOLUMES FOR THE SAMPLED RAIN 

EVENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 
3.2.5 REPORTING STORM WATER DISCHARGE FLOW RATES AND 

VOLUMES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
3.2.6 MEASURING RAINFALL . . . . . . . . . . . . .. . . . . .. . . . . . . . . 67 

3.3 GRAB SAMPLE COLLECTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 

3.3.1 HOW TO MANUALLY COLLECT GRAB SAMPLES . . . . . . . . . . . . 68 
3.3.2 HOW TO COLLECT GRAB SAMPLES BY AUTOMATIC SAMPLER . . 70 

3.4 FLOW-WEIGHTED COMPOSITE SAMPLE COLLECTION . . . . . . . . . . . . . 70 

3.4.1 HOW TO MANUALLY COLLECT FLOW-WEIGHTED COMPOSITE 
SAMPLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 

3.4.2 HOW TO COLLECT FLOW-WEIGHTED COMPOSITE SAMPLES BY 
AUTOMATIC SAMPLER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 

3.5 SAMPLE HANDLING AND PRESERVATION . . . . . . . . . . . . . . . . . . . . . . 81 

3.5.1 DECONTAMINATION OF SAMPLE EQUIPMENT CONTAINERS . . . . 82 
3.5.2 SAMPLE PRESERVATION AND HOLDING TIMES . . . . . . . . . . . . . 83 

3.6 SAMPLE VOLUMES . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . 88 

3.7 SAMPLE DOCUMENTATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 

3.8 SAMPLE IDENTIFICATION AND LABELING . . . . . . . . . . . . . . . . . . . . . 93 

3.9 SAMPLE PACKAGING AND SHIPPING . . . . . . . . . . . . . . . . . . . . . . . . . . 93 

3.10 CHAIN-OF-CUSTODY PROCEDURES . . . . . . . . . . . . . . . . . . . . . . . . 94 

RB-AR26596



TABLE OF CONTENTS 

TABLE OF CONTENTS (Continued) 

Page 

4. ANALYTICAL CONSIDERATIONS ................................. 97 

4.1 INDUSTRIAL REQ UIREMENTS ............................... 97 

4.1.1 INDIVIDUAL APPLICANTS ............................ 98 
4.1.2 GROUP APPLICANTS ............................... 101 

4.2 MUNICIPAL REQ UIREMENTS .............................. 102 

5. FLEXIBILITY IN SAMPLING ................................... 105 

5.1 PROTOCOL MODIFICATIONS ............................... 105 
5.2 PETITION FOR SUBSTITUTING SUBSTANTIALL Y IDENTICAL 

EFFLUENTS .......... .. .............................. 105 

5.2.1 OPTION ONE: NARRATIVE DESCRIPTION/SITE MAP ......... 106 
5.2.2 OPTION TWO: USE OF MATRICES TO INDICATE IDENTICAL 

OUTFALLS ...................................... 107 
5.2.3 OPTION THREE: MODEL MATRICES .................... 107 

5.3 ALTERNATE 40 CFR PART 136 METHOD ...................... 116 

5.4 LACK OF METHOD IN 40 CFR PART 136.. ..................... 117 

6. HEALTH AND SAFETY ....................................... 119 

6.1 

6.2 

6.3 

6.4 

6.5 

6.6 

6.7 

GENERAL TRAINING REQUIREMENTS ........................ 119 

NECESSARY SAFETY EQUIPMENT ........................... 120 

HAZARDOUS WEATHER CONDITIONS ........................ 120 

SAMPLING IN CONFINED SPACES ........................... 120 

6.4.1 HAZARDOUS CONDITIONS IN CONFINED SPACES ........... 121 
6.4.2 SPECIAL TRAINING REQUIREMENTS .................... 121 
6.4.3 PERMIT SYSTEM .................................. 121 

CHEMICAL HAZARDS ................................... 122 

BIOLOGICAL HAZARDS .................................. 122 

PHYSICAL HAZARDS .................................... 122 

iii July 1992 

RB-AR26597



TABLE OF CONTENTS 

LIST OF EXHIBITS 

Page 

Exhibit 2-1. 
Exhibit 2-2. 
Exhibit 2-3. 
Exhibit 2-4. 
Exhibit 2-5. 
Exhibit 2-6. 

Exhibit 2-7. 
Exhibit 2-8. 
Exhibit 2-9. 
Exhibit 2-10. 
Exhibit 2-11. 
Exhibit 2-12. 
Exhibit 3-1. 
Exhibit 3-2. 
Exhibit 3-3. 
Exhibit 3-4. 
Exhibit 3-5. 
Exhibit 3-6. 
Exhibit 3-7. 
Exhibit 3-8. 
Exhibit 3-9. 
Exhibit 3-10. 

Exhibit 3-11. 

Exhibit 3-12. 
Exhibit 3-13. 

Exhibit 3-14. 

Exhibit 3-15. 
Exhibit 3-16. 
Exhibit 3-17. 
Exhibit 3-18. 
Exhibit 3-19. 
Exhibit 3-20. 
Exhibit 3-21. 
Exhibit 3-22. 
Exhibit 3-23. 

Form 2F Application Requirements.. ......................... 7 
Part 2 Group Application Sampling Requirements. ................. 8 
Municipal Application Sampling Requirements .................... 9 
Permit Application Submission Deadlines ....................... 10 
NPDES Storm water Program Permitting Authorities ............... 11 
Industrial Facilities Which Must Submit Applications for Storm Water 
permits ............................................ 16 
Decision Chart for Storm Water Sampling ...................... 20 
Rain Zones of the United States.. ........................... 21 
Example of 50 Percent Variance From Average Rainfall.. ............ 22 
Logistical Problems of Sampling ............................ 25 
Checklist for Conducting Dry Weather Evaluations 

............. 
27 

Solutions to Sample Location Problems ....... 32 
Sample Type vs. Sample Technique .......................... 36 
Automatic Sampler ..................................... 40 
Comparison of Manual and Automatic Sampling Technique.. .......... 42 
weirs ............................................. 44 
Suppressed Flow over the Weir Crest ......................... 45 
Flumes ............................................ 46 
Palmer-Bowlus Flume ................................... 47 
Example Calculation of Float Method for Unimpeded Open Channel Flow ... 51 
Example Calculation of Float Method for Estimating Drain Flow Rates ..... 52 
Example Calculation of Bucket and Stopwatch Method for Estimating 
Flows ............................................. 54 
Example Calculation of Slope and Depth Method for Estimating Flow Rates 

............................................. 55 
Typical "c" Coefficients for 5- to 10-Year Frequency Design Storms ...... 57 
Example Calculation of Runoff Coefficient/Flow Depth Method for 
Estimating Flow Rates ................................... 59 
Example Calculation of Runoff Coefficient Rainfall Depth Method for 
Estimating Flow Rates ................................... 61 
Example Calculation of Total Runoff Volume From Rainfall Data ........ 62 
Example Calculation of Total Runoff Volume From Flow Rate Data ...... 63 
Recommended Operating Procedures for Taking Grab Samples.. ........ 69 
Constant Time - Constant Volume ........................... 72 
Constant Time- Volume proportional to Flow Increment ............. 72 
Constant Time- Volume Proportional to Flow Rate.. .. . ............. 73 
Constant Volume - Time Proportional to Flow volume Increment ........ 73 
Example of Sampling Intervals .............................. 74 
Example of How to Collect Sample Aliquot Volumes Based on Flow, and 
Proportion and Composite in the Field ......................... 76 

RB-AR26598



TABLE OF CONTENTS 

LIST OF EXHIBITS (Continued) 

Page 

Exhibit 3-24. 

Exhibit 3-25. 

Exhibit 3-26. 
Exhibit 3-27. 
Exhibit 4-l. 
Exhibit 4-2. 
Exhibit 5-1. 

Exhibit 5-2. 
Exhibit 5-3. 
Exhibit 6-l. 

Example of How to Manually Collect Equal Sample Aliquots Which Are 
Later Flow-Proportioned and composited in the Laboratory ............ 78 
Volume of Sample Required for Determination of the Various Constituents 
of Industrial Wastewater ................................. 89 
Field sheet for Sample Documentation ......................... 92 
Example of Chain-of-Custody Form .......................... 96 
Subchapter N-Effluent Guidelines and Standards ................... 99 
Parameters Which Must be Analyzed by Municipal Applicants ......... 103 
Petition to Sample Substantially Identical Outfalls (Narrative Description/ 
SiteMap) .......................................... 108 
Site Map .......................................... 113 
Matrices Demonstrating Substantially Identical Outfalls .............. 114 
List of Safety Equipment ................................ 120 

LIST OF APPENDICES 

APPENDIX A - Form 2F and 1 
APPENDIX B - NOAA Weather Radio Information 
APPENDIX C - Required Containers Preservation Techniques, Holding Times and 40 Code of 

Federal Regulations (CFR) Part 136 
APPENDIX D - References 
APPENDIX E - Glossary 
APPENDIX F - Acronyms 

RB-AR26599



CHAPTER 1 - INTRODUCTION 

NPDES STORM WATER SAMPLING GUIDANCE DOCUMENT 

1. INTRODUCTION 

The 1972 Federal Water Pollution Control Act [(FWPCA), also referred to as the Clean Water Act 

(CWA)] prohibits the discharge of any pollutant to waters of the U.S. from a point source unless the 

discharge is authorized by a National Pollutant Discharge Elimination system (NPDES) permit. 

Efforts to improve water quality under the NPDES program have focused traditionally on reducing 

pollutants in industrial process waste water discharges and from municipal sewage treatment plants. 

past efforts to dress storm water discharges, in particular through the NPDES program, have 

generally been limited to certain industrial Categories, using effluent limitations for storm water as 

a permit condition. 

Recognizing the need for more comprehensive control of storm waters discharges, Congress amended 

the CWA in 1987 and established a two-phase program. In Phase I, Congress required the U.S. 

Environmental Protection Agency (EPA) to establish NPDES requirements for certain classes of 

storm water discharges. 

• A storm water discharge for which a permit has been issued prior to February 4, 1987 

• A storm water discharge associated with industrial activity 

• A storm water discharge from a municipal separate storm sewer system serving a population 
of 250,000 or more (large system) 

• A storm water discharge from a municipal separate storm sewer system serving a population 
of 100,000 or more, but less than 250,000 (medium system) 

• A discharge for which the Administrator or the Stare determines that the storm water 
discharge contributes to a violation of a water quality standard or is a significant contributor 
of pollutants to the waters of the United States. 

To implement these requirements, EPA published on November 16, 1990 (55 Fed. Reg. 47990), 

permit application requirements that include storm water sampling EPA and the States will 

subsequently issue NPDES storm water permits based on these applications, and many of these 
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CHAPTER 1 - INTRODUCTION 

permits will require storm water sampling. Congress intended for EPA to address all other point 

source discharges of storm water in Phase II of the program. 

1.1 PURPOSE OF THIS MANUAL 

This manual is for operators of facilities that discharge storm water associated with industrial activity 

and operators of large and medium municipal separate storm sewer systems. Storm water sampling 

is sometimes difficult due to the unpredictability of storm events and the variable nature of storm 

water discharges. This manual is primarily designed to assist operators/owners in planning for and 

fulfilling the NPDES storm water discharge sampling requirements for permit applications as well 

as for other storm water sampling needs. 

It is assumed that applicants already have a basic understanding of the storm water permit application 

requirements. This document is designed to supplement existing storm water application guidance 

by focusing on the technical aspects of sampling. Since many industrial storm water permits and all 

municipal storm water permits will require regular storm water sampling, many of the concepts in 

this guidance may be applicable to sampling requirements contained in NPDES storm water permits. 

Manual 

Guidance Manual 

The information in this manual pertains specifically to individual industrial storm water applications, 

group storm water applications (Part 2), and municipal part 2 storm water permit applications for 

storm water discharges. For information on other storm water application requirements for industrial 

facilities and large and medium municipal separate storm sewer systems, see EPA’s Guidance 

for the Preparation of NPDES Permit Applications for Storm Water Discharges Associated 

with Industrial Activity (EPA-505/8-91-002, NTIS #PB-92-199058, April 1991), and EPA’s 

for the Preparation of Part 1 of the NPDES Permit Applications for Discharges 

from Municipal Separate Storm Sewer Systems (EPA-505/8-91-003A. NTIS # PB-92-114578, April 

1991), respectively. These manuals can be requested by calling the National Technical Information 

Service (NTIS) [(703) 487-4650]. Additional background documents for further information are 

listed in Technical Appendix D. 

1.2 ORGANIZATION OF THIS MANUAL 

This manual explains the basic requirements of storm water sampling and provides procedural 

guidance on sampling for permit applications. Chapter 2 discusses background information (i.e., a 

2 
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CHAPTER 2 - BACKGROUND FOR STORM WATER SAMPLING 

2. BACKGROUND FOR STORM WATER SAMPLING 

This chapter presents background information, definitions, and a description of the fundamentals of 

sampling. Specifically, it covers the following areas: 

• The benefits of sampling 

• A summary of storm water application regulations 

• Who must sample 

• When sampling is required 

• Where to sample 

• Staffing considerations 

In response to the 1987 Water Quality Act amendments to the CWA, EPA published the storm water 

final rule on November 16, 1990. In this rule, EPA established the initial scope of the storm water 

program by defining the phrase "storm water discharge associated with industrial activity" in terms 

of 11 categories of industrial activity and the phrase "large and medium municipal separate storm 

sewer systems" to include municipal systems serving a population greater than 100,000. These terms 

are discussed in greater detail in Section 2.6, "Who Must Sample." 

In addition to defining the initial scope of the storm water program, the final rule established permit 

application requirements, including requirements for storm water sampling. Sampling data gathered 

for the application will be used to characterize storm water discharges, and will serve as a basis for 

establishing requirements in NPDES storm water permits. It is important to note that the applicant 

must report data that are representative of the storm water discharge, and that the intentional 

misrepresentation of discharge characteristics is unlawful. 

2.1 BENEFITS OF SAMPLING 

Data that characterize storm water discharges arc valuable to permitting authorities and permittees 

for several reasons. First, storm water sampling provides a means for evaluating the environmental 

risk of the storm water discharge by identifying the types and amounts of pollutants present. 

Evaluating these data helps to determine the relative potential for the storm water discharge to 

contribute to water quality impacts or water quality standard violations. And, storm water sampling 

August 1992 
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CHAPTER 2- BACKGROUND FOR STORM WATER SAMPLING 

data can be used to identify potential sources of pollutants. These sources can then be either 

eliminated or controlled more specifically by the permit. 

2.2 INDUSTRIAL FACILITY APPLICATION REQUIREMENTS 

The storm water permit application regulations provide operators of facilities (including those owned 

by the government) that have storm water discharges associated with industrial activity with three 

application options: (1) submit an individual application; (2) participate in a group application (a 

two-part application); or (3) submit a Notice of Intent (NOI) to be covered by a general permit where 

general permits arc available. This guidance focuses on sampling requirements for individual 

applications and Part 2 of group applications. Sampling data generally will not be required for an 

NOI, however, the general permit may require sampling during the term of the permit State 

permitting authorities may also require sampling information for an NOI at their discretion, and 

should, therefore, be consulted prior to submittal. 

Industrial facilities submitting individual applications must submit sampling data on a completed 

application Form 2F (entitled "Application for Permit to Discharge Storm Water Discharges 

Associated with Industrial Activity"). Facilities selected to be part of the sampling subgroup for a 

group application must submit sampling data with Part 2 of the application. Members of the 
sampling subgroup must complete only the quantitative data portions of Form 2F, including Sections 

VII, VIII, IX, and the certification in Section X. Exhibit 2-1 details the types of information 

required for each section of Form 2F. Exhibit 2-2 describes what sampling information must be 

provided in Part 2 of the group application. It should be noted that States may require the use of 

different forms and submittal of additional documentation. 

Form 1 must also be submitted with Form 2F by applicants submitting individual permit applications. 

General information about the facility is provided on Form 1 (i.e., addresses, operators, etc.); it does 

not request sampling data. Forms 1 and 2F are reproduced in Technical Appendix A. 

Facilities with unpermitted combined discharges of storm water and process or nonprocess 

wastewater must submit Form 2C or 2E, respectively, in addition to Forms 1 and 2F. Facilities with 
storm water discharges combined with new sources or new discharges of process wastewater must 

submit Form 2D as well as Forms 1 and 2F. 
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improvements which may affect the discbrges dcsaibcd in the 

Description of method used for Wting/evaIuating presence of non-storm water 
discharges 

2F-VI History of significant leaks or spills of toxic or hazardous pollutants at the facility 
within the last 3 years 

2F-VII Discharge characterization for aI1 required poIIutants 

2F-VIII Statement of whether biological testing for acute or chronic toxicity was 
performed and list of twllutants it was performed for 

2F-IX Information on contract laboraforics or consulting fums 

2F-X Certification that information supplied is accur%e and complete 

Note: See Form 2F and the instructions for more detail on application rquirements. 

2.3 MUNICIPALITIES’ APPLICATXON REQuIREMENls 

Operators of large and medium municipal separate storm sewer systems are rq~: i to submit a two- 

part application. Both parts contain sampling requirements: part 1 requires information 

characterizing discharges from the separate storm sewer system, including field screening sampk 

data for identifying illicit/illegal connections; Part 2 requires sampling at representative locations and 

estimates of pollutant loadings fcir those sites. These sampling data are to be used to design a Iong- 

term storm water monitoring plan that will be implemented during the term of the permit. The 

sampling data that must be submitted in Parts 1 and 2 of municipal applications arc listed in 

Exhibit 2-3. ‘Ihere is no standard application form for municipal’kies. 
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l For~upswitb4to20memben,H)pacentofthe~~~mitdarn;~ 
groupswith21to99members,8minimum of10~mustsubmitquantitativc 
data; for groups with 100 to l,ooO munbas, a mlnimum of 10 per#lrt of the facilitk 
must submit data; for groups with greater than 1,ooO munbers, M more than 100 
facihties must submit data; there must be 2 dischargers from each precipitation mne in 
which lOormoremmbenofdre~~located,orldi~~fromead! 
precipitation zone in which 9 Or fewer mcmbcn are located. 

l sampling and analysis quinments are descrkd in 40 Code of Federal ReguIetions 
(CFR) 122.26(c)(l)(i)(E) and 40 CFR 122.21(g)(7). Pollutants to be anaIy& depend 
on the type(s) of indu!MCS applying ils 8 gfOUp. 

. Sampling subgroup must provide all quantiMve discharge information required in 
FOG 2F Sections VII-IX plus the czrtification in Se&on X. 

l The group application sampling subgroup must wlkct grab samples during the fint 30 
rninutu of the storm event and flow-weighted composite samples 83 required in 40 
CFR 122.21(g)(7). 

2.4 A.E?PUCATIONSUBMI'ITALDEA.DLINES 

Deadlines for submitting permit applications and associated sampling requirements are pnsented in 

Exhibit 24 for individuaI and group industrial applications and for municipal applications. 

2.5 WHEXE To SUBMIT APPLICATIONS 

Storm water discharge permit applications are generahy submitted directly to the permit-issuing 

authority. The appropriate authority is the State, where the State has been granted the authority to 

issue NPDES permits, or the EPA Regional offke, where the State does not have NPDES 

authorization. Exhibit 2-5 indicates which States have approved NPDES pennming programa. It 

also provides contact names and addresses where apptications should be submitted for each State or 

EPA Regional Office (depending on who the permitting authority is in each case). lt should be 

noted, however, that both parts of a group application must instead be submittal to EPA 

Headquarters. Group applications must be sent to: Director, office of Wastewater Etnforcrmen! d 

Compliance, Attention Mr. William Swietlik, U.S. EPA, EN-336,401 M Street, SW, Washington, 

DC 20640. 
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l MoITrMymeaarainfauandsnowfallutimY!u 

l A list of receiving W& bodies and existing information wnceming known water 
qualityimpacts 

l Field screening analysis for illicit wnncctions and iIkgaI dumping 

l identification of reprcscnWivc outfalls for further sampIing in ppir 2 

l Quantitative data from 5 to 10 represent&~! locations in approved sampling phs 

l Estimtu of the annual pollutant load and event mean wncentxxtion (EMC) of sym 
discharges 

l Propsed schedule to provide esthtes of seasonal pollutant loads and the EMC for 
certaindettaedw~inarcpruentative~~evundurinOthetermofthe 
pem 

l Proposed monitoring program for npresentative data collection during the term of th 
perTnit 

Applications submitted by industrial faciIities must be certified by a responsibk corporate officer as 

described in 40 CFR 122.22 (e.g., president, sccretq, treasurer, vice president of the corporation 

in charge of a principal businus function). Applications submitted by municipaIitics must be 

certifkd by a principal executive officer or ranking elcctcd official as described in 40 CFR 122.22. 

2.6 WHO MUST SAMPLE 

Operators of facilities that have storm water discharges assocWd with Must&l actMy and 

opcraton of large and medium municipalitks are required to conduct storm water sampling as part 

of their NPDES permit appIicatIons. =ipecificaIly, the following types of industries and municipalities 

must sample storm water discharges: 
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octoba 1, 1992 sarDpuqd8mduc 

l F%rtl ScpMlba 30,199l sampung~idmdfkd 

l Part2 ouoba 1,1992 SunpungdlElb 

-pa 
Large Mlmicipetiliu 

l Fart1 Novcmkr 18, 1991 nllcit-~Qleaud 
i&ia&iatiouoftllllpliqopoims 

l Part2 November 16,1W2 mm chmmrhticm due 

h4ouitosiag~prooruLIideatifisd 

Medium Mlmicipa.iitiu 
l Part1 May 18, 1992 niIcit-~dueaud 

iddfiatimofmmpiingpinm 

l Part2 May 17, 1993 Effhmlt-~~ 
Moai*~proOnmw 

l NOIundcxrpmlpcrmitisduconOctoba 1,1992mhedaoeqta5fMintkpamit, 
whichever comts first 

0 . . . . . . -w-w- -undaPilue1,th0stormw8ta 
pamit ;rppliution regulations identify, by Standard IndustriaI Chssification (SIC) axle md 
narrative description, 11 cstegories of facilities wnsidaed to be kgaging in indushI activity 
for the purposes of storm warn pamit qpliution requirementr Tbore facilities inchdal in 40 
CFR 12226@)(14)(i) through (xi) of the storm water pamit &pIiation regukions with storm 
wata point source dischuges to waters of the U.S. or sepmte storm sewas md those desigmted 
unda Section 402(p)(2)@) of the CWA are required to apply for storm WltcT pamit alvaage 
by October I, 1992. LxhstrM facilities include those dut m Fedsrrlly, State, or municipally 
owned or opmted. Exhibit 24 lists these indusuiaI fhciIi?ks. ‘Ih Tmnsportation AU of 1991 
provides an exemption from storm waur pamitting requirumts for ce&n imIustriaI activitiu 
ownd or opapsd by mun.icipaIities with a population of less dun 100,OW. Such munic@Iiti~ 
must submit storm watm disdurge pamit appIications for only &ports, powa pltnts, md 
unwntroIlai sanitq Iaodf?Ils tImt they own or opcmte, unlus a pamit is dimwise quiraI by 
the pcmitthg authority. 

l Sewers--UndaPhseI,tImsem&icip&ti~withsepm&e 
storm sewa systans sewing 100,ooO pa@e or more 8re required to submit 8n appiiation for 
discharges from tbe systan. (Only the put of the popul&on saved by muaiw sepmate mrm 
sewers is to be included in the 100,ooO count, ti the part saval by ambinaI MW~S.) 
ReguIPsd mnicipaIiriu am listal in AppaxIices F through I in the Nova&a -16,1990, find 
rule or have baa designated by their permittin authority. 
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NPDES AUTHORITY AS OF MARCH 1992 
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Ariml8 

cdim 

comaxicut 

Florida 

Hahi 

minok 

Iowa 

Eugene Bromley 
y&e 9 

w-5-1 
San Fmnciaca, CA 94105 
(415) 7u19tM 
kchie h4mbwa 
stomw8t8rReauchc4mud 

Werar Quality 
9OlPsc. 
surumnto. CA 95814 
(916) 657-1110 
Dickh48wa 
Wwof~-- 

wR&rMAlngelt#atBufnu 
Water Diecharge lbimgau 
165 Capitui Av8. 
Hadord,cr 06106 
(203) 566-7167 
chrisT!mlma 
U.S. EPA Region 4 
345 thmhnd St. N.E. 
4wM-FP 
Atlult&OA 30365 
(404) 347-3633 

Steve cbq 
DepL ofihhh 
Clean Water Bmwh 
Fwe Water Front Plaza 
N500 Ala-Mana Blvd. 
Honolulu. HI 96813 
(808) 5wm 
Tim K~UF 

EPA Water Pollution cmml 
2200 cburchill Rd. 
P.O. Box 19276 
Springfield, IL 62794-9216 
(217) 782a10 

Monica wnuk 

Eof N- 
w*y-@;ju 

Des hioinm, IA m19a34 
(515) 281-7017 

colondo 

Delmmre 

(J-m 

Id&O 

Indiana 

Stave Bubnick 
U.S. EPA Regioo 10 
1200 6th Am. 
ml34 
Seattle, WA 98101 
Qoii) 5536399 

I&b Rock AR Mm-8913 
(501) 562-7444 

PatriciaNelroo 
DapLofHaltb 
W~QUditycootlol 
4210 E. llrh Ave. 
Deaver,co 8m20 
cmp314590 

M-Y ~ofNatudl&mourw 
surfme wuer Men4ement 
69 Einp Ha--Y 
P.O. Box 1401 
Dow,DE 199(33 
(302)~~!i731 

h4ibCm 
pv-=ywy 

205 Butler St SE. 
Roan1070 

$iyiG%FM 
Steve Butmic; 
U.S. EPA R&m 10 
1200 6th Ava. 
WD-134 
Seattle, WA 98101 
@as-) 553-8399 

Immie Brumfield 
Dept. of Environmcnul 

h4magemmt 
NPDES Permita Group 
105 s. Meridian St. 
P.O. Box 6015 

gf$%%E 46m 
Doacubm 
Zr$&-- 

Forbea Field, Building 740 
TapekqKs 66620 
(913) 296-5555 

l2 
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Mismui 

Nebraska 

New Mexico 

w ati 
DepL of Enviro-tal Pmeuioa 
W-r Divi8ion 
18 Reilly Rod 
Fmkfort,lCY 40601 
(502) 5643410 
Shelley Pdeo 
U.S. EPA Jbgion 1 
U.S. EPMFK suilding/wcP 
Bouon,MA 02203 
(617) 565-3525 

Shelley Puleo 
U.S. EPA Region 1 
U.S. EPA/TIC Bdding/WCP 
b-ntM.Ao2.m 
(617) 565-3525 

scoa Thompam 
PoLhth Control Agency 
520 Lahyette Rd. 
St. Pall, MN 55155-3898 
(612) 29tL7203 

Bob Heatgu 
Ihpt. of Namral Remurcu 
W8ter Pollurion Contrul Progmm 
205 JetTenon St. 
P.O. Box 176 
Jefthon City, MO 65102 
(314) 7516825 
chrk snlitb 
Environmental Cootrol 
Water Qu8lity Division 
P.O. Box 98922 
Iinco&,NE 68509 
(402) 471-4239 

Shelley Puleo 
U.S. EPA Region 1 
U.S. EPMFK Building/WCP 
Bo8ton,MA 02203 
(6 17) 565-3525 

Brent brsoo 
U.S. EPA Region 6 
1445 Row Ave. 
6W-PM 
Ddu,Tx 75202 
(214) 655-7175 

Bmnthwa 
U.S.EPARegion 6 
1455 Roar Ave. 

i!zFrx 75202 
(214) k-7175 
Edwdcktler 
MDDepLofEhroameat 
Itkdmid~eProgr&n 
2m BRlenhlg Higlmy 
Bahimom,MD 21224 
(410) 63 l-3323 
aafy Boenen 
DqkofNaturdReaoumm 
sllrbce wuer Division 
P.O. Box 30028 
N,M - 
(517) 373-1982 
Jertycaitl 

friend 
oma of Pollutioa Cal&d 
hduairl Wm Water Branch 
P.O. Box 10385 
Jnbon, h4S 39289-85 
(601) 961-5171 
Fmd Shewmm 
Water Quality Bureau 
tipwell Building 
Heleo&hn 59620 
wJ@ 444-2406 

Rob Saunders 
Conaermtioouxi Nuud 

Etwinmmeoml Protectioo 
123W.Nyehw 
Canoa City, NV 89710 
(702) 687470 
.s8r?18 Cohen 
NJ DEPE 
Oflica of Regulatory Policy 
CNO29 
Trenton. NJ 0862sMla9 
NJ Hotline: (609) 633-7021 
KM Stevena 
Wauewater Facilicie~ Design 
NYSmtaDEC 
5oWolfRmi 
Abny,NY 12233 
(518) 457-1157 

w 
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Nmthc8rolin8 

Puem Rico 

south cuolin8 

Te- 

Utdl 

calemisuuias 
En-v 
W-WtYpkoainl 
P.O. Box 29535 
Raleigh, NC 276260535 
(919) 733-5083 

Bob P&e&i 
OEPA 
W8t8fPdlUtiiWlcontrd 
P.O. Box 1049 
18oowumn8rk 
Chmbus, OH 43266 
(6 14) 644-2034 

Rumi Nomura 
DEQW- Wtr 
811 SW 6thSr 
Pobnd,OR 97204 
(503) 229.5256 

Jcld Rivtm 
U.S. EPA R@on 2 
watarParmiu&GmlpliMce 

2tktki Plaza, Rann 845 
NuwYork,NY 10278 
(-2lz) 264-2911 

Sirgot McDub 
DepLofHdtll&Eov.ctrl. 
M-Y-J- 
wme w8ter Divisioa 
26ooBullst. 
columbi&sc 29201 
(803) 734-5241 

Robert Haley 
Dept. of EaviKmmaat 
W8ter PoUution Gmtrol 
150 9th Ave. N., 4th Floor 
Nat&wills, TN 37243.1534 
(61s) 741-Y75 

Hury bPkU 
DepL of Environmental 

wry 
P.O. Box 16690 
Salt kke City, IJl- 84116 
(801) 538-6146 

Sheil8McCleodmo 
De+ ofHe&b 
w8ter Qurlity Dki.Bion 
1200 Mirauri Ave. 
P.O. Box 5520 
Bii ND 58502-5520 
(701) 221.5210 

Btiknm 
u.s.EPARo@a6 
1445 R&m Ave. 
CW-PM 
Ddlu,Tx 75202 
(214) 655-717s 

R.B.Pwl 

P.O. Box 2a3 
Hmhbuq, PA 17120 
017) 787d184 

Angel8Lii 
I)ivi8jon of ww 

291ProlaoMdasL 
Provideocb*Rx 02908 
(401) m-6519 

venl Berry 
U.S. EPA Region 8 
999 18tbSt. 
8-WMC 
Danvat, CO 80202.2466 
(303) 293-1630 

Brent bnoo 
U.S. EPA Region 6 
1445 Ron Ave. 
6W-PM 
DdIu,Tx 75202 
(214) 6557175 

Bhan Koiker 
Environmeot8l Consemtioo 
Permits and Compliance 
103S.hfbSL 
Annex Building 
w8udury, VT 05671a405 
(802) 244-5674 
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virginI8iuMl8 ym ya BurtalTuxiad 
WWGlllbdBard 
Permimsaxion 

1118 Watqu!Pmja! P.O. Rex 11143 
Richmond. VA 23230-1143 
ew 527.5083 

Wprhington ysr WKnuw 
DepLQf-hY 
war Qudity Divika 
P.O. Box 47600 
Olympia, WA 9tW-7600 
fp6) 438-7529 

wutvi yea Jer hi 
Dividon of w8t8r Rnama 
1201 cirealbrkr St 
ch8dsrroo, WV 25311 
cw =75 

WYOmino yes JohnWag~~~r 
Dept. of Envlnmm o-lwtr 
Henchler Building, 4th Flax 
chayenne,wY 82cm 
ool) m-7082 

US. EPA Rugion 3 
841 chatant Bbdg. 
3WMs3 
JIGlad+& PA 19107 
(215) 597-1651 

DeptofN8tatdRanlrcu 

i?YYr%zY-* 
lbi&oam 537u7 
wm 2fi7-7364 

2.7 WHEN SAMPLIN GISREQUIRED 

Industrial individual and group applicants must include sampling data from at least OM representative 

storm event. Operators of large or medium municipal separate storm sewer syskms must submit 

sampling data from dirce different representative storm events. How to determine 

“reprcsentativencss’ and other ConsideraGons for when to sample are pnsented below. 

2.7.1 STORM EVENT CRITERU 

Storm water discharge permit qplication rquir-nents ez+lblish srw;4c criteria for the type of storm 

event that must be sampled: 

l The depth of the storm must be greater than 0.1 inch accumulation 

l Where feasible, the dcptb of rain and duration of the event should not wry by more than 50 
percent from the average depth and duration. 

July l!m 
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sIcu(~u34)......~kf~wood~ 
sK26(~2658nd263 .hp8rmdMhdRoductl 
SIC28(ewqLlt283~2a5) .(zhMlk&dAlliedPfOd\YII 
SIC w , . . . . . . . . . . . . . . Panhanldcalmnlmm 
SIC 311 . . . . . . . . . . . . . . LutherT~8adF~ 
SKZ32(excqt323) . . . . . . StOOO,Cl8~UUiQbPdUCU 
sIc33.. . . . . . . . . 
SICWl 

. . . ..R+ryMe8d- 
. . . . . . . . . . . ..FahncadStmctadMwJ 

SIC373 . . . . . . . . . . . . . . ship86dBatEhild&8ad~ 

Frilitiuclm&dmSIC 10&m@ 14, incl~acGvmainmtivominingopmtiowdoil 
-u-w-Q?pmbrtiqamP a-qm~,orPuvmirriooktitia~ 
diah8qe8tomw8miwnmmmd bycunmcttirh,ortbrr~~eintoammc!wiVjth,my 
owrburden, nw ommd. intmndh prcacts, flalidd prodwt& byprducta, or wme pruducta 
locatedonthesi~ofwchoper&otm 

SIC10 . . . . . . . . . . . . . . . MetalMining 
SIC11 . . . . . . . ...*...* hnthtrirhdiaing 
SIC12 . . . . . . *.* . . . . . . CadMining 
SIC13 . ...*. ..*.. . . . . ou8odc3u- 
SIC 14.. . . . . . . . . . . . . . NoanemllicMinede,exceptFuda 

Zknrdour~trurmeat.~,or~~ilit#r,~l~thaerhtMope~uodsr 
~rim~or~~tuodrrSubtitieCofthe~Con#nnti~mdRscover)rAct 
pw. 

Facilitiu involved in &e recycling of mat&al, including metal rrtpyub, battery re&&n, 
nlvage yards, and autaatobile junkyuda, including but limited to thoee clmaifial m: 

SIC5015 . . . . . . . . . . . . .MotorVehicbPum,Ueed 
SIC5093 . . . . . . . . . . . . . scr8pdw~Mum~ 

Stmm electric pcwer germrsting f8cilitius, includii cd hmdliag sitea. 

Tr8asportation fGiitiaa which have vehicle minteorpee shops, equipment cleaning operaionr, of 
rirpon de-icing operdm. Only thcx podons of the k i;ty that are d&r involved in vthick 
nminteoubca (ifd~ vehicle fdubilitation, mechrnicel rtpeim, fmintiq, fuelling, md 
lubtidon), quipmeat cleaiq operations, OT airport de-icing opcmtio~~, or which am otherwim 
listed in moth c8tegorly. M inclwld. 

SIC40 . . . . . . . . . . . . . . . RdrdTnnrpotPtiao 
SIC41. . . . . . . . . . . . . . .LcalandSubur&nTtit 
SIC 42 (except 4221-25) . . , . Motor Freight and Wuehouaing 
SIC43,. . . . . . . . . . . . . . U.S. Po#mlSemiu 
TICU.. . . . . . . . . . . . . . WuorTmqmmioa 
SK45.. . . . . . . . . . . . . .TmqmuioabyAir 
SIC 5171 . . . . . . . . . . . . . Petrobm BukStationr ad Tenaide 
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DesaiQtioo 

6) 

SIC20.. ............. FoodaadXidmdPmdua 
SIC21.. ............. TobsulPdlm8 
SXC22.. ............. TextUeMillPdnca 
SIC23 ............. ..AppUU1~Otk#TOlttk ROdlEt 
SIC2434 ............. WcmdKitcheoCabinets 
SIC25.. ............. FurnituredF~ 
SIC 265 .............. P8perboudCmtr;run8ndBoxe8 
SIC 267 .............. coOvertdP8pu8ndP8prBadProducm 

(except conminm 8nd boxer) 
SIC27.. ............ .?SntingdPubw 
SIC 2l33 .............. Dmgs 
SIC 285 .............. P8int8, Vuni8hsr, Iaqua, Ermine& 
SIC 30 ............... Rubber and h4ia. II&a Pmducta 
SIC 31 (except311) ...... bather 8od Iather Producta 
SIC323 ............ ..PmductsofPurchad~ lam 
SIC 34 (except 3441) ...... Fabricatd Metal products 
SIC 35 ............... lndurtripl Muhinety 8nd Equipment. exapt Ektricd 
SIC 36 ............... Electronic uld other Electric Equipmeat 
SIC 37 (except 3733) ...... Tmqortuion Equipment 
SIC 38 ............... Ioeuumeat88ndRel8tedProduct8 
SIC 39 ............... Miace-M8mlfutu~Induuria 
SIC 4221 ............. Farm Products Warehousing and Storage 
SIC 4222 ............. Refkiger8tcd Wuthaheing 8nd Storqe 
SIC 4225 ............ oeaerd wuehauing8nd stomge 

Souse: Federal Regkter, Vol. 55, NO. 222. p. -5, Novembar 16.1990. 
‘on June 1 I, 1992, the U.S. Court of Appeal8 br the Ninth Circuit remanded the sxempti~n for ca&ucth citsr 
,f la8 thn five wrea in cuegOry (x) 4ad br manuhetuhg hcilitia in category (xii which & a0t hve mat8rU 
r activities exposed to storm water to the EPA for fader rulemakiog. (Nor. -70671 dr 91.702oo). 
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Coikction of sampies during a storm eveat meeting these a-itch ensures that the wulting data will 

aaxmcly pomay the most camon cariiti~ for each rite. Howeves, the pcrmhhg authority is 

authorized to approve modifications of this definition (eqwially for applicants in arid areas where 

there are few representatjve events). Section 5.1 of Chapter 5 disames genetal pfotowl for 

requesting modifications to application nquiremerrtr, incfudiag the definition of ‘represcntati~e 

storm.’ 

2.73 OBTAINING RAINFALL DATA 

Several sources provide accume local weather information for both: (1) demminiq what a 

representative storm event is for a partiarlar area; and (2) assessing expected storm events to 

determine whether a predicted rainfall will be ‘representative,’ and thus, meet the requirements for 

storm water sampling. l’he National Oceanic and Atmospheric Administration (NOM) National 

Climatic Data Center’s (NCDC’s) Climate Services Branch is responsible for collecting precipitation 

data. Data on hourly, daiiy , and monthly precipitation for each measuring station (with latitude and 

longitude) are available to the public on computer diskette, microfiche, or hard copy. Orders can 

be phced by calling (704) 259482, by fax at (704) 2594876, or by writing to NCDC, Climate 

Services Branch, l&e Federal Building, Asheville, North Camina 28071.2733. 

The National Weather Service (NWS) of NOM can also provide informafion on historic, asrrenk 

and future weather conditions. Local NWS telephone numbers can be obtained from the NWS Public 

Affairs Office at (301) 7134622. T&phone numbers are also usually in local phom direcrory 

listings under ‘National Weather Service’ or ‘Weather.’ In addition, NOM runs the NOAA NWS 

18 

RB-AR26617



W&m Radio, which provides amtinu~~~ broadcasts of the most current weather information. This 
broadcaJtcanbeacctssedwitharadio~fiasa~erbandfeatun. Appminwly9Opercent 

of tit United States population is within htming range of the 380 NWS stations. TechnicpI 

appendix B prcscnzs additional infkmation on NOM Wearher Radio, including radio fquenciu 

for specific locations and a Ming of weather band radio manufhtturm. Telephone recordings of 

tier conditions are also provided by most NWS ~ffkes. 

Cable ‘fv weather stations and local airports can also provide wathcr information. Weather 

information provided by the local newspaper or TV stations should be used only if more accwatc 

data (as described above) are Unavaihbk, Since weather forecasts can change drastically witfiin 

several hours. 

SOIIEOIE should be designated at the facility to follow current weather amditions by lhtenhg to 

NOM Weather Radio, calling the local NWS offices, and watch@ cable TV weather IICWS. 

Exhibit 2-7 presents a storm wakr sampling decision chart for mobilizing f=ld personnel for a 

probable storm event. 

Annual rainfall statistics can ah be used to evaluate represcntativeness of storm events. For 

example, Exhibit 2-8 presents fifteen rain zones in the United States and related storm event 

statistics. (These rain zmes are not those shown in 40 CFR Part 122 Appendix E.) To determine 

typical values of annual storm events for a parthhr facility, identify the zone in which the facility 

is located. The tabulated information lists the annual average number of storms and precipitation 

as well as the average duration, intensity, and depth of independent storm events for each zone. 

Care must be taken, however, in using annual rainfall statistics for determining represcntativeness 

of storm events, since the annual rainfaIl statistic may not be rcprcsentativc of seasonal rainfaIl 

events. If rainfall data is availabk at or CICX m . mrtia~lar kility, it is preferable to use this data 

for demmining average storm event statistics. 

Rainfall data tabulated from NOAA precipitation data indicate for Alaska (not shown in Exhibit 2-8) 

that average storm events last from 14 to 24 hours in duration and arc 0.6 to I.05 inches in depth. 

Avenge storm event data for Hawaii are 9 to 11 hours in duration and from 0.6 to 1.6 inches in 

depth. 
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tXAl7ZR 2 - MCICGROUND FOR SI’ORM WArW s,ubm.mG 

Av# cov 
m 

11.2 0.81 

lulNmNE A3 cov A- cov 
cm) 

NORTHEAST 70 0.13 34.6 0.18 

NORTH Jwrr- 
CornAL 63 0.12 41.4 051 

MlDA7-uNl7c 62 0.13 395 0.18 

68 0.14 41.9 0.19 

NoRTHcliNTRAL 55 0.16 29.8 022 

65 0.u 49.0 0-m 

l%AsTw 68 0.17 J3.7 0.23 

USTTEXA 41 0s 311 0.29 

WESTTEXAS 30 027 173 033 

20 030 7.4 037 

wE!nlNuND 14 038 4.9 0.43 

?AaFK soum 19 036 10.2 0.42 

NoRmwmTMAND 31 023 113 0.29 

PAcmc cl%lRAL 32 0.25 18.4 033 

PACPIC 
71 0.15 3s.7 0.19 

cov - cad6ciartoft~ - --a0 
DELTA - lntcnd - storm MidpoiHa 
0-:GNgC- 

11.7 0.77 

10.1 0.84 

9.2 0.85 

v* 0.83 

8.7 0.92 

6.4 1.0s 

8.0 0.97 

7.4 0.98 

7.8 0.88 

9.4 0.75 

11.6 0.78 

10.4 0.82 

13.7 0.80 

15.9 0.80 

Am cov 
i*1 
0.067 133 

0.071 1.M 

0.092 la 

o.w7 I.09 

o.a7 120 

0.122 1.09 

0.178 1.03 

0.137 1.m 

0.121 1.13 

O.ozP 1.16 

0.055 1.06 

0.054 0.76 

0.07 1.20 

0.048 0.85 

0.035 0.73 

V-’ 

Aa COV 

Cm) 

030 0.95 

0.66 l.u3 

0.64 1.01 

0.62 1.00 

0.55 1.01 

0.75 1.10 

0.80 1.19 

0.76 1.18 

OS7 1.07 

0.37 0.88 

036 0.87 

OS4 0.98 

037 0.93 

OS8 I.05 

DELTA 

Aq CO! 

0 
126 0.94 

140 0.87 

143 0.97 

133 0.99 
I67 1.17 

I36 1.03 

130 I.25 

213 1.28 

302 1.53 

473 1.46 

786 154 

476 2.09 

304 1.43 

265 2.00 

Souioc: Urbm Tug&g and BMP Sckuiua, US. EPA Rcgioa S, Nova&or 1990. 

21 July 1992 
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a wve) is shown in Exhibit 2-9. 

Event Type Dprrrfiocr b.) *pa k.) 

Average event 5.2 0.43 

50 percent average event I 2.6 a22 

150 percent average event 7,s 0.65 

Once he information on an average duration and depth storm event is obtained for a specific 
location, multiply these numbers by 0.5 to get the 50 percent average event numbers and 
multiply by 1.5 to get the 150 percent average cvw~! numbas. 

ArqmsaMhstmnbM-urddcpthfwo 
slldicareRrrriD~~-thtBhadedDUulhallove 
(ii, between 2.6 mi 7.8 hours in dam6011 and 0.22 
sad 0.63 in&s in deothl. 

Snowmelt creates runoff which may result in point source discharges very similar to that from other 

storm event.5. Pollutants accumulate in snow, and when a thaw occurs, the pollutants will be 

discharged to receiving waters much like during a rain storm event. Snowmelt may be sampled as 

long as the applicant works closely with the permitting authority to determine the proper sampling 

strategy, i.e., sampling procedures, tecMques, and pollutant analyses. 

For ~.IKWIW~~, the sampling strategy should be developed depending on the drainage are++ oeing 

monitored for storm flow. The strategy should consider (1) snow removal or clearing practices, 

e.g., direct dumping into water bodies, plowing, and the creation of snow mounds (whether in a line 

along a roadway or in piles on parking lots, etc.), and (2) the melting process. 

It is ah0 important to consider wftaf happens to snowmounds as they melt and evaporate, which can 

alter the pollutant concentration in the resulting runoff. In addition, pollutants from the su.nWMlino 
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CEAPER 2 - BACKGROUND FOR SroRM WATER SAMPUNC 

air and pavement can build up on mow mound surfaces in a crust or cake-like manrm eventually 
leaving a residue (inchding previously dissolved solids that become a remahhg solids residue) 
which is later lefi to be washed off by rainfall, manual flushing or other mechanisms. 

The 5arnpling of snow mounds, UndkWbed snow itself, and hard pack require3 a carefully thought 

out strategy. Given the complexities associated with snowmelt sampling, applicants should have 

proposed sampling strategies reviewed by the permithng authority before attempting to wnduu 

sampling. 

2.7.4 IDGlSTlCAL PROBLEMS WlTH WHEN To SAMPLE 

Applicants may encounter wleatfier WnditiOnS that HUy not meet minimum ‘reprucntative’ storm 

criteria; these conditions may prevent adequate wlleaion of storm water samples prior tu application 

submission deadlines. For instance, sampling may be problematic in parts of the wunuy that 

experience drought or neardrought ~nditions or areas &at are under adverse weather conditions 

such as freezing and flooding. Events with false starts and events with stop/start rains GUI ah cause 

problems. Solutions for sampling under these circumstan cu are discussed below. 

Where the timing of storm event sampling poses a problem, it may be appropriate for the applicant 

to petition the permitting authority for a sampling protocol/procedure modification either prior to 

sampling or after sampling is conducted (if the storm event is not acceptable). When the applicant 

requests a sampling protocol/procedure modification, a narrative justification should be attached. 

This justification should be certified by a corporate official (for industrial facilities) or the principle 

executive officer or ranking official (for municipalities), as per 40 CFR 122.22. Section 5.1 of 

Chapter 5 discusses protowl/procedure modifications. 

For arid or drought-stricken areas where a storm event does not occur prior to the time the applicant 

must sample and submit data with the appiiwion form, the applicant should submit the application, 

complete to the extent possible, with a detailed explanation of why sampling data PY. not provided 

and an appraisal of when sampling will be wnducted. This explanation must be certified by the 

appropriate party (as described above). The applicant should also cornact the permitting authority 
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CEUIZR 2 - BACKGROUND H)R !FtORIM WATER SiAMPUW 

for further direction. Where the applicant can anticipate such pmbie~~, approval for an emnrion 

to submit sampling data should be acquired prior to the deadline. 

. . 
wratfiercm 

The applicant should never wnduc! storm water sampling during unsafe conditions. It is likely that, 

in areas that experience flooding, lightening storms, high winds, etc., another repterematve ftorm 

event will occur for which sampling Wnditiorls will be much s&r. (For further inform&ion on 

safety issues, see Chapter 6.) If no other storm event occurs, the applicant should submit a 

justification as to why the event was not sampled. This information should be catified by the 

appropriate official. 

False start and stop/start rains can also cause problems. FalsestlatslWyCKClXwhenwleathff 

wnditions are unpredictable and it appear that a storm event may be repmentative, collection 

begins, and then the rain stops before an adequate sample volume is obtained. (Necesmy sample 

volumes are discussed in Section 3.6.) Some latitude may be given for the 0.1~inch rainfall 

requirement as long as the sample volume is 2&quate; the permitting authority may acuqt the results 

with applicant justification and certification. Again, see Chapter 5 for inform&on on questiq 

protocol/proc4un mcxiificatiow to storm water sampling requirements. 

During stopkzrt rains (those in which rainfall is intetittent), samples should be taken untiI an 

adequate sample volume is obtained. Exhibit 2-10 summarks logistical problems of storm wa&r 

sampling and presents solutions to tie problems identified. 

2.7.5 WHEN INDUSTRIAL FACILITES MUST SAMPLE 

Industrial applicants must generally wllect two types of storm water samples: (1) grab samples 

~llected during the fint 30 minutes of discharge; and (2) flow-weighted wmposite sampks ~liectcd 

during the fint 3 hours of discharge (or the entire discharge, if it is less than 3 hours). Information 

from kth types of samples is critical to fully evaluate the types and concentrations of pollutants 

present in the storm water discharge. 
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CEAPrER 2 - BAcxGRomD mu SroRM WATEU cL4MPuNG 

Aridfdmu@t areas 

Submitapetition~amodificotiontotheprotocoiifproblemsue 
anticipated and, if it is approved, submit the application without sampling 
dam by the application due date with a certified explanation. Provide 
sampling data to the autholity as soon as possibb. 

Sample another, less hazardous event or submit 8 dfied justification of 
why the event was not sampled. Rovide sampiing data to the permihg 
auttrority as soon as possibk. 

FdSCBtZtS 

Discard the sample if the volume is inadequate. If the volume is &qua&, 
submit the sampling data with 8 certified expkn8tion thaf the sample is from 
8 nOn-rcpreSentariVC event. continue t0 monitor Weather COndihOfU 8d 
attempt to resample as soon as possibh. 

Continue to sample in case the storm event turns out to be representative and 
adequate sample volumes are obtained. If sample volumes are inadequate, 
continue to monitor weather conditions and attempt to resample as soon as 
possible. 

The grab samples taken during the first 30 minutes of a storm event will generally contain higher 

concentrations of poIlutants, since they pick up pollutants that have accumulated on drainage surfaces 

since the last storm event. 

Composite samples characterize the average qua@ of the @rc stmm water discharge. Flow- 

weighted composite samples provide for the most accurate determination of mass load. The flow- 

weighted composite sample must be taken for either the first 3 hours or for the entire discharge (if 

the event is less than 3 hours long). Additional information on & TV collect grab and composite 

samples is presented in Sections 3.3 and 3.4, respectively. 

Industrial applicants are required at a minimum TV sample only one storm event. Howcva, if 

samples from more than one storm arc analyzed and the results an rcprtsentativc of the discharge, 

the data representing each event must be reported. The facility must provide a description of each 

storm event tested. The average of ail values within the last year must be determined and the 

25 July 1992 
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A dry wcxther visual inspechn is the simpkst way to sawn for ikit disduuges. If om or more 

oftheitcmsonthecheckliftin~~it2-llananswered 8iKm8fivc~,ofiftfren8feothernasona 

to believe that illicit connections exist, more detailed investigaions (such an dye tests, smoke tests, 

evaha!ion of piping designs, 8nd TV lii monitoring) may be ncccsay. Dye testing involves 

rckasing fluorescent, nontoxic dye into the suspected source of mmstorm watm, (e.g., a drain, sink, 

toilet, or pipe) and checking to see whether the dye shows up in the storm water outfall. Smoke 

b%hg illV0iVC-S Pumps Smoke blt0 8 StOm sewer 8IKi Viewing the facility tD See if SmOkC eSCapes 

through unbwwn openings or storm sewer inlets. The prcsenct of smoke indicates that storm wattf 

xnq enter the sewer through these openings or iniea. However, smoke testing may prove ineffective 

at finding non-storm water discharges to separate storm sewers. Smoke passage may be blocked due 

to line traps that are intended to b!ock sewer gas. 

TVlincmonitoringisa~qutwfimbyasmallvidwcameraisplacedintf#storm~ud 

a video image of the sewer is viewed on 8 monitor at the surf8cc to identify iliicit coNltctions. The 

camera can be moved through the sewx by remote control. For rnor4nformation on smoke and 
. 

dye testing and TV line monitatinp, amuh EPA’s Guidan# 

RB-AR26625



-Z-MCXCROUNDFORSIY3RMWAlERSAMRPH; 

1. 

3. 

4. 

5. 

6. 

Sigmture: 

RB-AR26626



X7.6 WHEN MUNICIPAL FKIUTIES MUSTS- 

Municipal applicants are required to conduct sampling for both parts 1 and 2 of their applications. 

In Part 1, municipalities must conduct a field screening analysis to detect illicit conwxtions and 

illegal dumping into their storm setter system. Where flow is observed during dry weather, wo 

~samplesmustbecollectedd~a2Ahoutperiodwitfiaminimurnof4hounbaween 

samples. ‘These samples must be analyzed for pH, total chlorine, total copper, total phenol, and 

dctcrgertu (sti-). Note that these are dq waiter sampks, rather than storm waD# sampks. 
. . . . EPA’s m for the N of Part 1 of ] 

. . . 
1 prcscnts a description of conducting field 

screening sampling and provides a data sheet. 

For Part 2 of the application, municipalities must submit grab (for ertain pollutants) and f’kn+ 

weighted sampl’hg data from s&ctcd sites (5 KI 10 outfalls) for 3 representative storm events at hrt 

1 month apart. The flow-weighted aunposite sampk must be t&zn tir either the entire discfiarOe 

orthefirst3hours(iftheevtntlastslongerthan3hours). Municipalfxilitiuarenotrequiredto 

collea~svnpltswithin~~U)minutesoforeonnev#rt. 
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arArER 2 - BAcxcRouND FOR SIORM WArW .sAMPlmG 

Ia addition to submitting Quantitative data for the application, tnunidpali&s must also develop 

programs for fuIurc sampling aaivities that specify sampling locations, frequtncy, pollutants to be 

analyzed, and sampling egUiP=nt. when ncceSSary @ determined by the municipality or if 

rquirai by the permitting authority), responsibilities may also inch& monitoring irxjusn+ 

cod to the municipality’s storm sewers for compliance with their facility-specific NpDm 

pennits. . Refer to EPA’s Guidance the a of I&t 1 of the NPD- 

svstcms for information on how 

to develop munkipal sampiiq programs. 

2.7.7 USE OF HISTORICAL DATA 

Data from storm water samples analyzed in the past can be submitted with applications in lieu of new 

sampling data if: 

. AlldatarquircmentsinForm2Faremet 

l Sampling was performed no longer than 3 years prior to submission of the permit application 

l All water quality data are representative of the present discharge. 

The historical data may be unacceptable if there have been significant changes since the time of that 

storm event in production level, raw materials, processes, or fd products. Signifknt changes 

which may also impact storm water runoff include construction or installation of treatment or 

sedimentation/erosion control devices, buildings, roadways, or parking lots. Applicants should assess 

any such changes to determine whether they altered storm water runoff sirm the time of the storm 

event chosen for use in the permit appiication. Historical data can be used & in applications. 

Historical data cannot be used for fulfilling permit requirements. 

2.8 WHERE TO SAMPLE STORM WATER DISCHARGES 

Storm water samples should be taken at a storm water point source. A ‘point source’ is defined as 

any discernible, confined, and discrete conveyance, including (but not limited to) any pipe, ditch, 

channel, tunnel, conduit, well, discrete fissure, container, rolling stock, amccntratal animal feeding 

operation, landfill leachate collection system, vessel, or other floating craft from .;&id! pollutants 

are or may be discharged (as per 40 CFR 122.2). Included in the deftion of storm water ‘point 
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2.8.1 INDUSTRIAL FACIIJTES 

Id&al applicants submitting individual applications must colkct and analyze a grab sample taken 

within the first 30 minutu of the storm event and flow-weighted camporite sUnpIes from cacb of 

be i&,miai storm warn ‘pint source’ out&Us identified on the site drainage map submitted for 

Section III of Form 2F. Applicants submitting mve data for Part 2 of the group application 

must also collect samples for each outfall discharging storm watw associated with industrial activity. 

All outfalls should be sampled during the same rq~resen@ve storm event if possible. If this is not 

feasible, outfalls may be sampled during different q&ve storm events upon approval by the 

pamitt& authority. Descriptions of earh storm event and which outfails were sampkd during &I 

event must be included in the application. Storm water runoff from employee parking h, 

administration buildings, and landscaped areas th% is not mixed with storm water associated with 

industrial activity, or storm water discharges to municipal sanitwy sewers, do not need to be 

sampled. 

, * . . outfalls With SubG 

If an applicant has two or more outfalls with ‘substa&lly identical effluents,’ the facility may 

petition the permitting authority to sample and analyze only one of the identical outfalls and submit 

the results as representative of the other. ‘Substantially identical effluents’ an defined as discharges 

from drainage areas undergoing similar activities when the discharges are expect& to be of similar 

quantity and quality, and indistinguishable in expected composition. Chapter 5 presents an exampk 

of a petition for substawially identical effluents an discusses this process in more detail. 

2.83 MUNICIPiUlTIES 

Large and medium municipalities are required to sample storm water discharges from 5 to IO outfalb 

or field screenin g points that were proposal in Put 1 of the application. ‘he fural decision on the 

number and location of sampling points will be detenniwd by the pum&ing authority and will 
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&pad on site-specific conditions such as land use or draimge area and results of daa col- 

during the field screening analysis process for Part 1 of the application. 

2.8.3 IBGTSTXS OF WHEFtE TO SAMPLE 

The ideal sampling location would be the lowest point in the drainage area where a conveyance 

discharges storm water to watm of the U.S. or to a municipal qarste storm sewor system. A 

sample point also should be easily accessible on foot in a location that will not cause hazardous 

sampling conditions. Ideally, the sampling site should be on the applicant’s property or within the 

municipality’s easmmt; if not, the field personnel should obtain permission from the owner of the 

property where the discharge outfall is located. ‘T)pical sampling locations may include the 

discharge at the end of a pipe, a ditch, or a channel. 

However, logistical problems with sample locations may arise (e.g., nonpoint discharges, 

inaccessibility of discharge point, etc.). Logistical problems with sample locations and suggested 

solutions are described in Exhibit 2-12. ln many cases, it may be neccssqtolocateasampling 

p&t further upstrtam of the discharge point (e.g., in a manhole or inlet). If the storm water at a 

select4 location is not representative of a facihty’s total runoff, the facility may have to sample at 

several ioc;rtions to best &aracterix the total runoff from the site. In situations where discharge 

points are difficult to sample for various reasons, the applicant should take the best sample possibk 

and explain the conditions in the application. A discussion on sampling at retention ponds appears 

in Section 3. I .2. 

2.9 STAFFING CONSIDERATIONS 

Staffing needs for sampling must be determined by the applicant. Factors in making the 

determination include the number of sample locations, the size of the area to be sampled, how far 

apart the locations are, the type of sampling required, the technique to be used, the number of 

samples to be taken (depending on how many p aramcten must be analyzed), and safety 

considerations. 

Training sampling personnel is important to the success of storm water discharge charaaefizpion. 

Training can be done using this manual. Sampling wnducted by untrai& personnel may result in 
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“.. ,... 
.Sampr/whaestorm‘~...-~~proccua&apm‘;atr;mx 

.,., \ ..&A.. %. >. .>._X_. \. %.. . . . . \\ . ,~. ._ ..\ .,\.. _. .~~ . . .._\ 

SOlUtiUl: Attempttosampkthestormwaterdischqebefonitmixeswitbtbenon-storm 
waterdischarge. Ifthisisimpossibk,sampktfie~bothduringdry 
andwetweatherandprrsuttbothsctaofdatatothepermittingauthority. This 
will provide an indication of the contrib&on of palm from each source. 
Nmw dI p.mt dm .‘, .1 I;;<:..\* .i .j \)’ . . . .c ;” j<.. .~;~::‘~:~::;. .,.;<..;‘:::.;.‘~ ” .” j .i ‘. 

,,.. \ ‘, . . . : ; ;y,:x,‘;v. : . . \ *~.~~;;*,<~,w~~~:. * : ,.....\<‘irk. :. .\\,\ ..; A%\. , \i . .: 
!3OllltiOC kpo&l”chanrei or join together flow by build& a weir or digging a ditch to 

collect discharge at a low point for sampling purpose. This artificial colkction 
point should be lined with plastic to prevent infiltration and/or high levels of 
sedimerrt. or, sample at several locations to rep- total site runoff. 

sdutiou: Go up the pipe to sample 0.e.. to the m manhole or inqection point). If 
~esearenotavailabk,gpintothepipeor~k~rev#olloatiolutobest 
represent total site rumff. 

MW muitiple SuuplM sires m’colIect. pitq+qtid*:* @-St 30 ti*m cradustti. fadm only) .’ :.::.:.. .;.y... . . .:. ‘. 
A... . ..A....-:“. .:, _..,... A ..,-.\.,.. >.. . ..,l... . . 

Have a sampling crew ready for mobilization when forecasts indicate that a 
representative storm will occur or sampk several different representative 
events. Also, for most parameters, automatic samplen may be used to wlkct 
samples within the fvst 30 minutes triggered by the amount of rainfall, the 
depth of flow, flow volume or time. 

sdutiou: ?he combined runoff must be sampkd at the discharge point as near as possible 
to the receiving water or the parking lot drain inlet if them is one. 

sampling in manholea .\. . : ,.. ,.. “. 
soIutiou: Sample in manholes only when necessary. See Chapter 6 for safety 

information Sampling in manholes requires training on confined space entry. 

probkm: Runoa from other propeq 
*I 

solutioa: If possible, estimate the volume of offsite runon contributions and offsite nmon 
sources of pollutants to perform a mass balance calculation. Indude this 
information in the permit application. If this estimation is not possible, provide 
a narrative discussion of the upstream site (e.g., is it developed, if so the type 
of facility, the types of pollut&s that may be-present on the site, etc.). - - 
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&a tfiat is unrepresentative of the f&Sty’s storm water dishrgc. This data might be Ejected by 

the permithng authority, who would then require another sampling effort. 
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CHAPTER 3- FUNDAMENTALS OF SAMPLING 

3. FUNDAMENTALS OF SAMPLING 

Because of the variable nature of storm water flows during a rainfall event and different analytical 

considerations for certain pollutants, the storm water regulations establish specific requirements for 

sample collection techniques. The quality of storm water discharges and logistical needs for 

sampling will be different for industrial applicants and municipal applicants. Therefore, specific 

sampling requirements vary. After a brief review of sampling fundamentals and special sampling 

requirements for storm water permit applications, the following sections are intended to teach 

applicants how to sampling to meet these requirements. 

The applicant should carefully plan his/her sampling strategy prior to the actual sampling event, e.g., 

walk the site to determine appropriate sampling locations, become familiarized with local rainfall 

patterns, train Sampling staff in procedures and safety, consult with laboratory, and collect supplies. 

3.1 TYPES AND TECHNIQUES OF SAMPLING 

There are three basic aspects of sampling: 

• Sample type (i.e., grab versus composite) 

• Sample technique (i.e., manual versus automatic) 

• Row measurement methods. 

These topics will be discussed in relation to requirements of an NPDES storm water discharge permit 

application. Once these aspects are addressed, step-by-step instructions on sampling procedures arc 

presented. The sections below define and describe the types of storm water samples that must be 

collected and methods or techniques for collecting them. In addition, special sampling requirements 

for certain pollutants are discussed. 
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CHAPTER 3- FUNDAMENTALS OF SAMPLING 

3.1.1 SAMPLE TYPE VERSUS SAMPLE TECHNIQUE 

It is important to understand the difference between sample type and technique. "Sample type" refers 

to the kind of sample that must be collected - either a grab or a composite. "Sample technique" 

refers to the method by which a grab or composite sample is actually collected - either manually or 

by automatic sampler. A generalized relationship between sample type and sample technique is 

presented in Exhibit 3-1. Sections 3.1.2 and 3.1.3 further explain the significance of these terms 

as they relate to storm water sampling requirements. 

Grab 

Sample Type Sample Technique 

Manual 

Automatic sampling system 

Composite Manual with manual compositing 

Automatic system or automatic sampling with 
manual compositing 

3.1.2 SAMPLE TYPE: GRAB AND COMPOSITE SAMPLES 

To comply with storm water application requirements, the sample type (grab or composite) must be 

collected in accordance with 40 CFR 122.21(g)(7) and 40 CFR Part 136. The storm water 

application requirements clearly specify which pollutants must be analyzed by grab sample, and 

which by composite sample. Although the requirements in 40 CFR 122.21(g)(7) do not explicitly 

specify either manual or automatic sampling techniques, the approved analytical methods contained 

in 40 CFR Part 136 direct that grab samples must be collected manually for certain pollutants. 

Sections 3.3 and 3.4 clarify which pollutants must be grabbed, which ones must be grabbed 

manually, and which ones must be flow-weighted composites. 

The two types of storm water samples required by the regulations, grab and composite samples, are 

described below. 
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A g&j sampie is a discrete, individual sampie taken Within a Short pCkKt Of time (tily kss than 

15 d). ,gndysis of grab samples character& the quality of a storm water di&arge at a given 

th of the discharge. 

~~mposittsampleisamixedorwmbinedsamplethatisformedbywmb~a~of 

individual and discrete %u~@es of specific volumes at specified M. Although these intetvais 

a h r.jmc-weight4 or flow-weighted, the storm water regutations require the wllection of flow- 

weighted composite Sampk ?his means that discrete aliquou, or samples, are wllected and 

ambind in proportion to flow rather than tint. composite samples characteti the quality of a 

storm water discharge over a longer period of time, such as the duration of a storm event. 

Both types of samples must & wkcted and analyzed for storm water discharge permit applications. 

G&I samples must be wllected for the following conditions: 

l For storm water discharges associated with industrial activity, a grab sample must be obtained 
during the fust 30 minutes of a discharge. This requirement is in addition to the composite 
sampling rquirements. These samples are intended to cllaraarize the maximum 
concentration of a pollutant tbt may occur in the discharge and/or may indicate intermingbng 
of non-storm water discharges. 

l For storm water discharges from large and medium municipal separate storm sewers, grab 
samples are required for Part 1 of the application if a discharge is noted during dry weather 
field screening. Two grab samples must be wllected during a 24hour period with a 
minimum of 4 hours between samples. These saupies are intended to assist in the 
idcntificatior of illicit connections or illegal dumping. In Fart 2, grab samples may be 
required fol the analysis of certain +,,~tants for whi& municipalities are reqti~~ed to Junple. 

Flow-weighted composite samples must be collected during the ftrst 3 hours of disdxuge or the 

entire discharge (if it is less than 3 hours) for both industrial and municipal applicants. 
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The ngulations at 40 CFR 122.21(g)(7) identify cxrtain pollutanfs for which grab sampling ir 

requited: 

l Monitoring by grab sample must )c conducted for pH, tempernarrt, cyani& total phenols, 
residual chloriq oil and grease (O&G), fecal wlifbrm, pnd fd saepb~cocau. Composite 
SamplesanrotapproptirroefortheseparrunaurduetotheirtendarybotrPuformoo 
different substance8 or change in wnccntrbon &tcr a short pcrbd of time. such 
transform8tions may be particularly likely in the pr#ulce of ot& rc&ve pouutaas. 

, 
At w 

Retention ponds with oreater than a 24-hour holding time for I reptesentPtve storm event may be 

sampled by grab sampit. Ccqdt~ Sampiing is nat rkcaafy. ‘he rptioti for this is rhrt, 

because the water is held for at least 24 hours, a Wrough mixing occurs within the poad. 

?hc.rcfon, a single grab sample of the effluent from the die poins of the pond aaxatety 

rcprescnu a wmposite of tie storm water contained in the pond. If the pond does IXX thoroughty 

mix the discharge, thereby wmpositing the sample, then a regular g& pnd wmptdtc sampk should 

be taken at the inflow to the pond. Since each pond may vary in its capability to l wmpositc’ I 

sample, applicants must carefully evaluate whether the pond is thoroughly mixing the dis&arge. 

Such fauon as pond design and maintenance arc important in making thii evaluation. Poor pond 

design, for example, where the outfill and inflow points an too closeiy s&t&d, may cause short- 

circuiting and inadequate mixing. In addition, poor maintenance may lead to excessive re-suspension 

of any deposited silt and sediment during heavy inflows. Because of factors such as these, the 

applicant should determine the best location to sample the pond (e.g., at the outfall, at the otil 

structure, in the pond) to ensure that a representative wmpo~itc sampk is taken. If adequate 

wmpositing is not occurring within the pond, ihe applicant should wnduct routine grab and flow- 

weighted composite sampling. 

A grab sample a a flow-Mghted sample must be taken for storm water discharges wllcctcd in 

holding ponds with less than a 24-hour retention period. The applicant must sample the discMge 

in the same manm-r as for any storm water discharge (as desuibai in 40 CFR 122.21(g)(7)]. In 
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cffea,tfieapplicantmusttaLtone~samplc~intfitfint30mimrrcsof~,orarsoon 

as possible. Ihe appiicmt miwt also colk! a flow-weighted wmposite sample for at lust the fint 

3 hours of the discharge, or for the event’s entire duration (if it ir less than 3 hours). 7% fl~~- 

weighted wmposite sample may be taken using a wntinuous sampier or as a ambination of at lurt 

three sample aliquots taken during each hour of the discharge, with a minimum of 1s minuW 

bcnvcen each aliquot. If the applicant does not know what retention period the pond b designed for, 

the design engineer of the pond should be wnsultcd. 

3.1.3 SAMPLE TECHNIQUEis MANUAL VERSUS AUTOMATIC SAMPLTNG 

As previously discussed, manual and automatic sampling techniques are methods by which both grab 

and composite samples can be wlkctcd. Manual sampks arc simply samples coilec&d by hand. 

automatic samplers arc powered devices that collect samples according to prep-o- &cria. 

A typical auto&c sampler configuration is shown in Exhibit 3-2. 

For most pollutants, either manual Or 8utmmtic sample wllcaion will conform with 40 CFR paic 

136. However, one case in which automatic samplers cannot be used is for the colkction of volatik 

organic compound (WC) samples because VOCs will likely volatilize as a rwult of agitation during 

aumnatic sampler wllcction. Samples wllcc!cd for VOC analysis should be filled until a revcrx 

meniscus is found over the top of the colledion bottle and capped immaliiaely to leave fm air space. 

Automatic samplers do not perform this function. special rtguiremcnh for voc sampling Bfe 

discussed in Section 3.5.2. 

Although both collection techniques arc available, several other pollutants may not be amenable to 

collection by an automatic sampler, for example fecal stnptococcus, fecal wliform and chlorine have 

very short holding times (i.e., 6 hours), pH and temperahue need to be analyzed immediately and 

.:’ ad grease requires teflon coated equipment to prevent Aherence to the sampling equipment. Y.4 

Other restrictions on sample wlkctlon techniques (such as container type and preservation) should 

be determined by consulting the approved analytical methods listed in 40 CFR Part 136. Section 3.5 

and Technical Appendix C provl~c additional intormation on sample handling, holding times, and 

preservation methods. 
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~anuai and automatic twhniquc~ have drantag~ and dhadvantagu that the appiicant should 

consider in relation to the sampihg program. ‘Ihe main rdvvltage of manual sampling is &at it can 
be IUS costly than y-mhasing or renting automatic sampim. Automatic samplm, however, can be 

often more convenient. Exhibit 3-3 presents a matrix of advantages and disadvantages asso&cd 

with each technique. Uhimately, the best technique to USC will dqxnd on each applicant’s situation. 

3.2 OBTAINING FIOW DATA 

In addition to wlkcting samples of storm water discharges, applicants must colkct data 

chanctrrizing the flow rate and fIOW VOiumC for eadr Seorm Water discharge sampled. Flow rate 

istfiequantityofstormwaterdischatgedfromanoudallperunitoftime. Totalflowisamcanve 

of the total volume of storm water runoff discharged during a rain event Flow ran and ~olumcs 

can either be measured specifically or can be &mated (based on rainfall measurements, velocities, 

and depth of flows). To wlkct flow-ullcighted wmposite sampks, flow rate data is necessary to 

combine proportional vokmes of individually wlltaed aliquots. Applicants must also report the 

mass of pollutants contained in storm water discharges (see Section 3.25). To determine mass 

loadings of pollutants, applicants must measure both discharge flow rate and pollutant concentration. 

This section presents methods for obtaining flow data. 

3.2.1 MEASURING FLOW RATES 

Flow rates for storm warer discharges are most accuramiy measured using either primary of 

secondary flow measurement devices. Facilities should use these devices to chatacttrize their 

discharge as precisely as possibk. Where flow measurement devices are not already installed, 

portable devices should be considered. There are many permanent and portable types of flow 

measurement devices available. This discussion is limited to the most wmmon flow measurement 

devices. To purchase flow measurement devices and ram gauges, pertinent engineering journals can 

be wnsulted for equipment vendor listings. Proper analysis of site discharge conditions must be 

conducted prior to purchase and installment of flow measurement devices. 

A primary flow measurement device is a manmade flow control structure which, when inserted into 

an open channe1, creates a geometric relationship between the depth of the flow and fhe rate of drc 
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-wk Method 

Flow- 
Weigh&d 
compositu 
(multiple 
grabs) 

Automatic 
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flow. The depth of the flow, referred to as the head (H), can then be mwsured at the rcspcctive 

reference point/an9 with a ntier or other staff gauge. When sub- into a formula, which 

mathematically describes the relationship bctwttn depth and discharge for the primary devices, the 

hcadmcasurcmentcanbeusedtocaicula!eaflowratc(Q). Themostwmmonprimaryflow 

measurcmnt devices are weirs and muneS. W&S and fluma arc flow structures designed to 

provide a known, repeatable relationship between flow and depth. 

Weirs consist of a crest located ~QOSS the width of an open channel (at a right angk to the direction 

of the flow). l’he flow of wabzr is impeded, causing water to overflow the crest. Diagrams and 

formulas of some typically found weirs arc provided in Exhibit 34. Weirs arc inexpensive and 

particularly valuable in rncawing flow in natural or manmade Swales because they are easily 

installed in keguiarly shaped chfianneis. 

Weirs can only provide awurate flow measurements when head mcasurcrnents are appropriately 

taken. When flow cxweds the capacity of the weir and water overtops the weir crest, flow depth 

actually diminishes as the water approaches the weir, as shown in Exhibit 3-5. Therefore, measuring 

the depth at the weir crest wili result in an inaccurate measurement of the actual head. Under these 

circumstances, the head should be measured upstream, at a point determined by the type of weir and 

the estimated amount of flow. A staff gauge can be installed at a nonturbulent point upstream of the 

weir crest to provide accurate and convenient measu:zmcnu. 

Flumes arc stmctures which force water through a narrow channel. They consist of a converging 

section, a throat, and a diverging section. Exhibit 3-6 portrays the most common type of flume, the 

Parshall flume, and also provides formulas for calculating appropriate flow rates. 

Parshall flumes have fixed specifications relating to geometric shape. ‘They vary only in throat 

width. Due to these geometric wnstraints, Parshall flumes may be expensive to install. They arc 

typically used in permanent flow measurement points and arc most commonly placed in concrete- 

lined channda. Homtvcr, Parshall flumes can also be used in temporary points. Parshall flumes 

provide accurate measurements for a relatively wide range of flow rates. The flow rate through the 

Parshall flume (see Exhibit 3-6) is calculated from the depth (HJ of flow measured in the converging 
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Rcctangular(tith wnuactions) 

Q - 2.5 H = (‘90’) 
Q - 1.443 H = (60’) 
Q - 1.035 H = (45’) 
Q - 0.676 H zs (‘30’) 

Q - 0.497 H a (22W) 

Q-FlWRooe 

H-Dqthoffbw(Hd) 

Q - 3.33 L H Is 

Q - 3.33 (L - 0.2 H)lJ 

Q a3.361bH’” 

Source: c 5th Edition, by Micfirei R. Lidburg, PI?, 
with permission from the publisher, Professional Publicatioru, Inc., 

Bdmont, call- 1989. 
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SOU~W: CC 5th Edition, by Michael R. Lindeburg, PE, 
with permission from the publisher, Profwional Publications, Inc., 

Belmont. California 1989. 

section of the flume. ?he exact location of the depth lllcasurement depends on the specific design 

of the Parshall flume. Exhibit 3-6 indktes the equations used to calculate flow rate through a 

typical Parshall flume. Tl~e~e equations are awuraie only when tfn submergence ratio (HJXJ is 

greater than 0.7. The manufacturers’ information shouid be consuited for the flow rate quation and 

measuring points for a specific Parshall flume. 

Palmer-Bowlus flumes, shown in Exhibit 3-7, are also used at some facilities. FQlmr-Bowius flumes 

art designed to be installed in ill: existing circular c!amcl (s .I .s a manhole channel) and are 

available as portable mcasuremnt devices. While Palmer-Bowlus flumes are inexpensive, self 

clcan.ing, and easy to install, they can only measure flow rates acmrately over a narrow range of 

flow. 

The flow from a Palmer-Bowius flume is calcularcd using the height between the floor of the flume 

portion and the water level, not Y .2 tcrtal head of the water level. Head measurements arc tien a! 

RB-AR26644



PadlaliFhrJae 

Q = 0.338 H lss 

Q - 0.676 H Is 

Q-0.992H’-’ 

Q - 2.09 H ‘-II 

Q - 3.07 H ** 

Q=4WH’=W- 

Q = (3.6875 W + 2.S)H ‘I 

Q = Flowrae 

H=De#hofflowCHud) 

Side Vii 

Source e 5th Edition, by Michael R. L.i&bug, PE, 
with permission from the publisher, Profc&wul Fubkdons, Inc., 

Belmont. C&ford 1989. 
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Source: Wastewater TrWcnt. Disoosat. Rcust, 2nd Edition, Met&f & 
Eddy, Inc., with permission from the publisher, McGraw-Hill Boo& Co., New York, 1979. 

a distance from tie throat equal to one haif the width of the flume. The dimensions of a Palmer- 

BOWS flume have been standardized in a generic sense, but the flume shape may vary. Therefore, 

there are no formulas that can be applied to a Palmer-Bowlus flumes. Device-specific head-flow 

niationships for each device should be obtained from the manufactulrr 

There arc a number of other, less common, flow measurement devices available which will not be 

discussed {s# Appendix D for additional references). 
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-ndaryflow ~devimueautomatedformsof~~andvolume~ 

Typically, a secondary device is used in conjunction with a primary device to automazically measure 

the fbw depth or head. ‘This value is then process& using cstMshcd ma~hanaticai relaionsh@ 

to relate the depth measmmmttoawrrwpondingflowm!c. Tbedcvicealsomayhavethecapacity 

t0 convert this now me t0 a VOIU~. Secondary fh trmmrement devices include noats, ub~0ni~ 
mnsducers, pressure transducers, and bubblers. The output of W secondary device is uansmiti 

to a display, recorder, and/or total&r to provide flow rate and volumt information. The user 

manuals for these devices should be cmsukd for propet usage. 

To ensure actuate results, facilities should evaluate, via visual observation and routint checks, the 

design, installation, and operation of flow nxssurement devices. When evaluating design, sclea a 

device which: 

l 1s accurate over the entire range of expccuxl n0w fates 

l can be installed in the channel to be monitored 

l Is appropriate to the sampling location (i.e., power setup, submenible, etc.). 

Whtn evaluating the installation of flow measurement devices, ensure that: 

l There XC no leaks and/or bypasses of flow around the measuring device 

l ?he primary device is level and squarely installed 

l The sccondaxy device is calibrated. 

When evaluating the operation of flow measurement devices, look for: 

l Excessive flows which submerge the measuring device 

l Flows outside the accuraq range of the devia 

l Leaks and/or bypasses around the rncasuring device 
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l Turbuient flow through tile mauring device 

l Corrosion, scaling, or soiids acumukion within the masuring device 

l obstmctions to the IImming device 

l USC of the cmccc factor or formula to conva? head readings ho actual flow ratt. 

Other than ensuring appropriate design and installation, auxmacy checks arc difkxit to acco~@i& 

for primary flow measurement devices. Sew* n0w mcasurullcnt devices, on the other hand, 

v rcquirc evaluation of d e-sign, instaiiation, and calibration. Applicants should examint the 

secondary recording devices and their redouts after imtaiiation to ensure that they arc oper&ng 

properly. Unusual fhmmiom or breaks in fiow indicate operationai or design flaws. 

3.23 ESTIMATING FUIWRA’ITS 

llm13 are a variety of techniques for cstimatingfhratts. Th~mcdrods~nOt~accuratear 
the methods described in Section 3.2.1 above, but are suitable for those discharges where primary 

or secondary devices arc not practical or c~~n~micaiiy feasibie. Each of tile fo:iowing methods is 

suitable for certain types of flow situations, as imkatcd. For each, the procedure for cokcting flow 

rate data will be given along with a sample calculation. 

Float methods can be used for any discharge where the flow is exposed and/or easily accasiblc. 

It is particularly useful for ovcriand fIows, gut&r flows, and open drain or channel ~IOWS. The flow 

rate is cakulateci in each of the float methods by estimating the velocity of the fIow and the mss- 

sechonal area of the discharge and using the standard flow rate equation: 
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Ifthenow~ovcrland,thewat#willneedcobedinclbdintoaRwow~lorditefiw,tfutthe 

mcasurementscanbctah. TheinitiaipreQaxxtionforthismcthodrquiresthatashallow&nncl 

orditchbcdugthatis6fcctlongorlongerand4to12inchestide. Thechanneiorditchshoukl 

beshall0wenoughtoeasiiyobtainflowdeQdwbutshouldbe~enou~tocarry~flowtharwill 

be diverted to it. Boards or other barriers should be placed on the ground above the channel (so that 

the flow is diverted into the dxanncl) and along the cdgu of the channel or ditch (flush with the 

ground surfact so that now does not seep under them). 

lit procedure for measuring the flow rate by the float method involves mwuringthekngthofthe 

channel between chosen points A and B (which must be 5 feet apart or more). The depth of the 

wateratpointB,intfiemiddleofthe~l,mwtbedetennined,and~ewidthofehcwattrflow 

mustbcmcasurcdatpointB. Afloaris~enplacedinthewaterandtimedasitmovesfrompoint 

A to point 8. Exhibit 3-8 provides an example of &mating the flow rate using the float method. 

For runoff flows from many directions into a dmin UI a low or flat area where pending is eviderg 

the n0at mcth0d fan ds0 be ~54. The mid now rate is calc~iated by mwuring flow rates for 

several points into the drain and adding thc.se vaiw together. Exhibit 3-9 provides an cxampk of 

estimating the flow rate using the n0at mctbd in this situation. 

The bucket and stopwatch method of estimating now rate is the easiest of all the flow r;pe esthath 

procedures. However, it can only be used under CtRljn uxu%tions. ‘h flow or discharge to be 

measured must be flowing from a small pipe or ditch, and it must be free-flowing. En 0th w~rdr, 
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-3-NND-ALSOPSAMlUNG 

EXAMPLE DATA: 

Fomuhs: 

Example: For Sun@ 1 
V--=&-29.4Jvrda 

. 

A - lJ.12p x 0.5/c - o.lwJP 

Q = 29.4JVd~1 x O.Wp" = 1.8 t$a 
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A 8 

Nh z 

1 0 
2 20 
3 40 
4 60 
s a0 
6 100 
7 120 
a 140 
9 160 

-tL 
- A 

4 3 
4 3 
4 3 
4 3 
4 3 
4 3 
4 3 
4 3 
4 3 

hrn 

h R nm 
1 c A 

4 5 0.2 
4 5 0.3 
4 s 0.3 
4 5 0.4 
4 5 0.3 
4 s 0.3 
4 5 0.3 
4 5 0.3 
4 5 0.2 

n 
I 

0.3 
0.4 
0.4 
0.5 
0.4 
0.4 
0.4 
0.4 
0.3 

n 
C nr 

6.08 
0.12 
0.12 
0.17 
0.12 
0.12 
0.12 
0.12 
0.08 

0.08 4 cfm 
0.14 scfm 
0.14 5 cfa 
0.20 6cfm 
0.14 5 cfm 
0.14 5 cfm 
0.14 SCfUi 

0.14 5 cfm 
0.08 4cfm 

Al = O.OI?fr x 4l, - 032p’ 
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thepipeorditchrnttstberaisedabovetheground. Also,d~effowmustbesrnallenoughtobe 

cqmrcd by a bucket or other suitable container without overflowing. If these conditions are not 

pnsenr, another method must be used. The procedure involve3 reading the time that each sample 

is taken, the the it takes for the container to be filled, and the volume of discharge collected, The 

flow rate is then calculated in gallons per minute (gpm) or in cubic fa per minute (cfm). The basis 

for the bucket and stopwatch method is the collection of a measured amount of flow over a measured 

amount of time to determine flow per unit of time (or flow rate) as per the formula below. 

Exhibit 3-10 provides an example of e .sthathg flow rates with the bucket and stopwatch method, 

The slope and depth method is also a relatively easy method for estimating flow rates in pipes and 

ditches. This procedure requires that the slope of the pipe or ditch be known. A survey or 

engineering design data such as sewer or grading plans may provide the slope or grade of the pipe 

or ditch. In addition, the flow or effluent to be measured should not fully fiil the pipe or ditch from 

which it is flowing. To measure the depth of the flow at the center of the pipe or ditch at the outfall, 

the outfall should be accessible. If these conditions are not present, another metfiod should be used. 

The procedure involves recording the time that each sample is taken and measuring the depth of the 

flow in the middle of the pipe or ditch. If the flow is coming from a pipe, the inside diameter,of 

the pipe should be recorded. If the effluent is coming from a ditch, the u;%h of the flow in the ditch 

should be measured. Also, the modified slope of the ditch should be calcuiated. The flow rate is 

calculated in cfm using the same formulas for both pipes and ditches. Exhibit 3-11 provides an 

example of estimating the Row rate with the slope and depth method. 
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I A I B I C I D 

1 0 40.0 20 3.0 0.4 
2 20 26.0 20 4.6 0.6 
3 40 24.0 20 5.0 0.7 
4 60 320 20 3.7 05 
5 a0 0.0 2.0 27 0.4 
6 100 31.0 20 3.9 0.S 
7 120 SO.0 20 24 0.3 
a 140 21.0 20 5.7 0.8 
9 160 23.0 20 4.3 0.6 

E I P 
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I stqi 1: ObhinthepiporditchchmxdpmaUalopefkoma@mmingd8ta De&mimtbeiaah 
dk&aiftbsflwisfnnnrpipe. 

A B C D E P c 

lho 
z!z -1 

Wd 
Wad- w 

‘Ykt?’ yg!$*g Ils=$!z, 
-bBw 

w-0 (eh-rb1 

: 0 
ii 

ii*: 
7:2 

22 3.2 :*I M - 
3:3 

246.1 713.6 
3 4.0 - 137.3 
4 60 ; :: 4.2 3.0 - 1.532.9 
5 a0 4.0 ::: w 1237.3 

4 100 120 6.0 6.0 3.2 3.0 e - 713.6 624.2 

i 140 160 6.0 4.6 “3 25 tx 3.3 s B 581.8 374.1 

iSill8pipe). 
Formuir: Moduzrdslopr 00 = Izno w’ /low - 2.0 x wLdep* (in) 

M - u.0 in/t? 2.2 & 
2.0 xX3.61 

- 3.7 1 Exrmple: Smple 1: 
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Runoff~Cientnrethodsare~kaft~Ofrlltbeflow~ertimrtianmatbodt. Tbcac 

frmlmds shouid only be used for wmposite flow-weighted samples if all of tk ather mcthodt are 

-blqyproprigte for the sire. Although the kast acaarak, runoff cxMficients ae the simplest m&od 

of &imating runoff raw. 

R~ffcoeff~cientsrepresentthefraction Oft& raiafillthp~bctrammhdasmn~ffhmtbe 
drainagearcatwflowintothefacilityoutfaU. RunoffaMidensconsiderthg~~~surfaceor 

cover~rialanddenminethe~~ofstonn~fl~~i~~inNtrPse~~noff~8 

ckharge. A shple estimate of runoff VO~UKE iKswncsth8tp8vcd~andothaimperviau 

stratum such as roofs have a runoff coefficient of 0.90 (i.e., 90 percent of the rainfall leaves the 

afea as runoff). For unpaved surfaces, a runoff aMfkient of 0.50 is norm&y assumed. A man 

acarrate~canbemadebyus~monspecificnrnoffcaffici~fotdiffaentareasofttrc 

facility, based on the specific type of ground cover. Commonly used runoff coeffkients arc lis&d 

in Exhibit 3-12. 

7%~ average runoff coefficient can be c&mated for drainage areas thas have both paved and unpavaJ 

areas by wcigking the coeffkicnts based on their proportion of the total area. An equation for this 

would k 

The area of the drainage basin can generally be obtained from land surveys conducted at the time 

of facifity pur&se or site surveys taken from design documcnxs developed as part of construction 

planning. If these are not available, the applicant may wtimare the drainage areas from a 

topographic map of the area. ‘Ilx areas used in this calculation should include only those areas 

drained by the sampled outfall. When dcmmining the basin area that drains through the outfall, 

some special considerations should be noted: (1) storm water fkom sources outside an industrial 

facility’s property boundary may contribute to the discharge; and (2) storm warcr not associated with 

industrial activity may contribute to the flow voh.unc. Where these conditions occur, the facility 

should accurately quantify and appropriate\y address these contibutions. 
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CaAPTEEtJ-~AMPNfAISOPsAMlYJW 

l Dowltownaras 0.70-0.95 
9 Neighborhwd areas 0.50-0.70 

Residential 
l Single-family areas 0.3GO.50 
l Multiunits (d&a&d) 0.40460 
l Mdhits (atraded) 0.6cM.75 

Residential (suburban) 0.254.40 
Apartment dwelling areas 0.5&0.70 
IJldUStliill 

l Light areas 0.50-0.80 
l Heavyareas 0.60490 

Parks and cemctcries O.lIFo.25 
Playgrounds 0.20435 
Railroad yard areas 0.20-0.40 
unimproved areas 0.10-0.30 
StTUtS 

l Asphatt 0.70-0.95 
l Concrete 0.80-0.95 
l Brick 0.70-0.8.5 

Drives and walks 0.75-0.85 
Roofs 0.754). 95 
hvns - course textured soil (gnxaer than 85 percent sand) 

l Slope: Flat (2 pwcalt) 0.05-o. 10 

Average (2-7 percent) 0.10-0.15 

S-P cr percent) 0.15420 
Lawns - fine textured soil (grcakr than 40 percent clay) 

l Slope: Flat (2 percent) 0.13417 
Average (2-7 percent) 0.18422 

steep (7 percwd) 0.25-0.35 

Source: Design ad Gmmuion of Sadmy ad Srom Sewm, with permission from the 
publisher, An&can Society of Civil Engineers, Mmual of Pm&cc, page 37, New York, 

1940. 
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Thaearcmospccificmcthodstoesthatcflow~usingnmoffwefficicrar. ‘IbefY~~ 

dcpthofflowinrpipeorditchandanavcraOeruaoffratetoestimPbe~oftbetampkfbw~ 

where the slope/pit& of the pipe or ditch is unknown. Exhibit 3-13 provide an example cahJ&n 

oft2dbrhgfl0wratesbasalondephmdnm0ffcoefficientr. lbmcc~ndmerhod~~dy 
rainfanacaunulationandrunoffcafficierrahoestimtOe8Rowassociatedwithehetimechesampk 

wa~takcn, Noactualflowsorflowdcpthsarcmcasumi. mit3-14providcsanexampkof 

wg the flow rate based on rainfal1 depth mi runoff wcffickn&. 

3.223 MEANRING TOTAL FLOW VOLUMES FQR TEX SAMPLED RAmEvENT 

Similar to mcmsuring flow rates, flow volumes may be rfmsud UShg%UfOmstiCflowmatrrOr 
primary/secondary devices as disamed in Section 3.2.1. Mcamcmnt offlowvolumcwiththc 

devices provides a reasonably accuatc dctamdiion of the total flow volume for the entire storm 

water discharge. Ln many cases, hcnmm, primary or secondary devices have not been installed for 

storm water flow measurctnent. Portabk flow masurementdevias arc often expulsive. Many of 

the automatic samplers that are cumntly on the mar& can measure flow vohuncs as well as perform 

sampling. Where available and when ecmomicaIly feasibk, masuring devices should be used to 

gcmxtc data for cakulating flow. 

33.4 ESTMATING TOTAL lU)W VOLUMES FOR THE SAMPLED UINEVENT 

Since acamte measurement of total flow volumes is often impracticable due to lack of equipment, 

total flow volumes are more wmmonly estimated. The two methods provided in this section require 

only simple estimated measurements. The fint method is based on rainfall depths and runoff 

weff~cients and the second is based on flow ram that can be either measured or c.shakd. 

Discharge volumes are most easily mimatcd using the area of the drainage basin contributing to the 

outfall, the rainfall accumulation, and a runoff weffh5cnt. The total volume of discharge can be 

estimatd using a simple equation that relates the amount of rainfall to the volume of discharge that 

Will leave the site as runoff. The equation is as follows: 
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Step 1: Eaimatc the runoff coefficient for the drainage area tbf wnaii flow to tk 
sampled outfill (see Section 3.2.2). 

EXAMPLE: Assllmett¶edrainagearu~theou.tfaJlis3aaer. Two0ftil0se~ 
arc paved with a runoff coefficient of 30, and 1 is unpaved with a runoff coefficj~ 
of .50. Using tic equation for &mated runoff coefficient from the text in Seuioa 
2.2.2.2: 

AWRwt.coc/.= (2) tl At) (0.5~ = 0.77 
2AEflAe 

The runoff coefficient for the entire drainage area is 0.77. 
Skp 2: Measure the rainfall depth. Record the total rainfall of rhe storm or the rainfall that 

mamcd in the fust 3 hours (if it lasted more dun 3 hours). Ais0 record the duration 
of the rain event, 

EXAMPLE: Assume the rainfall depth to be 1.0 inches in 3 hours. 
Step 3: Calculate an average runoff rate. 
Formuk 

Avemge RunaflRa& = - Arca 

When each sample or aliquot is taken, record the data for the time the samples WTC: 
taken and the depth of the water in the center of the ditch or pipe. Record the data in 
whmns B and c. 

EXAMPLE DATA: ___ --- ~~~ 

A B C D 1 E 
f-w - cluUdaDiti -Dcg* FlouR8te 
Nlrmkrs (&Uta) wum Depth ma) Wdgbted Flow Factor (cm 

1 0 1.0 0.82 39 
2 20 1.1 0.90 42 
3 40 1.2 0.08 46 
4 60 1.25 l..Z 48 
5 80 1.3 1.06 50 
6 100 1.25 1.02 
7 120 1.2 0.98 2 
8 140 1.7 1.39 65 
9 160 1.0 0.82 39 

Step 4: Sum up all the water depths for each sample taken as indicated above in column 
c. 

sum = 11.0 feet 
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Step 5: Calculate a depth-weight fbw factor and record the data in column D. 

Forlnuk 

Example: For Sample I 

Few=-=X.82 
II.0 

Step 6: Calculate the flow rare. Record the data in columu E. 

Formula: 

Example: For Sample 1 
Q=47~x&82=39t$m 

where: v, = the total runoff volume in a&c feet 
R,=thetotaIrainfallmeasuredinfeet 
&, = the area (sq ft) width the drainage basin that is paved or roofed 
& = the area (sq fi) within the drainage basin that is unpaved 
c,= a specific runoff coefficient (no units) for the drainage area gmund cover 

Exhibit 3-15 provides an cxampk calculation of total runoff volume from rainfall data.. 

Qisbage Volumes on Me& Flow &&g# 

Another method of estimating the total volume of a discharge uses a series of measured or Mhatcd 

flow rates. The total volume of discharge can be estimated by fint multiplying each of the flow rates 

by the time interval in between flow nwasurements. This time period represents the portion of the 
total storm duration that can be associated with the flow rate measurement. Adding all such partial 

volumes results in a total flow volwne. A procedure for calculating the total runoff volunw hm 

a set of discrete mcasurcmcnts of flow depth and velocity in a ditch during a storm runoff event is 

presented in Exhibit 3-16. 
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A E 

0 
20 

2 
80 
100 
120 
140 
160 

0.0 
0.2 
0.3 
0.5 
0.6 
0.8 
0.9 
1.0 
1.1 

0.0 
0.2 

ii:: 
0.1 
0.2 
0.1 
0.1 
0.1 

84 
42 
84 
42 
84 
42 
42 
42 
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Example: FromtherainOPlge.tfierainfnllsccumuiationirmevuradd0.6~ 
or 0.05 feet (ft). mote: To wnveti inches to feet, divide the indres by 12, which is 
tie conversion factor). 

Step 3: Determine the runoff adficicnts for each area 

Example: The facility has &ma&d that % of the site, or 4,356 square fee& is 
covered by impervious surfaw (Le., roofs or paved roadways) and W of the site, or 
8,712 square feet, is unpaved. 

Step 4: Cahlatc the volume of Row using tie following formula and cOnvert the volume to 
liters. 

Formula: Toti mt# vvlume h cubic fed (cup‘) = total d&all (j?) I QiadUry 
pmd area (sq p‘) x 0.90 + facrrsrJI ungcrd area (sq ff) x O.SO] 

Example: roti nLaq@ polwnr (err jl) = 0.05 x [4,X6x 0.90 + 8,712 x O.SO] 

Totalnmo~vuiwne- 413.8 cuftorIlJ20 i&n 

(NOW To convert cubic fee? to liters, multiply cubic feet by 28.32, which is the 
conversion faczor). 
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A 

-pk 
Numba 

1 
2 
3 

: 
6 
7 
8 
9 

B C D E F 

Flow 
Vdodty Flow 

Tiic mo- aptb Width RoWR& 

(minutes) UdXNlte) (f=u (f-G km 
0 

; 
e 

4 0.2 4 2 
8 0.4 5 16 

60 80 I2 8 0.4 0.4 z 24 16 
100 4 0.2 5 4 
120 8 0.2 5 8 
140 4 0.2 5 4 
160 4 0.2 5 4 
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Example: For Sample 1 
Amu=0.2jlxsjl=1sqjt 

Flow&a&=4jvnhx1rqjc=4#m 

Step 3: Plot the flow rate, Q, versus the. Also, assume that flow drops uniformly from 
thelastcalcuiatedflowrate(Q,)tozcroatthttime~Q,,~ldhavebem 
taken. 

Example: ?he flow rates calallatcd in step 3 arc ploted against the tine betwca 
sarnplu. 

28 F 
24 I- A 

Fiowmto 
Wm) 

16 

12 

8 

Tlma (minutm8) 
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24 A I 
t / ! \ / ’ \ 

Tlmo (mlnutw) 

Step 5: Compute the flow volume associated with C&I observation (VI, V,, . . . , V,) by 
multiplying the measured flow rate by the duration (in this case, 20 minutes). EC 
sure the units are consistent. For example, if durations are in minutes and flow 
velocities arc in chic feet per scaxl (cfs), convert the durations to seconds or the 
velocities to feet per minute. 

20 40 

Time (mlnutas) 
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V,=4Oft’ 

v2 =2oofe 

v, =4OOf? 

V. =#OfP 

v, =2oOft’ 
v, = 120 fi? 
v, = 120 ff 

VI =Wtr 

V. =4oft’ 

Step 6: Total the individual volumes caicuIaud in Step 5 to obtain the total runoff volume. 
Example: 

To&d Stoma Run@ = 1,600# 
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33.5 REPORTING STORM WATER DISCHARGE FLOW RATES AND VOLUMES 

Form 2F quircs applicants to provide quanthive data (reported both as conccnt&on and as total 

mass) based on flow-weighted samples oolkcted during storm events. In addition, applicants m 

required to provide flow csthtcs or flow mtasurtmcnts,aswellasancstimatc of the total volume 
of the discharge. The methcxi of flow csthation or measurement must be described in the 

application. Although EPA only m@res flow cstimam in Form 2F, azuratc flow measurement 
is ~cessary for collecting representative flow-weighted uxnposite sample and reporting pollutattt 

mass loadings. 

3.2.6 MEASURING RAINF’ALL 

MAY rypes of instruments have been developed to measure the amount and intensity of precipitation. 
kll forms of precipitation are ~~~~urcd on the basis of the depth of the water that would accumulate 

on a level surface if precipitation remained where it fell. There are two types of rain gauges - 

standard and recording gauges. A standard rain gauge collects the rainfall so that the amount of rain 

can bc easily measured. The standard gauge for the NWS has a collector which is 8 inches in 

diameter. Rain flows from the coIleaor into a cylindrical measuring tube inside the overflow can. 

the measuring tube has a cross-sectional area one tenth the size of the collector so that 0.1 inch of 

rainfall will fill 1 inch of the measuring tube. While this standard gauge is both acaxatc d-Y 
to use, any open receptacle with vertical sides can be an effective rain gauge. Standard rain gauges 

are simple and inexpensive; however, with a standard gauge, there is no way to record changes in 

the intensity of the rainfall without making frequent observations of the gauge during the storm. 

The second type of gauge is the recording rain gauge, which provides a permanent record of the 

amount of rainfall which accumulates over time. Three common types of recording gauges are: 

. m - Water caught in a wllector is fiilnelcd into a two-compz3rbr~nt bucket; 
a~wnquantityofrainfillsontwmpamnc~,o~alancing~~dcetandempcying~irmoa 
reservoir. 7Ilismo~theseaondbucketintoplactbentathtfw;funncl. TIKGippingofthebucka 
engages an ckctric circuis which records the event 

l W’ * clehlnn-Gaunc-~isighed~itfallsirrtoabuckdplacedonthcpladormof 
a spring or kver balana. The weight of the uxmznts is ncord& on a cfiart, sbowing the 
Won of preciphtion. 

l R~-Waherismtasuredbyttrtriseofaflo;llthatisp~intherecciva. 
These gauges may be self-siphoning, or may rycd to be anptkd periodically by hand. 
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Althou%allgaugesansubjedtoerror,mosterroncrrnbeminimiEed. Tominim&#rors,th~ 

gaugesfiouMbeplaadonakvelslnface~irnawindsweprudirawPyfrom~orbuildingl 

~atmightimerfercwiththepathafrainfall. Whcntaking~, otherf&aIxs wnfributing 

cocrrorshoukIaisobcwnsidcrcd: mistakeJinrtadingtbescak,dentsinthcwlkUorrim(which 

changes the receiving area), mca&ngticlcsthatm8yrc&insomeoftbcwrter,udwaerlostoo 

evaporation. In the case of tipping bucket gages, tvakr may not be wlkctcd while the bucket is 

still tipping. The most wrnmon source of inacauacy isdun@ndatn~~mikmwind. 

It is possible to assess wind errors by wmparing meanaemnnofg8ugatfrataeproteaedhm 
thCWilldWiththOSCthit~tlOt. 

3.3 GRAB SAMPLE COLJ.XClTON 

Section 3.1.2 discussed both the paramtm that must be monitored by grab sampk and the 

conditions under which grab sampling is rquircd ‘Ihis section explains how to wlkct grab 

samples, The entire sample is wllecred at an w interval (Le., grabbed at one tin@. A 

grab sample provides information on the -on of storm water at a given tinuz and may be 

wlleaed either manually or.automatically 33 discussed below. 

3.3.1 HOW ‘l-0 MANUALLY COLLECT GRAB SAMPUB 

A manual grab is wllecrd by ins&q a container under or downcurrent of a discharge with the 

container opening facing upstream. Generally, simplified equipment and procedures can be used. 

In most cases, the sample container itself may be used to collect the sample. IBS mible outfalls 

may require the use of poks and buckets to wllect grab samples. To ensure that manual grab 

samples arc representative of the storm warer discharged, tht procedures set forth in Exhibit 3-17 

should be followed. 
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-3.FuNDAMEBTALSOFSAMpLplG 

l Take a cooler with ice to the sampling point 

l Take the grab from the horizontal and vertical center of the -1 

l Avoid stirring up bottom sediments in the channel 

l Hold the container so the opening facu upstnzam 

l Avoid touching the inside of the container to prevent w-on 

l Keep the sample free from unduracteristic floating debris 

l Transfer samples into proper wntaincn (e.g., from bucket to sample con&r), 
however, fecal wliform, fecal strcptowccus, phenols and OBtG should remain in 
origid wntairlers 

l If taking numerous grabs, keep the samples separate and lab&d clearly 

l Use safety precautions (see Chapter 6) 

Specialized equipment and procedures may be needed, particularly in situations where storm water 

discharges are inaccessible or where certain parameters arc monitored. For example: 

l When sampling for O&G and WCs, equipment that safely and seaxely houses O&G bottles 
or VOC vials should be used. This may be neassary because: (1) O&G will adhere to 
containers and thus should not be transferred from one wntainer to another; and (2) cxassive 
aeration during sampling may result in the partial escape of WCs.- 

. Since facilities sometimes use sample boales that already contain preservatives (as provided 
by copyact lmr&Aesj, extreme care should be taken when filling them to avoid spills, 
splancrs, or washout of the preservatives. 

All quipmcnt and containers that ~me into contact with the sample must be clean to avoid 

contamination. Additionally, Wnple wktion quipment and container materials should be totally 

unreactive to prevent leaching of pollutants. Cleaning pdurcs arc discussal in detail in Scctkx, 

3.5. 
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3.33 HOW TO COLLECT GUB SAMPLES BY AUTOMATIC SAMPLER 

Gmbsamp~canrltobecol~w~p~strtomaticaampkr8. Jhtmll&samp~ 

ComeequippedwitfrW~thaCmbC ~~Wllectgmbsampka. Progmmmingfor 

grahaiHpecifictWhetypeofautDtnatksampkr. socnerampkrsareportabieanclllavebeea 

dmdpecl specifically to sample for storm water discharges. These sampkrs are freqrrently atta&d 

to a rain gauge and/or a flow sensor. Such sam@#s can be prom to init&e sample wIledion 

by one or more of the following wnditiotts: (1) depth of flow in a channel; (2) rainfall in inches; 

(3) flow rate; (4) time; (s) extemal signal; and (6) Wtnbinations of the fint three wnditions. For 

example,nnautomaticramplercoulddbewedwlleaasampkat15-~~~~ 

sensors imkate that rainfall has begun. 

when using an automatic sampler, planning is very important. Fint, all equipment must be properly 
cleaned, pmkdarly the cubing and the sample wntaimn. T’ltere are several different types of 

tubing available, including rubber and Tygon tubing. Tygon tubing is wmmonly used sina it 

generally does not leach wntaminams. Deionized water should be drawn through the sampler to 

remove any remaining pollutant residuals prior to taking samples. Tubing should &so be replaced 

periodically to avoid algae or bacterial growth. 

Sampling personnel should also use adequate and appropriate containers and ensure they are properly 

cleaned. Section 3.5 contains information on cleaning procedures which should be followed for all 

equipment. Additionally, the utilization of bltis (a wnuol used to verify the acaxacy oi analytical 

results) is recommended to determine if cross-conmmination of sampling equipment has oqurre4. 

Samplers should also be programmed, set up, and supplied with a soura of power. Properly 

charged batteries should be readily available for portable samplers in advance of a storm event and, 

as a backup power supply in case of power failure. Fiily, although automatic samplers may be 

useful in some situations, several parameters are not amenable to collection by automatic sampler. 

These pollutants include fecal streptowccus, fecal wlifotms, oil and grease and VOCs which should 

be wlleaed manually, not automatically, as discussed in Section 3.1.2. 

3.4 FLDW-WEIGHTED COMPOSITE SAMPLE COLLECTION 

Composite sampks are samples simply comprised of a series of individual sample aliquots that have 

been combined to refita average pollutant wncentrations of the storm water discharge during the 
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sampling period. Composite sampks can be developed based on tinx or flow rare. ?hw a four 

different types of composite samples, as follows: 

a - ~Voiume-Samplesofequalyolwnearc~natequPlin~ 
of time and composited to make an average sample (similar to Exhibit 3-18). This method 
h m acceptable for samples taken for compliance with the storm water permit application 
ttgUltiOIlS. 

l - -Samplcsaretakcnatcquai 
increments of time and are cwnposited proportional to the volume of flow since the last 
sa,n@e was taken (see Exhibit 3-19). 

0 ConstantTime - VOIumc~ Flow Rag - Sample3 are taken al equal increments 
of time and are cornposited proportional to the flow rate at the time each sample was taken 
(see Exhibit 3-20). 

l _ConSmnt Volume . Tjj w to Row Vm - Samples of equal volume 

are taken at $-increments of flow ~oiumc and cornposited (see Exhibit 3-21). 

Generally, flow-weighted composite samples must be wllected for most parameters. The hods 

for generating flow-weighted composite samples are discussed in the following sections. 

For storm water discharge permit applications, the aliquots for flow-weighted composite samples 

must k collected during a representative storm for the fu-st 3 hours, or for the duration of the storm 

event if it is less than 3 hours long. 7be storm water application regulations allow for flow-mighted 

composite samples to be collected manually or automatically. For both methods, equal volume 

aliquots may be collected at the time of sampling and then flow-proportioned and cornposited in the 

laboratory, or the aliquot may be collected based on the flow rate at the time of sample wllection 

and cornposited in the field. When composite samples are coIlem, the regulations require that each 

aiiquot collection be separated by a minimum of 15 minutes and that a minimum of three sample 

aliquots be taken within each hour of the discharge. See Exhibit 3-22 for an exam!.!e of how this 

requirement may be fulfilled. 

The provisions set forth in 40 CFR 122,21(g)(7) for wkting flow-weighted composite samples 

establish specific requirement? for minimum time duration betwetn sample aliquots. Where these 

conditions cannot be met, the permitting authority may allow alternate prot~wls with rcqxct to the 

time duration between sample aliquots (set Chapter 5). However, permission from the permitting 
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Method of wmpositing samples on a fixed volume-f?xcd time inkmal basis 

Source: Methodology for the Study of Urban Stmm Gureraced Pohttion and Control, 
U.S. EPA 6001%76-145, August 1976. 

TIME (t) 

Method of composifing sample: propcxtional to flow vohnc at constant tim hemal 

Source: Methcxlology for the Study of Urban Storm G Pollution and Control, 
U.S. EPA.6001’2-76145, August 1976. 
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DENCYIZS COUZCIlON OF A SAMHE 
I I WHERE VOLUME Is PRomrrIoNAL Tu Tm 

RATE OF FLOW. THE INDIVIDUAL SAMPLES 
ARECOMFOSrIEDlNTOONECONTAINER 

0’ 
L 4 1 I I , I 

TIME (0 
Method of cornpositing samples propmtion2d to fkm ra& 

Source: Methodology for the Study of Urban Storm Gcmatcd Pollution and Control, 
U.S. EPA 600122-76145, August 1976. 

DENOTES SAhiptEs OF EQUAL VObniE 
MME IENGTH ARROWS) AT CONSTANT 

Flaw IKEhEms (VARIAB~ TIME) 

TLME 0) 
Method of wmpositing samples of equal Y01ume at cqud imx-emnu of flow 

Source: Methodology for the Study of Urban Storm Gcntrattd i’dhthst d an-1, 
U.S. EPA 600/Z-7-ll45, August 1976. 
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St,tppose that a shorm WPOT disdusgc began at 215 p.m. pd Lasted until 5:15 p.m. on a 
Friday. The field staff- wpntt to colkct tbc samples sd regular m, so s/he plans 
tocoilectandiquotwitha~lumethatisproporrionaltodreflowevay20mimnts. After 
the third hour of wlkction, the feld staff person must deliver the sampks to the laboratory 
(which is 10 minutes away). The laboratory closes at 5:oO p.m. So, s/he should take the last 
sample at 4:45 p.m. One way of doing this would be to colku samples (ii hour three) at 
4115, 4:30, and 4:45 p.m. 7hii would comply with the thnssampk minimuminhourthru 
(4:15-5:15 p.m.) and the requited 15-minute minimum inurval bcmK!ea colkctions. It would 
also allow the field s&T person to get the samples to the lab before it closes for the WC&&. 
On the other hand, if r/he missed ttre sample caikctbn at 4:15 p.m. pnd instead, colleaed tie 
sample at 4:20 p.m., then s/he w&d have to coikce the l~cxt sample at 4:35 p.m. and the 
lasz sample at 4:50 p.m., and the feid staff person woukl not be able KI deliver the sampk 
until Monday (by which time the rquircd maximum holding time WO&I be cxcuxkd), and 
the sampling would ntcd to be repea&d. 
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authority must be obtained before changu are init.iated. Considerations applicable to the coileaion 

of flow-weighted wmposim by automatic and manual techniques are discussed in the following 

SCCti0ll.S. 

3.4.1 HOW TO MANUALLY COLLECT FIX)W-WEIGHTED COMPOSITE SAMPLES 

l Collect equal volumt sampk aliq~~ at the time of sampling and then ffow-proportion and 
wmposite the aliquots in the laboratory (see Exhiiit 3-24). 

When uniform time intuvah arc used between the colkuion of the sample aliquots, the volumes of each 

aliquot used in the amposite sample can be detcrmhd based on either volumc~ of flow or the flow rate, 

as they will result in similar proportions. However, when there are different time intervals betwcxn the 

sampk aliquots, dx individual sample aiiqwt vohnes shoukl be based on the runoff volume (calculated 

from the individual flow rates and durations) asxxiated with each sample aiiquot. 

Gearally, 1,ooO ml for each aliquot colkcttxi should provide enough sampk volume, when composited, 

for pollutant analyses of the required paramctus combed in Scdioi~ VII.A of Form 2F (see Section 3.6). 

Mon akpot vdume may bt nquited if sampling is corxlucfrd for additional panmcfers. The laboratory 

conductingthc~sesrhouldahvaysbecontactedpriormasarnplinge~mdetnminehowrmch 

samplevollJmetheywillrequire. 
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AliqwtNun&Y 

1 

2 

3 

4 

5 

6 

7 

8 

TiidAliquot- 

2: IS p.LrL 

2:35 p.m. 

255 p.m 

3:lS p.m. 

3:35 p.aL 
355 p.m. 
415 p.ln 
4:30 p.llL 

1 
‘TIC f&wing the pemats rliqwt auntben. t.bm of*rliqmt coktioa. md discb&e 

. rhsdmrged Vd8Bm? 
136 titml 
2ooliterr 
122 titan 
178 liters 

156 litas 

117 titan 

94titms 

21 lital 

9 4:45 p.m. I 12 litm 
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AUqud#3’3(0-1,000dr~- 897d 
136 liters 

AliqwtIW witme in4 = l,tMOmlr/78~ - 1,309nd 
136 liten 

Al@otUSwlwue(nJ) = 1,OOOndr~ = 1,147d 
136 liten 

Aliqwt #6 wlume (ai) = I,000 ml x 117 liten = 860 d 
136 &ten 

ALiqwt#7v~hne(1n4=I,000ndx SW&= 691d 
136 liten 

AKqwtMwiume(ml)=l,iMOndr 21&&t== IS4ml 
136 liten 

AK4wr#9whu(n4 = l,#Omlxm = 88nd 
136 liten 

A tile of these ukulrtions fouows: 

Lo umchsim, a comb&on of the above sample aliquots result in (I annpositc of 7,61?~ml. 
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4: 15 p.In 

8 4:30 p.m. 21 titers 

9 4:45 p.m. 12 LhaY 

Steg 7: Detmniae the 8iiqwZ sunple which is m with the grmhxt dkbuge volrurre. 

EXUII@: AI.iqawtaumbm2wrstkawhattbevolumsw200litar. Thisistbehrgwt 
Lzhdurge volume. 

Step 8: fZ.alcuirte the vohmo of mnpls diquot which must be used sahapoat to the sampI avat to 
ccmpise a flaw-weighted composite maple. The following formuh should be umuk 

stcp3showsticbc minimumlliqwtvolumois 1,oooml. usiIlgthisv8llJcradrbedrtr 
dderminedrs~ofS~6~7,tbefouowingcurbecrI~: 

Aiiqwt ff3 vohu (ml) = l,&mmfr~2l&eq = 61Ond 
200 liten 

Aliqwt #S wiwne (nl) - I,womlr~ = 7aOd 
200 Liten 
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Mquot#%rduu@ul)-1,444dsJUi&t,a= 184 
uIo&tim 

Aifqwt#wbu(nd)-~,~~~~- 6@& 
2#nmY 

la conclusion, 8 combdoa, of the above s8mplo diqwds results in a ampod saqie of 5,100 ml. 

Manually wlkaed flow-weighted composite samples can also be prepared by culleaing sample 

aliquots of equal volume where the collection times are r&ted m the volume of discharge which has 

passed since the last sample diquot collection. However, this method is subject to fluctuating flow 

rates and volumes which may dictate that samples be taken prior to the 15-minute inttrval required 

by the reguiations. In that case, the altcrnatke sampling protocol would have to be approved by the 

permiuing authority. 

3.4.2 HOW TO COLLECT FLOW-WEZGHTED COMPOSITE SAMPLES BY 
AWCMATIC FAMPLXR 

The typical aummatic sampler collects sample aliquou after a specific interval. These aliqUoU an 

be flow-weight cornposited by the automatic sampler; or by hand in the laboratory. The autosldk 
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sampicrmaybepmgrammedinontofthrecwayS: (f)tocolkctasample9tquitimtin~ 

and varying aliquut volumes c&nmcnsurate with the flow (either rate or volume) that has passed; 

(2) to collect equal volume aiiquots at vatying time intavalr wmmcnsurate wilhthefbwvohlm 

that has passed; or (3) to wftcct equal volume aIiquoQ of sample at equal time intervals. 

me first two methods automatically composite the sample but rqire that tile sampler be coNltctcd 

toa~owmetcrsudrthatthtwnpl~d~eitfi~~flowrateortfieamo~ofvolumethat 

passes. Since these melhods autom;rticallY CO~Site sam@s, one main sample container may be 

used to receive all aliquots. The third method automatically collects the sampIe aliquots but does 

m autcmddly flow-weight wmpositc the sampk. As such, discrete sample containers must be 

used, and manual flow-weighted wmpositing must be conducted aftu the aliquots arc wIlccted. 

Exhibits 3-23 and 3-24 in Won 3.4.1 describe the manual wmpositing procedures that should be 

followed. 

ManufacturWs’ instructions for the use of an automatic sampler provide the best explanation of 

programming options and should be consulted for information on programming samplers for storm 

water wllcction. Some of the points regarding automatic sampkrs discussed in Section 3.3.2 should 

also be considered. 

3.5 SAMPLE HANDLING AND PRESEFWATION 

Samples must be handled and preserved in accordance with 40 CFR Part 136. This section describes 

acceptable analytical methods, including rquircmms regarding sample holding times, containers, 

sizes, and preservation requirements. For each pollutant or parameter that may have to be analyzed, 

40 CFR Part 136 includes information on: 

. Container types to be used to store the samples after wlkction 

l Procbdures to wmctiy preserve tie samples 

l The maximum holding time aliowcd for each parameter. 

The following dons present a detailed discussion of preservation techniques and sampk handling 

procedures. Technical Appendix C presents a matrix of required containers, prcscrva@on tccbniqutj, 
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and holdiig times for each p-. Most laboratories can provide clean sampb wntaineq 

presmmivu, scaling, chain-of-alstod y ormsandcandviscfurtfrcron5ampkhaM~ingand f 

ptwerviStiOh 

35.1 DECONTAMINATION OF SAMPLE EQUIPMENT coNrAINERs 

S~OITI watcf sample wntainen should be cleaned and prepand for fieM use according to the 

pm&rcs set forth in 40 CFR Part 136. A summq of the procedures is presented below for 

plastic containers, any or all of which may be p#formed by the laboratory or wntainer distributor: 

l Nonphosphate detergent and tap water wash 

l Tapwatcrrinsc 

l 10 percent nitric acid rinse (only if tile sampk is to be analyzed for metals) 

l Distilkdldeionized water rinse 

l Totalairdry. 

To clean glass containers, the same steps should be taken; but, after the distilled/deionized water 

rinse, the containers should be rinsed with solvent if appropriate prior to total air drying. After the 

decontamination procedures have been accomplished, the sample wntaincrs should be capped or 

scaled with foil, and the sampling device should be protected and kept clean. It is a good idea to 

label sample containers afk ckaning. The laboratory should keep a record of the technician 

performing the cleaning procedure as well as the date and time. This begins the required chain-of- 

custody proedure for legal custody (see Section 3.10 for more information). A chain-of-custndy 

record accompanies each sample to track all personnel handling the sample. This record is essential 

to uacc tic sample integrity in the event that quality control checks reveal problems. For this 

reason, as well as to avoid problems if ContzMnati on issues arise, it is suggested that the laboratory 

performing the analysis perform the ckaning. 
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3.53 $tMPLE PRESERVATION AND HOLDING TIMJZS 

~servation~quesensure~at~esampleremains representativcofthestormwater discharge 

a.t the tim of wllection. Since many pohants in the samples wlkctcd are unstable (at least to 

some extent), the sample should be anaIyzbd immediately or preserved or fixed to rninimk changes 

between the time of collection and analysis. Because immediate analysis is not aIways possible, most 

samples are preserved regardless of the time of analysis. 

Problems may be encountered when flow-weighted composite samples are wllectcd. Since sample 

deterioration can take place during the wmpositing process, it is rbccawy to preserve or stabilize 

the samples during compositing in addition to preserving aggregate samples before shipment to the 

hbora~~xy. Preservation techniques vary depending 0~ the pollutant p 2uametertobcmcasured; 

therefore, familiarity with 40 CFR part 136 (see Technical Appendix C) is essential to ensure 

effective preservation. It is important to verify that the preservation techniques for one paramrtf 

do not affect the analytical resuhs of another in the same sample. If this is the case, two discrete 

samples should be x&c&d and preserved accordingly. 

Sample preservation techniques consist of refrigeration, pH adjustment, and chemicai fLxation. pH 

adjustment is necessary to stabilize the target analyte (e.g., addition of NaOH stabilizes cyanide); 

acidification of total metal samples ensures that metal salts do not precipitate. Refrigeration is the 

most widely used technique because it has no detrimental effect on the sample composition (i.e., 

it does not alter the chemistry of the sample), and it does not interfere with most analytical methods. 

Refrigeration requires the sample to be quickly chilled to a temperature of 4°C. This technique is 

used at the beginning of sample collection in the field, and is continued during sample shipment, and 

while the sample is in the laboratory. Even though samples taken for wmpositing purposes are taken 

over time each individual sample must be refrigerated. If taken manually, tie samples can be placed 

in an ice box. If taken by a automatic sampler, the sampler unit should have refrigeration 

capabilities. The analytical laboratory may provide chemicals necessary for ftxation, or may tell 

sampling personnel where they can be purchased. 

In addition to preservation techniques, 40 CFR Part 136 indicatts maximum holding times. A 

detailed list of holding times appears in Technical Appendix C. The holding time is the maximum 
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m of time that sampi- may be held before analysis and still be considered valid. Sampks 

ucding the holding times are considered susptct and sampk wlkction may have to be repeamd. 

Although Tkdmical Appendix C provides quired sample wntaimzs, p-on technlquu, tnd 

holding times, some of the mire wmmonly monitored paometen warrant additional discussion. The 

following provides a more detailed discussion of wnside&ons put&ing to cyanide, VoCs, 

organics and pesticides, G&G, pH, total residual chloti, fecal wliform, fecal ~~~WXMX, and 

5day Biochemical Oxygen Demand (BGD&. 

Cyanide is very readjve and unstable. If the sampk m be analyzed immediately, it must be 

preserved by pH adjustment after collection. Howtvcr, prior to pH adjustment, procedures to 

eliminate residual chlorine and sulfides must be follti immediately. 

Where chlorine has the possibility of being present, the sample should be tested for residual chlorine 

by using potassium iodide-starch test paper previously moistened ti acetate buffer. If the sampk 

contains residual chlorine (a blue color indicates the need for treatment), ascorbic acid must be added 

0.6 gram (g) at a time until the tests produce a negative result; then, an additional 0.6 g of ascorbic 

acid should be added to the sample, 

Samples containing sulfides may be removed, in which case the holding time is extended to 14 days. 

Sulfides must be removed as follows: 

l Use lead acetate paper moistened with an acetic acid buffer solution to test for the presence 
of sulfide. Darkening of the lead m paper indicates sulfide is present in the sample. 

l Add cadmium nitrate to be added to the sample in a manner similar to the ascorbic acid until 
the test is negative. 

l Filter with a 0.45 micrometer @rn) filter and prefilter combination immediately a&r. 

After chlorine and sulfide residuals have been elimina&d, the pH must be adjusted tn greater thar 

12.0 standard units (s.u.) and chilled to 4’C. 
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If cyanide is suspeckd to be present, the sampling personnel should bring all mat&& mentioned 

above to the sampling locati& 

Sampling for WCs requires the use,of a glass vial. The vial should contain a tefion-wated sepm 

gal. Volatiles wiIl escape from the water to the air if any air is entrapped in the con*. 

Therefore, the sample should be wlleaed so that there are rw air bubbles in tie container after the 

mew cap and septum seal are applied. To ensure that air bubbles are not trapped in the vial, the 

following procedures should be followed: 

l Fill the vial until a reverse meniscus forms above the top of the vial 

l Screw on the cap (the excess sample will overflow) 

l Lnvert the vial to check for the presence of air bubbles 

l If air bubbles arc observed, the vial should be opened, emptied, then wmplctely refilled, and 
the first three actions should be repeated. 

VOC samples should blot be wmpositcd in the field. To composite a sample, the sampling personnel 

would have to mix it thoroughly. This mixing aaion would aerate the sample and cause vohtiIcs 

to be lost. Therefore, VOC samples should be sent to the laboratory where they can be immediately, 

and carefully, wmpositcd and analyzed with minimal volatiiization as per method Nos. 502.1,502.2, 

524.1, and 524.2 as described at 40 CFR 141.24(f)(14)(iv) and (v). There arc two ways flow- 

weighted cornpositing of WCs can be accomplished-mathematical wmpositing or procedural 

cornpositing as discussed below. 

In this method, the grab samples are analyzed separately, The sampling persort wllcc3 the 

requisite number of sampks and send them to the laboratory. The laboratory performs the individual 

analyses on each sample. Eve ml (or 25 ml if greater sensitivity is required) of each grab sample 

are placed into the purge vessel of the GC or GUMS for analysis. Special precautions must be 

made to maintain zero headspace in the syringe used to &an&r the VOC sample into the purge 

vessel of the GC or GUMS. ‘Ihesc analytical results are mathematically flow-weight wmposited 
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using the calcuiarioIl in Exhibit 3-24. ‘The wncentt%ions (C) should be adjusted by using the 

following fotmula: 

Each sample concentration should be adjusted, and all adjusted wncentrations added, to obtain du 

flow-weighted VOC WmpoSitC using this mthod. 

For the second method, sampling personnel wlkct the requisite number of samples and provide the 

taboratory with flow-weighted values for eadl sample using the calculation in Exhibit 3-24. The 

laborato~ technician then draws the necessary volume lrom each aliquot into an adequately sized 

syringe, physically combining the samples to result in a flow-weighted composite sample for VOC 

analysis. Necessary volumes are drawn into the syringe with a volume control fitZing. ‘l’he samples 

are thus composited directly in the syringe and then placed in tht purge vessel of the GC or GUMS. 

The advantage of this procedure is that only otnz analysis on the GC or GClMS has to be performed. 

Although the applicant is required to report only flow-weighted composite wncentrations, the 

mathematical wmpositing method may provide more information, as it will indicate the 

concentrations of each separate grab sample. For example, if the procedural wmpositing method 

is employed and one of the samples has a high wncentration and the other three have nondetectable 

concentrations, the result will be an average which does not represent the wncentration in any of the 

separate grab samples. In certain cases it may be important to know the wncentration of each grab 

as well as the composite concentration. The mathematical wmpositing method would be the most 

appropriate wmpositing method in these cases. 

The procedures affecting organics and pesticides [base/neutral/acids and pesticide polychlorinated 

biphenyls @CBS)] are less wmplex than WC procedure. Glass wmainers mustbeusedforsampk 

colkction purposes, amber glass should be used to tliminak the potential for reactivity caused by 

light. These samples should be maintained at 4’C during storage and ship- A preservative in 

86 

RB-AR26685



-3-RJNI]AMENTA.LSOFSAMPUNG 

the form of 0.008 percent sodium thiosulfate (N&q) must be added to organic samples if residual 

chlorine is present. TO detwmine if chlorine is present, a small color indicator test kit can be used. 

Eighty ml of N&O, per liter of sample must then be added and mixed well until chlorine tests 

indi~ancgativeresuhaspermetfiods604and625of40CFRPart136AppendixA. ThepHof 

dcide samples must be adjusted to bcwecn 5 and 9 I.U. 

O&G tends to adhere to the surfaces that it conk&. ‘Ikrcfore, it should not be transferred from 

0~ wntaincr to another; rather, a l-liter container should be used to take the sample. The container 
USed for O&G must be made of glass. A t&on insert should be included in the glass container’s lid. 

However, if teflon is not available, aluminum foil extending out from under the lid may be used. 

Samples for O&G must be preserved by adding sulfuric acid &SO,) or hydrochloric acid (HCl) 

to a pH of less than 2 S.U. and then stand at 4°C. 

Some pollutants have specific analysis requirements due to short holding times that the applicant must 

consider. For example: 

l Requirements to anaIyze immediately (pH, total residual chiorine, temperature, sulfite, and 
dissolved oxygen) 

l Rquirements tu preserve immediately and analyze within 6 hours (fecal wliform and fecal 
st=p-) 

l Requirements to analyze within 48 hours (BOD,). 

Because of these requirements, field testing equipment may need to be purchased, bon-owed, or 

rented for those parameters that may require field analysis. If the laboratory is located nearby, 

analysis in the field may not be required. 

Laboratories do not always operate in the evenings or on weekends. As a result, holding times for 

samples tin in the late afternoon or on a Friday may be exceeded. To prevent this from ocarrring, 

close coordination with laboratories is necessary. The latest dare and time of delivery should be 
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established TV avoid taking samples, only to tiver they cannot be accept4 by the laboratory and 

~y~in~rdamwiti#cFRPart136rquiremcm. 

3.6 SAMPLE VOLUMES 

Exhibit J-25 ptwents minimal suggested sample vok for specific paramtera. This exhibit 

should be wnsulted so that the proper volume is colkaed for analysis of each pollutant of concern. 

This exhibit may not in&de all paramcbcn; if a particular panmtta isnotlisted,referto4OcFR 

Pm 136. 

3.7 SAMPLE DOCUMENTATION 

Information should be submitted to the laboratory with the sampk to ensure proper handiing by the 

laboratory. Exhibit 3-26 is an example form which can be used to douunent the following 
information. 

- All samples should be assigned a unique identification 
number. If there is a serial number on the transportation case, the sampling personnel should 
add this number to the field records. 

l of Sv - Date and time of sample collection (including notation 
of a.m. or p.m.) must be recorded. In the case of composite samples, the sequence of times 
and aliquot size should be noted. 

l - Use the outfall identification 
number from the site map with a narrative description; a diagram referring to the particular 
site where the sample was taken should be inciuded. 

l of %w&ng Persm - The names and initials of the persons raking the sample must 
be indicated. For a composite sample, the names of the persons installing the sampler and 
tie names of the persons retrieving the sample should be included. 

l m - J&h sample should indicate whether it is a grab or composite sample. If the 
sample is a composite, the volume and frequency of individual aliquots should be noted. 

l m - Any preservatives (and the amount) added to the sample should be 
recorded. The method of presewation (e.g., refrigeration at 4°C) should be indicated. 

l m - All parameters for which the sample must be analyzed at the laboratory 
should be specified. 
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phytirpi .;..Y>:< .,.,. >,.. ~\ IE. ‘. I % \ 

car and odor- 100t0500 
Comsivity** flowing sample 
Ekctricai amductivity” loo 
pH, tkcuomctric+* 100 
Radioactivity loo to l,ooo 
Specific gravity** 100 
TCIYlpeX-iWe** flowing sample 
Toxicity** 1,m to 20,000 
Turbidity*l loo to l.ooo 

Carbon Dioxide,*** free CQ 
Chlorine,*** free C& 
Hydrogen,*** Hz 
Hydrogen sulfide,*** H$ 
Oxygen.*** Q 

Bacteria (fecal streptococcus) 
Biochemical oxygen demand (BOD) 
Carbon dioxide, total CQ (including C03’, HCO,-, and 
free) 
Chemical oxygen demand (dichromate) 
Chlorine requirement 

NHCI,, and free) 
Chlorofoxmcxmctable matter 
Detergents 
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CEfMIEX3-lWNDAMENT~OPsAMpLMG 

I . 

Test!3 VohrmeOfSIMpk,mP 

Miscellancwnu (Continued) 
Micrcwqanisms 100toZOO 
Vokile and filming anlines 5alto l,olxl 
Oily matttr 3,ooo tu 5,oal 
organic nitmgcfl 500 to 1,000 
Phemlic compounds woto4,ooo 
Polyphosphabx 100ho200 
Silica 50to loo 
Solids, dissolved loo to 20,ooo 
Solids, suspended sot0 1,ooo 
Tannin and lignin 100tD200 
ChtiOnS 

Aluminum, Al+++ loo to l,ooo 
Ammonium,‘** NH, + 500 
Antimony, Sb+++ to Sb+++++ loo to 1,000 
Arsenic, As+++ to As+++++ loo to l,ooo 
Barium, Ba+ + loo to l,ooo 
cadmium, cd++ loo to 1,000 
Calcium, Ca++ loo to 1,000 
Chromium, Cr+++ to Cr++++++ loo to 1,000 
Copper, Cll+ + 200 to 4,000 
Iron,*** Fe++ and Fe+++ loo to l,ooo 
r&d, Pb++ loo to 4,000 
Magnesium, Mg+ + loo to 1,ooo 
Manganese, Mn++ to Mn+++++++ loot0 l,ooo 
Mercury, Hg+ and Hg++ looto 1,000 
Potassium, Ni + + 100 to 1,000 
Nickel, Ni+ + loo to 1,000 
Silver, Ag+ loo to 1,000 
Sodium, NA+ loo to 1,000 
strontium, Sr+ + loo to l,ooo 
Tin, Sn++ and Sn++++ 100 to 1,000 
zinc, zn++ loo to l,ooo 

RB-AR26689



Bromide, Bf 
carbonate, a- 
Chloride, Cl- 
Cyanide, Cn- 
fluoride, Fl’ 
Hydroxide, OH 
Iodide, I 
Nitrate, NO,- 
Nitrite, NQ- 
F%ospha&, Ortho, PO,-, HFQ-, HJ’Q 
Sulfate, so,-, HSo,- 
Sulfide, S-, HS- 

*Volumes specified in this table should be considered as guides for the approximate quantity 
of sample necessary for a particular analysis. The exact quantity used should be consistent 
with the volume prescribed in the standard method of analysis, whenever a volume is 
specified. 
l ‘Aliquot may be used for other determinations. 
***Samples for unstable cmstituent.s must be obtained in separate containers, preserved as 
prescribed, completely filled, and sealed against all exposure. 
Source: Associated Water and Air Resource Engineers, Inc., 1973, Handhwk@ Monitoring 
Indumial Wastewurer, EPA Technology Transfer. 

l m - If flow is measured at the time of sampling, the measurement must be recorded and 
accompanied by a description of the flow measurement method and calculations. 

l D ate. Time. and Do-n of&wie Shioment - The shipment method (e.g., air, rail, 
or bus) as well as the shipping papers or manifest numkr should be noted. 

l CommentS - All relevant information pertaining to the sample or the sampling site should be 
recorded. Such comments could include the condition of the sample site, obsuved 
characteristics of the sample, environmental conditions that may affect the sample, and 
problems encountered during sampling. 
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Diagram of Site commllr.3 

Flow Description Ship Vi 
Stable Shipping Paper/Manifest 

Flow calclItations Analysis Required 
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3.8 SAMPLE IDENTIFICATION AND LABELING 

Prior to collection of the sample, a waterproof, gummed sampk idcntifxation label or tag shou&j h 

attached to tile sample container. This label should contain rekvant information for sampk &y& 

such as: 

l Facility name 

l Name of the sample collector 

l Sample identification number 

l Da& and time of sample collection 

l Type of analysis required 

l hcation of sample collection 

l Preservatives used 

l Type of sample (grab or wmposite). 

Sample lids should be used to protea the sample’s integrity from the time it is wlkcted to the tinx 

it is opened in the la&xatory. The lid should contain the wlleaor’s name, the date and time the 

sample was wllccted, and a sample identifstion number. Information on the seal must be identical 

to the information on the label. In addition, the lid should be taped shut so that the seal must be 

broken to open the sample container. Caution should be taken co ensure that glue from tape and 

label tag wires do not contaminate samples, particularly those containing volatile organics and metals. 

Also, waterproof ink should be used to avoid smearing on the label from melted ice used for cooling. 

3.9 SAMPLE PACKAGING AND SEIIPPING 

If the samples are not handdeliveral to the laboratory or analyzed in an onsite laboratory, they 

should be placed in a transportation ca3c (e.g., a cooler) along with the chain-of-custody record 

form, pertinent field mrds, and analysis request forms, and shipped to the lahatory.. Glass 

bottles should be wrapped in foam rubber, plastic bubble wrap, or other material to prevent breakage 

during shipment. The wrapping can be sculred around the bottle with tape. The WntaiWr lid 

should also be sealed with tape. Samples should be placed in ice or a synthetic ice substitute that 
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will r&ynin the sample temperature at 4'C ihuofiout sh@ncnL Ice should be plaocd in doubk- 

wrppped mght bags so the water will not leak from the shipping case. Metal or heavy plastic 

ice chests make good sample trampotion Cases. ~kmcnttapcwrsppedaroundc4lendoftbc 

icocbestcnsuma thatitwillnotopcnduriqmnsport Samplingrccords@rcfccablylamimcdor 

WWpOf)CaabCplacedha~ f envelope Md taped to the inside of the transportation case 

to avoid getting them W in case a sampk contairkr or an ice bag kaks. Shipping wmaincrs should 

alsobcsc&dtoprcvcnttampMJ. Aaqyofdlsampliqrecordsshouidbcktptomittin~ 

thcyarcrequestedbythe~tiority. 

Most sampks will not require any special tanspotion prumtiom except careful packaging to 

prevent breakage and/or spillage. If the sample is shipped by wmmon mrrkr or sent through the 

U.S. mail, it must comply with Department of Transportation Hazardous Materials Regulations (49 

CFR Pans 171-177). Air shipment of hazardous mate&As sampka mq also be wvercd by 

rcquircments of tbc Imcmational Air Transport Association (IATA). Before shipping a sample, the 

facility should bc aware of, and follow, any special shipping rquinmerrts. Special packing and 

shipping rules apply to substances considered hazardous mat&& as detWd by IATA ~1c.s. Storm 

wacr sampks are not genmdly considered hazardous materials, but in the event of a spill, kakage, 

etc., at the collection site hazardous materials may bc present in the sampks. Be aware, before 

sampling, of what hazardous materials may bc in me discharge drainage area. If the presence of 

hazardous materids is suspc#d, & m m unless properly trained. 

3.10 CHAIN-OF-CUST0DYPROCEWRES 

Once samples have been obtained and collection procedures arc properly documented, a written 

rroord of the drain of custody of that sample should bc made. This is recommended so the applicant 

can be confident that the samples have not been tampered with and that the sample once analyzed 

is rcprcscntative of the storm water discharge. ‘Chain-of-custody’ rcferr to the documented account 

of changes in possession that ouxr for a partiarlar sample or set of sampks. The chain4-CUStOdy 

recordJlowsan acam& =P-bY--P mreation of the sampling path, from origin through analysis. 

Information necessary in chain-of-custody is: 

* Name of the persons wlkcting the sample 

l Sample ID nuntbcn 
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l Dare and time of sample wllcaion 

0 Lxation of sample collection 

l Names and signaturu of al1 persons handling the samples in the field and in the laboratory. 

TO mme that all neussary information is docmmtrd, a cfiain-of-custody form should be 

developed. An example of such a form is found in Exhibit 3-27. Chain-of-custody forms should 

be pintal on czartmless, multipart paper so all personA handiing the sample receive a copy. All 

sample shipmenu should be ac~ampanied by the &ain-ofdy record and a copy of these forms 

should be reaincd by the originator. In addition, ali receipts associated with the shipment should 

h r&ncd. Carriers typically will not sign for samples; therefore, tis must be used to verify that 

tamphng has not occur& during shipment. 

When transferring possession of samples, the transferee should sign and record the date and time on 

tilt chain+fulstody record. In general, alstody transfers are made for cac3I sample, although 

sampks may be transferred as a group. Each person who takes custody should fill in the appropriate 

section of the chain-ofarstody record. 
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CHAPTER 4- ANALYTICAL CONSIDERATIONS 

4. ANALYTICAL CONSIDERATIONS 

All storm water discharges must be sampled and analyzed in accordance with the test procedures 

provided in 40 CFR Part 136. This section discusses pollutant parameters which must be analyzed 

by storm water permit applicants. If the applicant wants to use an alternative test method, the facility 

must apply for approval (by submitting a description of the method to the permitting authority for 

approval) prior to application submission [see 40 CPR 136.4(d)(3)]. Section 5.4 elaborates on how 

to obtain approval for an analytical method for a parameter that is not included in 40 CFR Part 136. 

EPA-approved analytical methods at 40 CFR 136.3, Tables IB and IC are shown in Appendix C of 

this document 

When choosing the appropriate 40 CFR Part 136 analytical method, the applicant should consider 

sample interferences and potential field sampling error. Most method detection levels arc established 

under ideal sample conditions (e.g., with little or no sample matrix interferences or sampling error). 

Thus, for storm water samples, the method chosen should account for sampling error and 

interferences. 

4.1 INDUSTRIAL REQUIREMENTS 

Industrial dischargers must provide information on the following parameters, as required in 40 CFR 

122.26(c)(1)(i)(E): 

• Any pollutant limited in an effluent guideline to which the facility is subject 

• Any pollutant listed in the facility’s NPDES permit for its process wastewater (if the facility 
has an existing NPDES permit) 

• O&G, pH, BOD5, COD, TSS, total phosphorus, TKN, and nitrate plus nitrite nitrogen 

• Any pollutant known or believed to be present [as required in 40 CFR 122.21(g)(7)] 

• Flow measurements or estimates of the flow rate, the total amount of discharge for the storm 
events sampled, and the method of flow measurement or estimation 

• The date and duration (in hours) of the storm events sampled, rainfall measurements or 
estimates of the storm event (in inches) which generated the sampled runoff, and the time 
between the storm event sampled and the end of the previous measurable (greater than 0.1 
inch rainfall) storm event (in hours). 
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CHAPTER 4- ANALYTICAL CONSIDERATIONS 

4.1.1 INDIVIDUAL APPLICANTS 

Industrial facilities submitting an individual permit application must provide sampling data in three 

parts of the Form 2F application form as discussed below. (Form 2F restates requirements listed 

in 40 CFR 122.21 and 122.26). 

Section VII. A Parameters 

Section VII.A of Form 2F requires the facility to sample (grab and flow-weighted samples) for 

O&G, BOD5, COD, TSS, TKN, nitrate plus nitrite nitrogen, total phosphorus, and pH. These 

parameter are to be monitored by every facility applying for a storm water discharge permit, 

regardless of the type of operations that exist at the site. Sampling for additional parameters may 

be required, depending on the type of facility applying for the permit or the pollutants expected to 

be present in the discharge. These additional requirements arc discussed in detail below, 

Section VII.B Parameters 

Section VII-B of Form 2F requires the applicant to identify all pollutants that are limited in an 

effluent guideline to which the facility is subject, as well as other toxic and nonconventional 

pollutants listed in the facility’s NPDES permit for its process wastewater. EPA interprets that for 

pollutants listed in NPDES process wastewater permits, at a minimum, facilities must sample their 

storm water discharge for those pollutants specifically limited in their process wastewater permit. 

States can be more stringent, however, and may interpret this requirement to mean all pollutants 

listed in the permit. Once these parameters are identified, the applicant wilt be required to sample 

for these parameters by both grab and flow-weighted composite samples, except for the specified 

pollutants which must be grab sampled only. Form 2F requires the applicant to submit maximum 

values. The average values column is not compulsory, but should be completed if data are available. 

Applicable effluent guidelines appear in 40 CFR Parts 405-471. A listing of the Subchapter 

N-Effluent Guidelines and Standards by which the applicant may be regulated appears in Exhibit 

4-1. The applicant must refer to the effluent guidelines and standards for the particular industry, and 

should determine which guidelines apply and which parameters should be listed in Section VII.B of 

Form 2F. 
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cHAnml4 - ANALYXICAL coNaDEM~oNs 

S&on VlI.C rquim the applicant to list, for each outfall, each pollutant descrii in 40 CFR Part 

122, Appendix D, Tables II, III, IV, and V (Tables 2F-2,2F-3, and 2F-4 of appkation Form 2F) 

that it knows, or has reason to believe, may be pmcnt in the strmn mtcr discharge. ?hesc 

plimants consist of conventional and nonconventional pollutants, toxic pollutants and total phenol, 

&S ~hrom~graphy/Mass Spectromctry @C/MS) fraction volatile compounds, acid wmpoti~, 

base/neutral compounds, pesticides, and hazardous substan=. These tables are also provided on 

the back of Form 2F. Tables II and III of 40 CFR Part 122 Appendix D have been combined in 

Table 2F-3 of application Form 2F. Table IV of 40 CFR Pat 122 Appendix D is listed aa Table 

2F-2 of application Form 2F and Table V of 40 CFR Part 122 Appendix D is listed as Table 2F-4 

of applic&on Form 2F. There are specific requiren~nts associated with each table. If pollutants 

in Table TV of 40 CFR Part 122 Appendix D (Table 2F-2 of application Form 2F), are directly or 

indirectly limited by an effluent guideline limitation, the applicant must analyze for it and report the 

data. For other polhrtants listed in Table IV of 40 CFR Part 122 Appendix D (Table 2F-2 of the 

application form), the applicant must either report quantitative data, if available, or briefly describe 

the reasons the pollutant is expected to be in the discharge. 

For every pollutant in Tables II and III of 40 CFR part 122 Appendix D (Table 2F-3 of application 

Form 2F) expected to be discharged in concentrations of 10 parts per billion (ppb) or greater, the 

applicant must submit quantitative data. For acrolein, acrylonitrile, 2,4dinitrophcnol, and 2-methyl- 

4,6dinitrophenol, the applicant must submit quantitative data if any of these four pollutants is 

expcaed to be discharged in concentrations of 100 ppb or greater. For every pollutant expected to 

be discharged with a concentration less than 10 ppb (or 100 ppb for the four parameters mentioned 

above), the applicant must either submit quantitative data or briefly explain why the pollutant is 

expcacd to be discharged. 

For the parameters identified in Table V of 40 CFR Part 122 Appendix D (Table 2F4 of application 

Form 2F) that the applicant believes to be present in the discharge, no sampling is required. If 

previous analyses of these parameters were conducted, the results must h reported. Otherwise, the 

applicant is required to explain why these pollutants are believed to be present. 
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(3LU7TR 4 - AN.UYTK4L CONSIDERATIONS 

S&l busirresses are exempted from the reporting rquircmcnts for the organic toxic pollutants 

presented in 40 CFR Part 122, Table II of Appendix D. Applicants can claim a small business 

exemption if: 

l The facility is a coal mine and the probable annual production is less than IoO,OOO tons per 
year. The applicant may submit past production data or estim& future production data 
instead of conducting analyses for the organic toxic pollutants list4 in Table X-3 of 
application Form 2F. 

l TBe facility is not a coal mine, and the gross total annual sales for the most recent 3 years 
is, on average, less than SIoO,ooO per ye (reflected in second quarter 1980 dollars), The 
applicant may submit sales data for those years instead of conducting analyses for the organic 
toxic pollutants listed in Table 2F-3 of application Form 2F. 

Section VIII of Form 2F requires the applicant to provide biological toxicity testing data for storm 

water discharges associated with industrial activity. Applicants are required to perform biological 

toxicity testing for the storm water application if the facility’s NPDES permit for its process 

wastewater lists biological toxicity (EPA interprets ‘listed” as limited). For example, if a facility’s 

NPDES process wastewater permit has an acute toxicity limit of a lethal concentration (L&J, equal 

to 75 percent effluent using ceriodaphnia, then that facility must also test its storm water discharges 

associated with industrial activity and report the results of the tests in Section VIII of Form 2F. 

Until whole effluent toxicity methods are promulgated by EPA in 40 CFR Paxt 136, toxicity testing 

should be conducted using the most appropriate methwls and species as determined by the permitting 

authority. In the absence of State acute toxicity testing protocols, EPA recommends using the 
. . . . 

methods described in Methods for Measung the Acute Toxwtv of Efnuenuandvmn Watcn 

to Fresh Water a Marine Or-. EPA/600/4-90-027 (Rev. September 1991) 

4.1.2 GROUP APPLICANTS 

Industrial facilities submitting a group application must also provide sampling data (from the 

sampling subgroup) which is required to be submitted in Sections VII, VIII, and Ix along with the 

cefiification in Section X of Form 2F. At a minimum, these parameters Include O&G, BODJ, COD, 
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CHAIIw 4- ANALYTIcALcoNsrD~Tt0Ns 

TSS, TKN, nitrate plus nitrite nitrogen, total phosphorous, and pH. Furtkrmore, ah poll- 

listed in an efnuent guideline or limited in an NPDES permit applicable to the sampling facilities 

within the group must be sampled, as ~11 as pollutarns suspeded of being present based on 

s-mcanr matcrids and industrial tivitics present onsite. 

4.2 MUNICIPALREQ- 

For part 1 of the municipal permit application, municipalities must submit samples from the field 

smning effort for pH, total chlorine, total copper, phenol, and detergents (or swfaaants). A 

narrative description of the color, odor, turbidity, and presence of oil sheen and surface scum must 

be included. For Part 2 of the permit application, municipalities must provide quantitative data for 

the organic pollutants listed in Table IJ of 40 CFR Part 122 Appendix D, and the pollutants listed 

in 40 CFR Part 122, Appendix D, Table TIT, as well as some additional pollutants. These pollen 

are listed in Exhibit 4-2. 

Furthermore, 40 CFR 122.26(d)Q)(iii)(A)(5) requires that estimates be provided of the annual 

pollutant load of the cumulative discharges to waters of the U.S. from all identified municipal 

outfalls, and the event mean concentration of the cumulative discharges to waters of the U.S. from 

all identified municipal outfalls during storm events for the p arameters listed in Exhibit 4-2. 

Estimates of the parameters must be accompanied by a description of the procedures for estimating 

constituent loads and concentrations, including any modelling, data analysis, and calculation methods. 
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CHAPTER 5 - FLEXIBILITY IN SAMPLING 

5. FLEXIBILITY IN SAMPLING 

The requirements for storm water sampling for permit applications offer some flexibility by the 

permitting authority. The areas of flexibility are discussed below. 

5.1 PROTOCOL MODIFICATIONS 

The permitting authority may allow sampling protocol modifications for specific requirements on a 

case-by-case basis. For example, the permitting authority may accept application forms with 

incomplete sampling data if there was no rainfall at the applicant’s facility prior to the submission 

deadline. However, the permitting authority will require that sampling data be submitted as soon 

as possible. The reason for not submitting data must be certified by a corporate official (for 

industrial facilities) or the principal executive officer or ranking official (for municipalities). 

Another area where permitting authorities may allow flexibility in storm water sampling is acceptance 

of quantitative data from a storm event that does not meet the representative rainfall criteria of within 

50 percent of the volume and duration for the average storm event for the area. The permitting 

authority may decide that the discharge data provided is better than no data at all. 

In addition, the permitting authority may establish appropriate site-specific sampling procedures or 

requirements, including sampling locations; the season in which the sampling takes place; the 

minimum duration between the previous measurable storm event and the storm event sampled; the 

minimum or maximum level of precipitation required for an appropriate storm event; the form of 

precipitation sampled (snow melt or rainfall); protocols for collecting samples under 40 CFR Part 

136; and additional time for submitting data on a case-by-case basis. The permitting authority should 

be contacted for preapproval of any necessary protocol modifications. In the case of group 

applications, EPA Headquarters should be contacted. 

5.2 PETITION FOR SUBSTITUTING SUBSTANTIALLY IDENTICAL EFFLUENTS 

As described at 40 CFR 122.21(g)(7), when an industrial applicant has two or more outfalls with 

substantially identical effluents, the permitting authority may allow the applicant to test only one 

outfall and to report that the quantitative data also apply to the substantially identical outfalls. in the 

case of group applications, the petition must be submitted to EPA Headquarters. 
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CHAPTER 5- FLEXIBILITY IN SAMPLING 

For facilities seeking to demonstrate that storm water outfalls are substantially identical, a variety 

of methods can be used as determined by the permitting authority. Three possible petition options 

are discussed here: (1) submission of a narrative description and a site map; (2) submission of 

matrices; or (3) submission of model matrices. Detailed guidance on each of the three options for 

demonstrating substantially identical outfalls is provided below. An owner/operator certification 

should be submitted with each option. See Section 5.2.3 for an example of this certification. 

5.2.1 OPTION ONE NARRATIVE DESCRIPTION/SITE MAP 

Facilities demonstrating that storm water outfalls are substantially identical may submit a narrative 

description of the facility and a site map to the permitting authority. The narrative portion must 

include a description of why the outfalls are substantially identical. Petitioners may demonstrate that 

these outfalls contain storm water discharges associated with: 

l Substantially identical industrial activities and processes; 

• Substantially identical significant materials that may be exposed to storm water 
[including, but not limited to, raw materials, fuels, materials such as solvents, 
detergents, and plastic pellets; finished materials such as metallic products; raw 
materials used in food processing or production; hazardous substances designated 
under Section 101(14) of the Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA); any chemical the facility is required to report pursuant 
to Section 313 of Title III of the Superfund Amendments and Reauthorization Act 
(SARA); fertilizers; pesticides; and waste products such as ashes, slag, and sludge that 
have the potential to be released with storm water discharges as per 40 CFR 
122.26(b)(12)]; 

• Substantially identical storm water management practices (such as retention ponds, 
enclosed areas, diversion dikes, gutters, and swales) and material management 
practices (such as protective coverings and secondary containment); and 

l Substantially identical flows, as determined by the estimated runoff coefficient and 
approximate drainage area at each outfall. 

The site map should include an indication of the facility’s topography; each of the drainage and 

discharge structures; the drainage area of each storm water outfall; paved areas and buildings within 

the drainage area for each storm water outfall; all past or present areas used for outdoor storage or 

disposal of significant materials; identification of the significant materials in each drainage area; and 

identification of each existing structural control measures used to reduce pollutants in storm water 
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mff, materials loading and access areas, and areas where pesticides, herbicides, soil conditioners, 

and fertilizerS are appiied. 

Exhibit 5-l offers an example of a narrative description/site map petition that suffkiently 

demonstrates identical outfalls. A demonstration of how to determine runoff coefficient estima~ 

wa.s presented in Section 3.2.2. Exhibit 5-2 presents an example of a site map to be included with 

the narrative description. 

5.23 OPTION ‘IWO: USE OF MATRICES ‘I-0 INDICATE IDENTICAL 0UTFA.LI.S 

Facilities attempting to demonstrate that storm water outfalls are substantially identical may submit 

marias and an owner/operator certification describing specific information associated with each 

outfalf to the pennitting authority. Matrix information is required only for those outfalls that the 

permit appkant is attempting to demonstrate are identical, not for all outfalls. Petitioners must 

demonstrate, using the matrices, that the outfalls have storm water discharges that meet the criteria 

listed in Section 5.2.1. Refer to Exhibit 5-3 for examples of matrices that demonstrate substantially 

identical outfalls and Section 3.2.2 for guidance on determining nmoff coefficient estimates. 

5.2.3 OPTION THREE: MODEL MATRICES 

Facilities attempting to demonstrate that storm water outfalls are substantially identical may submit 

model matrices and an owner/operator certification to the permitting authority. This option is 

particularly appropriate for facilities with a large number of storm water outfalls and the potential 

for numerous groupings of identical outfaIls. In addition, this option may be useful in group 

applications that have a large sampling subgroup. 

Model matrices should contain information for pllt . . . nroz . For 

example, if a facility has 150 outfalls and several groupings of identical outfalls, the facility would 

cm of the groupings of identical outfalls to provide information in the model matrices. The 

petitioner must demonstrate, using these matrices, that all outfalls within this grouping have storm 

water discharges that meet the criteria listed in Section 5.2.1. 

The facility should provide an owner certification that all other groupings of outfalls have been 

examined and certified as substantially identical outfalls according to the criteria established in the 
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I. 

II. 

m. 

T%e Pepper Company of Philadelphia, Pennsylvania, is primarily engaged in 
manufacturing paperboard, including paperboard coated on the paperboard machine 
(from wood pulp and other fiber pulp). This establishment is classified under SIC 
code 2631, Pursuant to the November 16,1990, NPDES storm water permit 
application regulations, this facility is considered to be ‘engaging in industrial 
activity’ for the purposes of storm water permit application requirements in 40 CPR 
122.26@)(14)(i) and (ii). 

‘When an applicant has two or more outfalls with substantially identical effluents, 
the Director may allow the applicant to test ody one outfall and report that the 
panthive data also apply to the substantially identical outfalls.’ 
I40 CFR 122.21(g)O] 

In accordance with 40 CFR 122.21(g)(7) of the NPDES regulations, The Pepper 
Company hereby petitions the State of Pennsylvania (the permitting authority) for 
approval to sample certain representative storm water outfalls in groupings of storm 
water outfalls that are substantially identical. The Pepper Company will demonstrate 
that of the tefi (10) outf&s discharging storm water from our paperboard 
manufacturing piant, there are two pairs of substantially identical outfalls. Outfalls 3 
and 4 are substantially identical and should be grouped together. Outfalls 8 and 9 
are substantially identical and should be grouped together. &falls 1, 2, 5, 6, 7, 
and 10 have distinct characteristics and, therefore, will not be grouped together with 
other outfalls for the purposes of storm water discharge sampling. 

The Pepper Company will demonstrate that the substantially identical ourfalls that 
have been grouped together contain storm water discharges associated with: (1) 
substantially identical industrial activities and processes that are occurring outdoors; 
(2) substantially identical significant materials (including raw materials, fuels, 
finished materials, waste products, and material handling equipment) that may be 
exposed to storm water; (3) substantially identical material management practices 
(such as runoff diversions, gutters and swales, protective coverings, and structural 
enclosures); and (4) substantially identical flows, as detetmined by the estimated 
runoff coefficient and approximate drainage area at each outfall. 
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A. Dcsaiptim of Industrial Activities at the Pepper Company 

The Pepper Company receives wastepaper in bales. This baled wastepaper is sent 
through a hydropulpcr and converted to pulp. The fiber material is concentrate& 
mxed, and then drawn through refiners to the paper machines. Wires, plastics, and 
~SC.&IEOUS material are removed during the pulping. 

Three systems are used to produce top liner, back paper, and filler. The highest 
quality fiber is used for the top liner, the medium quality is used for the back paper, 
and the poorest quality is used for the filler paper. Wireforming or conventional 
boxboard processes are employed to produce clay-coated boxboard, using a water- 
based clay-coating material. Additional materials may be used as binders. These are 
stored indoors and are not exposed to precipitation. Ammonia is used in the clay- 
coating process. Off-grade fiber and trim material are ground up and ftturncd to the 
liquid process strcar~~. Slime control agents, consisting of bactericides, are used in 
association with this process. These agents are organic materials used to prevent 
souring of mill operations. They are nceived in dmms and stored indoors. Empty 
drums are returned to the supplier to reuse. In addition, the Pepper Company 
operates an onsite landfill for the disposal of miscellaneous waste materials removed 
during pulping and paper cuttings operations. 

B. Ikmonstration of Why Outfalls Are Substantially Identical in Terms of 
Industrial Activities Conducted Outdoors. 

Q&ah 3 and 4 

Outfalls 3 and 4 are substantially identical in terms of industrial activities conducted 
outdoors. Both outfalls contain storm water discharges associated with the outdoor 
storage of baled wastepaper. Ihe wastepaper, which consists of old corrugated 
containers, mixed paper, and other types of wastepaper, is received weekly and 
stored for up to 3 weeks in Storage Areas #I and #2. These uncovered storage areas 
are enclosed by chain-link fencing. 

s8and9 

Out-falls 8 and 9 dram storm water mnoff from areas where aI industrial activities 
occur w. The industrial activities occurring under roof cover at these two 
outfalls include hydropulping, storage of concentrated fiber material, refining, and 
paperboard production. ‘These industrial processes have no potential for contact with 
precipitation. 
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. 
2. SiPnffirlnt 

A. Iksuiptiocl d Significant Maatdak at tic Peppex colnpnny 

The significant materi& listed b&w LIZ uSed by tk Pepper Company to 
manufactue papcrboaKi. These rnatcds arc stated indoors, uIllcsa othawise 
indicated. 

(i) Raw, including baled wastepaper (off-spec damaged paper stock or 
recycled paper) [was&paper b bbrsd outdorm at Sm Artlps #l and n]; 
clays, ammonias, sizings, and slime control agents (chlorine dioxide); caustic; 
anumnia, which is *red in two tanks. [See Sttunp Arta #3]. 

(ii) v including miscellaneous materiti removed during pulping and 
paper antings (such as staples, rubber bands, styrofw, etc.). These waste 
materials are stored indoors in open dumpsters. However, prior to disposing of the 
waste in the onsite landfill, these dumpsters arc moved outdoors where they are 
potentially exposed to precipitation for 12 hours or less. [sa St4xage h #3]. 

(iii) m w including paperboard and molded fiber products. These are 
always stored indo0n.l 

(iv) m, including wood pallets (which are used to transport and haul raw 
materials, w&e materials, and finished products) are stored both indoors and 
outdoors. [See Stomp Area #3]. The Pepper Company has an above-ground fuel 
ta.nk with a pump. [See Sto-e Area #3]. 

B. Dtmomtration of Why Outfalls on SubstmtiaUy Identical in Terms d 
Signiiiamt Materi& that Potentially May be Exposed to Storm Wattr 

3m 

Outfalls 3 and 4 are substantially identical in terms of significant materials that may 
be exposed to storm water. Both outfalls contain storm wter discharges associated 
with the outdoor storage of baled wastepaper. ‘Ihe wastcpaper, which consists of old 
comgiitcd containm, mixed paper, and other types of wastepaper, is received 
weekly and stored for up to 3 weeks in Storage Areas #I and Kz. ?he-se uncovered 
storage areas are enclosed by ckk~-link fencing, 

Outfalis .8 and 9 are substantially identical in terms of significant materials. Both 
outfalls contain storm water rtk;roff frum arw that have m 
potcntiatiy exposed to storm water. All industrial activities occurring in the arw4 
drained by Outfalls 8 and 9 ocwr completely indoors. 
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A Desciptiou of Matehal Mana!gemcnt mdiccs at the Pepper cumpatly 

The Pepper Company uses a wide range of storm water management practices and 
maoxiai management practices to limit the contact of significant materials with 
precipitation. Non-structural storm water management praaices include empIoyee 
training, spill repotting and clean-up, and spill prevention techniques. Struccunl 
storm warer management practices include: 

(i) Diversion= (both above-ground trenches and subterranean ddlS)UCUSUJ 
to divert surface water from entering a potentially wntaminated area. 

(ii) wrs/SwaleS (wnstnrcted of wncre& or grass) channel storm water runoff to 
drainage systems leading to separate storm sewers. 

(iv) w Flay (which is the flow of storm water over vegetative anas prior to 
entrance into a storm water conveyance) allows much of the storm water to infiltrate 
into the ground. The remainder is naturally fh-cd prior to reaching the storm 
water conveyance. This is not considered sheet flow since natural drainage channels 
may be carved out during a heavy storm event. 

B. Demonstration of why Outfalls Are Substantially Identhl in Terms of 
Storm Water Management Pradicrs Used 

Is 3 and 

Outfah 3 and 4 are substantially identical in terms of storm water management 
practices used. 3~1th outfalls contain storm water discharges associated with the 
outdoor storage of baled wastepaper, located in Storage Areas #I and u?. Concrete 
gutters at both sites channel storm water away from the storage areas down to the 
respective outfalls. 

Outfalls 8 and 9 are substantially identical in terms of storm water management 
practices used. Both outfalls contain storm water runoff from areas that have L~Q . . Slpntficant materi& potentially exposed to storm water. All industrial aaivities 
occurring in the areas drained by Outfalls 8 and 9 occur completely indoors. Both 
outfalls receive overland flow storm water. From roof drains, the storm water in 
both drainage areas is then conveyed over similarly graded vegetative areas prior to 
entrance into the respective outfalis. 
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A. Ikmoastrath d M’by ChdfaIIs Am SubstantialIy Identid iu Tams of 
Flow, m -cd by ‘IBe EMmated RnnoK CoefMeut and 
ApproW Imkabge Arm at Eadl chlffau 

Outfalls 3 and 4 arc substantially identical in terms of flow. Both drainage areas 
havea2to7per#nt~eandwlnainfinettxtllredJoiienater~#perctnt 
clay) with a vegetative cover. The estimad runoff coefficient for both outfalls is 
.2. The approximate drainage area for each outfall is similar. Outfall 3 has an 
approximate drainage area of 3,500 square feet, Outfall 4 has an approximate 
drainage area of 2,900 square feet. 

outfalls 8 and 9 are substantially identical in terms of flow. Both drainage areas 
have a 2 to 7 percent grade and wntain fine textured soil (greater than 40 percent 
clay) with a vegetative cover. The estimated runoff coefficient for both outfalls is 
.2. The approximate drainage area for each outfall is similar. Outfall 8 has an 
approximate drainage area of 7,600 square feet. Outfall 9 has an approximate 
drainage area of 8,700 square feet. 
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8 

I 

9 

Key: 

A = Outdoor storage of raw materials and material-handling equipment 
B = Fueling 
C = Waste materials storage (dumpster) 
D = lmdinghnloading of raw mamials, intermediate products, and final 

products 
E = Landfill activitv 

Sigdicant Materials IImt May Be Expod to Stoma Water 

8 I 

9 

Key: 

A = Outdoor ammonia tank 
B = wood pallets 
C = Above ground gas tank 
D = Waste materials 
E = Baled wastepaper 
F = Finished uroducts 
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I 3 I X I --- 

I 4 I X I I 

I 8 I I I X I 

I 9 I X I 

Key: 

A = Runoff diversions 
B = Gutt.ers/swa.les 
C = Overland flow (not sheet flow; flow through 

vegetative areas) 

8 0.2 7,600 

9 0.2 8.700 

Key: 

A = Estimated runoff coefficient 
B = Approximate drainage area of outfall (square feet) 
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model matrices described in Exhibit 5-3. The owner/operator who signs doarmemx intiisscdoa 

should include the following certification: 

‘I cuti@ under penalty of law that this docum,ent and all a~4~1~nt.s vlnrt prepared 
under my dire&on or supervision in acuxdance with a system designed to assure that 
qualified personnel properly gather and evaluate the information submit&d, Based on 
my inquiry of the person or persons who manage the system, or those persons directly 
responsible for g&wing the information, the information submitted is, to the best of 
my knowledge and belief, true, accuGwandcompletc. Iamawarethatthcrearc 
significant penalties for submitig false info&on, including the possibility of furc 
axI imprisonment for knowing violations’ [as per 40 CFR 12222(d)]. 

5.3 ALTERNATE 40 CFR PART 136 METHOD 

AS required in 40 CFR 136.4, the applicant must request the approval of an ahmate test procedure 

in writing (ii triplicate) prior to testing. The request must be submitted to the Regional 

Administrator through the Director of the State agency responsible for issuing NPDES permits. ‘DE 

applicant must: 

l Provide the name and address of the responsible person or firm making the discharge (if not 
the applicant), the applicable identification number of the existing or pending pennit, tit 
issuing agency, the type of permit for which the alternate test procedure is requested, and the 
discharge serial number; 

l Identify the pollutant or parameter for which approval of an alternate testing procedure is 
being requested; 

l Provide justification for using testing procedures other than those specified in 40 CFR part 
136; 

l Provide a detailed description of the proposed altemale test procedure, together with 
references to published studies of the applicability of the alternate test procedure to the 
effluents in question; 

l Provide comparability data (for applicants applying for nation wide approval of an alternative 
test procedures). 

The permitting authority will notify the applicant within 90 days regarding the approval of the 

ah.emau method. 
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5.4 LACK OF METHOD IN 40 CFR PART 136 

If a specific pohant that muti be tested does not have a corresponding analytical method listed in 

40 CFR Part 136, the applicant must submit information on an appropriate method to be used. ~hc 

permitting authority must approve its use prior to coliection and analysis of sampling data. The 

berry should be consuIted for suggtstions and information about analytical methods that can be 

used. All information justifying the alternative method should be sent to the permitting authority 

prior to use. 

117 July 199t 

RB-AR26716



118 

RB-AR26717



CHAPTER 6 - HEALTH AND SAFETY 

6. HEALTH AND SAFETY 

Storm water sampling activities may occur when the sampling environment and/or storm water 

discharges create hazardous conditions. Hazardous conditions associated with sampling include: 

• Hazardous weather conditions (e.g., wind, lightning, flooding, etc.) 

• Sampling in confined spaces (e.g., manholes) 

• Hazards associated with chemicals 

• Biological hazards (e.g., rodents and snakes) 

• Physical hazards (e.g., traffic, falling objects, sharp edges, slippery footing, and the potential 
for lifting injuries from opening or removing access panels and manhole covers, etc.) 

It is essential that sampling personnel be aware of these hazards. Sampling personnel should be 

trained to evaluate potentially hazardous situations and develop ways for handling them. Since 

sampling hazards can be life threatening, safety must be the highest priority for all personnel. This 

chapter outlines general health and safety issues and concerns. Additional references discussed below 

should be consulted for more specific guidance to avoid adverse health and safety situations. 

6.1 GENERAL TRAINING REQUIREMENTS 

Reparation and training of all sampling personnel should be completed before beginning any 

sampling task. Extreme care should be taken to allow for safety precautions including proper 

equipment and appropriate operational techniques, sufficient time to accomplish the task, training on 

potential hazards, and emergency procedures. EPA’s Order 1440.2 sets out the policy, 

responsibilities, and mandatory requirements for the safety of personnel who are involved in 

sampling activities. This order, which is found within the EPA Compliance Monitoring 

Inspector Training: Sampling manual, provides further guidance to applicants’ storm water sampling 

personnel. Basic emergency precautions include having access to both local emergency phone 

numbers and communication equipment (i.e., phones or radios), and ensuring that personnel are 

trained in frost aid and carry first aid equipment. 
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CHAPTER 6- HEALTH AND SAFETY 

6.2 NECESSARY SAFETY EQUIPMENT 

Exhibit 6-1 contains a list of safety equipment that may be appropriate depending on the 

characteristics of the sampling site. 

Flashlight 18-inch traffic cones 

Meters (for oxygen, explosivity, toxic gases) Insect/rodent repellant 

Ladder Ventilation equipment 

Safety harness 50 feet of l/2-inch nylon rope 

Hard hat Safety shoes 

Safety goggles Rain wear 

Coveralls Gloves (rubber) 

Respirator 

Reflective vests 

First aid kit 

Self-contained breathing apparatus 

Source: Adapted from NPDES Compliance Monitoring Inspector Training: Sampling, 
U.S. EPA. August 1990. 

6.3 HAZARDOUS WEATHER CONDITIONS 

Common sense should dictate whether sampling be conducted during adverse weather conditions. 

No sampling personnel should place themselves in danger during high winds, lightning storms, or 

flooding conditions which might be unsafe. Under extreme conditions, a less hazardous storm event 

should be sampled. 

6.4 SAMPLING IN CONFINED SPACES 

Confined spaces encountered by storm water sampling personnel typically include manholes and 

deep, unventilated ditches. A confined space is generally defined as a space that is somewhat 

enclosed with limited access and inadequate ventilation. 

Text 
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?he National Institute of Occupational Safety and HeaIth (NIOS)F) has developed a manual entitled 

mwork.ing in Confined Spaces? which should be consulted prior to confined space entry. AISO, 

several States have developed specific procedures which should also be consulted. Unless they have 

been trained for confi space entry, sampling personnel should avoid entry under all 
. 

CuatoutanctS. 

6.4.1 HAZARDOUS CONDITIONS IN CONFINED SPACES 

Confmed spaces pose a safety threat t0 Sampling personnel because of low oxygen, explosivity, and 

toxic gases. When entering a confmcd space, a quahfied person should ensure that the armosphere 

is safe by sampling to test for oxygen levels, potential fiammablc hazards, and toxic materials known 

or ~~~p2a.d m be present. If atmospheric conditions are detected, the confmed space should bc 

ventilated or sampling personnel should USC a s~~f-~ntained air supply and wear a life line. At least 

OX person should remain outside of the confrmd space in the event that problems arise. If 

atmospheric testing has not been properly conducted, the confined space should not be entered. 

Manholes can also pose a threat to safety because of the small wnfured area, slippery surfaces, sharp 

objects, unsafe ladders, etc. 

6.4.2 SPECIAL TRMNlNGREQuIREItiENTs 

Personnel should not enter into a wnfmed spa= unless trained in wnfmed space enrry techniques. 

Such training wvers hazard recognition, the use of respiratory equipment and atmospheric testig 

devices, use of special equipment and toois, and emergency and rescue procedures. In addition, at 

least one member of the sampling crew should be certified in basic first aid and Cardiopulmonary 

Resuscitation (CPR). Sampling personnel should, on an annual basis, practice confined space 

rescues. 

6.4.3 PELWIT SYSI’EM 

If entry into a confined space is necessary, an entry permit system should be developed which 

includes a written prowlure. This permit should include, at a minimum: 

l Description of type of work to be done 

l Hazards that may be encountered 
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l Iacatkm and description of the confined space 

l Znfwmation on atmospheric conditions a5 confined space 

l Fersonnel training and emergency procedures 

l Npnw of sampling personnel. 

The manual developed by NIOSH discusses ihis permit system in more detail. Furthermore, the 

OCCUP~.~OIUI Safety and Health Administration (OSHA) proposed a ruk on June 5,1989 (54 FR 

24080) that would implement a permit system. The ruk is expected to be finalized and published 

lattitl1992. 

6.5 CHEMlCAL HAZARDS 

Sampling p~rsonncl cm also be at risk of exposure to hz?zdous chemicals-either chemicals in the 

actual storm water discharge or the chemicals that have been placed in the sampk colkctjon 

wntaincrs for sample preservation. Therefore, direct contact with the pmcrvativcs and the storm 

water (if hazardous chemicals are suspected to be present) should be avoided. Sampiing personnel 

should mar gloves and safety glasses to avoid skin and eye exposure to harmful chemicals. 

Sampling personnel should be trained to avoid exposure and instructed as to what to do if exposure 

occurs (e.g., flush the eyes, rinse the skin, ventilate the arca, dc.). 

6.6 BIOLOGICAL HAZARDS 

Storm water sampling personnel may also encounter biological hazards such as rodents, snakes, and 

insects. The sampling crew should remain alert to these hazards. As mentioned in Section 6.2, 

necessary sampling equipment, for certain locations, should include inscuhdcnt repcllant and a first 

aid kit. 

6.7 PEYSICAL HAZARDS 

The sampling crew should be aware of a number of physical hazards that could cause accidents at 

the sampling site. These hazards include traffic hazards, sharp edges, falling objcas, slippery 

footing, and lifting injuries from removing manhole wvers. Sampling personnel should pay close 

aattion in order to prevent these safety hazards at all times. 
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If the ZU@C point is in a manhole, a street gutm, or ditch nw the street, psrticdar mention must 

be given 20 marking off the work are4 t0 Warn oncoming traffk of lhe pruence of the sampling 

crew. Traffic cones, warning signs, and barricadej should be placed in appropristc places around 

the ampling point. 
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Instructions - Form 2F 
Application for Permit to Discharge Storm Water 

Associated with Industrial Activity 
Who Must file Form 2F 

Form 2F must be completed by operaton of facilities which discharge storm water associated with industrial 
a&@ or by operators of storm water discharges that EPA is evaluating for designatron as a slgndicm 
contnbutor of pdlutants :o waterS of the United Stata% or as CorrtribuIrng to a nO(atron of a water qwllty 
standard. 

Operators of dwharges which are composed entirely of storm water must complete Form 2F (EPA form 
310-p) rn conpxtlon wrth Form 1 (EPA Form 3510-t}. 

Operators of discharges of SfOm Hater which arB COmbiMd with mass wastewater (process wastewater 
IS water !hat comes :nto direct c~ntlld wkh or resti from the production or use of anv ~VV rnatmiaj. inlerm.+ 
diate product. finished product. byproduct waste Product or wastmntrr) must comotete and sutxnn Form 
2F. Form 1. and Form 2C (EPA Form X510-2C). 

Ooeraton of discharges of storm water which are Cwnbirud wkh nonproceu wast6vater (nonprocess 
wasmva!er mcludes noncontact Coding Water and SantiQ’ WISteS which are not regufatd by effluent gude- 
lines or a new source performance standard. except dirclram by edducatioti, medical, or ComrnerctaI 
chemical r&oratories) must complete Form 1, form 2F. and fQm 2E (EPA Form 3510.2E). 

Operzltors of new sources or new discharges of QOrm VGItar auachtad wkh irdustrtal act* which w~li be 
combined wrth other nonstormwater new SoWces or new discharges must submn Form 1. Form 2F. and 
Form 20 (EPA Form 3510-20). 

Wherr to File Applications 

The applcatlon forms shouid be sent to the EPA RegioMl Office tiich covers the State in which Ihe faclity 
is located. form 2F must be used only when appWg for permits in States where the NPDES permrrs 
program IS adm:nlstered by EPA for faciiitks located in States which are approved to administer Ihe NPDES 
permits Drogram. the State enwronmental agency shotdd be contacted for p10per permti appkatlon forms 
and instructiOns. 

lnformarron on whether a panicular program is admit-We& by EPA or by a Slate agency can be obtalned 
from your EPA RegIonal Office. Form 1, TaMe 1 of Ihe ‘General Instructions’ lists the addresses of EPA 
RegIonat Offices and the States wrthin the jurisdiction of each Offica. 

Completeness 

Your applmtion will not be considered compkte unless you answer every question on this form and or: Form 
I. If an item does not apply to you, enter’NA’ (iof not applicable) to show that you considered the question 

Public Availability of Submmed IIlf~tiOIl 

You may not dalm as conMential any information required by this form or Form 1, wtrelher the information 
IS reported on the forms or In an attachment Section 402(j) of the C&an Water Act requires that all oermrf 
applications will be avaiiable to th public. This bnfonnatux will be made available to the puUic upon request 

Any informatan you submit to EPA which g-s beyond that rectuired by this form, Form 1. or Form 2C YOU 
may claim as confiientlal. but claims for infomration which are eftkient data WIII be denled. 

If you dc not assert a daim of confk3entiaMy at the time of submitting the information. EPA may make lhe 
mformatlon pml~c tihout hrrthtr notice to you. Ctalms of confiientlalrty wtll be handled tn XCOrdanCe with 
EPA’s business confdentalrty regulations at 40 CFR Pan 2. 

Defintlions 

All slgnifiant terms used in these instructions and in the form are Mined in the glossary found In lhe General 
lnstructlont whicn accompany FOnn 1. 

EPA IO Number 

.WJ~ your EPA iUen$ifiCaIJOn Number at the fop of each ode-numbered page of Form 2F You may CODY [n’s 
number dlrectly from item I of Form 1 

EPA form 35102F IRw l-02) I-1 
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llem I 
Yw my usa me msp you pruwhd for ftem Xl 0f FOrfn 1 to detemune the Iqtdude and longdude of each of 
ytxv o&lb and the mm0 of the receting water. 

ttrm II-A 

If you check m’ to this question. amphte aft MN of the CharI. or aMch a copy of any previous sum1ss~0n 
you h$vs me to EPA contalnmg me same intornution. 

Item If-8 

Yw are not required to SubnVt a description of future Pdlution COMrd Projects if you do not ulsh to 0r If now 
Is paMed. 

fttrm III 

Attach a site map shoWng lopography (or tndicating the Wine d drainage areas served by the outfall(s) 
coveted in the ap#catiWl if a topographic map i!l UnaVaikbte) depiottng the faclrity Including: 

each d Its drainage ud discharge WuCtureS; 

tP!e dramgo aru d each stmn w8tY autfak 

paved areas and buldii wUNn the drainage am d Oroh storm water outfall. each known oasl 01 
present areas used tOr outdoor storage or dWCU d UgnawuP materiekr, each existing structural con. 
trd mmsum to mcW8 pdlutanU in QOrm Wn8r &. WOWS loading and acoess areas, areas tire 
pesticides. herbwM, soil cordtbrm rrd hrtltzen ue 8pplw 

each of Its hazardous waste tfeam SUWJO 01 d&W fadUies (hdudlq each area not required t0 
t-axe a RCRA fnwmil which s us& for accumulating hazardous waste for less then 90 oays under a0 CFR 
2623); 

each well &IWO ffuids fmn the facility am infected underground: and 

spnngs. and other stice waler bodies wfQch receive stolln water d’ucharges from the facilrty. 

firm N-A 

For each outfall. provide an estimate of the area drained by the oulfaii w?kh is covered by impentous 
surfaces. For the purwse d Uu appliatkn. trnpe~&~~ surfam l ra surfaces where storm water runs off at 
rates that are srgnificaw hiqhn than background rates (r.g.. predevelopment bvels) and indude paved 
areas. bulfding roots. p8rklng lots. 8nd roadways. Include an estimated the total area (including all Impervl- 
ous and pervious l rusl dninecf by eech outfall. The sde map required under Rem Ill can be used to estltnate 
the totat area dramed by each ocntdl. 

ttrm N-8 

Provide a narrative dMptbrr & significant materials that are currently or in the past three years have been 
treatacl. stored. or disposed Ln l manna to Jt0w expasure to storm watt memod d treatment storage of 
disposal of these nuterWt; put ud present materuls management practices employed. in the lasl Q-we 
years. to mlrumtlr corUut by theu muteriafs w-tth storm water runc4 rrutenals loading and access areas 
and the lombor nunnu. ud fmqmoy in which petnicdes. herbicides. soil conditioners. and feniluers are 
atWed. SlgdbaH mutodais shdd k iderttifii by chemical nam6, form (e.g.. powder. liqud. WC ). and 
typeO!COMMUlXtnrtrmt u& Indkrte any materials treated, stored, or disposed of together. ‘Signtil- 
cant mater-i&’ Mules. but is nol IknMed to: raw materials; fuels; materials such as sdvents. detergents. and 
plastic Wets: tifitshed materUs such as metallic products: raw mater&s used in lo0d prccesslng of produc- 
tm: hazardous substances designated under Section 10 t(l4) cl CERCU: any chemical the faclrty IS re- 
WlrOd to repOR pUnWIt to Sectwn 313 of rtie III of SARA; fenflizen; pesticictes: and WZiSte products sucn 
as ashes. Jag and Judge that ~UW the potential to be released Wh storm water discharges. 

Item Iv-c 

For etach outtaIl, stfuturd contrdr Include structures which endose matcnat Mndllng or storage areas 
covenng materials. befmq dikes, or drversion dnches around manufacturing. productIon. storage or treat. 
mant unnt. retention ponds. etc. Nonstructural comro~s Indude practices such as soJl preventQn plans 
employee tnWW?g. vlsud inspectbons, veventrve mantenance. and housekeeping measures that are used 10 
prevent or mtnlmue the potentul for releases 0f pollutants. 
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Item v 

Pm@ a certjfic&n that all outfans th8t d&d m It- WJM dbchaw 8ssMatcd WUPI ~~~~1 
activity have been tested or evaluated for the prance of non-storm water discharges which are not covered 
by an NPDES permiL Tests for such non-storm watar dischargea may indude smoke tests, fluorometnc dye 
tests. analysts d accurate scherrUcs.‘as wdl as other appropriate tea& Pan B must indude a dcscnpt~ 
d me method us&. the date of any testing, and the outdo dramage poittts that were direcUy observed durrng 
J test Nl IJO~-SKWTI water dkhaQ@S must be identified in a Fm 2C or Form 2E MI& must accompany 
mts appdica!ion (see begMing d hstmdms undu sadon t&Id Who Muat File Form 2p for a eescnp~~~~-~ 
of when Form 2C and Form 2E must be submitted). 

item VI 

provide a description of exiSing infomratfon rsgardtng the hfst#y d sfgr&ant leaks or spifls of IOXIC 01 
wrtjf~~~ pollutants at the f&fly in the fast three yeaf% 

Item VII-A, 8, and C 

The- items require you to cdlect and report data a7 the pdtt~tants discharged for each d your outfalls. Each 
part of this hem addresses a different sat of poUutaf%S and must be cumpkted in accordance witn the spechc 
insVwtt0~ fOr thdt part. h fdlOWQ w inrmdOflS rwy 10 th entire item. 

Goned lnrtructlonr 

Pan A requires you to repon at least on@ rnalyrb fOr @8ti Ponutlnt Iktd. PIRS 8 and C require you to repon 
artalyticafdataintwoways. Forro~pdl~add~hPutrBudC,IIyouknow01~reas~to 
know that the pobta~ b present in Y#rtdmrW YOU my k ~wWW to I& the pdhtant and test (sample 
and andyze) and reporr the bve& d the pOauun0 in you dirchupr. For 31 other pdlutantr eddressed m 
Pans8andC,youmu~llistt~~pdlrrOntYyouknow~hM~toknawthat~pdlutantbprerent~ 
:he discharge. and either report quentfeative d8ta for the pdfutaH or briefly describa the reasons the pdlutant 
is expected to be discharged. (SH e inst~~UMa on tf~ fwm ad below for Pans A through C.) 5asc 
your determrnetvx that a poilutarxt is prP in or absafit from your dkharge on your kntiedge of your 
raw materials. mateM managwnont practices. maintetunco chomicalr. history of spPls and releases. Infer. 
medlate and final products and byproduct% and any previous arWyses knwr~ to you of your effluent or 
suniiar effiuent. 

A. Samplhg: TM cdlectbn of the sarnph for tha Rtpoftd aMtySeS SW be supervised by a person 
experienced in performing sam@ing d industrfal w#te+Ww or storm water discharges. You may con- 
tact EPA or your State pemvtting l uttWty for detailed guidance WI sam@ng techniques and for answers 
IO specific questtons. Any specti requirement!3 cuntairwd in the applicable analytical methods snould 
be ~dlowed for sampre containers sample pres4mMion. hcld~ng tmes. the collection of duplicate Sam. 
@es. etc. The time when you timp4e should be repmsentattve. to tha ex?ent feasible. of your treatmem 
system operatrng properly wilh no system upsets. Samples thould’be cdlected from the center of :he 
now channel. where turbulefxze ia rt a maximum, at a site spectfw in your present permn. or al any srte 
adequate tar the cdlection of a representative sampb. 

For pfi, temperaWe. cysnida, total phends. residual cfWi~ oil and grease, and fecal coliform. grab 
samples taken during the first 30 minutes (or as soon thereafter as ptactlcable) of the discharge musl be 
used (you are not required to anafyzo a tlow-weightd composne for these parameters). For all other 
@IJUNIU both a grab samplo coWted during thr first 30 minutes (of as soon thereafter as praCtlCabce1 
of me discharge and a fbw-weightd cOmp&tr sample must be analyzed However. a minlmum of One 
grab rampro my k taken for effluents fmm holding ponds or other impoundments wrth a reIentton 
penod of greater than 24 hours. 

All samples shall be coflected from the ditchargo reatitlng from a storm event that is greater than 0 : 
inches and at least 72 hours from the previously measurable (greater than 0.1 inch r’ainfall) storm event 
where feaslbie. the variance in the duration of the event end the total ratnfall of the event Shouk! rot 
exc& 50 percent from the average or median rainfall event in that area. 

A grab sampie shall be taken dudng the first ttdlty minutes of the discharge (or as soon thereaher as 
pmctaue), a& a !I~-weighted composte shell be taken for the entire event or for the first three +zL’~ 
of the event. 

Gmb and composite samples are defined as follows: 
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Sampring was done no mora than three years b&n submission: ard 

AJI data am reprosontatka oi th plm dm. 

AmongthefictorswhichwoMcausethadaUtok~ am signikant changes in produc. 
11on levd. ctmges h raw mataria& pmc8ssm or~pmdutsandchangesinsmrfnwateftraatrn.nL 
w~~A~pcomrt~~nrw~mr(hodrh~OPPull36,EPAwllptOvirkinfo~t~ 
astowhenyou~mr~nm~sto~e~~yaxdkchuges Ofcourse.the 
Director may raqwat add- wwmation. Wuding Currw warXtWw d8ta if they determine it to ba 
~ryto~ywrd~~ObsctormaydlaworssUblirh~etit~-r~sarrr 
fling wures ff rwqt3mmwW.s. a-duding sur@ng I- the seasm In which the sampling takes 
pace. tha mmimum duration ktween the pwvbus rnasuade storm event and the storm event tarn- 
pbd,ther7unimumormaxlmumlevdofprecipbtbftfqdmdtor~ appropriate stum event. the lorm 
of prectpctatbn sampled (snow matt or rairW), protocda for tilecting sampks under 40 CFR Part 136. 
and additional time for submkthg data on a case-byKase txsk 

8. Reponlng: Afl bvels mwt be repofled as wncentralbn and mass {note: pb m am Wed 
m mm of cenamttin). You may mporl some or a!l of the ra@n?d dpta & attaching separate 
sheets of paper tnstead of tllsng out pages VI-1 and VII-2 iI the SspartlO sheets cMJn alI the recwired 
tnfown In a tomnat wtuch is =,&ant ukith pages VII-1 and VII-2 In Wng and iderMcation ot 
poUu~ants ard wk~rnna. Usethet0lbwiing abtmhtbns in rhe coturm6 headed ‘units.’ 

Ppm pansw-l- 1b.s WS 

ma/’ milllgrwm pw IIu ton tons (English tons) 

opb partspubalbn 9 milligMt3 

W’ rtucmgmrns pu I&or Q o- 

kg uognmr T tonnes (mewic tons) 

All repatirq d dues for metals must be h terms of ?otal recoverable metal.‘ un/ess: 

(1) An apdlcablo, prum&staI affluent lirnttation or standard specffks the limitatbn for the metal in 
d&solved. vafM or totd form; or 

(2) All apgrovad l rMytW mrchods for the metal inherently measure OCJV its dksoked term (e.g.. 
hexavalent chrornkum); or 

(3) The psrmttting aumortty has determined that in enabiishing case-by-case lhtUbt% it IS news. 
say to l xprass tha limitawns on the metal in dtssolwd. valwt. or tc#al form to carry out the prow- 
stons d the CWA. If you nwasum only one grab sampre and one flow-weighted compowte sample 
for a grven outfall. complete only the ‘Maximum Values’ cdumns and insert ‘1’ into the ‘Number of 
Storm Events Sample& cdumn The perrnmng authonry may rewre you to conducl addttwal 
analyses to turttwr chamcterue your dtscharges. 
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C. 

If you measure mire than one value for a 9Gib UW or a Ibw-we~~~~ad cu~srte saw Ior a gwen 
outtail and mose values are refxesematr4 Of your drsCnarge. you must repon them. YOU m dew& 
your method Of te!3ing and dara aMb9s. YOU also must cletermm the average of as vabes whln tk 
tasl year and rapon the concentratron and mass under me ‘Average Values’ abmm, 
runmer of storm events samprcrd under the ‘Number of Storm Events Sampled - c~lum. 

and the to&l 

&mlygir: You must use test methods promulgated in 10 CFR Pan 136; however. if none has b-n 
;romutgated tw a panicJar pollutant. you may use any sunable method for measunng the Ieve of tne 
palutant In your discharge provided that yOu submit a descnption of the method or a reference to a 
published method. Your descnption should indude the sample hdding time. preservation :echnloues. 
and the puality control measures which you used. It you have two 0T more substantlaly identical ourfalls 
you may request permIssion from your pet-M%ng authority to sample and analyze only one outfalr ant 
submit the results of the analysis for other substantially identid outfalls. tf your request is granted by :tre 
permmlng authority. on a separate sheet attached 10 the application form, identity which outfall you old 
test. am deznbe why the outfalls which you did not test are substantially identical to the ouUall wtch 
you did test 

Parl VII-A 

pan V,I-A rr,usf be cotnpreted by all aoplicants for all Outtans who must complete Form 2F. 

Anal-e a grab sample cdlected during the first thirty mlMe¶ (Or as soon thereafter as practlcabIe) of the 
olscnarge and Row-weqhted composne sampIes for all Wlutants in this Part, and report the results ex:ept 
use only grab samples for pli and Oa and grease. See discussion m General Instructions to Item VII for 
definfllons of gmb sampIe cdlected during the firnthirry minutes of discharge and flow-weighted commsne 
sample The ‘Average Values’ Column is not COmPIJ&O~ but shouid be filled out if data are avalable 

Pati Vll-8 

‘LISA all Hlutants that are limited in an effluent gudeline which the tacJity is subject to (see 40 CFR Subctip. 
ter N 10 deterrnrne wtilch pdhtantS are limited in efffuertt guiddmes) or any pdlulant listed In the fac:llry s 
NPDES permn for Rs process wastewatef (a the fadlty is operating under an existing NPOES pernrlt) Corn. 
plete one tab4e tar each outfall. See discussion in General innructiom to item Vll for definitions of grab 
sam.ple collected dunng the first thirty minutes (or as soon theree!ter as practicable) of discnarge and flow- 
weighted composrte sample. The ‘Average Values’ cdumn o not compulsory but should be ftiled out rf data 
are avallable. 

Analyze a grab sample COlleCted dunng the first thirty mlnules ot the discharge and flow-weighted conpos:ie 
sarc,oles tor all pollutants In this Pan. and repot? the results. except as provided in the General lnsttucticns 

PWl VII-C 

P?n VII-C must be completed by all applicants for all ourfalls which discharge storm water associated wllh 
industnat acwty. or that EPA is evaluating for designation as a significant contributor of pdlutanr; to waters 
of the IJnrted States. or as contributing IO a vidation af a water quality standard. Use both a grab sample and 
a composne samde for all poUants you amlyre for in ths pan exceot use grab samples for residual chlorine 
and tecal cdifonn. The ‘Average Values’ column IS not comoulsory but should be filled out if data are 
available. Pan C requires you toaddress the pollutants In TaMe 2F-2. 2F-3. and 2F4 for each outfall Pollu- 
tants it- each of these TaMes are addressed differently. 

Table 2F-2: For each ouftafi. list J pollutants in TW 2F-2 that yw km or have reasn to believe are 
discharged (eXCXtf3 podbfamt previous@ l&ted in Parl VII-B). tl a polb&tfl is limked b an et(bem guideline 
IimRatDn whCch tf’t0 facility is Subject 10, the pollutant mr.~.t be an.awd and mnd In pan Vii-8. jf a 
@Mutant in Table 2F-2 is lndindb limited by an eifluem gumline limitation thmugh an indmtor (e.g., use 
of TSS a~ an indicator to control the discharge of iron and ahmwum), yw ma analyze for e and repon 
the Oata III ParI VII-8. For Other pOlMamS ISted in Tab& 2F-2 (those ml limeed dirmb Or ~nblrttc(b by an 
efttuem IimtatDn gudelineL that qu know or have mason to belleve are discharged, you mud edher repon 
WarIfMfiVe data of b13Ofty deSCfib0 the reaSOnS the poWant b expeded to be discharged. 

Table 2F-3: For each outfall. list all pollutants in Table 2F-3 mat you know or have reason to believe are 
dlschargti. for every pol\utanl in TaM 2f .3 expected to be discharged tn concentrations of 10 wb 0’ 
greater. you must submn quantmtive data. For acrdeln. actylonnrile. 2.4 dinttroohcnd. and 2-methyl-4 6 
dlnltropnend. you must submrt qJantQtrve data ii any of these four pollutants IS expected (0 be dischti’ged 
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n concentrate d 1 OO pDb or greattr. FW w ParUani txpscted 10 be daci\argdd m concentratans lcu 
t~nrOpgb(or100pgb~ortMfouf~N~itt)cJabcrvcll,~yaJmrra~atwrrubmPqw~thre~ 
or Dnetly de$crW the reaa30CIS ti% pOrluunl it Wti to be dttcnam. 

Small 8winesa Exemptlocr - ff y0u are a ‘small m’ you are exempt kom the reporting requsem 
la~orgtnic~pdl~ntsl&dinfrbl02F-3.~m~wrys~whicfiyouanqwl~~~’~ 
butmess’. If your hdfky b a coal mme. ud ffy0w pf0bablO totll annual production is less than 100.000 tm 
pef year. you my submit past pfductkm dau or est.mated futum producbon (such as a schedule d ntc 
mad total production undo 30 CFFi 7%.lWC) insmad d comuulng amlyses tar me orgamc toxic porr* 
tants. If your tacilfty 0 nu a co4 mine. and II your gross total annual sales tar the mast recent three yur9 
average less than SlOO.OOO per year (in s4CfXId quafIef 1980 d&am), you may submrt sales data for th0sa 
yean instead of conducttn~ af+e¶ for ti’ta organic toxic pdlutanta. The production or sales data rnus! be 
for the facility which rs the jg~tce d the dv m datl ~!%JW not be limited to productm or safea f0r 
the process or processm which mntrtbut~ !O thr, dbdwge. unless thorn u, the onty processes aI ywr 
facility. For sales data. in situations bdving timcO9OfWo tmnsfef d goods and sawic# the tmnsfer m 
per unrt shoufd approximate market prices for thoee Qo0dS ard sewk~s as dowfy as posmr. sales figures 
foc~na~ter1980~~kWaodto~~OIluUId1980byurrnO~qrorsnatio~produa 
price deflator (sec0nd quattef d 19@O=lW. Thb ada b -0 h\ Nlnorpl I- and Proauct &. 
counts of the Unitad States (Dew d Comrrmcr. BWUU d Ecmomic -1. 

Table 2F-d: For each outfall, IM any pdUaH tn fable 21% UU! you buw or believe to be preset in the 
dw37arge and explain why you klim It to be pIIunt No a- b nqubd. but ti you have aalyrw 
data. you must report thorn. Note: Undr 40 CFR 117.12(a)(2). cwmh disdwgea of hazardous substances 
Ooredat4OCFR In.21 or40CFR302.4)maykexMpedftunttw WJWMUSdSUlbl3llQtCW~ 
which estaL4uhet repWing requkementa. civl peWtkr. vrd IkatWty for dewup c0sts for spills of o4 m 
haardous substancsi A docharge of a Partkrlu sub~~~ my be aWad U ttw origin. source, l rd 
amount of ttw discharged substances are identifii ir the NPOES pmm& ap@kakm ar in mu pwmn. I m 
permn contains a requnement f0r treatmdnl d the dfscfmrge. ad II the weamwu is in piace. To apdy for an 
exc!us!on of the d&charge of any hazardous substance from the requiwnents ol section 311, attach addi. 
tlondl sheeu 04 paper to your form, seftiq forth the foflowing InfomuWm: 

1 The substance and the amount d uch urbstrnce which may be discharged. 

2. The origm and source of Uw dM?ergs d the suba!ance. 

3 The treatment which is to be proded for the discharge by. 

a. An onsite treatment systsn separate tram any tfeaw system treating your normal du- 
charge; 

b. A treatment system designed lo treat your rwmal discharw and which is additionally capable 
0f treaq the amount d the subszance dentffied under wragraph 1 ab0ve; or 

c. Any combinatKM d me atame. 
SW 40 CFR 117.12(a)(2) and (c), ptitshed WI August 29. 1979. in U FR M766. or contact your Regional 
Ofke (Table 1 on Form 1, Irwwkns ), for further mfomw0n on exdusi0ns from secrlon 3 11. 

Part VII-0 

If sampling is conducted during more than one storm event. you only need IO report the mformation re- 
quested n Pan Vl14 for the storm event(s) which nslned in any maximum p0flutant concentmlion reponsd 
In Pan WI-A. W-8, or VII<. 

Provide flow measurements or estimates d the ilw rate, and the tolal amount of dscharge for the stm 
event(s) sampled. 1he rnetkw of Raw measuremem. or estrmation. Prowl0 the data and duration d the slorm 
even!(s) samfhd. ramtall measurements. or estimates of the storm eveM which generated ttre sampled rU?H 
and the duratron between the norm event sampIed and rhe end of the prevkws measurable (greater than 0 1 
inch ranfall) storm evem. 

Pm VII-E 

List any 10x1~ pdlutant l&e_ ‘. Tables 2f-2. 2F.3. 01 2F4 which you cuneiw use or manufacture as an 
Intermediate or fill product or byprodub In additmn. ii you knw or have rMson to believe that 2.3.7.6-W 
trachlorodlbenzo-p-dlorin flCO0) is dtscharged or d you use or manufacture 2.45tnchtorophenoxy acellc 
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acd (2.4.5..;1); 2.(2.4.5-tnchlorop) proOsnoicaCld (she% 2.4.5.-W; 2.(2.4.5-tnH0rophenoxy) ernyl 
2,2d1chf0f0010010Mt8 (~tinj; 004-m W2.4.smmv) d-l-mom-. mm); 2.4.5- 
tncwmpncnd (XI’): oc hexati~~(HCP); then list TCDD. Thr oiecm may warw or macq me 
requlremenl if you demonstrate that & WoJd be undldy burdensome to identify each toxic polktant ar@ the 
Oirec?or has adequate mnformation to isaue your permit You my not claim that Information as cot-Went&; 
however. you do not have to distinguish between tSa OT ~OduCtlOn Of the ~lutants or I~st the arnoum. 

S.&t expkwatory The permming authorby may ask you 10 provide aadaional aetals after your aopkatron ,s 
received. 

kern X 
The &an Water Act provides fOr severe pedtti for SubnUtting fdse intormation 0n thus eppfiWi0n form 

Sec!ion 309(c)+?! of the C%an Watr Act provides that ‘Any Wson bvtm knowingly makes any false matenal 
statement. reprESentatt0n. Or CedfICetioil in eq ap@im she!! Up0n ConviCtion, be punished by a fine 
of not more than SlO.ooO or by impritcwrrrwnl fat not moI0 than 2 yeers, a by both. If e conviction of sucn 
person is for a vidation COmmbd sher I first -dOn 0f SuCh pefSOn under this paragraph. 0lJnisnment 
shall be by a tine of not more then 520,OOO per day of tiation, or by imprisonment of not more than 4 yeaQ. 
or by both.’ 40 CFR Pan 122.22 requires the COnifiitiOfI to be srgned as tolk~~~: 

(A) For a cocpontion: by a resporuible Corporate Offhal. Fa purposes of this section. a responsrb&9 
corporate official means 0 a president- Wry. treasurer, a vice-president of the corporatiw ,n 
charge of a PnnciOal business tuncWn, a any other wson who performs similar @icy- or deaslofb 
m&wg functrons fa the corpocatti a (lr) the manager of one a more manufacturing. production, a 
operating facflities emproying more than 250 penw a having gross annual sales or expenditures 
exceeding S25.OCWOO fin secoMqu8rtM 1980 d&n). I authodty 10 sign documents has been as. 
signed or ddegated to the manager in accordance tih corwrste procedures. 

Note: CPA does not require specific assignments a delegation of authon-ty to responsible corporate 
of!icers dent&d tn 12222(a)(l)(i). The Agency dl presume that tBese responsi: de corporate offtcers 
have the requlsne authonty to sign permit apdicationt unless the corporation has notttied the DIrector (0 
rhe contrary. Corporate procedures governing authmy to sign pennil apdlcdtlons may provide for 
asslgnmen! or CldegatlOn to apdicable COrpO~te posihon under 122.22(a)(l)(ii) rather than to SpeCdiC 
lnalvlduals 

(6) For a paRncrrhip of sclc propdetorrhlp: by a general paflner or rhe proprietor. respecfwely. or 

(C) For a municipality, State, Feded, a other publk agency: by enher a princqat executtve offccer 
or ranking e&ted offid. For purp0ses ol this section. a prtnclOal executwc officer of a Federal agency 
tncludes (I) Ihe chief executke 0%~ 0f the agency, a (ii) a seniOr exectifve otticer havrng responslbllrty 
!0r the overall operations of a pnncipal geographtc unrt of the agency (e g.. Regrondl Administrators of 
EPA). 
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NOAA WEATHER RADIO MANUFACTURERS LIST 

RADIO SHACK 
Weather Radio 
2617 West Seventh St. 
Fort Worth, TX 76107 
(817) 390-3011 

GENERAL ELECTRIC 
Model 7-2934 
(800) 626-2000 

UNIDEN BEARCAT 
Bearcat Weather Alert 
6345 Castleway Court 
Indianapolis, IN 46250 
(800) 722-6637 

ELECTROLERT 
Weatheralert Forecaster 
4949 south 25A 
Tipp City, OH 45371 
(513) 667-2461 

SPRINGFIELD INSTRUMENTS 
Talking Weather Center/Station 
76 Paccaic St. 
Wood-Ridge, NJ 07075 
(201) 777-2900 

WOODSON ELECTRONICS 
Plectron 
505 Lincoln SC 
Overton, NE 68863 
(308) 987-2404 

GORMAN - REDLICH MANUFACTURING 
James T. Gorman 
257 West Union St. 
Athens, OH 45701 
(617) 593-3150 

PRICE RANGE: 

Under $50 
$50 to $100 

Over $100 
Features AM/FM model radios with weather band 

PLEASE NOTE, THIS LIST IS NOT ALL-INCLUSIVE, AND INCLUSION ON THIS LIST DOES NOT CONSTlTUTE 
ENDORSEMENT OF ANY COMPANY BY EPA ON THE U.S. GOVERNMENT. 
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TECHNICAL APPENDIX C 

REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, HOLDING TIMES AND 
40 CODE OF FEDERAL REGULATIONS (CFR) PART 136 

RB-AR26746



TECHNICAL APPENDIX C 

REQUIRED CONTAINERS PRESERVATION TECHNIQUES, AND HOLDING TIMES 

Parameter Container (1) 

Maximum Holding 
Preservative (2),(3) Time (4) 

Bacterial Tests 

Coliform, fecal and total P, G Cool, 4°C 6 hours 
0.008 % Na2S2O3 (5) 

Fecal streptococci P, G Cool, 4°C 6 hours 
0.008 % Na2S2O3 (5) 

Inorganic Tests 

Acidity P, G Cool, 4°C 14 days 

Alkalinity P, G Cool, 4°C 14 days 

Ammonia P, G Cool, 4°C 28 days 
H2SO4 to pH < 2 

Biochemical oxygen P, G Cool, 4°C 48 hours 
demand 

Biochemical oxygen P, G Cool, 4°C 48 hours 
demand, carbonaceous 

Bromide P, G None required 28 days 

Chemical oxygen P, G Cool, 4°C 28 days 
demand 

Chloride 

H2SO4 to pH < 2 

P, G None required 28 days 

Chlorine, total residual P, G None required Analyze immediately 

Color P, G Cool, 4°C 48 hours 

Cyanide, total and P, G Cool, 4°C 14 days (6) 
amenable to chlorination NaOH to pH> 12 

0.6g ascorbic acid (5) 

Fluoride P None required 28 days 

Hardness P, G HNO3 to pH <2 6 months 
HNO3 to pH <2 

Hydrogen ion (pH) P, G None required Analyze immediately 

Kjeldahl and organic P, G Cool, 4°C 28 days 
Nitrogen H2SO4 to pH <2 

Metals (7) 

Chromium VI P, G Cool, 4°C 28 hours 

Mercury P, G HNO3 to pH <2 28 hours 

Metals, except above P, G HNO3 to pH <2 6 months 

Nitrate P, G Cool, 4°C 48 hours 
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REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, AND HOLDING TIMES 

Parameter 
Maximum Holding 

Container (1) Preservative (2), (3) Time (4) 

Nitrate-nitrite P, G Cool, 4°C 28 days 
H2SO4 to pH < 2 

Nitrite P, G Cool, 4°C 48 hours 
O&G G Cool, 4°C 28 days 

H2SO4, or HCl to pH < 2 

Organic carbon P, G Cool, 4°C 28 days 
HCl or H2SO4 to pH < 2 

Orthophosphate P, G Filter immediately 48 hours 
Cool, 4°C 

Oxygen, Dissolved G bottle and top None required Analyze immediately 
Probe 

Dissolved oxygen, G bottle and top Fix on site and store in 8 hours 
Winkler method dark 

Phenols G only Cool, 4°C 28 days 
H2SO4 to pH < 2 

Phosphorous (elemental) G Cool, 4°C 48 hours 

Phosphorous, total P, G Cool, 4°C 28 days 

P, G Cool, 4°C 48 hours 

P, G Cool, 4°C 7 days 

Text Cool, 4°C 28 days 

P, G Cool, 4°C 28 days 

P, G Cool, 4°C 28 days 

P, G Cool, 4°C, add zinc 7 days 
acetate plus sodium 
hydroxide to pH > 9 

P, G None required Analyze immediately 

P, G Cool, 4°C 48 hours 

P, G None required Analyze 

P, G Cool, 4°C 48 hours 

Residue, nonfilterable 
(TSS) 

Residue, settleable 

Residue, volatile 

Silk 

Specific conductance 

Sulfate 

Sulfide 

Sulfite 

Surfactants 

Temperature 

Turbidity 

H2SO4 to pH < 2 

Residue, total P, G Cool, 4°C 7 days 

Residue, filterable P, G Cool, 4°C 7 days 

Text Cool, 4°C 7 days 
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REQIJ?RED CONTADWZS, PRESERVATION TECRNIQUES, AND HOIJXNG TIMES 

I - 
MaxhmnHddiq . 

) -w 01, 01 lime (4 

Wraic Tests (s) 

Pvgcehle h8ld G, TeflaAinai septum cd, 4’C 14 dcys 
0.008% Na&O, (5) 

PuTgc8ble ucnmtks G, TeflaAinaA septum cool. 4’C 14 dryr 
0.008% Na&O, (5) 

HQtopHc2(9) 

Acrolein and CCT-j40&ile G, Tefloa-lined sqmm cool, 4’C 
0.008% Na.&O, (5) 

Adjust pH b 4-5 (10) 

14 days 

Phamls (11) G, Teflon-lined up cool, 4’C 7 dcyl until extnctioa, 
0.008% Na&O, (5) 40 chys 8fta extnctioo 

Balzidines (11) G, Teflon-but cap cd, 4.C 7 days until extmction 
0.003% N&O, (!i) (13) 

Phthdak esters (11) G, Teflw-lined crp cool, 4*c 7 dcyc until extmcthl, 
4odaycdtautl8ction 

pr’itmh (ll), (14) G, Teflon-iind cap 7 days until utlaction, 
40 d8ys rfbr amctial 

PCBS (11) acfyloaibitc G, Teflon-lined cop 7 dcys until cxtrcction, 
40 d8ys after exu8ction 

Nitrouomuics and G, Tefloa-lined ap 7 drys uatil c!.x~on. 
isopboroae (11) 40 d8ys 8fkT cxtnction 

0.008% N&S.& (!i) 

PolynucIar uodc G, Teflon-lid cap 7 bys until cxtrsction, 
byclfoahoas (11) 40 d8ys rftel extnctioa 

0.008% NC&O, (s) 

Halo&en (11) G, Teffodined UQ ? &y6 Until CItrrtiOCl. 
0.008% N&O, (s) 40 dcys aa extTuti00 ChlOlilWCd G, Teflon-lined up 7 dcys until extIaf&aa, 

hY- (11) 40 d8ys rfiu utr8cl.ion 

TCDD (11) G, Teflon-lined cap 7 d8ys until extnciion, 
0.008% Na&O, (5) 40 &ys rfler e.xtrllction 

Pesthide Tests 

Pesticides (11) 

Radidogicrl Tests 

G, Teflon-lid cap 7 d8ys until extr8ction, 
40 ihys dlex extsccticm 
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(4) 

(7) 

(8) 

(9) 

(10) 

JWyethylme (p> or G~UI (G). 

WbenmyrnmplcLtobeahippsdbyco~urriaorrentthrwOhtbeUoitsdStrbrM~r,it~ 
comply with the De+tmcat of TrmsportPtim Huar&us hhhriA& itcguhim (49 CFR Put 172). 
Tbepasocroffaingsufh~fortrrnspoWjaair~bleforaravinOnrhco~~ FM 
tbc prrsavrtjoa requkwts of T&k II, tbc oflice of I-ku&ua Materids, Materids Two0 
Bunur,~tofT~oahrsd~tht~HuuQwM~~rtiars&aoc 
apply to the followiag UWcriAk Hydrochloric tid (-HCl) ia wrta solutj0,,s .t 0aKmtntioI.u of 
0.04% by weight or lest @H rboat I.% OT w); Nitric tid (HN4) b m ml&m d 
coocentruions of 0.15 % by weight of lest @H about 1.62 OT grcota); Sulfuric rcid (H$OJ ia w 
s~lutiorrs ti coaozatdions of 0.35% by weight or lea @H about 1.15 0~ grrrta); & sodium 
hydroxide (NaOH) in water &.Uions If coacentntioas of 0.080% by weights or lsas @H lbout 12.30 
or less). 

Slmplessbouidbe~yzsd~soonospossiblerRercollsction. Thotimertistad~tbe~ 
h t&t samples amy be bcld before ~~Iysis uul still be coasidued valid. Samplea mcy be b&j For 
iorrgapniodsonlyifthepmnitlsc,ormonito~gIrborLtory,hs6troafilstotbowthttbs 
specific types Of SnmpleS under Shldy UC sUk.k for the IOnpa time, 8IJd hc rsaiVsd (L VUiAace from 
the ~cgioaal Administrator under 0 136.3(e). Some samples may not be able for t.be muimuca timt 
period given in the table. A permittee, or moaitoring laboratory, is obligrtsd to hold tbc sample For 1 
&orrer time if knowledge exists to show that this is aaxsaly to llIkt4in sample stability. see 
g 13&3(e) for details. 

Should only be used ia the p-cc of residual chlorine. 

Maximum holding time is 24 hours when sulfide is present. Optiotiy dl sunpIes mry be trstnd with 
iud aceate paper before pH tijLlstments ia order to determine if sulfide is pmt. If sulfide is 
present, it ua be rumovai by the rdditioa of udmium aitrxte powder until a aegative spot test is 
obtained. The sample is filtered UKI then NnOH IS added to pH 12. 

SUL+S should be filterad immedillely 0a-sit.e before adding prese~tive for dissolved raeUs. 

GUI applies to samples to be analyzed by GC, LC, or GClMS for specific compouads. 

Sample receiving ao pH adjustmeat must be aadyzed within SCYUI days of sampling. 

ne pH eject is aot requifed if uX0lein will not be mens~rad. Sampies for acrolein receiving no 
pH rdjustmmt must be dyzad within 3 &ys of SUUplklg. 
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(11) wbal rI% cxtrmct&le m&a of QmcQll N1 within 1 single sbemic8l atrgQry, the specified 
plwmtive Md muimum holding tima should be obsuvai for optimum gfeourid of ample 
integrity. whm the andyus of - fdlwithintwoormmcbtmicaluteguia,tbofamplemcy 
be vsd by miiq to 4’C. mtucing midus chlorine with 0.008% sodium thiocrrlti, storiag in 
thedul,raddjustinftbspHto~;~Iaprerervsdinrhir~ mmybehtidforsevm&ys 
h&rt extraction and for forty drys rfter extmc&L. EaceptioM to this opticml pTcsmmim snd 
holdingtimcprocsdurcuc~inf~5(re~ rtquimmt for thidfuc rtciuctiar of rcsidui 
chloriat). Md footaota 12, 13 (re the uulysis of bulzidiae). 

(12) If l,tdiphenylbydmme is likely to be pramt, VijuLt the pH of the swnple to 4.0 L 0.2 to pmmt 
rarrrngeaxat to bauidiat. 

(14) For the rnrlysis of diphmylnkmmim, add 0.008% N&O, aad cdjust pH to 7-10 with NaOH 
within 24 hours of ssmpling. 

(15) ThepHpdjustmmtmrybcperfornwdupoareceiptUthelrbmtoryudmrybsomiaadiftbe 
samples UC extncttd within 72 houn of coUu%.im. For the rnrlysis of s&in, sdd 0.008% N&O’. 

Source: 40 CFR 136.3 Trble II 
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GLOSSARY 

Aliquot: A discrete sample used for analysis. 

Biochemical Oxygen Demand (BOD): The quantity of oxygen consumed during the biochemical 
oxidation of matter over a specified period of time, usually 5 days (BOD5). 

Chain-of Custody Procedures used to minimize the possibility of tampering with samples. 

Chemical Oxygen Demand (COD): Measurement of all the oxidizable matter found in a runoff 
sample, a portion of which could deplete dissolved oxygen in receiving waters. 

Composite Sample: Used to determine "average" loadings or concentrations of pollutants, such 
samples are collected at regular time intervals, and pooled into one large sample, can be 
developed on time or flow rate. 

Confined Space: Enclosed space that an employee can bodily enter and perform assigned work, that 
has limited means of exit and entry, that is not designed for continuous employee occupancy, 
and has one of the following characteristics: 

• Contains or has a known potential to contain a hazardous atmosphere 
• Contains a material with the potential for engulfment of an entrant 
• Has an internal configuration such that an entrant could be trapped or asphyxiated by 

inwardly converging walls or a floor that slopes downward and tapers to a smaller cross 
section 

• Contains any other recognized serious safety or health hazard. 

Conveyance: A channel or passage which conducts or carries water including any pipe, ditch, 
channel, tunnel, conduit, well, or container. 

Detention Ponds: A surface water impoundment constructed to hold and manage storm water 
runoff. 

Discharge: Any addition of any pollutant to waters of the U.S. from any conveyance. 

Effluent: Any discharge flowing from a conveyance. 

Flumes: A specially shaped open channel flow section providing a change in the channel area and/ 
or slope which results in an increased velocity and change in the level of the liquid flowing 
through the flume. A flume normally consists of three sections: (1) a converging section; (2) 
a throat section; and (3) a diverging section. The flow rate through the flume is a function of 
the liquid level at some point in the flume. 

Flow-Weighted Composite Sample: Means a composite sample consisting of a mixture of aliquots 
collected at a constant time interval, where the volume of each aliquot is proportional to the flow 
rate of the discharge. 
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Flow-Proportional Composite Sample: Combines discrete aliquots of a sample collected over time, 
based on the flow of the wastestream being sampled. There are two methods used to collect this 
type of sample. One collects a constant sample volume at time intervals which vary based on 
stream flow. The other collects aliquots at varying volumes based on stream flow, at constant 
time intervals. 

First Flush: Individual sample taken during the first 30 minutes of a storm event. The pollutants 
in this sample can often be used as a screen for non-storm water discharges since such pollutants 
are flushed out of the system during the initial portion of the discharge. 

Grab Sample: A discrete sample which is taken from a wastestream on a one-time basis with no 
regard to flow or time; instantaneous sample that is analyzed separately. 

Head of Liquid: Depth of flow. 

Illicit Discharge: Any discharge to a municipal separate storm sewer that is not composed entirely 
of storm water except discharges pursuant to an NPDES permit and discharges from fire fighting 
activities. 

Materials Management Practices: Practices used to limit the contact between significant materials 
and precipitation. These may include structural or nonstructural controls such as dikes, berms, 
sedimentation ponds, vegetation strips, spill response plans, etc. 

Municipal Separate Storm Sewer Systems: A conveyance or system of conveyances including 
roads with drainage systems, storm drains, gutters, ditches under the jurisdiction of a city, town, 
borough, county, parish, or other public body. 

Outfall: Point source where an effluent is discharged into receiving waters. 

Point Source: Any discernible, confined, and discrete conveyance from which pollutants are or may 
be discharged. This term does not include return flows from irrigated agriculture or agricultural 
storm water runoff (see 40 CFR 122.3). 

Reverse Meniscus: The curved upper surface of a liquid in a container. 

Runoff Coefficient: Means the fraction of total rainfall that will appear at the conveyance as runoff. 

Significant Materials: Include, but are not limited to, raw materials, fuels, solvents, detergents, 
metallic products, CERCLA hazardous substances, fertilizers, pesticides, and wastes such as 
ashes, slag, and sludge that have potential for release with storm water discharges [see 40 CFR 
122.26(b)(12)]. 

Storm Water: Storm water runoff, snow melt runoff, and surface runoff, and drainage. 

Storm Water Discharge Associated with Industrial Activity: Discharge from any conveyance 
which is used for collecting and conveying storm water which is directly related to 
manufacturing processing or raw materials storage areas at an industrial plant [see 40 CFR 
122.26(b)(14)]. 
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T& Composite Sampk: Prepared by wlleaing fixed v~lumc aliquots at spccificd the inten& 
ad combining into a single sample for dysis. 

Turbidity: DCSCI%CS the capability of light to pass through water. 

Weir: A device used to gauge the flow rate of liquid through a channel; is essentially a dam buih 
across an open channel over which the liquid flows, usually through some type of notch. 
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BOD5 
CERCLA 
cfm 
CFR 
cfs 
COD 
COV 
CPR 
CWA 
DOT 
ECD 
EMC 
EPA 
ESE 
FWPCA 
FID 
FR 
GC/MS 
gpm 
H 
HCl 
HNO3 
HPLC 
H2SO4 
IATA 
LC50 
NaOH 
Na2S2O3 
NCDC 
NIOSH 
NOAA 
NOI 
NPDES 
NWS 
O&G 
OSHA 
PCB 
PE 
ppb 
Q 
RCRA 
SARA 
SIC 
s.u. 
TKN 
TSS 
VOC 

ACRONYMS 

Biochemical Oxygen Demand (5-day) 
Comprehensive Environmental Response Compensation and Liability Au 
cubic feet per minute 
Code of Federal Regulations 
cubic feet per second 
Chemical Oxygen Demand 
Coefficient of Variation 
Cardiopulmonary Resuscitation 
Clean Water Act 
Department of Transportation 
Electron Capture Detector 
Event Mean Concentration 
Environmental Protection Agency 
Environmental Science & Engineering, Inc. 
Federal Water Pollution Control AU 
Flame Ionization Detector 
Federal Register 
Gas Chromatography/Mass Spectometry 
gallons per minute 
Head 
Hydrochloric Acid 
Nitric Acid 
High Pressure Liquid Chromatography 
Sulfuric Acid 
International Air Transport Association 
Lethal Concentration 
Sodium Hydroxide 
Sodium Thiosulfate 
National Climate Data Center 
National Institute of Occupational Safety and Health 
National Oceanic and Atmospheric Agency 
Notice of Intent 
National Pollutant Discharge Elimination System 
National Weather Service 
Oil and Grease 
Occupational Safety and Health Administration 
Polychlorinated Biphenyl 
Professional Engineer 
parts per billion 
Flow Rate 
Resource Conservation and Recovery Act 
Superfund Amendments and Reauthorization Act 
Standard Industrial Classification 
standard units 
Total Kjeldahl Nitrogen 
Total Suspended Solids 
Volatile Organic Compound 
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DISCLAIMER

The Engineering and Analysis Division, of the Office of Science and Technology, has reviewed and
approved this report for publication.  Neither the United States Government nor any of its employees, contractors,
or their employees make any warranty, expressed or implied, or assumes any legal liability or responsibility for any
third party’s use of or the results of such use of any information, apparatus, product, or process discussed in this
report, or represents that its use by such party would not infringe on privately owned rights.
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SECTION 1

INTRODUCTION

1.1   This manual describes chronic toxicity tests for use in the National Pollutant Discharge Elimination System
(NPDES) Permits Program to identify effluents and receiving waters containing toxic materials in chronically toxic
concentrations. With the exception of the Red Macroalga, Champia parvula, Reproduction Test Method 1009.0, the
methods included in this manual are referenced in Table IA, 40 CFR Part 136 regulations and, therefore, constitute
approved methods for chronic toxicity tests.  They are also suitable for determining the toxicity of specific
compounds contained in discharges.  The tests may be conducted in a central laboratory or on-site, by the regulatory
agency or the permittee.  The Red Macroalga, Champia parvula, Reproduction Test Method 1009.0 is not listed at
40 CFR Part 136 for nationwide use.

1.2   The data are used for NPDES permits development and to determine compliance with permit toxicity limits. 
Data can also be used to predict potential acute and chronic toxicity in the receiving water, based on the LC50,
NOEC, IC25, or IC50 (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis) and appropriate dilution,
application, and persistence factors.  The tests are performed as a part of self-monitoring permit requirements,
compliance biomonitoring inspections, toxics sampling inspections, and special investigations.  Data from chronic
toxicity tests performed as part of permit requirements are evaluated during compliance evaluation inspections and
performance audit inspections.  
 
1.3   Modifications of these tests are also used in toxicity reduction evaluations and toxicity identification
evaluations to identify the toxic components of an effluent, to aid in the development and implementation of toxicity
reduction plans, and to compare and control the effectiveness of various treatment technologies for a given type of
industry, irrespective of the receiving water (USEPA, 1988c; USEPA, 1989b; USEPA, 1989c; USEPA, 1989d;
USEPA, 1989e; USEPA, 1991a; USEPA, 1991b; and USEPA, 1992).

1.4   This methods manual serves as a companion to the acute toxicity test methods for freshwater and marine
organisms (USEPA, 2002a), the short-term chronic toxicity test methods for freshwater organisms (USEPA,
2002b), and the manual for evaluation of laboratories performing aquatic toxicity tests (USEPA, 1991c).  In 2002,
EPA revised previous editions of each of the three methods manuals (USEPA, 1993a; USEPA, 1994a; USEPA,
1994b).

1.5   Guidance for the implementation of toxicity tests in the NPDES program is provided in the Technical Support
Document for Water Quality-Based Toxics Control (USEPA, 1991a).

1.6   These marine and estuarine short-term toxicity tests are similar to those developed for the freshwater organisms
to evaluate the toxicity of effluents discharged to estuarine and coastal marine waters under the NPDES permit
program.  Methods are presented in this manual for five species from four phylogenetic groups.  Five of the six
methods were developed and extensively field tested by Environmental Research Laboratory-Narragansett
(ERL-N).  The methods vary in duration from one hour and 20 minutes to nine days.

1.7   The five species for which toxicity test methods are provided are:  the sheepshead minnow, Cyprinodon
variegatus; the inland silverside, Menidia beryllina; the mysid, Mysidopsis bahia; the sea urchin, Arbacia
punctulata; and the red macroalga, Champia parvula. 

1.7.1   Four of the methods incorporate the chronic endpoints of growth or reproduction (or both) in addition to
lethality.  The sheepshead minnow 9-day embryo-larval survival and teratogenicity test incorporates teratogenic
effects in addition to lethality.  The sea urchin sperm cell test uses fertilization as an endpoint and has the advantage
of an extremely short exposure period (1 h and 20 min). 

1.8   The validity of the marine/estuarine methods in predicting adverse ecological impacts of toxic discharges was
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demonstrated in field studies (USEPA, 1986d).

1.9   The use of any test species or test conditions other than those described in the methods summary tables in this
manual shall be subject to application and approval of alternate test procedures under 40 CFR 136.4 and 40 CFR
136.5.

1.10   These methods are restricted to use by or under the supervision of analysts experienced in the use or conduct
of aquatic toxicity testing and the interpretation of data from aquatic toxicity testing.  Each analyst must demonstrate
the ability to generate acceptable test results with these methods using the procedures described in this methods
manual. 

1.11   The manual was prepared in the established EMSL-Cincinnati format (USEPA, 1983). 

RB-AR26800



3

SECTION 2 

SHORT-TERM METHODS FOR ESTIMATING CHRONIC TOXICITY 

2.1   INTRODUCTION

2.1.1   The objective of aquatic toxicity tests with effluents or pure compounds is to estimate the "safe" or "no-
effect" concentration of these substances, which is defined as the concentration which will permit normal
propagation of fish and other aquatic life in the receiving waters.  The endpoints that have been considered in tests
to determine the adverse effects of toxicants include death and survival, decreased reproduction and growth,
locomotor activity, gill ventilation rate, heart rate, blood chemistry, histopathology, enzyme activity, olfactory
function, and terata.  Since it is not feasible to detect and/or measure all of these (and other possible) effects of toxic
substances on a routine basis, observations in toxicity tests generally have been limited to only a few effects, such as
mortality, growth, and reproduction. 

2.1.2   Acute lethality is an obvious and easily observed effect which accounts for its wide use in the early period of
evaluation of the toxicity of pure compounds and complex effluents.  The results of these tests were usually
expressed as the concentration lethal to 50% of the test organisms (LC50) over relatively short exposure periods
(one-to-four days). 
 
2.1.3   As exposure periods of acute tests were lengthened, the LC50 and lethal threshold concentration were
observed to decline for many compounds.  By lengthening the tests to include one or more complete life cycles and
observing the more subtle effects of the toxicants, such as a reduction in growth and reproduction, more accurate,
direct, estimates of the threshold or safe concentration of the toxicant could be obtained.  However, laboratory life
cycle tests may not accurately estimate the "safe" concentration of toxicants because they are conducted with a
limited number of species under highly controlled, steady state conditions, and the results do not include the effects
of the stresses to which the organisms would ordinarily be exposed in the natural environment. 

2.1.4   An early published account of a full life cycle, fish toxicity test was that of Mount and Stephan (1967).  In
this study, fathead minnows, Pimephales promelas, were exposed to a graded series of pesticide concentrations
throughout their life cycle, and the effects of the toxicant on survival, growth, and reproduction were measured and
evaluated.  This work was soon followed by full life cycle tests using other toxicants and fish species.  

2.1.5   McKim (1977) evaluated the data from 56 full life cycle tests, 32 of which used the fathead minnow,
Pimephales promelas, and concluded that the embryo-larval and early juvenile life stages were the most sensitive
stages.  He proposed the use of partial life cycle toxicity tests with the early life stages (ELS) of fish to establish
water quality criteria. 

2.1.6   Macek and Sleight (1977) found that exposure of critical life stages of fish to toxicants provides estimates of
chronically safe concentrations remarkably similar to those derived from full life cycle toxicity tests.  They reported
that "for a great majority of toxicants, the concentration which will not be acutely toxic to the most sensitive life
stages is the chronically safe concentration for fish, and that the most sensitive life stages are the embryos and fry." 
Critical life stage exposure was considered to be exposure of the embryos during most, preferably all, of the
embryogenic (incubation) period, and exposure of the fry for 30 days post-hatch for warm water fish with
embryogenic periods ranging from one-to-fourteen days, and for 60 days post-hatch for fish with longer
embryogenic periods.  They concluded that in the majority of cases, the maximum acceptable toxicant concentration
(MATC) could be estimated from the results of exposure of the embryos during incubation, and the larvae for 30
days post-hatch. 

2.1.7   Because of the high cost of full life-cycle fish toxicity tests and the emerging consensus that the ELS test data
usually would be adequate for estimating chronically safe concentrations, there was a rapid shift by aquatic
toxicologists to 30- to 90-day ELS toxicity tests for estimating chronically safe concentrations in the late 1970s.  In
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1980, USEPA adopted the policy that ELS test data could be used in establishing water quality criteria if data from
full life-cycle tests were not available (USEPA, 1980a). 

2.1.8   Published reports of the results of ELS tests indicate that the relative sensitivity of growth and survival as
endpoints may be species dependent, toxicant dependent, or both.  Ward and Parrish (1980) examined the literature
on ELS tests that used embryos and juveniles of the sheepshead minnow, Cyprinodon variegatus, and found that
growth was not a statistically sensitive indicator of toxicity in 16 of 18 tests.  They suggested that the ELS tests be
shortened to 14 days posthatch and that growth be eliminated as an indicator of toxic effects. 

2.1.9   In a review of the literature on 173 fish full life-cycle and ELS tests performed to determine the chronically
safe concentrations of a wide variety of toxicants, such as metals, pesticides, organics, inorganics, detergents, and
complex effluents, Woltering (1984) found that at the lowest effect concentration, significant reductions were
observed in fry survival in 57%, fry growth in 36%, and egg hatchability in 19% of the tests.  He also found that fry
survival and growth were very often equally sensitive, and concluded that the growth response could be deleted
from routine application of the ELS tests.  The net result would be a significant reduction in the duration and cost of
screening tests with no appreciable impact on estimating MATCs for chemical hazard assessments.  Benoit et al.
(1982), however, found larval growth to be the most significant measure of effect and survival to be equally or less
sensitive than growth in early life-stage tests with four organic chemicals.

2.1.10   Efforts to further reduce the length of partial life-cycle toxicity tests for fish without compromising their
predictive value have resulted in the development of an eight-day, embryo-larval survival and teratogenicity test for
fish and other aquatic vertebrates (USEPA, 1981; Birge et al., 1985), and a seven-day larval survival and growth
test (Norberg and Mount, 1985).

2.1.11   The similarity of estimates of chronically safe concentrations of toxicants derived from short-term,
embryo-larval survival and teratogenicity tests to those derived from full life-cycle tests has been demonstrated by
Birge et al. (1981), Birge and Cassidy (1983), and Birge et al. (1985). 

2.1.12   Use of a seven-day, fathead minnow, Pimephales promelas, larval survival and growth test was first
proposed by Norberg and Mount at the 1983 annual meeting of the Society for Environmental Toxicology and
Chemistry (Norberg and Mount, 1983).  This test was subsequently used by Mount and associates in field
demonstrations at Lima, Ohio (USEPA, 1984), and at many other locations (USEPA, 1985c, USEPA, 1985d;
USEPA, 1985e; USEPA, 1986a; USEPA, 1986b; USEPA, 1986c; USEPA, 1986d).  Growth was frequently found
to be more sensitive than survival in determining the effects of complex effluents. 

2.1.13   Norberg and Mount (1985) performed three single toxicant fathead minnow larval growth tests with zinc,
copper, and DURSBAN®, using dilution water from Lake Superior.  The results were comparable to, and had
confidence intervals that overlapped with, chronic values reported in the literature for both ELS and full life-cycle
tests. 

2.1.14   USEPA (1987b) and USEPA (1987c) adapted the fathead minnow larval growth and survival test for use
with the sheepshead minnow and the inland silverside, respectively.  When daily renewal 7-day sheepshead minnow
larval growth and survival tests and 28-day ELS tests were performed with industrial and municipal effluents,
growth was more sensitive than survival in seven out of 12 larval growth and survival tests, equally sensitive in four
tests, and less sensitive in only one test.  In four cases, the ELS test may have been three to 10 times more sensitive
to effluents than the larval growth and survival test.  In tests using copper, the No Observable Effect Concentrations
(NOECs) were the same for both types of test, and growth was the most sensitive endpoint for both.  In a four
laboratory comparison, six of seven tests produced identical NOECs for survival and growth (USEPA, 1987a). 
Data indicate that the inland silverside is at least equally sensitive or more sensitive to effluents and single
compounds than the sheepshead minnow, and can be tested over a wider salinity range, 5-30 ‰ (USEPA, 1987a). 

2.1.15   Lussier et al. (1985) and USEPA (1987e) determined that survival and growth are often as sensitive as
reproduction in 28-day life-cycle tests with the mysid, Mysidopsis bahia.
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2.1.16   Nacci and Jackim (1985) and USEPA (1987g) compared the results from the sea urchin fertilization test,
using organic compounds, with results from acute toxicity tests using the freshwater organisms, fathead minnows,
Pimphales promelas, and Daphnia magna.  The test was also compared to acute toxicity tests using Atlantic
silverside, Menidia menidia, and the mysid, Mysidopsis bahia, and five metals.  For six of the eight organic
compounds, the results of the fertilization test and the acute toxicity test correlated well (r2 = 0.85).  However, the
results of the fertilization test with the five metals did not correlate well with the results from the acute tests. 

2.1.17   USEPA (1987f) evaluated two industrial effluents containing heavy metals, five industrial effluents
containing organic chemicals (including dyes and pesticides), and 15 domestic wastewaters using the two-day red
macroalga, Champia parvula, sexual reproduction test.  Nine single compounds were used to compare the effects on
sexual reproduction using a two-week exposure and a two-day exposure.  For six of the nine compounds tested, the
chronic values were the same for both tests. 

2.1.18   The use of short-term toxicity tests in the NPDES Program is especially attractive because they provide a
more direct estimate of the safe concentrations of effluents in receiving waters than was provided by acute toxicity
tests, at an only slightly increased level of effort, compared to the fish full life-cycle chronic and 28-day ELS tests
and the 28-day mysid life-cycle test. 
 
2.2   TYPES OF TESTS

2.2.1   The selection of the test type will depend on the NPDES permit requirements, the objectives of the test, the
available resources, the requirements of the test organisms, and effluent characteristics such as fluctuations in
effluent toxicity.

2.2.2   Effluent chronic toxicity is generally measured using a multi-concentration, or definitive test, consisting of a
control and a minimum of five effluent concentrations.  The tests are designed to provide dose-response
information, expressed as the percent effluent concentration that affects the hatchability, gross morphological
abnormalities, survival, growth, and/or reproduction within the prescribed period of time (one hour and 20 minutes
to nine days).  The results of the tests are expressed in terms of either the highest concentration that has no
statistically significant observed effect on those responses when compared to the controls or the estimated
concentration that causes a specified percent reduction in responses versus the controls.

2.2.3   Use of pass/fail tests consisting of a single effluent concentration (e.g., the receiving water concentration or
RWC) and a control is not recommended.  If the NPDES permit has a whole effluent toxicity limit for acute
toxicity at the RWC, it is prudent to use that permit limit as the midpoint of a series of five effluent concentrations. 
This will ensure that there is sufficient information on the dose-response relationship.  For example, the effluent
concentrations utilized in a test may be:  (1) 100% effluent, (2) (RWC + 100)/2, (3) RWC, (4) RWC/2, and (5)
RWC/4.  More specifically, if the RWC = 50%, appropriate effluent concentrations may be 100%, 75%, 50%, 25%,
and 12.5%. 

2.2.4   Receiving (ambient) water toxicity tests commonly employ two treatments, a control and the undiluted
receiving water, but may also consist of a series of receiving water dilutions. 

2.2.5   A negative result from a chronic toxicity test does not preclude the presence of toxicity.  Also, because of the
potential temporal variability in the toxicity of effluents, a negative test result with a particular sample does not
preclude the possibility that samples collected at some other time might exhibit chronic toxicity.

2.2.6   The frequency with which chronic toxicity tests are conducted under a given NPDES permit is determined by
the regulatory agency on the basis of factors such as the variability and degree of toxicity of the waste, production
schedules, and process changes. 

2.2.7   Tests recommended for use in this methods manual may be static non-renewal or static renewal.  Individual
methods specify which static type of test is to be conducted.
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2.3   STATIC TESTS

2.3.1   Static non-renewal tests - The test organisms are exposed to the same test solution for the duration of the test. 

2.3.2   Static-renewal tests - The test organisms are exposed to a fresh solution of the same concentration of sample
every 24 h or other prescribed interval, either by transferring the test organisms from one test chamber to another, or
by replacing all or a portion of solution in the test chambers.

2.4    ADVANTAGES AND DISADVANTAGES OF TOXICITY TEST TYPES  

2.4.1   STATIC NON-RENEWAL, SHORT-TERM TOXICITY TESTS:  

Advantages:

1. Simple and inexpensive 
2. Very cost effective in determining compliance with permit conditions. 
3. Limited resources (space, manpower, equipment) required; would permit staff to perform many more

tests in the same amount of time.
4. Smaller volume of effluent required than for static renewal or flow-through tests.

Disadvantages:

1. Dissolved oxygen (DO) depletion may result from high chemical oxygen demand (COD), biological
oxygen demand (BOD), or metabolic wastes. 

2. Possible loss of toxicants through volatilization and/or adsorption to the exposure vessels. 
3. Generally less sensitive than static renewal because the toxic substances may degrade or be adsorbed,

thereby reducing the apparent toxicity.  Also, there is less chance of detecting slugs of toxic wastes, or
other temporal variations in waste properties. 

2.4.2 STATIC RENEWAL, SHORT-TERM TOXICITY TESTS:

Advantages:

1. Reduced possibility of DO depletion from high COD and/or BOD, or ill effects from metabolic wastes
from organisms in the test solutions.

2. Reduced possibility of loss of toxicants through volatilization and/or adsorption to the exposure vessels. 
3. Test organisms that rapidly deplete energy reserves are fed when the test solutions are renewed, and are

maintained in a healthier state.

Disadvantages:

1. Require greater volume of effluent than non-renewal tests.
2. Generally less chance of temporal variations in waste properties. 
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SECTION 3 

HEALTH  AND SAFETY

3.1   GENERAL PRECAUTIONS 

3.1.1   Each laboratory should develop and maintain an effective health and safety program, requiring an ongoing
commitment by the laboratory management and includes:  (1) a safety officer with the responsibility and authority
to develop and maintain a safety program; (2) the preparation of a formal, written, health and safety plan, which is
provided to the laboratory staff; (3) an ongoing training program on laboratory safety; and (4) regularly scheduled,
documented, safety inspections.

3.1.2   Collection and use of effluents in toxicity tests may involve significant risks to personal safety and health. 
Personnel collecting effluent samples and conducting toxicity tests should take all safety precautions necessary for
the prevention of bodily injury and illness which might result from ingestion or invasion of infectious agents,
inhalation or absorption of corrosive or toxic substances through skin contact, and asphyxiation due to a lack of
oxygen or the presence of noxious gases. 

3.1.3   Prior to sample collection and laboratory work, personnel should determine that all necessary safety
equipment and materials have been obtained and are in good condition. 

3.1.4   Guidelines for the handling and disposal of hazardous materials must be strictly followed.

3.2   SAFETY EQUIPMENT 

3.2.1   PERSONAL SAFETY GEAR 
 
3.2.1.1   Personnel must use safety equipment, as required, such as rubber aprons, laboratory coats, respirators,
gloves, safety glasses, hard hats, and safety shoes.  Plastic netting on glass beakers, flasks and other glassware
minimizes breakage and subsequent shattering of the glass. 

3.2.2   LABORATORY SAFETY EQUIPMENT

3.2.2.1 Each laboratory (including mobile laboratories) should be provided with safety equipment such as first aid
kits, fire extinguishers, fire blankets, emergency showers, chemical spill clean-up kits, and eye fountains. 

3.2.2.2 Mobile laboratories should be equipped with a telephone to enable personnel to summon help in case of
emergency.

3.3   GENERAL LABORATORY AND FIELD OPERATIONS 

3.3.1   Work with effluents should be performed in compliance with accepted rules pertaining to the handling of
hazardous materials (see safety manuals listed in Section 3, Health and Safety, Subsection 3.5).  It is recommended
that personnel collecting samples and performing toxicity tests should not work alone.

3.3.2   Because the chemical composition of effluents is usually only poorly known, they should be considered as
potential health hazards, and exposure to them should be minimized.  Fume and canopy hoods over the toxicity test
areas must be used whenever possible.

3.3.3   It is advisable to cleanse exposed parts of the body immediately after collecting effluent samples.

3.3.4    All containers should be adequately labeled to indicate their contents.
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3.3.5    Staff should be familiar with safety guidelines on Material Safety Data Sheets for reagents and other
chemicals purchased from suppliers.  Incompatible materials should not be stored together.  Good housekeeping
contributes to safety and reliable results.

3.3.6   Strong acids and volatile organic solvents employed in glassware cleaning must be used in a fume hood or
under an exhaust canopy over the work area.

3.3.7   Electrical equipment or extension cords not bearing the approval of Underwriter Laboratories must not be
used.  Ground-fault interrupters must be installed in all "wet" laboratories where electrical equipment is used. 

3.3.8   Mobile laboratories should be properly grounded to protect against electrical shock. 

3.4   DISEASE  PREVENTION 

3.4.1   Personnel handling samples which are known or suspected to contain human wastes should be immunized
against tetanus, typhoid fever, polio, and hepatitis B. 

3.5   SAFETY MANUALS 

3.5.1   For further guidance on safe practices when collecting effluent samples and conducting toxicity tests, check
with the permittee and consult general safety manuals, including USEPA (1986e), and Walters and Jameson (1984). 

3.6   WASTE  DISPOSAL 

3.6.1   Wastes generated during toxicity testing must be properly handled and disposed of in an appropriate manner. 
Each testing facility will have its own waste disposal requirements based on local, state and Federal rules and
regulations.  It is extremely important that these rules and regulations be known, understood, and complied with by
all persons responsible for, or otherwise involved in, performing toxicity testing activities.  Local fire officials
should be notified of any potentially hazardous conditions.
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SECTION 4

QUALITY ASSURANCE

4.1   INTRODUCTION

4.1.1   Development and maintenance of a toxicity test laboratory quality assurance (QA) program (USEPA, 1991b)
requires an ongoing commitment by laboratory management.  Each toxicity test laboratory should (1) appoint a quality
assurance officer with the responsibility and authority to develop and maintain a QA program, (2) prepare a quality
assurance plan with stated data quality objectives (DQOs), (3) prepare written descriptions of laboratory standard
operating procedures (SOPs) for culturing, toxicity testing, instrument calibration, sample chain-of-custody procedures,
laboratory sample tracking system, glassware cleaning, etc., and (4) provide an adequate, qualified technical staff for
culturing and toxicity testing the organisms, and suitable space and equipment to assure reliable data.

4.1.2   QA practices for toxicity testing laboratories must address all activities that affect the quality of the final effluent
toxicity data, such as:  (1) effluent sampling and handling; (2) the source and condition of the test organisms; (3)
condition of equipment; (4) test conditions; (5) instrument calibration; (6) replication; (7) use of reference toxicants; (8)
record keeping; and (9) data evaluation.

4.1.3   Quality control practices, on the other hand, consist of the more focused, routine, day-to-day activities carried
out within the scope of the overall QA program.  For more detailed discussion of quality assurance and  general
guidance on good laboratory practices and laboratory evaluation related to toxicity testing, see FDA (1978); USEPA
(1979d); USEPA (1980b); USEPA (1980c); USEPA (1991c); DeWoskin (1984); and Taylor (1987). 

4.1.4   Guidelines for the evaluation of laboratory performing toxicity tests and laboratory evaluation criteria are found
in USEPA (1991c).

4.2   FACILITIES, EQUIPMENT, AND TEST CHAMBERS

4.2.1   Separate test organism culturing and toxicity testing areas should be provided to avoid possible loss of cultures
due to cross-contamination.  Ventilation systems should be designed and operated to prevent recirculation or leakage of
air from chemical analysis laboratories or sample storage and preparation areas into organism culturing or testing areas,
and from testing and sample preparation areas into culture rooms.

4.2.2   Laboratory and toxicity test temperature control equipment must be adequate to maintain recommended test
water temperatures.  Recommended materials must be used in the fabrication of the test equipment which comes in
contact with the effluent (see Section 5, Facilities, Equipment, and Supplies; and specific toxicity test method).

4.3   TEST ORGANISMS 

4.3.1   The test organisms used in the procedures described in this manual are the sheepshead minnow, Cyprinodon
variegatus; the inland silverside, Menidia beryllina; the mysid, Mysidopsis bahia; the sea urchin, Arbacia punctulata;
and the red macroalga, Champia parvula.  The organisms used should be disease-free and appear healthy, behave
normally, feed well, and have low mortality in cultures, during holding, and in test control.  Test organisms should be
positively identified to species (see Section 6, Test Organisms).

4.4   LABORATORY WATER USED FOR CULTURING AND TEST DILUTION WATER 

4.4.1   The quality of water used for test organism culturing and for dilution water used in toxicity tests is extremely
important.  Water for these two uses should come from the same source.  The dilution water used in effluent toxicity
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tests will depend on the objectives of the study and logistical constraints, as discussed in Section 7, Dilution Water. 
The dilution water used in the toxicity tests may be natural seawater, hypersaline brine (100‰) prepared from natural
seawater, or artificial seawater prepared from commercial sea salts, such as FORTY FATHOMS® or HW
MARINEMIX®, if recommended in the method.  GP2 synthetic seawater, made from reagent grade chemical salts
(30‰) in conjunction with natural seawater, may also be used if recommended.  Hypersaline brine and artificial
seawater can be used with Champia parvula only if they are accompanied by at least 50% natural seawater.  Types of
water are discussed in Section 5, Facilities, Equipment, and Supplies.  Water used for culturing and test dilution water
should be analyzed for toxic metals and organics at least annually or whenever difficulty is encountered in meeting
minimum acceptability criteria for control survival and reproduction or growth.  The concentration of the metals, Al,
As, Cr, Co, Cu, Fe, Pb, Ni, Zn, expressed as total metal, should not exceed 1 μg/L each, and Cd, Hg, and Ag, expressed
as total metal, should not exceed 100 ng/L each.  Total organochlorine pesticides plus PCBs should be less than 50
ng/L (APHA, 1992).  Pesticide concentrations should not exceed USEPA's National Ambient Water Quality chronic
criteria values where available.

4.5   EFFLUENT AND RECEIVING WATER SAMPLING AND HANDLING

4.5.1   Sample holding times and temperatures of effluent samples collected for on-site and off-site testing must
conform to conditions described in Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests. 

4.6   TEST CONDITIONS

4.6.1   Water temperature and salinity should be maintained within the limits specified for each test.  The temperature
of test solutions must be measured by placing the thermometer or probe directly into the test solutions, or by placing the
thermometer in equivalent volumes of water in surrogate vessels positioned at appropriate locations among the test
vessels.  Temperature should be recorded continuously in at least one vessel during the duration of each test.  Test
solution temperatures should be maintained within the limits specified for each test.  DO concentrations and pH should
be checked at the beginning of the test and daily throughout the test period. 

4.7   QUALITY OF TEST ORGANISMS

4.7.1   The health of test organisms is primarily assessed by the performance (survival, growth, and/or reproduction) of
organisms in control treatments of individual tests.  The health and sensitivity of test organisms is also assessed by
reference toxicant testing.  In addition to documenting the sensitivity and health of test organisms, reference toxicant
testing is used to initially demonstrate acceptable laboratory performance (Subsection 4.15) and to document ongoing
laboratory performance (Subsection 4.16).  

4.7.2   Regardless of the source of test organisms (in-house cultures or purchased from external suppliers), the testing
laboratory must perform at least one acceptable reference toxicant test per month for each toxicity test method
conducted in that month (Subsection 4.16).  If a test method is conducted only monthly, or less frequently, a reference
toxicant test must be performed concurrently with each effluent toxicity test.

4.7.3   When acute or short-term chronic toxicity tests are performed with effluents or receiving waters using test
organisms obtained from outside the test laboratory, concurrent toxicity tests of the same type must be performed with
a reference toxicant, unless the test organism supplier provides control chart data from at least the last five monthly
short-term chronic toxicity tests using the same reference toxicant and test conditions (see Section 6, Test Organisms).  

4.7.4   The supplier should certify the species identification of the test organisms, and provide the taxonomic reference
(citation and page) or name(s) of the taxonomic expert(s) consulted. 

4.7.5   If a routine reference toxicant test fails to meet test acceptability criteria, then the reference toxicant test must be
immediately repeated.  
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4.8   FOOD QUALITY

4.8.1   The nutritional quality of the food used in culturing and testing fish and invertebrates is an important factor in
the quality of the toxicity test data.  This is especially true for the unsaturated fatty acid content of brine shrimp nauplii,
Artemia.  Problems with the nutritional suitability of the food will be reflected in the survival, growth, and reproduction
of the test organisms in cultures and toxicity tests.  Artemia cysts and other foods must be obtained as described in
Section 5, Facilities, Equipment, and Supplies.

4.8.2   Problems with the nutritional suitability of food will be reflected in the survival, growth, and reproduction of the
test organisms in cultures and toxicity tests.  If a batch of food is suspected to be defective, the performance of
organisms fed with the new food can be compared with the performance of organisms fed with a food of known quality
in side-by-side tests.  If the food is used for culturing, its suitability should be determined using a short-term chronic
test which will determine the affect of food quality on growth or reproduction of each of the relevant test species in
culture, using four replicates with each food source.  Where applicable, foods used only in chronic toxicity tests can be
compared with a food of known quality in side-by-side, multi-concentration chronic tests, using the reference toxicant
regularly employed in the laboratory QA program.

4.8.3   New batches of food used in culturing and testing should be analyzed for toxic organics and metals or whenever
difficulty is encountered in meeting minimum acceptability criteria for control survival and reproduction or growth.  If
the concentration of total organochlorine pesticides exceeds 0.15 μg/g wet weight, or the concentration of total
organochlorine pesticides plus PCBs exceeds 0.30 μg/g wet weight, or toxic metals (Al, As, Cr, Cd, Cu, Pb, Ni, Zn,
expressed as total metal) exceed 20 μg/g wet weight, the food should not be used (for analytical methods, see AOAC,
1990; and USDA, 1989).

4.84   For foods (e.g., YCT) which are used to culture and test organisms, the quality of the food should meet the
requirements for the laboratory water used for culturing and test dilution water as described in Section 4.4 above.

4.9   ACCEPTABILITY OF CHRONIC TOXICITY TESTS

4.9.1   The results of the sheepshead minnow, Cyprinodon variegatus, inland silverside, Menidia beryllina, or mysid,
Mysidopsis bahia, tests are acceptable if survival in the controls is 80% or greater.  The sea urchin, Arbacia punctulata,
test requires control egg fertilization equal to or exceeding 70%.  However, greater than 90% fertilization may result in
masking toxic responses.  The red macroalga, Champia parvula, test is acceptable if survival is 100%, and the mean
number of cystocarps per plant should equal or exceed 10.  If the sheepshead minnow, Cyprindon variegatus, larval
survival and growth test is begun with less-than-24-h old larvae, the mean dry weight of the surviving larvae in the
control chambers at the end of the test must equal or exceed 0.60 mg, if the weights are determined immediately, or
0.50 mg if the larvae are preserved in a 4% formalin or 70% ethanol solution.  If the inland silverside, Menidia
beryllina, larval survival and growth test is begun with larvae seven days old, the mean dry weight of the surviving
larvae in the control chambers at the end of the test must equal or exceed 0.50 mg, if the weights are determined
immediately, or 0.43 mg if the larvae are preserved in a 4% formalin or 70% ethanol solution.  The mean mysid dry
weight of survivors must be at least 0.20 mg.  Automatic or hourly feeding will generally provide control mysids with a
dry weight of 0.30 mg.  At least 50% of the females should bear eggs at the end of the test, but mysid fecundity is not a
factor in test acceptability.  However, fecundity must equal or exceed 50% to be used as an endpoint in the test.  If
these criteria are not met, the test must be repeated.

4.9.2   An individual test may be conditionally acceptable if temperature, DO, and other specified conditions fall
outside specifications, depending on the degree of the departure and the objectives of the tests (see test conditions and
test acceptability criteria summaries).  The acceptability of the test will depend on the experience and professional
judgment of the laboratory investigator and the reviewing staff of the regulatory authority.  Any deviation from test
specifications must be noted when reporting data from a test.
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4.10   ANALYTICAL METHODS 

4.10.1   Routine chemical and physical analyses for culture and dilution water, food, and test solutions must include
established quality assurance practices outlined in USEPA methods manuals (USEPA, 1979a and USEPA, 1979b). 

4.10.2   Reagent containers should be dated and catalogued when received from the supplier, and the shelf life should
not be exceeded.  Also, working solutions should be dated when prepared, and the recommended shelf life should be
observed.

4.11   CALIBRATION AND STANDARDIZATION

4.11.1   Instruments used for routine measurements of chemical and physical parameters, such as pH, DO, temperature,
conductivity, and salinity, must be calibrated and standardized according to instrument manufacturers procedures as
indicated in the general section on quality assurance (see USEPA Methods 150.1, 360.1, 170.1, and 120.1 in USEPA,
1979b).  Calibration data are recorded in a permanent log book.

4.11.2   Wet chemical methods used to measure hardness, alkalinity, and total residual chlorine, must be standardized
prior to use each day according to the procedures for those specific USEPA methods (see USEPA Methods 130.2 and
310.1 in USEPA, 1979b). 

4.12   REPLICATION AND TEST SENSITIVITY 

4.12.1   The sensitivity of the tests will depend in part on the number of replicates per concentration, the significance
level selected, and the type of statistical analysis.  If the variability remains constant, the sensitivity of the test will
increase as the number of replicates is increased.  The minimum recommended number of replicates varies with the
objectives of the test and the statistical method used for analysis of the data.

4.13   VARIABILITY IN TOXICITY TEST RESULTS

4.13.1   Factors which can affect test success and precision include:  (1) the experience and skill of the laboratory
analyst; (2) test organism age, condition, and sensitivity; (3) dilution water quality; (4) temperature control; (5) and the
quality and quantity of food provided.  The results will depend upon the species used and the strain or source of the test
organisms, and test conditions, such as temperature, DO, food, and water quality.  The repeatability or precision of
toxicity tests is also a function of the number of test organisms used at each toxicant concentration.  Jensen (1972)
discussed the relationship between sample size (number of fish) and the standard error of the test, and considered 20
fish per concentration as optimum for Probit Analysis.

4.14   TEST PRECISION 

4.14.1   The ability of the laboratory personnel to obtain consistent, precise results must be demonstrated with reference
toxicants before they attempt to measure effluent toxicity.  The single-laboratory precision of each type of test to be
used in a laboratory should be determined by performing at least five or more tests with a reference toxicant.

4.14.2   Test precision can be estimated by using the same strain of organisms under the same test conditions, and
employing a known toxicant, such as a reference toxicant.

4.14.3   Interlaboratory precision data from a 1991 study of chronic toxicity tests using two reference toxicants with the
mysid, Mysidopsis bahia, and the inland silverside, Menidia beryllina, is listed in Table 1.  Table 2 shows
interlaboratory precision data from a study of three chronic toxicity test methods using effluent, receiving water, and
reference toxicant sample types (USEPA, 2001a; USEPA, 2001b).  For the Mysidopsis bahia and the Cyprinodon
variegatus test methods, the effluent sample was a municipal wastewater spiked with KCl, the receiving water sample
was a river water spiked with KCl, and the reference toxicant sample was bioassay-grade FORTY FATHOMS®
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synthetic seawater spiked with KCl.  For the Menidia beryllina test method, the effluent sample was an industrial
wastewater spiked with CuSO4, the receiving water sample was a natural seawater spiked with CuSO4, and the
reference toxicant sample was bioassay-grade FORTY FATHOMS® synthetic seawater spiked with CuSO4.  Additional
precision data for each of the tests described in this manual are presented in the sections describing the individual test
methods. 

4.14.4   Additional information on toxicity test precision is provided in the Technical Support Document for Water
Quality-based Toxic Control (see pp. 2-4, and 11-15 in USEPA, 1991a).

4.14.5   In cases where the test data are used in Probit Analysis or other point estimation techniques (see Section 9,
Chronic Toxicity Test Endpoints and Data Analysis), precision can be described by the mean, standard deviation, and
relative standard deviation (percent coefficient of variation, or CV) of the calculated endpoints from the replicated tests. 
In cases where the test data are used in the Linear Interpolation Method, precision can be estimated by empirical
confidence intervals derived by using the ICPIN Method (see Section 9, Chronic Toxicity Test Endpoints and Data
Analysis).  However, in cases where the results are reported in terms of the No-Observed-Effect-Concentration
(NOEC) and Lowest-Observed-Effect-Concentration (LOEC) (see Section 9, Chronic Toxicity Test Endpoints and
Data Analysis), precision can only be described by listing the NOEC-LOEC interval for each test.  It is not possible to
express precision in terms of a commonly used statistic.  However, when all tests of the same toxicant yield the same
NOEC-LOEC interval, maximum precision has been attained.  The "true" no effect concentration could fall anywhere
within the interval, NOEC ± (LOEC minus NOEC). 

4.14.6   It should be noted here that the dilution factor selected for a test determines the width of the NOEC-LOEC
interval and the inherent maximum precision of the test.  As the absolute value of the dilution factor decreases, the
width of the NOEC-LOEC interval increases, and the inherent maximum precision of the test decreases.  When a
dilution factor of 0.3 is used, the NOEC could be considered to have a relative uncertainty as high as ± 300%.  With a
dilution factor of 0.5, the NOEC could be considered to have a relative variability of ± 100%.  As a result of the
variability of different dilution factors, USEPA recommends the use of a � 0.5 dilution factor.  Other factors which
can affect test precision include:  test organism age, condition, and sensitivity; temperature control; and feeding.
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TABLE 1. NATIONAL INTERLABORATORY STUDY OF CHRONIC TOXICITY TEST PRECISION,
1991: SUMMARY OF RESPONSES USING TWO REFERENCE TOXICANTS1,2

Organism Endpoint No. Labs KCl(mg/L)4 SD CV(%)3

Mysidopsis
 bahia

Survival, NOEC
Growth, IC25
Growth, IC50
Growth, NOEC
Fecundity, NOEC

34
26
22
32
25

NA
480
656
NA
NA

NA
3.47
3.17
NA
NA

NA
28.9
19.3
NA
NA

Organism Endpoint No. Labs Cu(mg/L)4 SD CV(%)3

Menidia
 beryllina

Survival, NOEC
Growth, IC25
Growth, IC50
Growth, NOEC

19
13
12
17

NA
0.144
0.180
NA

NA
1.56
1.87
NA

NA
43.5
41.6
NA

1 From a national study of interlaboratory precision of toxicity test data performed in 1991 by the 
Environmental Monitoring Systems Laboratory-Cincinnati, U.S. Environmental Protection Agency, 
Cincinnati, OH 45268.  Participants included federal, state, and private laboratories engaged in NPDES permit
compliance monitoring.

2 Static renewal test, using 25 ‰ modified GP2 artificial seawater.
3 Percent coefficient of variation = (standard deviation X 100)/mean.
4 Expressed as mean.

TABLE 2. NATIONAL INTERLABORATORY STUDY OF CHRONIC TOXICITY TEST PRECISION,
2000: PRECISION OF RESPONSES USING EFFLUENT, RECEIVING WATER, AND
REFERENCE TOXICANT SAMPLE TYPES1

Organism Endpoint Number of Tests2 CV (%)3

Cyprinodon variegatus
Growth, IC25 21 10.5

Menidia beryllina
Growth, IC25 30 43.8

Mysidopsis bahia
Growth, IC25 36 41.3

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 Represents the number of valid tests (i.e., those that met test acceptability criteria) that were used in the analysis

of precision.  Invalid tests were not used. 
3 CVs based on total interlaboratory variability (including both within-laboratory and between-laboratory

components of variability) and averaged across sample types.  IC25s or IC50s were pooled for all laboratories
to calculate the CV for each sample type.  The resulting CVs were then averaged across sample types.

RB-AR26812



15

4.15   DEMONSTRATING ACCEPTABLE LABORATORY PERFORMANCE

4.15.1   It is a laboratory's responsibility to demonstrate its ability to obtain consistent, precise results with reference
toxicants before it performs toxicity tests with effluents for permit compliance purposes.  To meet this requirement, the
intralaboratory precision, expressed as percent coefficient of variation (CV%), of each type of test to be used in a
laboratory should be determined by performing five or more tests with different batches of test organisms, using the
same reference toxicant, at the same concentrations, with the same test conditions (i.e., the same test duration, type of
dilution water, age of test organisms, feeding, etc.), and same data analysis methods.  A reference toxicant
concentration series (0.5 or higher) should be selected that will consistently provide partial mortalities at two or more
concentrations. 

4.16   DOCUMENTING ONGOING LABORATORY PERFORMANCE 

4.16.1   Satisfactory laboratory performance is demonstrated by performing at least one acceptable test per month with
a reference toxicant for each toxicity test method conducted in the laboratory during that month.  For a given test
method, successive tests must be performed with the same reference toxicant, at the same concentrations, in the same
dilution water, using the same data analysis methods.  Precision may vary with the test species, reference toxicant, and
type of test.  Each laboratory’s reference toxicity data will reflect conditions unique to that facility, including dilution
water, culturing, and other variables; however, each laboratory’s reference toxicity results should reflect good
repeatability.

4.16.2   A control chart should be prepared for each combination of reference toxicant, test species, test conditions, and
endpoints.  Toxicity endpoints from five or six tests are adequate for establishing the control charts.  Successive
toxicity endpoints (NOECs, IC25s, LC50s, etc.) should be plotted and examined to determine if the results (X1) are
within prescribed limits (Figure 1).  The chart should plot logarithm of concentration on the vertical axis against the
date of the test or test number on the horizontal axis.  The types of control charts illustrated (see USEPA, 1979a) are
used to evaluate the cumulative trend of results from a series of samples, thus reference toxicant test results should not
be used as a de facto criterion for rejection of individual effluent or receiving water tests.  For endpoints that are point
estimates (LC50s and IC25s), the cumulative mean and upper and lower control limits (± 2S) are re-calculated with(X̄)
each successive test result.  Endpoints from hypothesis tests (NOEC, NOAEC) from each test are plotted directly on
the control chart.  The control limits would consist of one concentration interval above and below the concentration
representing the central tendency.  After two years of data collection, or a minimum of 20 data points, the control chart
should be maintained using only the 20 most recent data points.

4.16.3   Laboratories should compare the calculated CV (i.e., standard deviation / mean) of the IC25 for the 20 most
recent data points to the distribution of laboratory CVs reported nationally for reference toxicant testing (Table 3-2 in
USEPA, 2000b).  If the calculated CV exceeds the 75th percentile of CVs reported nationally, the laboratory should use
the 75th and 90th percentiles to calculate warning and control limits, respectively, and the laboratory should investigate
options for reducing variability.  Note:  Because NOECs can only be a fixed number of discrete values, the mean,
standard deviation, and CV cannot be interpreted and applied in the same way that these descriptive statistics are
interpreted and applied for continuous variables such as the IC25 or LC50.

4.16.4   The outliers, which are values falling outside the upper and lower control limits, and trends of increasing or
decreasing sensitivity, are readily identified.  In the case of endpoints that are point estimates (LC50s and IC25s), at the
P0.05 probability level, one in 20 tests would be expected to fall outside of the control limits by chance alone.  If more
than one out of 20 reference toxicant tests fall outside the control limits, the laboratory should investigate sources of
variability, take corrective actions to reduce identified sources of variability, and perform an additional reference
toxicant test during the same month.  Control limits for the NOECs will also be exceeded occasionally, regardless of
how well a laboratory performs.  In those instances when the laboratory can document the cause for the outlier (e.g.,
operator error, culture health or test system failure), the outlier should be excluded from the future calculations of the
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control limits.   If two or more consecutive tests do not fall within the control limits, the results must be explained and
the reference toxicant test must be immediately repeated.  Actions taken to correct the problem must be reported.

4.16.5   If the toxicity value from a given test with a reference toxicant fall well outside the expected range for the test
organisms when using the standard dilution water and other test conditions, the laboratory should investigate sources of
variability, take corrective actions to reduce identified sources of variability, and perform an additional reference
toxicant test during the same month.  Performance should improve with experience, and the control limits for endpoints
that are point estimates should gradually narrow.  However, control limits of ± 2S will be exceeded 5% of the time by
chance alone, regardless of how well a laboratory performs.  Highly proficient laboratories which develop very narrow
control limits may be unfairly penalized if a test result which falls just outside the control limits is rejected de facto. 
For this reason, the width of the control limits should be considered in determining whether or not a reference toxicant
test result falls “well” outside the expected range.  The width of the control limits may be evaluated by comparing the
calculated CV (i.e., standard deviation / mean) of the IC25 for the 20 most recent data points to the distribution of
laboratory CVs reported nationally for reference toxicant testing (Table 3-2 in USEPA, 2000b).  In determining
whether or not a reference toxicant test result falls “well” outside the expected range, the result also may be compared
with upper and lower bounds for ± 3S, as any result outside these control limits would be expected to occur by chance
only 1 out of 100 tests (Environment Canada, 1990). When a result from a reference toxicant test is outside the 99%
confidence intervals, the laboratory must conduct an immediate investigation to assess the possible causes for the
outlier.   

4.16.6   Reference toxicant test results should not be used as a de facto criterion for rejection of individual effluent or
receiving water tests.  Reference toxicant testing is used for evaluating the health and sensitivity of organisms
over time and for documenting initial and ongoing laboratory performance.  While reference toxicant test results should
not be used as a de facto criterion for test rejection, effluent and receiving water test results should be reviewed and
interpreted in the light of reference toxicant test results.  The reviewer should consider the degree to which the
reference toxicant test result fell outside of control chart limits, the width of the limits, the direction of the deviation
(toward increased test organism sensitivity or toward decreased test organism sensitivity), the test conditions of both
the effluent test and the reference toxicant test, and the objective of the test.

4.17   REFERENCE TOXICANTS

4.17.1   Reference toxicants such as sodium chloride (NaCl), potassium chloride (KCl), cadmium chloride (CdCl2),
copper sulfate (CuSO4), sodium dodecyl sulfate (SDS), and potassium dichromate (K2Cr2O7), are suitable for use in the
NPDES Program and other Agency programs requiring aquatic toxicity tests.  EMSL-Cincinnati plans to release
USEPA-certified solutions of cadmium and copper for use as reference toxicants, through cooperative research and
development agreements with commercial suppliers, and will continue to develop additional reference toxicants for
future release.   Standard reference materials can be obtained from commercial supply houses, or can be prepared
inhouse using reagent grade chemicals.  The regulatory agency should be consulted before reference toxicant(s) are
selected and used.

RB-AR26814



17

X �

�
n

i�1

Xi

n

S �

�
n

i�1

X 2
i �

(�
n

i�1

Xi)
2

n
n�1

Where:  =  Successive toxicity values from toxicity tests.Xi

n   =  Number of tests.

 =  Mean toxicity value.X̄

S   =  Standard deviation.

Figure 1. Control charts. (A) hypothesis testing results;  (B) point estimates (LC, EC, or IC).
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4.18   RECORD KEEPING 

4.18.1   Proper record keeping is important.  A complete file must be maintained for each individual toxicity test or
group of tests on closely related samples.  This file must contain a record of the sample chain-of-custody; a copy of the
sample log sheet; the original bench sheets for the test organism responses during the toxicity test(s); chemical analysis
data on the sample(s); detailed records of the test organisms used in the test(s), such as species, source, age, date of
receipt, and other pertinent information relating to their history and health; information on the calibration of equipment
and instruments; test conditions employed; and results of reference toxicant tests.  Laboratory data should be recorded
on a real-time basis to prevent the loss of information or inadvertent introduction of errors into the record.  Original
data sheets should be signed and dated by the laboratory personnel performing the tests. 

4.18.2   The regulatory authority should retain records pertaining to discharge permits.  Permittees are required to retain
records pertaining to permit applications and compliance for a minimum of 3 years [40 CFR 122.41(j)(2)].
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SECTION 5

FACILITIES, EQUIPMENT, AND SUPPLIES

5.1   GENERAL REQUIREMENTS

5.1.1   Effluent toxicity tests may be performed in a fixed or mobile laboratory.  Facilities must include equipment for
rearing and/or holding organisms.  Culturing facilities for test organisms may be desirable in fixed laboratories which
perform large numbers of tests.  Temperature control can be achieved using circulating water baths, heat exchangers, or
environmental chambers.  Water used for rearing, holding, acclimating, and testing organisms may be natural seawater
or water made up from hypersaline brine derived from natural seawater, or water made up from reagent grade
chemicals (GP2) or commercial (FORTY FATHOMS® or HW MARINEMIX®) artificial sea salts when specifically
recommended in the method.  Air used for aeration must be free of oil and toxic vapors.  Oil-free air pumps should be
used where possible.  Particulates can be removed from the air using BALSTON® Grade BX or equivalent filters, and
oil and other organic vapors can be removed using activated carbon filters (BALSTON®, C-1 filter, or equivalent). 

5.1.2   The facilities must be well ventilated and free of fumes.  Laboratory ventilation systems should be checked to
ensure that return air from chemistry laboratories and/or sample handling areas is not circulated to test organism culture
rooms or toxicity test rooms, or that air from toxicity test rooms does not contaminate culture areas.  Sample
preparation, culturing, and toxicity testing areas should be separated to avoid cross-contamination of cultures or toxicity
test solutions with toxic fumes.  Air pressure differentials between such rooms should not result in a net flow of
potentially contaminated air to sensitive areas through open or loosely-fitting doors.  Organisms should be shielded
from external disturbances. 

5.1.3   Materials used for exposure chambers, tubing, etc., which come in contact with the effluent and dilution water,
should be carefully chosen.  Tempered glass and perfluorocarbon plastics (TEFLON®) should be used whenever
possible to minimize sorption and leaching of toxic substances.  These materials may be reused following
decontamination.  Containers made of plastics, such as polyethylene, polypropylene, polyvinyl chloride, TYGON®,
etc., may be used as test chambers or to ship, store, and transfer effluents and receiving waters, but they should not be
reused unless absolutely necessary, because they might carry over adsorbed toxicants from one test to another, if
reused.  However, these containers may be repeatedly reused for storing uncontaminated waters such as deionized or
laboratory-prepared dilution waters and receiving waters.  Glass or disposable polystyrene containers can be used as
test chambers.  The use of large (�20 L) glass carboys is discouraged for safety reasons.

5.1.4   New plastic products of a type not previously used should be tested for toxicity before initial use by exposing
the test organisms in the test system where the material is used.  Equipment (pumps, valves, etc.) which cannot be
discarded after each use because of cost, must be decontaminated according to the cleaning procedures listed below
(see Section 5, Facilities, Equipment, and Supplies, Subsection 5.3.2).  Fiberglass, in addition to the previously
mentioned materials, can be used for holding, acclimating, and dilution water storage tanks, and in the water delivery
system, but once contaminated with pollutants the fiberglass should not be reused.  All material should be flushed or
rinsed thoroughly with the test media before using in the test.

5.1.5   Copper, galvanized material, rubber, brass, and lead must not come in contact with culturing, holding,
acclimation, or dilution water, or with effluent samples and test solutions.  Some materials, such as several types of
neoprene rubber (commonly used for stoppers) may be toxic and should be tested before use.

5.1.6   Silicone adhesive used to construct glass test chambers absorbs some organochlorine and organophosphorus
pesticides, which are difficult to remove.  Therefore, as little of the adhesive as possible should be in contact with
water.  Extra beads of adhesive inside the containers should be removed. 
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5.2   TEST CHAMBERS

5.2.1 Test chamber size and shape are varied according to size of the test organism.  Requirements are specified in
each toxicity test method. 

5.3   CLEANING TEST CHAMBERS AND LABORATORY APPARATUS 

5.3.1   New plasticware used for sample collection or organism exposure vessels generally does not require thorough
cleaning before use.  It is sufficient to rinse new sample containers once with dilution water before use.  New,
disposable, plastic test chambers may have to be rinsed with dilution water before use.   New glassware must be soaked
overnight in 10% acid (see below) and also should be rinsed well in deionized water and seawater.

5.3.2   All non-disposable sample containers, test vessels, pumps, tanks, and other equipment that has come in contact
with effluent must be washed after use to remove surface contaminants, as described below. 

1.   Soak 15 minutes in tap water and scrub with detergent, or clean in an automatic dishwasher.
2. Rinse twice with tap water. 
3. Carefully rinse once with fresh dilute (10% V:V) hydrochloric acid or nitric acid to remove 

scale, metals and bases.  To prepare a 10% solution of acid, add 10 mL of concentrated acid to
90 mL of deionized water. 

4. Rinse twice with deionized water. 
5. Rinse once with full-strength, pesticide-grade acetone to remove organic compounds (use a

fume hood or canopy). 
6. Rinse three times with deionized water. 

5.3.3   All test chambers and equipment must be thoroughly rinsed with the dilution water immediately prior to use in
each test.

5.4   APPARATUS AND EQUIPMENT FOR CULTURING AND TOXICITY TESTS 

5.4.1   Apparatus and equipment requirements for culturing and toxicity tests are specified in each toxicity test method. 
Also, see USEPA, 2002a.

5.4.2   WATER PURIFICATION SYSTEM

5.4.2.1    A good quality, laboratory grade deionized water, providing a resistance of 18 megaohm-cm, must be
available in the laboratory and in sufficient quantity for laboratory needs.  Deionized water may be obtained from
MILLIPORE®, MILLI-Q®, MILLIPORE® QPAK™

2 or equivalent system.  If large quantities of high quality deionized
water are needed, it may be advisable to supply the laboratory grade water deionizer with preconditioned water from a
Culligan®, Continental®, or equivalent mixed-bed water treatment system.

5.5   REAGENTS AND CONSUMABLE MATERIALS

5.5.1   SOURCES OF FOOD FOR CULTURE AND TOXICITY TESTS

1. Brine Shrimp, Artemia sp. cysts -- Many commercial sources of brine shrimp cysts are available.
2. Frozen Adult Brine Shrimp, Artemia -- Available from most pet supply shops or other commercial

sources.
3. Flake Food -- TETRAMIN® and BIORIL® or equivalent are available at most pet supply shops.
4. Feeding requirements and other specific foods are indicated in the specific toxicity test method.

5.5.1.1   All food should be tested for nutritional suitability and chemically analyzed for organochlorine pesticides,
PCBs, and toxic metals (see Section 4, Quality Assurance).
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5.5.2   Reagents and consumable materials are specified in each toxicity test method.  Also, see Section 4, Quality
Assurance.

5.6   TEST ORGANISMS

5.6.1   Test organisms are obtained from inhouse cultures or commercial suppliers (see specific toxicity test method;
Sections 4, Quality Assurance and 6, Test Organisms).

5.7   SUPPLIES

5.7.1   See toxicity test methods (see Sections 11-16) for specific supplies. 
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SECTION 6

TEST ORGANISMS

6.1   TEST SPECIES 

6.1.1   The species used in characterizing the chronic toxicity of effluents and/or receiving waters will depend on the
requirements of the regulatory authority and the objectives of the test.  It is essential that good quality test organisms be
readily available throughout the year from inhouse or commercial sources to meet NPDES monitoring requirements. 
The organisms used in toxicity tests must be identified to species.  If there is any doubt as to the identity of the test
organisms, representative specimens should be sent to a taxonomic expert to confirm the identification.

6.1.2   Toxicity test conditions and culture methods for the species listed in Subsection 6.1.3 are provided in this
manual (also, see USEPA, 2002a).

6.1.3   The organisms used in the short-term tests described in this manual are the sheepshead minnow, Cyprinodon
variegatus; the inland silverside, Menidia beryllina; the mysid, Mysidopsis bahia; the sea urchin, Arbacia punctulata;
and the red macroalga, Champia parvula. 

6.1.4   Some states have developed culturing and testing methods for indigenous species that may be as sensitive or
more sensitive, than the species recommended in Subsection 6.1.3.  However, USEPA allows the use of indigenous
species only where state regulations require their use or prohibit importation of the species in Subsection 6.1.3.  Where
state regulations prohibit importation of non-native fishes or use of the recommended test species, permission must be
requested from the appropriate state agency prior to their use. 

6.1.5   Where states have developed culturing and testing methods for indigenous species other than those
recommended in this manual, data comparing the sensitivity of the substitute species and one or more of the
recommended species must be obtained in side-by-side toxicity tests with reference toxicants and/or effluents, to ensure
that the species selected are at least as sensitive as the recommended species.  These data must be submitted to the
permitting authority (State or Region) if required.  USEPA acknowledges that reference toxicants prepared from pure
chemicals may not always be representative of effluents.  However, because of the observed and/or potential variability
in the quality and toxicity of effluents, it is not possible to specify a representative effluent.

6.1.6   Guidance for the selection of test organisms where the salinity of the effluent and/or receiving water requires
special consideration is provided in the Technical Support Document for Water Quality-based Toxics Control (USEPA,
1991a).

1. Where the salinity of the receiving water is < 1‰, freshwater organisms are used regardless of the
salinity of the effluent.

2. Where the salinity of the receiving water is �1‰, the choice of organisms depends on state water quality
standards and/or permit requirements.

6.2   SOURCES OF TEST ORGANISMS 

6.2.1   The test organisms recommended in this manual can be cultured in the laboratory using culturing and handling
methods for each organism described in the respective test method sections.  Also, see USEPA (2002a). 

6.2.2   Inhouse cultures should be established wherever it is cost effective.  If inhouse cultures cannot be maintained or
it is not cost effective, test organisms should be purchased from experienced commercial suppliers (see USEPA,
1993b). 
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6.2.3   Sheepshead minnows, inland silversides, mysids, and sea urchins may be purchased from commercial suppliers. 
However, some of these organisms (e.g., adult sheepshead minnows or adult inland silversides) may not always be
available from commercial suppliers and may have to be collected in the field and brought back to the laboratory for
spawning to obtain eggs and larvae.

6.2.4   If, because of their source, there is any uncertainty concerning the identity of the organisms, it is advisable to
have them examined by a taxonomic specialist to confirm their identification.  For detailed guidance on identification,
see the individual toxicity test methods. 

6.2.5   FERAL (NATURAL OCCURRING, WILD CAUGHT) ORGANISMS

6.2.5.1   The use of test organisms taken from the receiving water has strong appeal, and would seem to be the logical
approach.  However, it is generally impractical and not recommended for the following reasons: 

1. Sensitive organisms may not be present in the receiving water because of previous exposure to the
effluent or other pollutants.

2. It is often difficult to collect organisms of the required age and quality from the receiving water. 
3. Most states require collection permits, which may be difficult to obtain.  Therefore, it is usually more

cost effective to culture the organisms in the laboratory or obtain them from private, state, or Federal
sources.  Fish such as sheepshead minnows and silversides, and invertebrates such as mysids, are easily
reared in the laboratory or  purchased. 

4. The required QA/QC records, such as the single-laboratory precision data, would not be available.
5. Since it is mandatory that the identity of test organisms is known to the species level, it would be

necessary to examine each organism caught in the wild to confirm its identity, which would usually be
impractical or, at the least, very stressful to the organisms.

6. Test organisms obtained from the wild must be observed in the laboratory for a minimum of one week
prior to use, to ensure that they are free of signs of parasitic or bacterial infections and other adverse
effects.  Fish captured by electroshocking must not be used in toxicity testing.

6.2.5.2   Guidelines for collection of natural occurring organisms are provided in USEPA (1973); USEPA (1990a); and
USEPA (1993b).

6.2.6   Regardless of their source, test organisms should be carefully observed to ensure that they are free of signs of
stress and disease, and in good physical condition.  Some species of test organisms, such as trout, can be obtained from
stocks certified as "disease-free." 

6.3   LIFE STAGE 

6.3.1   Young organisms are often more sensitive to toxicants than are adults.  For this reason, the use of early life
stages, such as juvenile mysids and larval fish, is required for all tests.  In a given test, all organisms should be
approximately the same age and should be taken from the same source.  Since age may affect the results of the tests, it
would enhance the value and comparability of the data if the same species in the same life stages were used throughout
a monitoring program at a given facility. 

6.4   LABORATORY CULTURING 

6.4.1   Instructions for culturing and/or holding the recommended test organisms are included in specified test methods
(also, see USEPA, 2002a). 

RB-AR26821



24

6.5   HOLDING AND HANDLING TEST ORGANISMS 

6.5.1   Test organisms should not be subjected to changes of more than 3°C in water temperature or 3‰ in salinity in
any 12 h period. 

6.5.2   Organisms should be handled as little as possible.  When handling is necessary, it should be done as gently,
carefully, and quickly as possible to minimize stress.  Organisms that are dropped or touch dry surfaces or are injured
during handling must be discarded.  Dipnets are best for handling larger organisms.  These nets are commercially
available or can be made from small-mesh nylon netting, silk bolting cloth, plankton netting, or similar material.
Wide-bore, smooth glass tubes (4 to 8 mm ID) with rubber bulbs or pipettors (such as a PROPIPETTE® or other
pipettor) should be used for transferring smaller organisms such as mysids, and larval fish. 

6.5.3   Holding tanks for fish are supplied with a good quality water (see Section 5, Facilities, Equipment, and
Supplies) with a flow-through rate of at least two tank-volumes per day.  Otherwise, use a recirculation system where
the water flows through an activated carbon or undergravel filter to remove dissolved metabolites.  Culture water can
also be piped through high intensity ultraviolet light sources for disinfection, and to photo-degrade dissolved organics. 

6.5.4   Crowding should be avoided because it will stress the organisms and lower the DO concentrations to
unacceptable levels.  The DO must be maintained at a minimum of 4.0 mg/L.  The solubility of oxygen depends on
temperature, salinity, and altitude.  Aerate gently if necessary. 

6.5.5   The organisms should be observed carefully each day for signs of disease, stress, physical damage, or mortality. 
Dead and abnormal organisms should be removed as soon as observed.  It is not uncommon for some fish mortality (5-
10%) to occur during the first 48 h in a holding tank because of individuals that refuse to feed on artificial food and die
of starvation.  Organisms in the holding tanks should generally be fed as in the cultures (see culturing methods in the
respective methods).

6.5.6   Fish should be fed as much as they will eat at least once a day with live brine shrimp nauplii, Artemia, or frozen
adult brine shrimp or dry food (frozen food should be completely thawed before use).  Adult brine shrimp can be
supplemented with commercially prepared food such as TETRAMIN® or BIORIL® flake food, or equivalent.  Excess
food and fecal material should be removed from the bottom of the tanks at least twice a week by siphoning.

6.5.7   A daily record of feeding, behavioral observations, and mortality should be maintained. 

6.6   TRANSPORTATION TO THE TEST SITE  

6.6.1   Organisms are transported from the base or supply laboratory to a remote test site in culture water or standard
dilution water in plastic bags or large-mouth screw-cap (500 mL) plastic bottles in styrofoam coolers.  Adequate DO is
maintained by replacing the air above the water in the bags with oxygen from a compressed gas cylinder, and sealing
the bags.  Another method commonly used to maintain sufficient DO during shipment is to aerate with an airstone
which is supplied from a portable pump.  The DO concentration must not fall below 4.0 mg/L. 

6.6.2   Upon arrival at the test site, organisms are transferred to receiving water if receiving water is to be used as the
test dilution water.  All but a small volume of the holding water (approximately 5%) is removed by siphoning, and
replaced slowly over a 10 to 15 minute period with dilution water.  If receiving water is used as dilution water, caution
must be exercised in exposing the test organisms to it, because of the possibility that it might be toxic.  For this reason,
it is recommended that only approximately 10% of the test organisms be exposed initially to the dilution water.  If this
group does not show excessive mortality or obvious signs of stress in a few hours, the remainder of the test organisms
are transferred to the dilution water.  

6.6.3   A group of organisms must not be used for a test if they appear to be unhealthy, discolored, or otherwise
stressed, or if mortality appears to exceed 10% preceding the test.  If the organisms fail to meet these criteria, the entire
group must be discarded and a new group obtained.  The mortality may be due to the presence of toxicity, if receiving

RB-AR26822



25

water is used as dilution water, rather than a diseased condition of the test organisms.  If the acclimation process is
repeated with a new group of test organisms and excessive mortality occurs, it is recommended that an alternative
source of dilution water be used.

6.6.4   The marine organisms can be used at all concentrations of effluent by adjusting the salinity of the effluent to
salinities specified for the appropriate species test condition or to the salinity approximating that of the receiving water,
by adding sufficient dry ocean salts, such as FORTY FATHOMS®, or equivalent, GP2, or hypersaline brine.

6.6.5   Saline dilution water can be prepared with deionized water or a freshwater such as well water or a suitable
surface water.  If dry ocean salts are used, care must be taken to ensure that the added salts are completely dissolved
and the solution is aerated 24 h before the test organisms are placed in the solutions.  The test organisms should be
acclimated in synthetic saline water prepared with the dry salts.  Caution: addition of dry ocean salts to dilution water
may result in an increase in pH.  (The pH of estuarine and coastal saline waters is normally 7.5-8.3).

6.6.6   All effluent concentrations and the control(s) used in a test should have the same salinity.  The change in salinity
upon acclimation at the desired test dilution should not exceed 6‰.  The required salinities for culturing and toxicity
tests with estuarine and marine species are listed in the test method sections.

6.7   TEST ORGANISM DISPOSAL

6.7.1  When the toxicity test(s) is concluded, all test organisms (including controls) should be humanely destroyed and
disposed of in an appropriate manner.
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SECTION 7

DILUTION WATER

7.1   TYPES OF DILUTION WATER

7.1.1   The type of dilution water used in effluent toxicity tests will depend largely on the objectives of the study. 

7.1.1.1   If the objective of the test is to estimate the absolute chronic toxicity of the effluent, a synthetic (standard)
dilution water is used.  If the test organisms have been cultured in water which is different from the test dilution water,
a second set of controls, using culture water, should be included in the test.

7.1.1.2   If the objective of the test is to estimate the chronic toxicity of the effluent in uncontaminated receiving water,
the test may be conducted using dilution water consisting of a single grab sample of receiving water (if non-toxic),
collected outside the influence of the outfall, or with other uncontaminated natural water (surface water) or standard
dilution water having approximately the same salinity as the receiving water.  Seasonal variations in the quality of
receiving waters may affect effluent toxicity.  Therefore, the salinity of saline receiving water samples should be
determined before each use.  If the test organisms have been cultured in water which is different from the test dilution
water, a second set of controls, using culture water, should be included in the test.

7.1.1.3 If the objective of the test is to determine the additive or mitigating effects of the discharge on already
contaminated receiving water, the test is performed using dilution water consisting of receiving water collected outside
the influence of the outfall.  A second set of controls, using culture water, should be included in the test.   

7.1.2   An acceptable dilution water is one which is appropriate for the objectives of the test; supports adequate
performance of the test organisms with respect to survival, growth, reproduction, or other responses that may be
measured in the test (i.e., consistently meets test acceptability criteria for control responses); is consistent in quality;
and does not contain contaminants that could produce toxicity.  Receiving waters, synthetic waters, or synthetic waters
adjusted to approximate receiving water characteristics may be used for dilution provided that the water meets the
above listed qualifications for an acceptable dilution water. USEPA (2000a) provides additional guidance on selecting
appropriate dilution waters.

7.1.3   When dual controls (one control using culture water and one control using dilution water) are used (see
Subsections 7.1.1.1 - 7.1.1.3 above), the dilution water control should be used to determine test acceptability.  It is also
the dilution water control that should be compared to effluent treatments in the calculation and reporting of test results. 
The culture water control should be used to evaluate the appropriateness of the dilution water source.  Significant
differences between organism responses in culture water and dilution water controls could indicate toxicity in the
dilution water and may suggest an alternative dilution water source.  USEPA (2000a) provides additional guidance on
dual controls.

7.2   STANDARD, SYNTHETIC DILUTION WATER 

7.2.1   Standard, synthetic, dilution water is prepared with deionized water and reagent grade chemicals (GP2) or
commercial sea salts (FORTY FATHOMS®, HW MARINEMIX®) (Table 3).  The source water for the deionizer can
be ground water or tap water.

7.2.2   DEIONIZED WATER USED TO PREPARE STANDARD, SYNTHETIC, DILUTION WATER

7.2.2.1   Deionized water is obtained from a MILLIPORE MILLI-Q®, MILLIPORE® QPAK™
2 or equivalent system.  It

is advisable to provide a preconditioned (deionized) feed water by using a Culligan®, Continental®, or equivalent
system in front of the MILLI-Q® System to extend the life of the MILLI-Q® cartridges (see Section 5, Facilities,
Equipment, and Supplies).
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7.2.2.2   The recommended order of the cartridges in a four-cartridge deionizer (i.e., MILLI-Q® System or equivalent)
is: (1) ion exchange, (2) ion exchange, (3) carbon, and (4) organic cleanup (such as ORGANEX-Q®, or equivalent),
followed by a final bacteria filter.  The QPAK™

2 water system is a sealed system which does not allow for the
rearranging of the cartridges.  However, the final cartridge is an ORGANEX-Q® filter, followed by a final bacteria
filter.  Commercial laboratories using this system have not experienced any difficulty in using the water for culturing or
testing.  Reference to the MILLI-Q® systems throughout the remainder of the manual includes all MILLIPORE® or
equivalent systems.

7.2.3   STANDARD, SYNTHETIC SEAWATER

7.2.3.1   To prepare 20 L of a standard, synthetic, reconstituted seawater (modified GP2), using reagent grade
chemicals (Table 3), with a salinity of 31‰, follow the instructions below.  Other salinities can be prepared by making
the appropriate dilutions.  Larger or smaller volumes of modified GP2 can be prepared by using proportionately larger
or smaller amounts of salts and dilution water.

1. Place 20 L of MILLI-Q® or equivalent deionized water in a properly cleaned plastic carboy.
2. Weigh reagent grade salts listed in Table 3 and add, one at a time, to the deionized water.  Stir well

after adding each salt.
3. Aerate the final solution at a rate of 1 L/h for 24 h. 
4. Check the pH and salinity. 

7.2.3.2   Synthetic seawater can also be prepared by adding commercial sea salts, such as FORTY FATHOMS®, HW
MARINEMIX®, or equivalent, to deionized water.  For example, thirty-one parts per thousand (31‰) FORTY
FATHOMS® can be prepared by dissolving 31 g of sea salts per liter of deionized water.  The salinity of the resulting
solutions should be checked with a refractometer.

7.2.4   Artificial seawater is to be used only if specified in the method. EMSL-Cincinnati has found FORTY
FATHOMS® artificial sea salts suitable for maintaining and spawning the sheepshead minnow, Cyprinodon variegatus,
and for its use in the sheepshead minnow larval survival and growth test, suitable for maintaining and spawning the
inland silverside, Menidia beryllina, and for its use in the inland silverside larval survival and growth test, suitable for
culturing and maintaining mysid shrimp, Mysidopsis bahia, and its use in the mysid shrimp survival, growth, and
fecundity test, and suitable for maintaining sea urchins, Arbacia punctulata, and for its use in the sea urchin fertilization
test.  The USEPA Region 6 Houston Laboratory has successfully used HW MARINEMIX® sea salts to maintain and
spawn sheepshead minnows, and perform the larval survival and growth test and the embryo-larval survival and
teratogenicity test.  Also, HW MARINEMIX® sea salts has been used successfully to culture and maintain the mysid
brood stock and perform the mysid survival, growth, fecundity test.  An artificial seawater formulation, GP2 (Spotte et
al., 1984), Table 3, has been used by the Environmental Research Laboratory-Narragansett, RI for all but the embryo-
larval survival and teratogenicity test.  The suitability of GP2 as a medium for culturing organisms has not been
determined. 
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TABLE 3.  PREPARATION OF GP2 ARTIFICIAL SEAWATER USING REAGENT GRADE CHEMICALS1,2,3

 

Compound 
Concentration
    (g/L)

Amount (g)
Required for
   20 L

  NaCl 21.03 420.6

  Na2SO4 3.52 70.4

  KCl 0.61 12.2

  KBr 0.088 1.76

  Na2B4O7·10 H2O 0.034 0.68

  MgCl2 ·6 H2O 9.50 190.0

  CaCl2 ·2 H2O 1.32 26.4

  SrCl2 · 6 H2O 0.02 0.400

  NaHCO3 0.17 3.40

1 Modified GP2 from Spotte et al. (1984).
2 The constituent salts and concentrations were taken from USEPA (2002a). The salinity is 30.89 g/L.
3 GP2 can be diluted with deionized (DI) water to the desired test salinity.

7.3   USE OF RECEIVING WATER AS DILUTION WATER

7.3.1   If the objectives of the test require the use of uncontaminated receiving water as dilution water, and the
receiving water is uncontaminated, it may be possible to collect a sample of the receiving water close to the outfall,
but should be away from or beyond the influence of the effluent.  However, if the receiving water is contaminated, it
may be necessary to collect the sample in an area "remote" from the discharge site, matching as closely as possible
the physical and chemical characteristics of the receiving water near the outfall.

7.3.2   The sample should be collected immediately prior to the test, but never more than 96 h before the test begins. 
Except where it is used within 24 h, or in the case where large volumes are required for flow through tests, the
sample should be chilled to 0-6°C during or immediately following collection, and maintained at that temperature
prior to use in the test. 

7.3.3   The investigator should collect uncontaminated water having a salinity as near as possible to the salinity of
the receiving water at the discharge site.  Water should be collected at slack high tide, or within one hour after high
tide.  If there is reason to suspect contamination of the water in the estuary, it is advisable to collect uncontaminated
water from an adjacent estuary.  At times it may be necessary to collect water at a location closer to the open sea,
where the salinity is relatively high.  In such cases, deionized water or uncontaminated freshwater is added to the
saline water to dilute it to the required test salinity.  Where necessary, the salinity of a surface water can be increased
by the addition of artificial sea salts, such as FORTY FATHOMS®, HW MARINEMIX®, or equivalent, GP2, a
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natural seawater of higher salinity, or hypersaline brine.  Instructions for the preparation of hypersaline brine by
concentrating natural seawater are provided below.   

7.3.4   Receiving water containing debris or indigenous organisms, that may be confused with or attack the test
organisms, should be filtered through a sieve having 60 μm mesh openings prior to use.

7.3.5   HYPERSALINE BRINE

7.3.5.1   Hypersaline brine (HSB) has several advantages that make it desirable for use in toxicity testing.  It can be
made from any high quality, filtered seawater by evaporation, and can be added to deionized water to prepare
dilution water, or to effluents or surface waters to increase their salinity.  

7.3.5.2   The ideal container for making HSB from natural seawater is one that (l) has a high surface to volume ratio,
(2) is made of a noncorrosive material, and (3) is easily cleaned (fiberglass containers are ideal).  Special care should
be used to prevent any toxic materials from coming in contact with the seawater being used to generate the brine.  If
a heater is immersed directly into the seawater, ensure that the heater materials do not corrode or leach any
substances that would contaminate the brine.  One successful method used is a thermostatically controlled heat
exchanger made from fiberglass.  If aeration is used, use only oil-free air compressors to prevent contamination. 

7.3.5.3   Before adding seawater to the brine generator, thoroughly clean the generator, aeration supply tube, heater,
and any other materials that will be in direct contact with the brine.  A good quality biodegradable detergent should
be used, followed by several thorough deionized water rinses.  High quality (and preferably high salinity) seawater
should be filtered to at least 10 mm before placing into the brine generator.  Water should be collected on an
incoming tide to minimize the possibility of contamination.

7.3.5.4   The temperature of the seawater is increased slowly to 40°C.  The water should be aerated to prevent
temperature stratification and to increase water evaporation.  The brine should be checked daily (depending on the
volume being generated) to ensure that the salinity does not exceed 100‰ and that the temperature does not exceed
40°C.  Additional seawater may be added to the brine to obtain the volume of brine required.

7.3.5.5   After the required salinity is attained, the HSB should be filtered a second time through a l-μm filter and
poured directly into portable containers (20-L CUBITAINERS® or polycarbonate water cooler jugs are suitable). 
The containers should be capped and labelled with the date the brine was generated and its salinity.  Containers of
HSB should be stored in the dark and maintained under room temperature until used.

7.3.5.6 If a source of HSB is available, test solutions can be made by following the directions below.  Thoroughly
mix together the deionized water and brine before mixing in the effluent. 

7.3.5.7 Divide the salinity of the HSB by the expected test salinity to determine the proportion of deionized water
to brine.  For example, if the salinity of the brine is 100‰ and the test is to be conducted at 25‰, 100‰ divided by 
25‰ = 4.0.  The proportion of brine is 1 part in 4 (one part brine to three parts deionized water). 

7.3.5.8 To make 1 L of seawater at 25‰ salinity from a hypersaline brine of 100‰, 250 mL of brine and 750 mL
of deionized water are required. 

7.4   USE OF TAP WATER AS DILUTION WATER

7.4.1   The use of tap water in the reconstituting of synthetic (artificial) seawater as dilution water is discouraged
unless it is dechlorinated and fully treated.  Tap water can be dechlorinated by deionization, carbon filtration, or the
use of sodium thiosulfate.  Use of 3.6 mg/L (anhydrous) sodium thiosulfate will reduce 1.0 mg chlorine/L (APHA,
1992).  Following dechlorination, total residual chlorine should not exceed 0.01 mg/L.  Because of the possible
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toxicity of thiosulfate to test organisms, a control lacking thiosulfate should be included in toxicity tests utilizing
thiosulfate-dechlorinated water.

7.4.2   To be adequate for general laboratory use following dechlorination, the tap water is passed through a
deionizer and carbon filter to remove toxic metals and organics, and to control hardness and alkalinity.

7.5   DILUTION WATER HOLDING

7.5.1   A given batch of dilution water should not be used for more than 14 days following preparation because of
the possible build up of bacterial, fungal, or algal slime growth and the problems associated with it.  The container
should be kept covered and the contents should be protected from light.
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SECTION 8

EFFLUENT AND RECEIVING WATER SAMPLING, SAMPLE HANDLING,

AND SAMPLE PREPARATION FOR TOXICITY TESTS 

8.1   EFFLUENT SAMPLING 

8.1.1   The effluent sampling point should be the same as that specified in the NPDES discharge permit (USEPA,
l988b).  Conditions for exception would be:  (l) better access to a sampling point between the final treatment and the
discharge outfall; (2) if the processed waste is chlorinated prior to discharge, it may also be desirable to take samples
prior to contact with the chlorine to determine toxicity of the unchlorinated effluent; or (3) in the event there is a
desire to evaluate the toxicity of the influent to municipal waste treatment plants or separate wastewater streams in
industrial facilities prior to their being combined with other wastewater streams or non-contact cooling water,
additional sampling points may be chosen. 

8.1.2   The decision on whether to collect grab or composite samples is based on the objectives of the test and an
understanding of the short and long-term operations and schedules of the discharger.  If the effluent quality varies
considerably with time, which can occur where holding times are short, grab samples may seem preferable because
of the ease of collection and the potential of observing peaks (spikes) in toxicity.  However, the sampling duration of
a grab sample is so short that full characterization of an effluent over a 24-h period would require a prohibitively
large number of separate samples and tests.  Collection of a 24-h composite sample, however, may dilute toxicity
spikes, and average the quality of the effluent over the sampling period.  Sampling recommendations are provided
below (also see USEPA, 2002a).

8.1.3   Aeration during collection and transfer of effluents should be minimized to reduce the loss of volatile
chemicals. 

8.1.4   Details of date, time, location, duration, and procedures used for effluent sample and dilution water collection
should be recorded.

8.2   EFFLUENT SAMPLE TYPES

8.2.1   The advantages and disadvantages of effluent grab and composite samples are listed below: 

8.2.1.1   GRAB SAMPLES 

Advantages: 

1. Easy to collect; require a minimum of equipment and on-site time. 
2. Provide a measure of instantaneous toxicity.  Toxicity spikes are not masked by dilution. 

Disadvantages: 

1. Samples are collected over a very short period of time and on a relatively infrequent basis.  The
chances of detecting a spike in toxicity would depend on the frequency of sampling, and the
probability of missing spikes is high. 
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8.2.1.2   COMPOSITE SAMPLES: 

Advantages: 

1. A single effluent sample is collected over a 24-h period. 
2. The sample is collected over a much longer period of time than grab samples and contains all 

toxicity spikes. 

Disadvantages: 

1. Sampling equipment is more sophisticated and expensive, and must be placed on-site for at least 24  h.
2. Toxicity spikes may not be detected because they are masked by dilution  with less toxic wastes. 

8.3   EFFLUENT SAMPLING RECOMMENDATIONS 

8.3.1   When tests are conducted on-site, test solutions can be renewed daily with freshly collected samples.

8.3.2   When tests are conducted off-site, a minimum of three samples are collected.  If these samples are collected
on Test Days 1, 3, and 5, the first sample would be used for test initiation, and for test solution renewal on Day 2. 
The second sample would be used for test solution renewal on Days 3 and 4.  The third sample would be used for
test solution renewal on Days 5, 6, and 7.

8.3.3   Sufficient sample must be collected to perform the required toxicity and chemical tests.  A 4-L (1-gal)
CUBITAINER® will provide sufficient sample volume for most tests.

8.3.4   THE FOLLOWING EFFLUENT SAMPLING METHODS ARE RECOMMENDED: 

8.3.4.1   Continuous Discharges 

8.3.4.1.1   If the facility discharge is continuous, a single 24-h composite sample is to be taken.

8.3.4.2   Intermittent Discharges 

8.3.4.2.1   If the facility discharge is intermittent, a composite sample is to be collected for the duration of the
discharge but not more than 24 hours.

8.4   RECEIVING WATER SAMPLING 

8.4.1   Logistical problems and difficulty in securing sampling equipment generally preclude the collection of
composite receiving water samples for toxicity tests.  Therefore, based on the requirements of the test, a single grab
sample or daily grab samples of receiving water is collected for use in the test.

8.4.2   The sampling point is determined by the objectives of the test.  At estuarine and marine sites, samples should
be collected at mid-depth.

8.4.3   To determine the extent of the zone of toxicity in the receiving water at estuarine and marine effluent sites,
receiving water samples are collected at several distances away from the discharge.  The time required for the
effluent-receiving-water mixture to travel to sampling points away from the effluent, and the rate and degree of
mixing, may be difficult to ascertain.  Therefore, it may not be possible to correlate receiving water toxicity with
effluent toxicity at the discharge point unless a dye study is performed.  The toxicity of receiving water samples
from five stations in the discharge plume can be evaluated using the same number of test vessels and test organisms
as used in one effluent toxicity test with five effluent dilutions.
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8.5   EFFLUENT AND RECEIVING WATER SAMPLE HANDLING, PRESERVATION, AND SHIPPING

8.5.1   Unless the samples are used in an on-site toxicity test the day of collection (or hand delivered to the testing
laboratory for use on the day of collection), it is recommended that they be held at 0-6°C until used to inhibit
microbial degradation, chemical transformations, and loss of highly volatile toxic substances.

8.5.2   Composite samples should be chilled as they are collected.  Grab samples should be chilled immediately
following collection.

8.5.3   If the effluent has been chlorinated, total residual chlorine must be measured immediately following sample
collection.

8.5.4   Sample holding time begins when the last grab sample in a series is taken (i.e., when a series of four grab
samples are taken over a 24-h period), or when a 24-h composite sampling period is completed.  If the data from the
samples are to be acceptable for use in the NPDES Program, the lapsed time (holding time) from sample collection
to first use of each grab or composite sample must not exceed 36 h.  EPA believes that 36 h is adequate time to
deliver the sample to the laboratories performing the test in most cases.  In the isolated cases, where the permittee
can document that this delivery time cannot be met, the permitting authority can allow an option for on-site testing
or a variance for an extension of shipped sample holding time.  The request for a variance in sample holding time,
directed to the USEPA Regional Administrator under 40 CFR 136.3(e), should include supportive data which show
that the toxicity of the effluent sample is not reduced (e.g., because of volatilization and/or sorption of toxics on the
sample container surfaces) by extending the holding time beyond more than 36 h.  However, in no case should more
than 72 h elapse between collection and first use of the sample.  In static-renewal tests, each grab or composite
sample may also be used to prepare test solutions for renewal at 24 h and/or 48 h after first use, if stored at 0-6°C,
with minimum head space, as described in Subsection 8.5.  If shipping problems (e.g., unsuccessful Saturday
delivery) are encountered with renewal samples after a test has been initiated, the permitting authority may allow the
continued use of the most recently used sample for test renewal.  Guidance for determining the persistence of the
sample is provided in Subsection 8.7.

8.5.5   To minimize the loss of toxicity due to volatilization of toxic constituents, all sample containers should be
"completely" filled, leaving no air space between the contents and the lid.

8.5.6   SAMPLES USED IN ON-SITE TESTS

8.5.6.1   Samples collected for on-site tests should be used within 24 h.

8.5.7   SAMPLES SHIPPED TO OFF SITE FACILITIES

8.5.7.1   Samples collected for off site toxicity testing are to be chilled to 0-6°C during or immediately after
collection, and shipped iced to the performing  laboratory.  Sufficient ice should be placed with the sample in the
shipping container to ensure that ice will still be present when the sample arrives at the laboratory and is unpacked. 
Insulating material should not be placed between the ice and the sample in the shipping container unless required to
prevent breakage of glass sample containers.

8.5.7.2   Samples may be shipped in one or more 4-L (l-gal) CUBITAINERS® or new plastic "milk" jugs.  All
sample containers should be rinsed with source water before being filled with sample.  After use with receiving
water or effluents, CUBITAINERS® and plastic jugs are punctured to prevent reuse. 

8.5.7.3   Several sample shipping options are available, including Express Mail, air express, bus, and courier service. 
Express Mail is delivered seven days a week.  Saturday and Sunday shipping and receiving schedules of private
carriers vary with the carrier. 
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8.6   SAMPLE RECEIVING

8.6.1   Upon arrival at the laboratory, samples are logged in and the temperature is measured and recorded.  If the
samples are not immediately prepared for testing, they are stored at 0-6°C until used.

8.6.2   Every effort must be made to initiate the test with an effluent sample on the day of arrival in the laboratory,
and the sample holding time should not exceed 36 h unless a variance has been granted by the NPDES permitting
authority.

8.7   PERSISTENCE OF EFFLUENT TOXICITY DURING SAMPLE SHIPMENT AND HOLDING 

8.7.1   The persistence of the toxicity of an effluent prior to its use in a toxicity test is of interest in assessing the
validity of toxicity test data, and in determining the possible effects of allowing an extension of the holding time. 
Where a variance in holding time (> 36 h, but � 72 h) is requested by a permittee (See Subsection 8.5.4),
information on the effects of the extension in holding time on the toxicity of the samples must be obtained by
comparing the results of multi-concentration chronic toxicity tests performed on effluent samples held 36 h with
toxicity test results using the same samples after they were held for the requested, longer period.  The portion of the
sample set aside for the second test must be held under the same conditions as during shipment and holding.

8.8   PREPARATION OF EFFLUENT AND RECEIVING WATER SAMPLES FOR TOXICITY TESTS

8.8.1   Adjust the sample salinity to the level appropriate for objectives of the study using hypersaline brine or
artificial sea salts. 

8.8.2   When aliquots are removed from the sample container, the head space above the remaining sample should be
held to a minimum.  Air which enters a container upon removal of sample should be expelled by compressing the
container before reclosing, if possible (i.e., where a CUBITAINER® used), or by using an appropriate discharge
valve (spigot). 

8.8.3   It may be necessary to first coarse-filter samples through a NYLON® sieve having 2 to 4 mm mesh openings
to remove debris and/or break up large floating or suspended solids.  If samples contain indigenous organisms that
may attack or be confused with the test organisms, the samples should be filtered through a sieve with 60-μm mesh
openings.  Since filtering may increase the dissolved oxygen (DO) in an effluent, the DO should be checked both
before and after filtering.  Low dissolved oxygen concentrations will indicate a potential problem in performing the
test.  Caution:  filtration may remove some toxicity.

8.8.4   If the samples must be warmed to bring them to the prescribed test temperature, supersaturation of the
dissolved oxygen and nitrogen may become a problem.  To avoid this problem, samples may be warmed slowly in
open test containers.  If DO is still above 100% saturation, based on temperature and salinity (Table 4), after
warming to test temperature, samples should be aerated moderately (approximately 500 mL/min) for a few minutes
using an airstone.  If DO is below 4.0 mg/L, the solutions must be aerated moderately (approximately 500 mL/min)
for a few minutes, using an airstone, until the DO is within the prescribed range (� 4.0 mg/L).  Caution:  avoid
excessive aeration.

8.8.4.1   Aeration during the test may alter the results and should be used only as a last resort to maintain the
required DO.  Aeration can reduce the apparent toxicity of the test solutions by stripping them of highly volatile
toxic substances, or increase their toxicity by altering the pH.  However, the DO in the test solution should not be
permitted to fall below 4.0 mg/L.

8.8.4.2   In static tests (non-renewal or renewal) low DOs may commonly occur in the higher concentrations of
wastewater.  Aeration is accomplished by bubbling air through a pipet at the rate of 100 bubbles/min.  If aeration is
necessary, all test solutions must be aerated.  It is advisable to monitor the DO closely during the first few hours of
the test.  Samples with a potential DO problem generally show a downward trend in DO within 4 to 8 h after the test
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is started.  Unless aeration is initiated during the first 8 h of the test, the DO may be exhausted during an unattended
period, thereby invalidating the test. 

8.8.5   At a minimum, pH, conductivity or salinity, and total residual chlorine are measured in the undiluted effluent
or receiving water, and pH and conductivity are measured in the dilution water.

8.8.5.1   It is recommended that total alkalinity and total hardness also be measured in the undiluted effluent test
water and the dilution water.

8.8.6   Total ammonia is measured in effluent and receiving water samples where toxicity may be contributed by
unionized ammonia (i.e., where total ammonia � 5 mg/L).  The concentration (mg/L) of unionized (free) ammonia
in a sample is a function of temperature and pH, and is calculated using the percentage value obtained from Table 5,
under the appropriate pH and temperature, and multiplying it by the concentration (mg/L) of total ammonia in the
sample.

8.8.7   Effluents and receiving waters can be dechlorinated using 6.7 mg/L anhydrous sodium thiosulfate to reduce 1
mg/L chlorine (APHA, 1992).  Note that the amount of thiosulfate required to dechlorinate effluents is greater than
the amount needed to dechlorinate tap water, (see Section 7, Dilution Water).  Since thiosulfate may contribute to
sample toxicity, a thiosulfate control should be used in the test in addition to the normal dilution water control.

8.8.8   The DO concentration in the samples should be near saturation prior to use.  Aeration will bring the DO and
other gases into equilibrium with air, minimize oxygen demand, and stabilize the pH.  However, aeration during
collection, transfer, and preparation of samples should be minimized to reduce the loss of volatile chemicals. 

8.8.9   Mortality or impairment of growth or reproduction due to pH alone may occur if the pH of the sample falls
outside the range of 6.0 - 9.0.  Thus, the presence of other forms of toxicity (metals and organics) in the sample may
be masked by the toxic effects of low or high pH.  The question about the presence of other toxicants can be
answered only by performing two parallel tests, one with an adjusted pH, and one without an adjusted pH. 
Freshwater samples are adjusted to pH 7.0, and marine samples are adjusted to pH 8.0, by adding 1N NaOH or 1N
HCl dropwise, as required, being careful to avoid overadjustment.

RB-AR26833



36

TABLE 4. OXYGEN SOLUBILITY (MG/L) IN WATER AT EQUILIBRIUM WITH AIR AT 760 MM HG
(AFTER Richards and Corwin, 1956) 

TEMP SALINITY (‰)

(C°) 0 5 10 15 20 25 30 35 40 43

  0 14.2 13.8 13.4 12.9 12.5 12.1 11.7 11.2 10.8 10.6
  1 13.8 13.4 13.0 12.6 12.2 11.8 11.4 11.0 10.6 10.3
  2 13.4 13.0 12.6 12.2 11.9 11.5 11.1 10.7 10.3 10.0
  3 13.1 12.7 12.3 11.9 11.6 11.2 10.8 10.4 10.0 9.8
  4 12.7 12.3 12.0 11.6 11.3 10.9 10.5 10.1 9.8 9.5
  5 12.4 12.0 11.7 11.3 11.0 10.6 0.2 9.8 9.5 9.3
  6 12.1 11.7 11.4 11.0 10.7 10.3 0.0 9.6 9.3 9.1
  8 11.5 11.2 10.8 10.5 10.2 9.8 9.5 9.2 8.9 8.7
10 10.9 10.7 10.3 10.0 9.7 9.4 9.1 8.8 8.5 8.3
12 10.5 10.2 9.9 9.6 9.3 9.0 8.7 8.4 8.1 7.9
14 10.0 9.7 9.5 9.2 8.9 8.6 8.3 8.1 7.8 7.6
16 9.6 9.3 9.1 8.8 8.5 8.3 8.0 7.7 7.5 7.3
18 9.2 9.0 8.7 8.5 8.2 8.0 7.7 7.5 7.2 7.1
20 8.9 8.6 8.4 8.1 7.9 7.7 7.4 7.2 6.9 6.8
22 8.6 8.4 8.1 7.9 7.6 7.4 7.2 6.9 6.7 6.6
24 8.3 8.1 7.8 7.6 7.4 7.2 6.9 6.7 6.5 6.4
26 8.1 7.8 7.6 7.4 7.2 7.0 6.7 6.5 6.3 6.1
28 7.8 7.6 7.4 7.2 7.0 6.8 6.5 6.3 6.1 6.0
30 7.6 7.4 7.1 6.9 6.7 6.5 6.3 6.1 5.9 5.8
32 7.3 7.1 6.9 6.7 6.5 6.3 6.1 5.9 5.7 5.6
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TABLE 5. PERCENT UNIONIZED NH3 IN AQUEOUS AMMONIA SOLUTIONS:  TEMPERATURE 
15-26°C AND pH 6.0-8.91

pH TEMPERATURE (°C)

15 16 17 18 19 20 21 22 23 24 25 26

6.0 0.0274 0.0295 0.0318 0.0343 0.0369 0.0397 0.0427 0.0459 0.0493 0.0530 0.0568 0.0610
6.1 0.0345 0.0372 0.0400 0.0431 0.0464 0.0500 0.0537 0.0578 0.0621 0.0667 0.0716 0.0768
6.2 0.0434 0.0468 0.0504 0.0543 0.0584 0.0629 0.0676 0.0727 0.0781 0.0901 0.0901 0.0966
6.3 0.0546 0.0589 0.0634 0.0683 0.0736 0.0792 0.0851 0.0915 0.0983 0.1134 0.1134 0.1216
6.4 0.0687 0.0741 0.0799 0.0860 0.0926 0.0996 0.107 0.115 0.124 0.133 0.143 0.153
6.5 0.0865 0.0933 0.1005 0.1083 0.1166 0.1254 0.135 0.145 0.156 0.167 0.180 0.19
6.6 0.109 0.117 0.127 0.136 0.147 0.158 0.170 0.182 0.196 0.210 0.226 0.242
6.7 0.137 0.148 0.159 0.171 0.185 0.199 0.214 0.230 0.247 0.265 0.284 0.305
6.8 0.172 0.186 0.200 0.216 0.232 0.250 0.269 0.289 0.310 0.333 0.358 0.384
6.9 0.217 0.234 0.252 0.271 0.292 0.314 0.338 0.363 0.390 0.419 0.450 0.482
7.0 0.273 0.294 0.317 0.342 0.368 0.396 0.425 0.457 0.491 0.527 0.566 0.607
7.1 0.343 0.370 0.399 0.430 0.462 0.497 0.535 0.575 0.617 0.663 0.711 0.762
7.2 0.432 0.466 0.502 0.540 0.581 0.625 0.672 0.722 0.776 0.833 0.893 0.958
7.3 0.543 0.586 0.631 0.679 0.731 0.786 0.845 0.908 0.975 1.05 1.12 1.20
7.4 0.683 0.736 0.793 0.854 0.918 0.988 1.061 1.140 1.224 1.31 1.41 1.51
7.5 0.858 0.925 0.996 1.07 1.15 1.24 1.33 1.43 1.54 1.65 1.77 1.89
7.6 1.08 1.16 1.25 1.35 1.45 1.56 1.67 1.80 1.93 2.07 2.21 2.37
7.7 1.35 1.46 1.57 1.69 1.82 1.95 2.10 2.25 2.41 2.59 2.77 2.97
7.8 1.70 1.83 1.97 2.12 2.28 2.44 2.62 2.82 3.02 3.24 3.46 3.71
7.9 2.13 2.29 2.46 2.65 2.85 3.06 3.28 3.52 3.77 4.04 4.32 4.62
8.0 2.66 2.87 3.08 3.31 3.56 3.82 4.10 4.39 4.70 5.03 5.38 5.75
8.1 3.33 3.58 3.85 4.14 4.44 4.76 5.10 5.46 5.85 6.25 6.68 7.14
8.2 4.16 4.47 4.80 5.15 5.52 5.92 6.34 6.78 7.25 7.75 8.27 8.82
8.3 5.18 5.56 5.97 6.40 6.86 7.34 7.85 8.39 8.96 9.56 10.2 10.9
8.4 6.43 6.90 7.40 7.93 8.48 9.07 9.69 10.3 11.0 11.7 12.5 13.3
8.5 7.97 8.54 9.14 9.78 10.45 11.16 11.90 12.7 13.5 14.4 15.2 16.2
8.6 9.83 10.5 11.2 12.0 12.8 13.6 14.5 15.5 16.4 17.4 18.5 19.5
8.7 12.07 12.9 13.8 14.7 15.6 16.6 17.6 18.7 19.8 21.0 22.2 23.4
8.8 14.7 15.7 16.7 17.8 18.9 20.0 21.2 22.5 23.7 25.1 26.4 27.8
8.9 17.9 19.0 20.2 21.4 22.7 24.0 25.3 26.7 28.2 29.6 31.1 32.6

1 Table provided by Teresa Norberg-King, Duluth, Minnesota.  Also see Emerson et al. (1975), Thurston et al.
(1974), and USEPA (1985a).   
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8.9   PRELIMINARY TOXICITY RANGE-FINDING TESTS

8.9.1   USEPA Regional and State personnel generally have observed that it is not necessary to conduct a toxicity
range-finding test prior to initiating a static, chronic, definitive toxicity test.  However, when preparing to perform a
static test with a sample of completely unknown quality, or before initiating a flow-through test, it is advisable to
conduct a preliminary toxicity range-finding test.   

8.9.2   A toxicity range-finding test ordinarily consists of a down-scaled, abbreviated static acute test in which
groups of five organisms are exposed to several widely-spaced sample dilutions in a logarithmic series, such as
100%, 10.0%, 1.00%, and 0.100%, and a control, for 8-24 h.  Caution:  if the sample must also be used for the full-
scale definitive test, the 36-h limit on holding time (see Subsection 8.5.4) must not be exceeded before the definitive
test is initiated.  

8.9.3   It should be noted that the toxicity (LC50) of a sample observed in a range-finding test may be significantly
different from the toxicity observed in the follow-up, chronic, definitive test because: (1) the definitive test is longer;
and (2) the test may be performed with a sample collected at a different time, and possibly differing significantly in
the level of toxicity.

8.10   MULTICONCENTRATION (DEFINITIVE) EFFLUENT TOXICITY TESTS 

8.10.1   The tests recommended for use in determining discharge permit compliance in the NPDES program are
multiconcentration, or definitive, tests which provide (1) a point estimate of effluent toxicity in terms of an IC25,
IC50, or LC50, or (2) a no-observed-effect-concentration (NOEC) defined in terms of mortality, growth,
reproduction, and/or teratogenicity and obtained by hypothesis testing.  The tests may be static renewal or static
non-renewal.

8.10.2   The tests consist of a control and a minimum of five effluent concentrations.  USEPA recommends the use
of a �0.5 dilution factor for selecting effluent test concentrations.  Effluent test concentrations of 6.25%, 12.5%,
25%, 50%, and 100% are commonly used, however, test concentrations should be selected independently for each
test based on the objective of the study, the expected range of toxicity, the receiving water concentration, and any
available historical testing information on the effluent.  USEPA (2000a) provides additional guidance on choosing
appropriate test concentrations.

8.10.3   When these tests are used in determining compliance with permit limits, effluent test concentrations should
be selected to bracket the receiving water concentration.  This may be achieved by selecting effluent test
concentrations in the following manner:  (1) 100% effluent, (2) [RWC + 100]/2, (3) RWC, (4) RWC/2, and (5)
RWC/4.  For example, where the RWC = 50%, appropriate effluent concentrations may be 100%, 75%, 50%, 25%,
and 12.5%. 

8.10.4   If acute/chronic ratios are to be determined by simultaneous acute and short-term chronic tests with a single
species, using the same sample, both types of tests must use the same test conditions, i.e., pH, temperature, water
hardness, salinity, etc.

8.11   RECEIVING WATER TESTS  

8.11.1   Receiving water toxicity tests generally consist of 100% receiving water and a control.  The total salinity of
the control should be comparable to the receiving water.

8.11.2   The data from the two treatments are analyzed by hypothesis testing to determine if test organism survival in
the receiving water differs significantly from the control.  Four replicates and 10 organisms per replicate are
required for each treatment (see Summary of Test Conditions and Test Acceptability Criteria in the specific test
method).
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8.11.3 In cases where the objective of the test is to estimate the degree of toxicity of the receiving water, a
definitive, multiconcentration test is performed by preparing dilutions of the receiving water, using a �0.5 dilution
series, with a suitable control water. 
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SECTION 9

CHRONIC TOXICITY TEST ENDPOINTS AND DATA ANALYSIS

9.1   ENDPOINTS

9.1.1   The objective of chronic aquatic toxicity tests with effluents and pure compounds is to estimate the highest
"safe" or "no-effect concentration" of these substances.  For practical reasons, the responses observed in these tests
are usually limited to hatchability, gross morphological abnormalities, survival, growth, and reproduction, and the
results of the tests are usually expressed in terms of the highest toxicant concentration that has no statistically
significant observed effect on these responses, when compared to the controls.  The terms currently used to define
the endpoints employed in the rapid, chronic and sub-chronic toxicity tests have been derived from the terms
previously used for full life-cycle tests.  As shorter chronic tests were developed, it became common practice to
apply the same terminology to the endpoints.  The terms used in this manual are as follows:

9.1.1.1   Safe Concentration - The highest concentration of toxicant that will permit normal propagation of fish and
other aquatic life in receiving waters.  The concept of a "safe concentration" is a biological concept, whereas the
"no-observed-effect concentration" (below) is a statistically defined concentration.

9.1.1.2   No-Observed-Effect-Concentration (NOEC) - The highest concentration of toxicant to which organisms are
exposed in a full life-cycle or partial life-cycle (short-term) test, that causes no observable adverse effects on the test
organisms (i.e., the highest concentration of toxicant in which the values for the observed responses are not
statistically significantly different from the controls).  This value is used, along with other factors, to determine
toxicity limits in permits.

9.1.1.3   Lowest-Observed-Effect-Concentration (LOEC) - The lowest concentration of toxicant to which organisms
are exposed in a life-cycle or partial life-cycle (short-term) test, which causes adverse effects on the test organisms
(i.e., where the values for the observed responses are statistically significantly different from the controls).

9.1.1.4   Effective Concentration (EC) - A point estimate of the toxicant concentration that would cause an
observable adverse affect on a quantal, "all or nothing," response (such as death, immobilization, or serious
incapacitation) in a given percent of the test organisms, calculated by point estimation techniques.  If the observable
effect is death or immobility, the term, Lethal Concentration (LC), should be used (see Subsection 9.1.1.5).  A
certain EC or LC value might be judged from a biological standpoint to represent a threshold concentration, or
lowest concentration that would cause an adverse effect on the observed response.  

9.1.1.5   Lethal Concentration (LC) - The toxicant concentration that would cause death in a given percent of the test
population.  Identical to EC when the observable adverse effect is death.  For example, the LC50 is the
concentration of toxicant that would cause death in 50% of the test population.

9.1.1.6   Inhibition Concentration (IC) - The toxicant concentration that would cause a given percent reduction in a
nonquantal biological measurement for the test population.  For example, the IC25 is the concentration of toxicant
that would cause a 25% reduction in mean young per female or in growth for the test population, and the IC50 is the
concentration of toxicant that would cause a 50% reduction in the mean population responses.

9.2   RELATIONSHIP BETWEEN ENDPOINTS DETERMINED BY HYPOTHESIS TESTING AND

POINT ESTIMATION TECHNIQUES

9.2.1   If the objective of chronic aquatic toxicity tests with effluents and pure compounds is to estimate the highest
"safe or no-effect concentration" of these substances, it is imperative to understand how the statistical endpoints of
these tests are related to the "safe" or "no-effect" concentration.  NOECs and LOECs are determined by hypothesis
testing (Dunnett's Test, a t test with the Bonferroni adjustment, Steel's Many-One Rank Test, or the Wilcoxon Rank
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Sum Test with Bonferroni adjustment), whereas LCs, ICs, and ECs are determined by point estimation techniques
(Probit Analysis, the Spearman-Karber Method, the Trimmed Spearman-Karber Method, the Graphical Method or
Linear Interpolation Method).  There are inherent differences between the use of a NOEC or LOEC derived from
hypothesis testing to estimate a "safe" concentration, and the use of a LC, IC, EC, or other point estimates derived
from curve fitting, interpolation, etc.

9.2.2   Most point estimates, such as the LC, IC, or EC are derived from a mathematical model that assumes a
continuous dose-response relationship.  By definition, any LC, IC, or EC value is an estimate of some amount of
adverse effect.  Thus the assessment of a "safe" concentration must be made from a biological standpoint rather than
with a statistical test.  In this instance, the biologist must determine some amount of adverse effect that is deemed to
be "safe," in the sense that from a practical biological viewpoint it will not affect the normal propagation of fish and
other aquatic life in receiving waters.

9.2.3   The use of NOECs and LOECs, on the other hand, assumes either (1) a continuous dose-response
relationship, or (2) a non-continuous (threshold) model of the dose-response relationship.

9.2.3.1   In the case of a continuous dose-response relationship, it is also assumed that adverse effects that are not
"statistically observable" are also not important from a biological standpoint, since they are not pronounced enough
to test as statistically significant against some measure of the natural variability of the responses.

9.2.3.2   In the case of non-continuous dose-response relationships, it is assumed that there exists a true threshold, or
concentration below which there is no adverse effect on aquatic life, and above which there is an adverse effect. 
The purpose of the statistical analysis in this case is to estimate as closely as possible where that threshold lies.

9.2.3.3   In either case, it is important to realize that the amount of adverse effect that is statistically observable
(LOEC) or not observable (NOEC) is highly dependent on all aspects of the experimental design, such as the
number of concentrations of toxicant, number of replicates per concentration, number of organisms per replicate,
and use of randomization.  Other factors that affect the sensitivity of the test include the choice of statistical analysis,
the choice of an alpha level, and the amount of variability between responses at a given concentration.

9.2.3.4   Where the assumption of a continuous dose-response relationship is made, by definition some amount of
adverse effect might be present at the NOEC, but is not great enough to be detected by hypothesis testing.

9.2.3.5   Where the assumption of a noncontinuous dose-response relationship is made, the NOEC would indeed be
an estimate of a "safe" or "no-effect" concentration if the amount of adverse effect that appears at the threshold is
great enough to test as statistically significantly different from the controls in the face of all aspects of the
experimental design mentioned above.  If, however, the amount of adverse effect at the threshold were not great
enough to test as statistically different, some amount of adverse effect might be present at the NOEC.  In any case,
the estimate of the NOEC with hypothesis testing is always dependent on the aspects of the experimental design
mentioned above.  For this reason, the reporting and examination of some measure of the sensitivity of the test
(either the minimum significant difference or the percent change from the control that this minimum difference
represents) is extremely important.

9.2.4   In summary, the assessment of a "safe" or "no-effect" concentration cannot be made from the results of
statistical analysis alone, unless (1) the assumptions of a strict threshold model are accepted, and (2) it is assumed
that the amount of adverse effect present at the threshold is statistically detectable by hypothesis testing.  In this
case, estimates obtained from a statistical analysis are indeed estimates of a "no-effect" concentration.  If the
assumptions are not deemed tenable, then estimates from a statistical analysis can only be used in conjunction with
an assessment from a biological standpoint of what magnitude of adverse effect constitutes a "safe" concentration. 
In this instance, a "safe" concentration is not necessarily a truly "no-effect" concentration, but rather a concentration
at which the effects are judged to be of no biological significance.
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9.2.5   A better understanding of the relationship between endpoints derived by hypothesis testing (NOECs) and
point estimation techniques (LCs, ICs, and ECs) would be very helpful in choosing methods of data analysis. 
Norberg-King (1991) reported that the IC25s were comparable to the NOECs for 23 effluent and reference toxicant
data sets analyzed.  The data sets included short-term chronic toxicity tests for the sea urchin, Arbacia punctulata,
the sheepshead minnow, Cyprinodon variegatus, and the red macroalga, Champia parvula.  Birge et al. (1985)
reported that LC1s derived from Probit Analyses of data from short-term embryo-larval tests with reference
toxicants were comparable to NOECs for several organisms.  Similarly, USEPA (1988d) reported that the IC25s
were comparable to the NOECs for a set of daphnia, Ceriodaphnia dubia chronic tests with a single reference
toxicant.  However, the scope of these comparisons was very limited, and sufficient information is not yet available
to establish an overall relationship between these two types of endpoints, especially when derived from effluent
toxicity test data.

9.3   PRECISION

9.3.1   HYPOTHESIS TESTS

9.3.1.1   When hypothesis tests are used to analyze toxicity test data, it is not possible to express precision in terms
of a commonly used statistic.  The results of the test are given in terms of two endpoints, the No-Observed-Effect
Concentration (NOEC) and the Lowest-Observed-Effect Concentration (LOEC).  The NOEC and LOEC are limited
to the concentrations selected for the test.  The width of the NOEC-LOEC interval is a function of the dilution
series, and differs greatly depending on whether a dilution factor of 0.3 or 0.5 is used in the test design.  Therefore,
USEPA recommends the use of the � 0.5 dilution factor (see Section 4, Quality Assurance).  It is not possible to
place confidence limits on the NOEC and LOEC derived from a given test, and it is difficult to quantify the
precision of the NOEC-LOEC endpoints between tests.  If the data from a series of tests performed with the same
toxicant, toxicant concentrations, and test species, were analyzed with hypothesis tests, precision could only be
assessed by a qualitative comparison of the NOEC-LOEC intervals, with the understanding that maximum precision
would be attained if all tests yielded the same NOEC-LOEC interval.  In practice, the precision of results of
repetitive chronic tests is considered acceptable if the NOECs vary by no more than one concentration interval
above or below a central tendency.  Using these guidelines, the "normal" range of NOECs from toxicity tests using a
0.5 dilution factor (two-fold difference between adjacent concentrations), would be four-fold.

9.3.2   POINT ESTIMATION TECHNIQUES

9.3.2.1   Point estimation techniques have the advantage of providing a point estimate of the toxicant concentration
causing a given amount of adverse (inhibiting) effect, the precision of which can be quantitatively assessed (1)
within tests by calculation of 95% confidence limits, and (2) across tests by calculating a standard deviation and
coefficient of variation.

9.3.2.2   It should be noted that software used to calculate point estimates occasionally may not provide associated
95% confidence intervals.  This situation may arise when test data do not meet specific assumptions required by the
statistical methods, when point estimates are outside of the test concentration range, and when specific limitations
imposed by the software are encountered.  USEPA (2000a) provides guidance on confidence intervals under these
circumstances.

9.4   DATA ANALYSIS

9.4.1   ROLE OF THE STATISTICIAN

9.4.1.1   The use of the statistical methods described in this manual for routine data analysis does not require the
assistance of a statistician.  However, the interpretation of the results of the analysis of the data from any of the
toxicity tests described in this manual can become problematic because of the inherent variability and sometimes
unavoidable anomalies in biological data.  If the data appear unusual in any way, or fail to meet the necessary
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assumptions, a statistician should be consulted.  Analysts who are not proficient in statistics are strongly advised to
seek the assistance of a statistician before selecting the method of analysis and using any of the results.

9.4.1.2   The statistical methods recommended in this manual are not the only possible methods of statistical
analysis.  Many other methods have been proposed and considered.  Certainly there are other reasonable and
defensible methods of statistical analysis for this kind of toxicity data.  Among alternative hypothesis tests some,
like Williams' Test, require additional assumptions, while others, like the bootstrap methods, require computer-
intensive computations.  Alternative point estimations approaches most probably would require the services of a
statistician to determine the appropriateness of the model (goodness of fit), higher order linear or nonlinear models,
confidence intervals for estimates generated by inverse regression, etc.  In addition, point estimation or regression
approaches would require the specification by biologists or toxicologists of some low level of adverse effect that
would be deemed acceptable or safe.  The statistical methods contained in this manual have been chosen because
they are (1) applicable to most of the different toxicity test data sets for which they are recommended, (2) powerful
statistical tests, (3) hopefully "easily" understood by nonstatisticians, and (4) amenable to use without a computer, if
necessary.

9.4.2   PLOTTING THE DATA

9.4.2.1   The data should be plotted, both as a preliminary step to help detect problems and unsuspected trends or
patterns in the responses, and as an aid in interpretation of the results.  Further discussion and plotted sets of data are
included in the methods and the Appendices.

9.4.3   DATA TRANSFORMATIONS

9.4.3.1   Transformations of the data, (e.g., arc sine square root and logs), are used where necessary to meet
assumptions of the proposed analyses, such as the requirement for normally distributed data.

9.4.4   INDEPENDENCE, RANDOMIZATION, AND OUTLIERS

9.4.4.1   Statistical independence among observations is a critical assumption in all statistical analysis of toxicity
data.  One of the best ways to ensure independence is to properly follow rigorous randomization procedures. 
Randomization techniques should be employed at the start of the test, including the randomization of the placement
of test organisms in the test chambers and randomization of the test chamber location within the array of chambers. 
Discussions of statistical independence, outliers and randomization, and a sample randomization scheme, are
included in Appendix A.

9.4.5   REPLICATION AND SENSITIVITY

9.4.5.1   The number of replicates employed for each toxicant concentration is an important factor in determining
the sensitivity of chronic toxicity tests.  Test sensitivity generally increases as the number of replicates is increased,
but the point of diminishing returns in sensitivity may be reached rather quickly.  The level of sensitivity required by
a hypothesis test or the confidence interval for a point estimate will determine the number of replicates, and should
be based on the objectives for obtaining the toxicity data.

9.4.5.2 In a statistical analysis of toxicity data, the choice of a particular analysis and the ability to detect
departures from the assumptions of the analysis, such as the normal distribution of the data and homogeneity of
variance, is also dependent on the number of replicates.  More than the minimum number of replicates may be
required in situations where it is imperative to obtain optimal statistical results, such as with tests used in
enforcement cases or when it is not possible to repeat the tests.  For example, when the data are analyzed by
hypothesis testing, the nonparametric alternatives cannot be used unless there are at least four replicates at each
toxicant concentration.
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9.4.6   RECOMMENDED ALPHA LEVELS

9.4.6.1   The data analysis examples included in the manual specify an alpha level of 0.01 for testing the
assumptions of hypothesis tests and an alpha level of 0.05 for the hypothesis tests themselves.  These levels are
common and well accepted levels for this type of analysis and are presented as a recommended minimum
significance level for toxicity data analysis.

9.5   CHOICE OF ANALYSIS

9.5.1   The recommended statistical analysis of most data from chronic toxicity tests with aquatic organisms follows
a decision process illustrated in the flowchart in Figure 2.  An initial decision is made to use point estimation
techniques (the Probit Analysis, the Spearman-Karber Method, the Trimmed Spearman-Karber Method, the
Graphical Method, or Linear Interpolation Method) and/or to use hypothesis testing (Dunnett's Test, the t test with
the Bonferroni adjustment, Steel's Many-one Rank Test, or Wilcoxon Rank Sum Test with the Bonferroni
adjustment).  NOTE: For the NPDES Permit Program, the point estimation techniques are the preferred

statistical methods in calculating end points for effluent toxicity tests.  If hypothesis testing is chosen,
subsequent decisions are made on the appropriate procedure for a given set of data, depending on the results of tests
of assumptions, as illustrated in the flowchart.  A specific flow chart is included in the analysis section for each test.

9.5.2   Since a single chronic toxicity test might yield information on more than one parameter (such as survival,
growth, and reproduction), the lowest estimate of a “no-observed-effect concentration” for any of the responses
would be used as the “no observed effect concentration” for each test.  It follows logically that in the statistical
analysis of the data, concentrations that had a significant toxic effect on one of the observed responses would not be
subsequently tested for an effect on some other response.  This is one reason for excluding concentrations that have
shown a statistically significant reduction in survival from a subsequent hypothesis test for effects on another
parameter such as reproduction.  A second reason is that the exclusion of such concentrations usually results in a
more powerful and appropriate statistical analysis.  In performing the point estimation techniques recommended in
this manual, an all-data approach is used.  For example, data from concentrations above the NOEC for survival are
included in determining ICp estimates using the Linear Interpolation Method. 

9.5.3   ANALYSIS OF GROWTH AND REPRODUCTION DATA

9.5.3.1   Growth data from the sheepshead minnow, Cyprinodon variegatus, and inland silverside, Menidia
beryllina, larval survival and growth tests, and the mysid, Mysidopsis bahia, survival, growth, and fecundity test, are
analyzed using hypothesis testing according to the flowchart in Figure 2.  The above mentioned growth data may
also be analyzed by generating a point estimate with the Linear Interpolation Method.  Data from effluent
concentrations that have tested significantly different from the control for survival are excluded from further
hypothesis tests concerning growth effects.  Growth is defined as the change in dry weight of the orginal number of
test organisms when group weights are obtained.  When analyzing the data using point estimating techniques, data
from all concentrations are included in the analysis.

9.5.3.2   Fecundity data from the mysid, Mysidopsis bahia, test may be analyzed using hypothesis testing after an
arc sine transformation according to the flowchart in Figure 2.  The fecundity data from the mysid test may also be
analyzed by generating a point estimate with the Linear Interpolation Method.

9.5.3.3   Reproduction data from the red macroalga, Champia parvula, test are analyzed using hypothesis testing as
illustrated in Figure 2.  The reproduction data from the red macroalga test may also be analyzed by generating a
point estimate with the Linear Interpolation Method.
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Figure 2.  Flowchart for statistical analysis of test data
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9.5.4   ANALYSIS OF THE SEA URCHIN, ARBACIA PUNCTULATA, FERTILIZATION DATA

9.5.4.1   Data from the sea urchin, Arbacia punctulata, fertilization test may be analyzed by hypothesis testing after
an arc sine transformation according to the flowchart in Figure 2.  The fertilization data from the sea urchin test may
also be analyzed by generating a point estimate with the Linear Interpolation Method.

9.5.5   ANALYSIS OF MORTALITY DATA

9.5.5.1   Mortality data are analyzed by Probit Analysis, if appropriate, or other point estimation techniques, (i.e., the
Spearman-Karber Method, the Trimmed Spearman-Karber Method, or the Graphical Method) (see Appendices H-
K) (see discussion below).  The mortality data can also be analyzed by hypothesis testing, after an arc sine square
root transformation (see Appendices B-F), according to the flowchart in Figure 2.

9.6   HYPOTHESIS TESTS

9.6.1   DUNNETT'S PROCEDURE

9.6.1.1   Dunnett's Procedure is used to determine the NOEC.  The procedure consists of an analysis of variance
(ANOVA) to determine the error term, which is then used in a multiple comparison procedure for comparing each
of the treatment means with the control mean, in a series of paired tests (see Appendix C).  Use of Dunnett's
Procedure requires at least three replicates per treatment to check the assumptions of the test.  In cases where the
numbers of data points (replicates) for each concentration are not equal, a t test may be performed with Bonferroni's
adjustment for multiple comparisons (see Appendix D), instead of using Dunnett's Procedure.

9.6.1.2   The assumptions upon which the use of Dunnett's Procedure is contingent are that the observations within
treatments are normally distributed, with homogeneity of variance.  Before analyzing the data, these assumptions
must be tested using the procedures provided in Appendix B.

9.6.1.3   If, after suitable transformations have been carried out, the normality assumptions have not been met,
Steel's Many-one Rank Test should be used if there are four or more data points (replicates) per toxicant
concentration.  If the numbers of data points for each toxicant concentration are not equal, the Wilcoxon Rank Sum
Test with Bonferroni's adjustment should be used (see Appendix F).

9.6.1.4   Some indication of the sensitivity of the analysis should be provided by calculating (1) the minimum
difference between means that can be detected as statistically significant, and (2) the percent change from the
control mean that this minimum difference represents for a given test.

9.6.1.5   A step-by-step example of the use of Dunnett's Procedure is provided in Appendix C.

9.6.2   T TEST WITH THE BONFERRONI ADJUSTMENT

9.6.2.1   The t test with the Bonferroni adjustment is used as an alternative to Dunnett's Procedure when the number
of replicates is not the same for all concentrations.  This test sets an upper bound of alpha on the overall error rate, in
contrast to Dunnett's Procedure, for which the overall error rate is fixed at alpha.  Thus, Dunnett's Procedure is a
more powerful test.

9.6.2.2   The assumptions upon which the use of the t test with the Bonferroni adjustment is contingent are that the
observations within treatments are normally distributed, with homogeneity of variance.  These assumptions must be
tested using the procedures provided in Appendix B.

9.6.2.3   The estimate of the safe concentration derived from this test is reported in terms of the NOEC.  A
step-by-step example of the use of a t-test with the Bonferroni adjustment is provided in Appendix D.
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9.6.3   STEEL'S MANY-ONE RANK TEST

9.6.3.1   Steel's Many-one Rank Test is a multiple comparison procedure for comparing several treatments with a
control.  This method is similar to Dunnett's procedure, except that it is not necessary to meet the assumption of
normality.  The data are ranked, and the analysis is performed on the ranks rather than on the data themselves.  If the
data are normally or nearly normally distributed, Dunnett's Procedure would be more sensitive (would detect smaller
differences between the treatments and control).  For data that are not normally distributed, Steel's Many-one Rank
Test can be much more efficient (Hodges and Lehmann, 1956).

9.6.3.2   It is necessary to have at least four replicates per toxicant concentration to use Steel's test.  Unlike Dunnett's
procedure, the sensitivity of this test cannot be stated in terms of the minimum difference between treatment means
and the control mean that can be detected as statistically significant.

9.6.3.3   The estimate of the safe concentration is reported as the NOEC.  A step-by-step example of the use of
Steel's Many-One Rank Test is provided in Appendix E.

9.6.4   WILCOXON RANK SUM TEST WITH THE BONFERRONI ADJUSTMENT

9.6.4.1   The Wilcoxon Rank Sum Test is a nonparametric test for comparing a treatment with a control.  The data
are ranked and the analysis proceeds exactly as in Steel's Test except that Bonferroni's adjustment for multiple
comparisons is used instead of Steel's tables.  When Steel's test can be used (i.e., when there are equal numbers of
data points per toxicant concentration), it will be more powerful (able to detect smaller differences as statistically
significant) than the Wilcoxon Rank Sum Test with Bonferroni's adjustment.

9.6.4.2   The estimate of the safe concentration is reported as the NOEC.  A step-by-step example of the use of the
Wilcoxon Rank Sum Test with Bonferroni adjustment is provided in Appendix F.

9.6.5   A CAUTION IN THE USE OF HYPOTHESIS TESTING

9.6.5.1   If in the calculation of an NOEC by hypothesis testing, two tested concentrations cause statistically
significant adverse effects, but an intermediate concentration did not cause statistically significant effects, the results
should be used with extreme caution.

9.7   POINT ESTIMATION TECHNIQUES

9.7.1   PROBIT ANALYSIS

9.7.1.1   Probit Analysis is used to estimate an LC1, LC50, EC1, or EC50 and the associated 95% confidence
interval.  The analysis consists of adjusting the data for mortality in the control, and then using a maximum
likelihood technique to estimate the parameters of the underlying log tolerance distribution, which is assumed to
have a particular shape. 

9.7.1.2   The assumption upon which the use of Probit Analysis is contingent is a normal distribution of log
tolerances.  If the normality assumption is not met, and at least two partial mortalities are not obtained, Probit
Analysis should not be used.  It is important to check the results of Probit Analysis to determine if use of the
analysis is appropriate.  The chi-square test for heterogeneity provides a good test of appropriateness of the analysis. 
The computer program (see discussion, Appendix H) checks the chi-square statistic calculated for the data set
against the tabular value, and provides an error message if the calculated value exceeds the tabular value.

9.7.1.3   A discussion of Probit Analysis, and examples of computer program input and output, are found in
Appendix H. 
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9.7.1.4   In cases where Probit Analysis is not appropriate, the LC50 and confidence interval may be estimated by
the Spearman-Karber Method (Appendix I) or the Trimmed Spearman-Karber Method (Appendix J).  If a test
results in 100% survival and 100% mortality in adjacent treatments (all or nothing effect), the  LC50 may be
estimated using the Graphical Method (Appendix K).

9.7.2   LINEAR INTERPOLATION METHOD

9.7.2.1   The Linear Interpolation Method (see Appendix L) is a procedure to calculate a point estimate of the
effluent or other toxicant concentration [Inhibition Concentration, (IC)] that causes a given percent reduction (e.g.,
25%, 50%, etc.) in the reproduction, growth, fertilization, or fecundity of the test organisms.  The procedure was
designed for general applicability in the analysis of data from short-term chronic toxicity tests.

9.7.2.2   Use of the Linear Interpolation Method is based on the assumptions that the responses (1) are
monotonically non-increasing (the mean response for each higher concentration is less than or equal to the mean
response for the previous concentration), (2) follow a piece-wise linear response function, and (3) are from a
random, independent, and representative sample of test data.  The assumption for piece-wise linear response cannot
be tested statistically, and no defined statistical procedure is provided to test the assumption for monotonicity. 
Where the observed means are not strictly monotonic by examination, they are adjusted by smoothing.  In cases
where the responses at the low toxicant concentrations are much higher than in the controls, the smoothing process
may result in a large upward adjustment in the control mean.

9.7.2.3   The inability to test the monotonicity and piece wise linear response assumptions for this method makes it
difficult to assess when the method is, or is not, producing reliable results.  Therefore, the method should be used
with caution when the results of a toxicity test approach an "all or nothing" response from one concentration to the
next in the concentration series, and when it appears that there is a large deviation from monotonicity.  See
Appendix L for a more detailed discussion of the use of this method and a computer program available for
performing calculations.
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SECTION 10

REPORT PREPARATION AND TEST REVIEW

10.1   REPORT PREPARATION

The toxicity data are reported, together with other appropriate data.  The following general format and content are
recommended for the report: 

10.1.1   INTRODUCTION

1. Permit number
2. Toxicity testing requirements of permit
3. Plant location
4. Name of receiving water body
5. Contract Laboratory (if the test was performed under contract)

a. Name of firm
b. Phone number
c. Address

6. Objective of test

10.1.2   PLANT OPERATIONS

1. Product(s)
2. Raw materials
3. Operating schedule
4. Description of waste treatment
5. Schematic of waste treatment
6. Retention time (if applicable)
7. Volume of waste flow (MGD, CFS, GPM)
8. Design flow of treatment facility at time of sampling

10.1.3   SOURCE OF EFFLUENT, RECEIVING WATER, AND DILUTION WATER

1. Effluent Samples
a. Sampling point (including latitude and longitude)
b. Collection dates and times
c. Sample collection method
d. Physical and chemical data
e. Mean daily discharge on sample collection date
f. Lapsed time from sample collection to delivery
g. Sample temperature when received at the laboratory

2. Receiving Water Samples
a. Sampling point (including latitude and longitude)
b. Collection dates and times
c. Sample collection method
d. Physical and chemical data

 e. Tide stages
f. Sample temperature when received at the laboratory

 g. Lapsed time from sample collection to delivery
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3. Dilution Water Samples
a. Source
b. Collection date and time
c. Pretreatment
d. Physical and chemical characteristics 

10.1.4   TEST METHODS

 1. Toxicity test method used (title, number, source)
 2. Endpoint(s) of test
 3. Deviation(s) from reference method, if any, and the reason(s)
 4. Date and time test started
 5. Date and time test terminated
 6. Type of volume and test chambers
 7. Volume of solution used per chamber
 8. Number of organisms used per test chamber
 9. Number of replicate test chambers per treatment
10. Acclimation of test organisms (temperature and salinity mean and  range)
11. Test temperature (mean and range)
12. Specify if aeration was needed
13. Feeding frequency, and amount and type of food
14. Test salinity (mean and range)
15. Specify if (and how) pH control measures were implemented

10.1.5   TEST ORGANISMS

1. Scientific name and how determined
2. Age
3. Life stage
4. Mean length and weight (where applicable)
5. Source
6. Diseases and treatment (where applicable)
7. Taxonomic key used for species identification

10.1.6   QUALITY ASSURANCE

1. Reference toxicant used routinely; source
2. Date and time of most recent reference toxicant test; test results and current control (cusum) chart
3. Dilution water used in reference toxicant test
4. Results (NOEC or, where applicable, LOEC, LC50, EC50, IC25 and/or IC50); report percent

minimum significant difference (PMSD) calculated for sublethal endpoints determined by hypothesis
testing in reference toxicant test

5. Physical and chemical methods used

10.1.7   RESULTS

1. Provide raw toxicity data in tabular form, including daily records of affected organisms in each 
concentration (including controls) and replicate, and in graphical form (plots of toxicity data)

2. Provide table of LC50s, NOECs, IC25, IC50, etc. (as required in the applicable NPDES permit)
3. Indicate statistical methods to calculate endpoints
4. Provide summary table of physical and chemical data
5. Tabulate QA data
6. Provide percent minimum significant difference (PMSD) calculated for sublethal endpoints
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10.1.8   CONCLUSIONS AND RECOMMENDATIONS

1. Relationship between test endpoints and permit limits.
2. Action to be taken.

10.2  TEST REVIEW

10.2.1  Test review is an important part of an overall quality assurance program (Section 4) and is necessary for
ensuring that all test results are reported accurately.  Test review should be conducted on each test by both the
testing laboratory and the regulatory authority. 

10.2.2  SAMPLING AND HANDLING 

10.2.2.1  The collection and handling of samples are reviewed to verify that the sampling and handling procedures
given in Section 8 were followed.  Chain-of-custody forms are reviewed to verify that samples were tested within
allowable sample holding times (Subsection 8.5.4).  Any deviations from the procedures given in Section 8 should
be documented and described in the data report (Subsection 10.1). 

10.2.3  TEST ACCEPTABILITY CRITERIA

10.2.3.1  Test data are reviewed to verify that test acceptability criteria (TAC) requirements for a valid test have
been met.  Any test not meeting the minimum test acceptability criteria is considered invalid.  All invalid tests must
be repeated with a newly collected sample. 

10.2.4  TEST CONDITIONS

10.2.4.1  Test conditions are reviewed and compared to the specifications listed in the summary of test condition
tables provided for each method.  Physical and chemical measurements taken during the test (e.g., temperature, pH,
and DO) also are reviewed and compared to specified ranges.  Any deviations from specifications should be
documented and described in the data report (Subsection 10.1).

10.2.4.2  The summary of test condition tables presented for each method identify test conditions as required or
recommended.  For WET test data submitted under NPDES permits, all required test conditions must be met or the
test is considered invalid and must be repeated with a newly collected sample.   Deviations from recommended test
conditions must be evaluated on a case-by-case basis to determine the validity of test results.  Deviations from
recommended test conditions may or may not invalidate a test result depending on the degree of the departure and
the objective of the test.  The reviewer should consider the degree of the deviation and the potential or observed
impact of the deviation on the test result before rejecting or accepting a test result as valid.  For example, if
dissolved oxygen is measured below 4.0 mg/L in one test chamber, the reviewer should consider whether any
observed mortality in that test chamber corresponded with the drop in dissolved oxygen.

10.2.4.3  Whereas slight deviations in test conditions may not invalidate an individual test result, test condition
deviations that continue to occur frequently in a given laboratory may indicate the need for improved quality control
in that laboratory.  

10.2.5  STATISTICAL METHODS

10.2.5.1  The statistical methods used for analyzing test data are reviewed to verify that the recommended
flowcharts for statistical analysis were followed.  Any deviation from the recommended flowcharts for selection of
statistical methods should be noted in the data report. Statistical methods other than those recommended in the
statistical flowcharts may be appropriate (see Subsection 9.4.1.2), however, the laboratory must document the use of
and provide the rationale for the use of any alternate statistical method.  In all cases (flowchart recommended
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methods or alternate methods), reviewers should verify that the necessary assumptions are met for the statistical
method used. 

10.2.6  CONCENTRATION-RESPONSE RELATIONSHIPS

10.2.6.1  The concept of a concentration-response, or more classically, a dose-response relationship is “the most
fundamental and pervasive one in toxicology” (Casarett and Doull, 1975).  This concept assumes that there is a
causal relationship between the dose of a toxicant (or concentration for toxicants in solution) and a measured
response.  A response may be any measurable biochemical or biological parameter that is correlated with exposure
to the toxicant.  The classical concentration-response relationship is depicted as a sigmoidal shaped curve, however,
the particular shape of the concentration-response curve may differ for each coupled toxicant and response pair.  In
general, more severe responses (such as acute effects) occur at higher concentrations of the toxicant, and less severe
responses (such as chronic effects) occur at lower concentrations.  A single toxicant also may produce multiple
responses, each characterized by a concentration-response relationship.  A corollary of the concentration-response
concept is that every toxicant should exhibit a concentration-response relationship, given that the appropriate
response is measured and given that the concentration range evaluated is appropriate.  Use of this concept can be
helpful in determining whether an effluent possesses toxicity and in identifying anomalous test results.

10.2.6.2  The concentration-response relationship generated for each multi-concentration test must be reviewed to
ensure that calculated test results are interpreted appropriately.  USEPA (2000a) provides guidance on evaluating
concentration-response relationships to assist in determining the validity of WET test results.  All WET test results
(from multi-concentration tests) reported under the NPDES program should be reviewed and reported according to
USEPA guidance on the evaluation of concentration-response relationships (USEPA, 2000a).  This guidance
provides review steps for 10 different concentration-response patterns that may be encountered in WET test data. 
Based on the review, the guidance provides one of three determinations: that calculated effect concentrations are
reliable and should be reported, that calculated effect concentrations are anomalous and should be explained, or that
the test was inconclusive and the test should be repeated with a newly collected sample.  It should be noted that the
determination of a valid concentration-response relationship is not always clear cut.  Data from some tests may
suggest consultation with professional toxicologists and/or regulatory officials.  Tests that exhibit unexpected
concentration-response relationships also may indicate a need for further investigation and possible retesting. 

10.2.7  REFERENCE TOXICANT TESTING

10.2.7.1  Test review of a given effluent or receiving water test should include review of the associated reference
toxicant test and current control chart.  Reference toxicant testing and control charting is required for documenting
the quality of test organisms (Subsection 4.7) and ongoing laboratory performance (Subsection 4.16).  The reviewer
should verify that a quality control reference toxicant test was conducted according to the specified frequency
required by the permitting authority or recommended by the method (e.g., monthly).  The test acceptability criteria,
test conditions, concentration-response relationship, and test sensitivity of the reference toxicant test are reviewed to
verify that the reference toxicant test conducted was a valid test.  The results of the reference toxicant test are then
plotted on a control chart (see Subsection 4.16) and compared to the current control chart limits (± 2 standard
deviations).

10.2.7.2  Reference toxicant tests that fall outside of recommended control chart limits are evaluated to determine
the validity of associated effluent and receiving water tests (see Subsection 4.16).  An out of control reference
toxicant test result does not necessarily invalidate associated test results.  The reviewer should consider the degree to
which the reference toxicant test result fell outside of control chart limits, the width of the limits, the direction of the
deviation (toward increasing test organism sensitivity or toward decreasing test organism sensitivity), the test
conditions of both the effluent test and the reference toxicant test, and the objective of the test.  More frequent
and/or concurrent reference toxicant testing may be advantageous if recent problems (e.g., invalid tests, reference
toxicant test results outside of control chart limits, reduced health of organism cultures, or increased within-test
variability) have been identified in testing.  
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10.2.8   TEST VARIABILITY

10.2.8.1   The within-test variability of individual tests should be reviewed.  Excessive within-test variability may
invalidate a test result and warrant retesting.  For evaluating within-test variability, reviewers should consult EPA
guidance on upper and lower percent minimum significant difference (PMSD) bounds (USEPA, 2000b).  

10.2.8.2   When NPDES permits require sublethal hypothesis testing endpoints from Methods 1006.0 or 1007.0
(e.g., growth NOECs and LOECs), within-test variability must be reviewed and variability criteria must be applied
as described in this section (10.2.8.2).  When the methods are used for non-regulatory purposes, the variability
criteria herein are recommended but are not required, and their use (or the use of alternative variability criteria) may
depend upon the intended uses of the test results and the requirements of any applicable data quality objectives and
quality assurance plan.

10.2.8.2.1   To measure test variability, calculate the percent minimum significant difference (PMSD) achieved in
the test.  The PMSD is the smallest percentage decrease in growth or reproduction from the control that could be
determined as statistically significant in the test.  The PMSD is calculated as 100 times the minimum significant
difference (MSD) divided by the control mean.  The equation and examples of MSD calculations are shown in
Appendix C.  PMSD may be calculated legitimately as a descriptive statistic for within-test variability, even when
the hypothesis test is conducted using a non-parametric method. The PMSD bounds were based on a representative
set of tests, including tests for which a non-parametric method was required for determining the NOEC or LOEC. 
The conduct of hypothesis testing to determine test results should follow the statistical flow charts provided for each
method.  That is, when test data fail to meet assumptions of normality or heterogeneity of variance, a non-parametric
method (determined following the statistical flowchart for the method) should be used to calculate test results, but
the PMSD may be calculated as described above (using parametric methods) to provide a measure of test variability. 

10.2.8.2.2   Compare the PMSD measured in the test with the upper PMSD bound variability criterion listed in
Table 6.  When the test PMSD exceeds the upper bound, the variability among replicates is unusually large for the
test method.  Such a test should be considered insufficiently sensitive to detect toxic effects on growth or
reproduction of substantial magnitude.  A finding of toxicity at a particular concentration may be regarded as
trustworthy, but a finding of "no toxicity" or "no statistically significant toxicity" at a particular concentration should
not be regarded as a reliable indication that there is no substantial toxic effect on growth or reproduction at that
concentration.

10.2.8.2.3   If the PMSD measured for the test is less than or equal to the upper PMSD bound variability criterion in
Table 6,  then the test's variability measure lies within normal bounds and the effect concentration estimate (e.g.,
NOEC or LOEC) would normally be accepted unless other test review steps raise serious doubts about its validity.

10.2.8.2.4   If the PMSD measured for the test exceeds the upper PMSD bound variability criterion in Table 6,  then
one of the following two cases applies (10.2.8.2.4.1, 10.2.8.2.4.2).

10.2.8.2.4.1   If toxicity is found at the permitted receiving water concentration (RWC) based upon the value of the
effect concentration estimate (NOEC or LOEC), then the test shall be accepted and the effect concentration estimate
may be reported, unless other test review steps raise serious doubts about its validity.

10.2.8.2.4.2   If toxicity is not found at the permitted RWC based upon the value of the effect concentration estimate
(NOEC or LOEC) and the PMSD measured for the test exceeds the upper PMSD bound, then the test shall not be
accepted, and a new test must be conducted promptly on a newly collected sample.

10.2.8.2.5   To avoid penalizing laboratories that achieve unusually high precision, lower PMSD bounds shall also
be applied when a hypothesis test result (e.g., NOEC or LOEC) is reported.  Lower PMSD bounds, which are based
on the 10th percentiles of national PMSD data, are presented in Table 6.  The 10th percentile PMSD represents a
practical limit to the sensitivity of the test method because few laboratories are able to achieve such precision on a
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regular basis and most do not achieve it even occasionally.  In determining hypothesis test results (e.g., NOEC or
LOEC), a test concentration shall not be considered toxic (i.e., significantly different from the control) if the relative
difference from the control is less than the lower PMSD bounds in Table 6.  See USEPA, 2000b for specific
examples of implementing lower PMSD bounds. 

10.2.8.3   To assist in reviewing within-test variability, EPA recommends maintaining control charts of PMSDs
calculated for successive effluent tests (USEPA, 2000b).  A control chart of PMSD values characterizes the range of
variability observed within a given laboratory, and allows comparison of individual test PMSDs with the
laboratory’s typical range of variability.  Control charts of other variability and test performance measures, such as
the MSD, standard deviation or CV of control responses, or average control response, also may be useful for
reviewing tests and minimizing variability.  The log of PMSD will provide an approximately normal variate useful
for control charting.

TABLE 6.  VARIABILITY CRITERIA (UPPER AND LOWER PMSD BOUNDS) FOR SUBLETHAL
HYPOTHESIS TESTING ENDPOINTS SUBMITTED UNDER NPDES PERMITS.1 

Test Method Endpoint
Lower PMSD

Bound
Upper PMSD

Bound

Method 1006.0, Inland Silverside
Larval Survival and Growth Test

growth 11 28

Method 1007.0, Mysidopsis bahia
Survival, Growth, and Fecundity Test

growth 11 37

1 Lower and upper PMSD bounds were determined from the 10th and 90th percentile, respectively, of PMSD
data from EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2000b).
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SECTION 11

TEST METHOD

SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS
LARVAL SURVIVAL AND GROWTH TEST

METHOD 1004.0

11.1   SCOPE AND APPLICATION

11.1.1   This method, adapted in part from USEPA (1987b), estimates the chronic toxicity of effluents and receiving
waters to the sheepshead minnow, Cyprinodon variegatus, using newly hatched larvae in a seven-day,
static-renewal test.  The effects include the synergistic, antagonistic, and additive effects of all the chemical,
physical, and biological components which adversely affect the physiological and biochemical functions of the test
species.

11.1.2   Daily observations on mortality make it possible to also calculate acute toxicity for desired exposure periods
(i.e., 24-h, 48-h, 96-h LC50s).

11.1.3   Detection limits of the toxicity of an effluent or chemical are organism dependent.

11.1.4   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, and because the test chambers are not sealed, highly
volatile and highly degradable toxicants present in the source may not be detected in the test.

11.1.5   This method is commonly used in one of two forms:  (1) a definitive test, consisting of a minimum of five
effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving water
concentrations and a control.

11.2   SUMMARY OF METHOD

11.2.1   Sheepshead minnow, Cyprinodon variegatus, larvae (preferably less than 24-h old) are exposed in a static
renewal system for seven days to different concentrations of effluent or to receiving water.  Test results are based on
the survival and weight of the larvae. 

11.3   INTERFERENCES

11.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies). 

11.3.2   Adverse effects of low dissolved oxygen concentrations (DO), high concentrations of suspended and/or
dissolved solids, and extremes of pH, may mask the effects of toxic substances. 

11.3.3   Improper effluent sampling and handling may adversely affect test results (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

11.3.4   Pathogenic and/or predatory organisms in the dilution water and effluent may affect test organism survival,
and confound test results. 

11.3.5   Food added during the test may sequester metals and other toxic substances and reduce the apparent toxicity
of the test substance.  However, in a growth test the nutritional needs of the organisms must be satisfied, even if
feeding has the potential to confound test results. 

RB-AR26853



56

11.3.6   pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-dependent toxicants
(such as metals) are present.  As pH increases, the toxicity of ammonia also increases (see Subsection 8.8.6), so
upward pH drift may increase sample toxicity.  For metals, toxicity may increase or decrease with increasing pH. 
Lead and copper were found to be more acutely toxic at pH 6.5 than at pH 8.0 or 8.5, while nickel and zinc were
more toxic at pH 8.5 than at pH 6.5 (USEPA, 1992).  In situations where sample toxicity is confirmed to be
artifactual and due to pH drift (as determined by parallel testing as described in Subsection 11.3.6.1), the regulatory
authority may allow for control of sample pH during testing using procedures outlined in Subsection 11.3.6.2.  It
should be noted that artifactual toxicity due to pH drift is not likely to occur unless pH drift is large (more than 1 pH
unit) and/or the concentration of some pH-dependent toxicant in the sample is near the threshold for toxicity. 

11.3.6.1   To confirm that toxicity is artifactual and due to pH drift, parallel tests must be conducted, one with
controlled pH and one with uncontrolled pH.  In the uncontrolled-pH treatment, the pH is allowed to drift during the
test.  In the controlled-pH treatment, the pH is maintained using the procedures described in Subsection 11.3.6.2. 
The pH to be maintained in the controlled-pH treatment (or target pH) will depend on the objective of the test.  If the
objective of the WET test is to determine the toxicity of the effluent in the receiving water, the pH should be
maintained at the pH of the receiving water (measured at the edge of the regulatory mixing zone).  If the objective of
the WET test is to determine the absolute toxicity of the effluent, the pH should be maintained at the pH of the
sample after adjusting the sample salinity for use in marine testing.  

11.3.6.1.1  During parallel testing, the pH must be measured in each treatment at the beginning (i.e., initial pH) and
end (i.e., final pH) of each 24-h exposure period.  For each treatment, the mean initial pH (e.g., averaging the initial
pH measured each day for a given treatment) and the mean final pH (e.g., averaging the final pH measured each day
for a given treatment) must be reported.  pH measurements taken during the test must confirm that pH was
effectively maintained at the target pH in the controlled-pH treatment.  For each treatment, the mean initial pH and
the mean final pH should be within ±0.3 pH units of the target pH.  Test procedures for conducting toxicity
identification evaluations (TIEs) also recommend maintaining pH within ± 0.3 pH units in pH-controlled tests
(USEPA, 1996).

11.3.6.1.2   Total ammonia also should be measured in each treatment at the outset of parallel testing.  Total
ammonia concentrations greater than 5 mg/L in the 100% effluent are an indicator that toxicity observed in the test
may be due to ammonia (USEPA, 1992).  

11.3.6.1.3   Results from both of the parallel tests (pH-controlled and uncontrolled treatments) must be reported to
the regulatory authority.  If the uncontrolled test meets test acceptability criteria and shows no toxicity at the
permitted instream waste concentration, then the results from this test should be used for determining compliance.  If
the uncontrolled test shows toxicity at the permitted instream waste concentration, then the results from the pH-
controlled test should be used for determining compliance, provided that this test meets test acceptability criteria and
pH was properly controlled (see Subsection 11.3.6.1.1).  

11.3.6.1.4   To confirm that toxicity observed in the uncontrolled test was artifactual and due to pH drift, the results
of the controlled and uncontrolled-pH tests are compared.  If toxicity is removed or reduced in the pH-controlled
treatment, artifactual toxicity due to pH drift is confirmed for the sample.  To demonstrate that a sample result of
artifactual toxicity is representative of a given effluent, the regulatory authority may require additional information
or additional parallel testing before pH control (as described in Subsection 11.3.6.2) is applied routinely to
subsequent testing of the effluent. 

11.3.6.2   The pH can be controlled with the addition of acids and bases and/or the use of a CO2-controlled
atmosphere over the test chambers.  pH is adjusted with acids and bases by dropwise adding 1N NaOH or 1N HCl
(see Subsection 8.8.9).  The addition of acids and bases should be minimized to reduce the amount of additional ions
(Na or Cl) added to the sample.  pH is then controlled using the CO2-controlled atmosphere technique.  This may be
accomplished by placing test solutions and test organisms in closed headspace test chambers, and then injecting a
predetermined volume of CO2 into the headspace of each test chamber (USEPA, 1991b; USEPA, 1992); or by
placing test chambers in an atmosphere flushed with a predetermined mixture of CO2 and air (USEPA, 1996).  Prior
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experimentation will be needed to determine the appropriate CO2/air ratio or the appropriate volume of CO2 to inject. 
This volume will depend upon the sample pH, sample volume, container volume, and sample constituents.  If more
than 5% CO2 is needed, adjust the solutions with acids (1N HCl) and then flush the headspace with no more than 5%
CO2 (USEPA, 1992).  If the objective of the WET test is to determine the toxicity of the effluent in the receiving
water, atmospheric CO2 in the test chambers is adjusted to maintain the test pH at the pH of the receiving water
(measured at the edge of the regulatory mixing zone).   If the objective of the WET test is to determine the absolute
toxicity of the effluent, atmospheric CO2 in the test chambers is adjusted to maintain the test pH at the pH of the
sample after adjusting the sample salinity for use in marine testing.  USEPA (1996) and Mount and Mount (1992)
provide techniques and guidance for controlling test pH using a CO2-controlled atmosphere.  In pH-controlled
testing, control treatments must be subjected to all manipulations that sample treatments are subjected to.  These
manipulations must be shown to cause no lethal or sublethal effects on control organisms.  In pH-controlled testing,
the pH also must be measured in each treatment at the beginning and end of each 24-h exposure period to confirm
that pH was effectively controlled at the target pH level. 

11.4   SAFETY

11.4.1   See Section 3, Health and Safety.

11.5   APPARATUS AND EQUIPMENT

11.5.1   Facilities for holding and acclimating test organisms.

11.5.2   Brine shrimp, Artemia, culture unit -- see Subsection 11.6.14 below and Section 4, Quality Assurance.

11.5.3   Sheepshead minnow culture unit -- see Subsection 11.6.15 below.  The maximum number of larvae required
per test will range from a maximum of 360, if 15 larvae are used in each of four replicates, to a minimum of 240 per
test, if 10 larvae are used in each of four replicates.  It is preferable to obtain the test organisms from an in-house
culture unit.  If it is not feasible to culture fish in-house, embryos or newly hatched larvae can be obtained from
other sources if shipped in well oxygenated saline water in insulated containers.

11.5.4   Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h composite
sample of 5 L.

11.5.5   Environmental chamber or equivalent facility with temperature control (25 ± 1°C).

11.5.6   Water purification system -- Millipore Milli-Q®, deionized water (DI) or equivalent.

11.5.7   Balance -- Analytical, capable of accurately weighing to 0.00001 g.

11.5.8   Reference weights, Class S -- for checking performance of balance.  Weights should bracket the expected
weights of the weighing pans and the expected weights of the pans plus fish.

11.5.9   Drying oven -- 50-105°C range, for drying larvae.

11.5.10   Air pump -- for oil-free air supply.

11.5.11   Air lines, and air stones -- for aerating water containing embryos or larvae, or for supplying air to test
solutions with low DO.

11.5.12   Meters, pH and DO -- for routine physical and chemical measurements. 

11.5.13   Standard or micro-Winkler apparatus -- for determining DO (optional).
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11.5.14   Dissecting microscope -- for checking embryo viability.

11.5.15   Desiccator -- for holding dried larvae.
 
11.5.16   Light box -- for counting and observing larvae. 
 
11.5.17   Refractometer -- for determining salinity. 
 
11.5.18   Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures. 

11.5.19   Thermometers, bulb-thermograph or electronic-chart type -- for continuously recording temperature. 

11.5.20   Thermometer, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA, 1979b) -- to
calibrate laboratory thermometers. 
 
11.5.21   Test chambers --  four for each concentration and control.  Borosilicate glass 1000 mL beakers or modified
Norberg and Mount (1985) glass chambers used in the short-term inland silverside test may be used.  It is
recommended that each chamber contain a minimum of 50 mL/larvae and allow adequate depth of test solution (5.0
cm).  To avoid potential contamination from the air and excessive evaporation of test solutions during the test, the
chambers should be covered with safety glass plates or sheet plastic (6 mm thick).

11.5.22   Beakers -- six Class A, borosilicate glass or non-toxic plasticware, 1000 mL for making test solutions.

11.5.23   Wash bottles -- for deionized water, for washing embryos from substrates and containers, and for rinsing
small glassware and instrument electrodes and probes.

11.5.24   Crystallization dishes, beakers, culture dishes (1 L), or equivalent -- for incubating embryos.

11.5.25   Volumetric flasks and graduated cylinders -- Class A, borosilicate glass or non-toxic plastic labware,
10-1000 mL for making test solutions.

11.5.26   Separatory funnels, 2-L -- two to four for culturing Artemia nauplii.

11.5.27   Pipets, volumetric -- Class A, 1-100 mL.

11.5.28   Pipets, automatic -- adjustable,  1-100 mL.

11.5.29   Pipets, serological -- 1-10 mL, graduated.

11.5.30   Pipet bulbs and fillers -- PROPIPET®, or equivalent.

11.5.31   Droppers, and glass tubing with fire polished edges, 4 mm ID -- for transferring larvae.

11.5.32   Siphon with bulb and clamp -- for cleaning test chambers.

11.5.33   Forceps -- for transferring dead larvae to weighing boats.

11.5.34   NITEX® or stainless steel mesh sieves (� 150 μm, 500 μm, 3 to 5 mm) -- for collecting Artemia nauplii
and fish embryos, and for spawning baskets, respectively. 
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11.6   REAGENTS AND CONSUMABLE MATERIALS

11.6.1   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

11.6.2   Data sheets (one set per test) -- for data recording.

11.6.3   Vials, marked--  24 per test, containing 4% formalin or 70% ethanol, to preserve larvae (optional). 

11.6.4   Weighing pans, aluminum -- 24 per test. 
 
11.6.5   Tape, colored -- for labeling test chambers. 
 
11.6.6   Markers, waterproof -- for marking containers, etc. 
 
11.6.7   Buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) -- for standards and
calibration check (see USEPA Method 150.1, USEPA, 1979b). 
 
11.6.8   Membranes and filling solutions for dissolved oxygen probe (see USEPA Method 360.l, USEPA, 1979b),
or reagents -- for modified Winkler analysis.
 
11.6.9   Laboratory quality control samples and standards -- for calibration of the above methods. 
 
11.6.10   Reference toxicant solutions -- see Section 4, Quality Assurance. 

11.6.11   Ethanol (70%) or formalin (4%) -- for use as a preservative for the fish larvae. 

11.6.12   Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic to
the test organisms. 

11.6.13   Effluent, receiving water, and dilution water -- see Section 7, Dilution Water, and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests. 
 
11.6.13.1   Saline test and dilution water -- The salinity of the test water must be in the range of 20 to 32‰.  The
salinity should vary by no more than ± 2‰ among the chambers on a given day.  If effluent and receiving water
tests are conducted concurrently, the salinities of these tests should be similar.  This test is not recommended for
salinities less than 20‰.

11.6.13.2   The overwhelming majority of industrial and sewage treatment effluents entering marine and estuarine
systems contain little or no measurable salts.  Exposure of sheepshead minnow larvae to these effluents will require
adjustments in the salinity of the test solutions.  It is important to maintain a constant salinity across all treatments. 
In addition, it may be desirable to match the test salinity with that of the receiving water.  Two methods are
available to adjust salinities -- a hypersaline brine derived from natural seawater or artificial sea salts. 

11.6.13.3   Hypersaline brine (HSB):  HSB has several advantages that make it desirable for use in toxicity testing.
It can be made from any high quality, filtered seawater by evaporation, and can be added to the effluent or to
deionized water to increase the salinity.  HSB derived from natural seawater contains the necessary trace metals,
biogenic colloids, and some of the microbial components necessary for adequate growth, survival, and/or
reproduction of marine and estuarine organisms, and may be stored for prolonged periods without any apparent
degradation.  However, if 100‰ HSB is used as a diluent, the maximum concentration of effluent that can be tested
will be 80% at 20‰ salinity and 70% at 30‰ salinity. 
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11.6.13.3.1   The ideal container for making brine from natural seawater is one that (1) has a high surface to volume
ratio, (2) is made of a non-corrosive material, and (3) is easily cleaned (fiberglass containers are ideal).  Special care
should be used to prevent any toxic materials from coming in contact with the seawater being used to generate the
brine.  If a heater is immersed directly into the seawater, ensure that the heater materials do not corrode or leach any
substances that would contaminate the brine.  One successful method used is a thermostatically controlled heat
exchanger made from fiberglass.  If aeration is used, use only oil-free air compressors to prevent contamination.

11.6.13.3.2   Before adding seawater to the brine generator, thoroughly clean the generator, aeration supply tube,
heater, and any other materials that will be in direct contact with the brine.  A good quality biodegradable detergent
should be used, followed by several (at least three) thorough deionized water rinses. 

11.6.13.3.3   High quality (and preferably high salinity) seawater should be filtered to at least 10 μm before placing
into the brine generator.  Water should be collected on an incoming tide to minimize the possibility of
contamination.

11.6.13.3.4   The temperature of the seawater is increased slowly to 40°C.  The water should be aerated to prevent
temperature stratification and to increase water evaporation.  The brine should be checked daily (depending on
volume being generated) to ensure that the salinity does not exceed 100‰ and that the temperature does not exceed
40°C.  Additional seawater may be added to the brine to obtain the volume of brine required. 

11.6.13.3.5   After the required salinity is attained, the HSB should be filtered a second time through a l μm filter
and poured directly into portable containers (20-L cubitainers or polycarbonate water cooler jugs are suitable).  The
containers should be capped and labelled with the date the HSB was generated and its salinity.  Containers of HSB
should be stored in the dark and maintained at room temperature until used. 

11.6.13.3.6   If a source of HSB is available, test solutions can be made by following the directions below. 
Thoroughly mix together the deionized water and HSB before adding the effluent. 

11.6.13.3.7   Divide the salinity of the HSB by the expected test salinity to determine the proportion of deionized
water to brine.  For example, if the salinity of the brine is 100‰ and the test is to be conducted at 20‰, 100‰
divided by 20‰ = 5.0.  The proportion of brine is 1 part in 5 (one part brine to four parts deionized water).  To
make 1 L of seawater at 20‰ salinity from a HSB of 100‰, divide 1 L (1000 mL) by 5.0.  The result, 200 mL, is
the quantity of brine needed to make 1 L of seawater.  The difference, 800 mL, is the quantity of deionized water
required. 
 
11.6.13.4   Artificial sea salts:  FORTY FATHOMS® brand sea salts have been used successfully at the
EMSL-Cincinnati to maintain and spawn sheephead minnows and perform the larval survival and growth test (see
Section 7, Dilution Water).  HW MARINEMIX® sea salts have been used successfully at the USEPA Region 6
Houston Laboratory to maintain and spawn sheephead minnows and perform the larval growth and survival test and
the embryo-larval survival and teratogenicity test.  In addition, a slightly modified version of the GP2 medium
(Spotte et al., 1984) has been successfully used to perform the sheepshead minnow survival and growth test (Table
1).  Artifical sea salts may be used for culturing sheepshead minnows and for the larval survival and growth test if
the criteria for acceptability of test data are satisfied (see Subsection 11.12).

11.6.13.4.1   Synthetic sea salts are packaged in plastic bags and mixed with deionized water or equivalent.  The
instructions on the package of sea salts should be followed carefully, and the salts should be mixed in a separate
container -- not in the culture tank.  The deionized water used in hydration should be in the temperature range of
21-26°C.  Seawater made from artificial sea salts is conditioned (Spotte, 1973; Spotte et al., 1984; Bower, 1983)
before it is used for culturing or testing.  After adding the water, place an air stone in the container, cover, and
aerate the solution mildly for 24 h before use.

11.6.13.4.2   The GP2 reagent grade chemicals (Table 1) should be mixed with deionized (DI) water or its
equivalent in a container other than the culture or testing tanks.  The deionized water used for hydration should be
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between 21-26°C.  The artificial seawater must be conditioned (aerated) for 24 h before use as the testing medium. 
If the solution is to be autoclaved, sodium bicarbonate is added after the solution has cooled.  A stock solution of
sodium bicarbonate is made up by dissolving 33.6 g NaHCO3 in 500 mL of deionized water.  Add 2.5 mL of this
stock solution for each liter of the GP2 artificial seawater.

TABLE 1. REAGENT GRADE CHEMICALS USED IN THE PREPARATION OF GP2 ARTIFICIAL
SEAWATER FOR THE SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, TOXICITY
TEST1,2,3 

Compound       Concentration
      (g/L)

      Amount (g)
    Required for
               20 L

NaCl 21.03 420.6

Na2SO4 3.52 70.4

KCl 0.61 12.2

KBr  0.088 1.76

Na2B4O7 ·10 H2O 0.034 0.68

MgCl2·6 H2O 9.50 190.0

CaCl2·2 H 2O 1.32 26.4

SrCl2·6 H2O 0.02 0.400

NaHCO3 0.17 3.40

 1 Modified GP2 from Spotte et al. (1984).
 2 The constituent salts and concentrations were taken from USEPA (l990b). The salinity is 30.89 g/L.
 3 GP2 can be diluted with deionized (DI) water to the desired test salinity.

11.6.14   BRINE SHRIMP, ARTEMIA, NAUPLII -- for feeding cultures and test organisms 

11.6.14.1   Newly-hatched Artemia nauplii (see USEPA, 2002a) are used as food for sheepshead minnow larvae in
toxicity tests and in the maintenance of continuous stock cultures.  Although there are many commercial sources of
brine shrimp cysts, the Brazilian or Colombian strains are currently preferred because the supplies examined have
had low concentrations of chemical residues and produce nauplii of suitably small size. 

11.6.14.2   Each new batch of Artemia cysts must be evaluated for size (Vanhaecke and Sorgeloos, 1980, and
Vanhaecke et al., 1980) and nutritional suitability (Leger et al., 1985, and Leger et al., 1986) against known suitable
reference cysts by performing a side-by-side larval growth test using the "new" and "reference" cysts.  The
"reference" cysts used in the suitability test may be a previously tested and acceptable batch of cysts.  A sample of
newly-hatched Artemia nauplii from each new batch of cysts should be chemically analyzed.  The Artemia cysts
should not be used if the concentration of total organochlorine pesticides exceeds 0.15 μg/g wet weight or the total
concentration of organochlorine pesticides plus PCBs exceeds 0.30 μg/g wet weight.  (For analytical methods see
USEPA, 1982.)

11.6.14.3   Artemia nauplii are obtained as follows: 

1. Add 1 L of seawater, or a solution prepared by adding 35.0 g uniodized salt (NaCl) or artificial sea
salts to 1 L of deionized water, to a 2-L separatory funnel, or equivalent. 

2. Add 10 mL Artemia cysts to the separatory funnel and aerate for 24 h at 27°C.  (Hatching time varies
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with incubation temperature and the geographic strain of Artemia used (USEPA, 1985a; USEPA,
2002a; ASTM, 1993).

3. After 24 h, cut off the air supply in the separatory funnel.  Artemia nauplii are phototactic, and will
concentrate at the bottom of the funnel if it is covered for 5-10 minutes.  To prevent mortality, do not
leave the concentrated nauplii at the bottom of the funnel more than 10 min without aeration.

4. Drain the nauplii into a beaker or funnel fitted with a � 150 μm NITEX® or stainless steel screen, and
rinse with seawater or equivalent before use.

11.6.14.4   Testing Artemia nauplii as food for toxicity test organisms. 

11.6.14.4.1   The primary criterion for acceptability of each new supply of brine shrimp cysts is the ability of the
nauplii to support good survival and growth of the sheepshead minnow larvae (see Subsection 11.12).  The larvae
used to evaluate the suitability of the brine shrimp nauplii must be of the same geographical origin, species, and
stage of development as those used routinely in the toxicity tests.  Sufficient data to detect differences in survival
and growth should be obtained by using three replicate test vessels, each containing a minimum of 15 larvae, for
each type of food. 

11.6.14.4.2   The feeding rate and frequency, test vessels, volume of control water, duration of the test, and age of
the nauplii at the start of the test, should be the same as used for the routine toxicity tests.

11.6.14.4.3   Results of the brine shrimp nutrition assay, where there are only two treatments, can be evaluated
statistically by use of a t test.  The "new" food is acceptable if there are no statistically significant differences in the
survival and growth of the larvae fed the two sources of nauplii. 

11.6.15   TEST ORGANISMS, SHEEPSHEAD MINNOWS, CYPRINODON VARIEGATUS

11.6.15.1   Brood Stock 

11.6.15.1.1   Adult sheepshead minnows for use as brood stock may be obtained by seine in Gulf of Mexico and
Atlantic coast estuaries, from commercial sources, or from young fish raised to maturity in the laboratory.  Feral
brood stocks and first generation laboratory fish are preferred, to minimize inbreeding.  

11.6.15.1.2   To detect disease and to allow time for acute mortality due to the stress of capture, field-caught adults
are observed in the laboratory a minimum of two weeks before using as a source of gametes.  Injured or diseased
fish are discarded. 

11.6.15.1.3   Sheepshead minnows can be continuously cultured in the laboratory from eggs to adults.  The larvae,
juvenile, and adult fish should be kept in appropriate size rearing tanks, maintained at ambient laboratory
temperature.  The larvae should be fed sufficient newly-hatched Artemia nauplii daily to assure that live nauplii are
always present.  Juveniles are fed frozen adult brine shrimp and a commercial flake food, such as TETRA SM-80®

or MARDEL AQUARIAN® Tropical Fish Flakes or equivalent.  Adult fish (age one month) are fed flake food three
or four times daily, supplemented with frozen adult brine shrimp. 

11.6.15.1.3.1   Sheepshead minnows reach sexual maturity in three-to-five months after hatch, and have an average
standard length of approximately 27 mm for females and 34 mm for males.  At this time, the males begin to exhibit
sexual dimorphism and initiate territorial behavior.  When the fish reach sexual maturity and are to be used for
natural spawning, the temperature should be controlled at 18-20°C. 

11.6.15.1.4   Adults can be maintained in natural or artificial seawater in a flow-through or recirculating, aerated
system consisting of an all-glass aquarium , or equivalent.

11.6.15.1.5   The system is equipped with an undergravel or outside biological filter of shells (Spotte, 1973; Bower,
1983) for conditioning the biological filter), or a cartridge filter, such as a MAGNUM® Filter, or an EHEIM® Filter,
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or equivalent, at a salinity of 20-30‰ and a photoperiod of 16 h light/8 h dark.

11.6.15.2   Obtaining Embryos for Toxicity Tests (See USEPA, 1978)

11.6.15.2.1   Embryos can be shipped to the laboratory from an outside source or obtained from adults held in the
laboratory.  Ripe eggs can be obtained either by natural spawning or by intraperitoneal injection of the females with
human chorionic gonadotrophin (HCG) hormone.  If the culturing system for adults is temperature controlled,
natural spawning can be induced.  Natural spawning is preferred because repeated spawnings can be obtained from
the same brood stock, whereas with hormone injection, the brood stock is sacrificed in obtaining gametes.

11.6.15.2.2   It should be emphasized that the injection and hatching schedules given below are to be used only as
guidelines.  Response to the hormone varies from stock to stock and with temperature.  Time to hatch and percent
viable hatch also vary among stocks and among batches of embryos obtained from the same stock, and are
dependent on temperature, DO, and salinity.  The coordination of spawning and hatching is further complicated by
the fact that, even under the most ideal conditions, embryos spawned over a 24-h period may hatch over a 72-h
period.  Therefore, it is advisable (especially if natural spawning is used) to obtain fertilized eggs over several days
to ensure that a sufficient number of newly hatched larvae (less than 24 h old) will be available to initiate a test. 

11.6.15.2.3   Forced Spawning 

11.6.15.2.3.1   HCG is reconstituted with sterile saline or Ringer's solution immediately before use.  The standard
HCG vial contains l,000 IU to be reconstituted in 10 mL of saline.  Freeze-dried HCG which comes with
premeasured and sterilized saline is the easiest to use.  Use of a 50 IU dose requires injection of 0.05 mL of
reconstituted hormone solution.  Reconstituted HCG may be used for several weeks if kept in the refrigerator. 

11.6.15.2.3.2   Each female is injected intraperitoneally with 50 IU HCG on two consecutive days, starting at least
10 days prior to the beginning of a test.  Two days following the second injection, eggs are stripped from the
females and mixed with sperm derived from excised macerated testes.  At least ten females and five males are used
per test to ensure that there is a sufficient number (400) of viable embryos.

11.6.15.2.3.3   HCG is injected into the peritoneal cavity, just below the skin, using as small a needle as possible.  A
50 IU dose is recommended for females approximately 27 mm in standard length.  A larger or smaller dose may be
used for fish which are significantly larger or smaller than 27 mm.  With injections made on days one and two,
females which are held at 25°C should be ready for stripping on days 4, 5, and 6.  Ripe females should show
pronounced abdominal swelling, and release at least a few eggs in response to a gentle squeeze.  Injected females
should be isolated from males.  It may be helpful if fish that are to be injected are maintained at 20°C before
injection, and the temperature raised to 25°C on the day of the first injection. 
 
11.6.15.2.3.4   Prepare the testes immediately before stripping the eggs from the females.  Remove the testes from
three-to-five males.  The testes are paired, dark grey organs along the dorsal midline of the abdominal cavity.  If the
head of the male is cut off and pulled away from the rest of the fish, most of the internal organs can be pulled out of
the body cavity, leaving the testes behind.  The testes are placed in a few mL of seawater until the eggs are ready. 

11.6.15.2.3.5   Strip the eggs from the females, into a dish containing 50-100 mL of seawater, by firmly squeezing
the abdomen.  Sacrifice the females and remove the ovaries if all the ripe eggs do not flow out freely.  Break up any
clumps of ripe eggs and remove clumps of ovarian tissue and underripe eggs.  Ripe eggs are spherical,
approximately 1 mm in diameter, and almost clear. 

11.6.15.2.3.6   While being held over the dish containing the eggs, the testes are macerated in a fold of NITEX®

screen (250-500 μm mesh) dampened with seawater.  The testes are then rinsed with seawater to remove the sperm
from tissue, and the remaining sperm and testes are washed into the dish.  Let the eggs and milt stand together for
10-15 min, swirling occasionally.
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11.6.15.2.3.7   Pour the contents of the dish into a beaker, and insert an airstone.  Aerate gently, such that the water
moves slowly over the eggs, and incubate at 25°C for 60-90 min.  After incubation, wash the eggs on a NITEX®

screen and resuspend them in clean seawater.  Examine the eggs periodically under a dissecting microscope until
they are in the 2-8 cell stage.  (The stage at which it is easiest to tell the developing embryos from the abnormal
embryos and unfertilized eggs; see Figure 1).  The eggs can then be gently rolled on a NITEX® screen and culled
(see Section 6, Test Organisms).

11.6.15.2.4   Natural Spawning

11.6.15.2.4.1   Cultures of adult fish to be used for spawning are maintained at 18-20°C until embryos are required. 
When embryos are required, raise the temperature to 25°C in the morning, seven or eight days before the beginning
of a test.  That afternoon, transfer the adult fish (generally, at least five females and three males) to a spawning
chamber (approximately, 20 × 35 × 22 cm high; USEPA, 1978), which is a basket constructed of 3-5 mm NITEX®

mesh, made to fit a 57-L (15 gal) aquarium.  Spawning generally will begin within 24 h or less.  Embryos will fall
through the bottom of the basket and onto a collecting screen (250-500 μm mesh) or tray below the basket.  Allow
the embryos to collect for 24 h.  Embryos are washed from the screen, checked for viability, and placed in
incubation dishes.  Replace the screens until a sufficient number of embryos have been collected.  One-to-three
spawning aquaria can be used to collect the required number of embryos to run a toxicity test.  To help keep the
embryos clean, the adults are fed while the screens are removed.

11.6.15.2.5   Incubation

11.6.15.2.5.1   Four hours post-fertilization, the embryos obtained by natural or forced spawning are rolled gently
with a finger on a 250-500 μm Nitex® screen to remove excess fibers and tissue.  The embryos have adhesive
threads and tend to adhere to each other.  Gentle rolling on the screen facilitates the culling process described
below.  To reduce fungal contamination of the newly spawned embryos after they have been manipulated, they
should be placed in a 250 μm sieve and briskly sprayed with seawater from a squeeze bottle.

11.6.15.2.5.2   Under a dissecting microscope, separate and discard abnormal embryos and unfertilized eggs.  While
they are checked, the embryos are maintained in seawater at 25°C.  The embryos should be in Stages C-G, Figure 1. 

11.6.15.2.5.3   If the test is prepared with four replicates of 15 larvae at each of six treatments (five effluent
concentrations and a control), and the combined mortality of eggs and larvae prior to the start of the test is less than
20%, approximately 400 viable embryos are required at this stage. 
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Figure 1. Embryonic development of sheepshead minnow, Cyprinodon variegatus:  A. Mature unfertilized egg,
showing attachment filaments and micropyle, X33; B. Blastodisc fully developed;  C,D. Blastodisc, 8 cells; E.
Blastoderm, 16 cells; F. Blastoderm, late cleavage stage; G. Blastoderm with germ ring formed, embryonic
shield developing; H. Blastoderm covers over 3/4 of yolk, yolk noticeably constricted; I. Early embryo.  From
Kuntz (1916).
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Figure 1. Embryonic development of sheepshead minnow, Cyprinodon variegatus:  J.
Embryo 48 h after fertilization, now segmented throughout, pigment on yolk sac
and body, otoliths formed; K. Posterior portion of embryo free from yolk and
moves freely within egg membrane, 72 h after fertilization; L. Newly hatched
fish, actual length 4 mm; M. Larval fish 5 days after hatching, actual length 5 mm;
N. Young fish 9 mm in length; O. Young fish 12 mm in length (CONTINUED). 
From Kuntz (1916).
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11.6.15.2.5.4   Embryos are demersal.  They should be aerated and incubated at 25°C, at a salinity of 20-30‰ and a
16-h photoperiod.  The embryos can be cultured in either a flow-through or static system, using aquaria or
crystallization dishes.  However, if the embryos are cultured in dishes, it is essential that aeration and daily water
changes be provided, and the dishes be covered to reduce evaporation that may cause increased salinity.  One-half to
three-quarters of the seawater from the culture vessels can be poured off and the incubating embryos retained. 
Embryos cultured in this manner should hatch in six or seven days. 

11.6.15.2.5.5   At 48 h post-fertilization, embryos are examined under a microscope to determine development and
survival.  Embryos should be in Stages I and J, Figure 1.  Discard dead embryos.  Approximately 360 viable embryos
are required at this stage.  

11.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE

11.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity
Tests. 

11.8   CALIBRATION AND STANDARDIZATION

11.8.1   See Section 4, Quality Assurance.

11.9   QUALITY CONTROL

11.9.1   See Section 4, Quality Assurance. 

11.10   TEST PROCEDURES

 
11.10.1   TEST SOLUTIONS 

11.10.1.1   Receiving Waters 

11.10.1.1.1   The sampling point is determined by the objectives of the test.  At estuarine and marine sites, samples are
usually collected at mid-depth.  Receiving water toxicity is determined with samples used directly as collected or with
samples passed through a 60 μm NITEX® filter and compared without dilution, against a control.  Using four replicate
chambers per test, each containing 500-750 mL, and 400 mL for chemical analysis, would require approximately 2.4-
3.4 L or more of sample per test per day. 

11.10.1.2   Effluents 

11.10.1.2.1   The selection of the effluent test concentrations should be based on the objectives of the study.  A dilution
factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ± 100%, and allows for testing of
concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%, 25.0%,
50.0%, and 100%).  Test precision shows little improvement as dilution factors are increased beyond 0.5 and declines
rapidly if smaller dilution factors are used.  Therefore, USEPA recommends the use of the � 0.5 dilution factor.  If
100‰ HSB is used as a diluent, the maximum concentration of effluent that can be tested will be 80% at 20‰ salinity
and 70% at 30‰ salinity. 

11.10.1.2.2   If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should be
used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during the first 1-to-2 h
of the test, additional dilutions at the lower range of effluent concentrations should be added. 
 
11.10.1.2.3   The volume of effluent required to initiate the test and for daily renewal of four replicates per
concentration for five concentrations of effluent and a control, each containing 750 mL of test solution, is
approximately 5 L.  Prepare enough test solution (approximately 3400 mL) at each effluent concentration to provide
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400 mL additional volume for chemical analyses (Table 2).  

11.10.1.2.4   The salinity of effluent and receiving water tests for sheepshead minnows should be between 20‰ and
30‰.  If concurrent effluent and receiving water testing occurs, the effluent test salinity should closely approximate
that of the receiving water test.  If an effluent is tested alone, select a salinity between 20‰ and 30‰, whichever comes
closest to the salinity of the receiving waters.  Table 2 illustrates the quantities of effluent, artificial sea salts,
hypersaline brine, or seawater needed to prepare 3 L of test solution at each treatment level for tests performed at 20‰
salinity.

11.10.1.2.5   Just prior to test initiation (approximately 1 h), the temperature of sufficient quantity of the sample to
make the test solutions should be adjusted to the test temperature (25 ± 1°C) and maintained at that temperature during
the addition of dilution water.
 
11.10.1.2.6   Higher effluent concentrations (i.e., 25%, 50%, and 100%) may require aeration to maintain adequate
dissolved oxygen concentrations. However, if one solution is aerated, all concentrations must be aerated. Aerate
effluent as it warms and continue to gently aerate test solutions in the test chambers for the duration of the test. 

11.10.1.2.7   Effluent dilutions should be prepared for all replicates in each treatment in one beaker to minimize
variability among the replicates.  The test chambers are labelled with the test concentration and replicate number. 
Dispense into the appropriate effluent dilution chamber.

11.10.1.3   Dilution Water

11.10.1.3.1   Dilution water may be uncontaminated natural seawater (receiving water), HSB prepared from natural
seawater, or artificial seawater prepared from FORTY FATHOMS® or GP2 sea salts (see Table 1 and Section 7,
Dilution Water).  Other artificial sea salts may be used for culturing sheepshead minnows and for the larval survival
and growth test if the control criteria for acceptability of test data are satisfied. 
 
11.10.2   START OF THE TEST 
 
11.10.2.1   Tests should begin as soon as possible, preferably within 24 h after sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site toxicity
tests unless permission is granted by the permitting authority.  In no case should the sample be used for the first time in
a test more than 72 h after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample Handling,
and Sample Preparation for Toxicity Tests).
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TABLE 2. PREPARATION OF TEST SOLUTIONS AT A SALINITY OF 20‰ , USING 20‰ SALINITY 
DILUTION WATER PREPARED FROM NATURAL SEAWATER, HYPERSALINE BRINE,
OR ARTIFICIAL SEA SALTS

Effluent
Solution

Effluent
Conc. (%)

Solutions To Be Combined

Volume of

Effluent Solution

Volume of Diluent

Seawater (20‰)

1       1001,2 6800 mL                ----

2        50 3400 mL Solution 1 + 3400 mL

3        25 3400 mL Solution 2 + 3400 mL

4        12.5 3400 mL Solution 3 + 3400 mL

5         6.25 3400 mL Solution 4 + 3400 mL

Control         0.0    3400 mL

Total  17000 mL

1 This illustration assumes: (1) the use of 750 mL of test solution in each of four replicates and 400 mL for chemical
analysis (total of 3,400 mL) for the control and each of five concentrations of effluent (2) an effluent dilution
factor of 0.5, and (3) the effluent lacks appreciable salinity.  A sufficient initial volume (6,800 mL) of effluent is
prepared by adjusting the salinity to the desired level.  In this example, the salinity is adjusted by adding artificial
sea salts to the 100% effluent, and preparing a serial dilution using 20‰ seawater (natural seawater, hypersaline
brine, or artificial seawater).  Following addition of salts, the effluent is stirred for 1 h to ensure that the salts have
dissolved.  The salinity of the initial 6,800 mL of 100% effluent is adjusted to 20‰ by adding 136 g of dry
artificial sea salts (FORTY FATHOMS®).  Test concentrations are then made by mixing appropriate volumes of
salinity-adjusted effluent and 20‰ salinity  dilution water to provide 6,800 mL of solution for each concentration. 
If hypersaline brine alone (100‰) is used to adjust the salinity of the effluent, the highest concentration of effluent
that could be achieved would be 80% at 20‰ salinity.  When dry sea salts are used to adjust the salinity of the
effluent, it may be desirable to use a salinity control prepared under the same conditions and used to determine
survival and growth.

2 The same procedures would be followed in preparing test concentrations at other salinities between 20‰ and
30‰: (1) the salinity of the bulk (initial) effluent sample would be adjusted to the appropriate salinity using
artificial sea salts or hypersaline brine, and (2) the remaining effluent concentrations would be prepared by serial
dilution, using a large batch (17,000 mL) of seawater for dilution water, which had been prepared at the same
salinity as the effluent, using natural seawater, or hypersaline or artificial sea salts and deionized water.  

11.10.2.2   If the embryos have been incubating at 25°C, 30‰ salinity, and a 16-h photoperiod, for 5 to 6 days with
aeration and daily water renewals, approximately 24 h prior to hatching, the salinity of the seawater in the incubation
chamber may be reduced from 30‰ to the test salinity, if lower than 30‰.  In addition to maintaining good water
quality, reducing the salinity and/or changing the water may also help to initiate hatching over the next 24 h.  A few
larvae may hatch 24 h ahead of the majority.  Remove these larvae and reserve them in a separate dish, maintaining the
same culture conditions.  It is preferable to use only the larvae that hatch in the 24 h prior to starting the test.  However,
if sufficient numbers of larvae do not hatch within the 24-h period, the larvae that hatch prior to 24 h are added to the
test organisms.  The test organisms are then randomly selected for the test.  When eggs or larvae must be shipped to the
test site from a remote location, it may be necessary to use larvae older than 24-h because of the difficulty in
coordinating test organism shipments with field operations.  However, in the latter case, the larvae should not be more
than 48-h old at the start of the test and should all be within 24-h of the same age.

11.10.2.3   Label the test chambers with a marking pen.  Use of color coded tape to identify each treatment and
replicate.  A minimum of five effluent concentrations and a control are used for each test.  Each treatment (including
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controls) must have a minimum of four replicates.  For exposure chambers, use 1000 mL beakers, non-toxic disposable
plasticware, or glass chambers with a sump area as illustrated in the inland silverside test method (see Section 13). 

11.10.2.4   Prepare the test solutions and add to the test chambers. 

11.10.2.5   The test is started by randomly placing larvae from the common pool  into each test chamber until each
chamber contains a minimum of 10 larvae, for a total of a minimum of 40 for each concentration (see Appendix A). 
The amount of water added to the chambers when transferring the larvae should be kept to a minimum to avoid
unnecessary dilution of the test concentrations.

11.10.2.6   The chambers may be placed on a light table to facilitate counting the larvae.

11.10.2.7   Randomize the position of the test chambers at the beginning of the test (see Appendix A).  Maintain the
chambers in this configuration throughout the test.  Preparation of a position chart may be helpful. 

11.10.3   LIGHT, PHOTOPERIOD, SALINITY, AND TEMPERATURE

11.10.3.1   The light quality and intensity should be at ambient laboratory levels, which is approximately 10-20
μE/m2/s, or 50 to 100 foot candles (ft-c), with a photoperiod of 16 h light and 8 h darkness.  The water temperature in
the test chambers should be maintained at 25 ± 1°C.  The test salinity should be in the range of 20 to 30‰ to
accommodate receiving waters that may fall within this range.  Conduct of this test at salinities less than 20‰ may
cause an unacceptably low growth response and thereby invalidate the test.  The salinity should vary by no more than ±
2‰ among the chambers on a given day.  If effluent and receiving water tests are conducted concurrently, the salinities
of these tests should be similar.

11.10.4   DISSOLVED OXYGEN (DO) CONCENTRATION

11.10.4.1   Aeration may affect the toxicity of effluents and should be used only as a last resort to maintain a
satisfactory DO.  The DO should be measured on new solutions at the start of the test (Day 0) and before daily renewal
of test solutions on subsequent days.  The DO should not fall below 4.0 mg/L (see Section 8, Effluent and Receiving
Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).  If it is necessary to aerate, all
treatments and the control should be aerated.  The aeration rate should not exceed 100 bubbles/min, using a pipet with a
1-2 mm orifice, such as a 1-mL KIMAX® serological pipet, or equivalent.  Care should be taken to ensure that
turbulence resulting from aeration does not cause undue stress on the fish. 

11.10.5   FEEDING 

11.10.5.1   Artemia nauplii are prepared as described above.

11.10.5.2   Sheepshead minnow larvae are fed newly-hatched (less than 24-h old) Artemia nauplii once a day from
hatch day 0 through day 6; larvae are not fed on day 7.  Feed 0.10 g nauplii per test chamber on days 0-2, and 0.15 g
nauplii per test chamber on days 3-6.  Equal amounts of Artemia nauplii must be added to each replicate test chamber
to minimize the variability of larval weight.  Sufficient numbers of nauplii should be fed to ensure that some remain
alive overnight in the test chambers.  An adequate but not excessive amount should be provided to each replicate on a
daily basis.  Feeding excessive amounts of nauplii will result in a depletion in DO to a lower than acceptable level
(below 4.0 mg/L).  Siphon as much of the uneaten Artemia nauplii as possible from each chamber daily to ensure that
the larvae principally eat newly hatched nauplii.

11.10.5.3   On days 0-2, weigh 4 g wet weight or pipette 4 mL of concentrated, rinsed Artemia nauplii for a test with
five treatments and a control.  Resuspend the 4 g Artemia in 80 mL of natural or artificial seawater in a 100 mL beaker. 
Aerate or swirl Artemia to maintain a thoroughly mixed suspension of nauplii.  Dispense 2 mL Artemia suspension by
pipette or adjustable syringe to each test chamber.  Collect only enough Artemia in the pipette or syringe for one test
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chamber or settling of Artemia may occur, resulting in unequal amounts of Artemia being distributed to the replicate
test chambers.

11.10.5.4   On days 3-6, weigh 6 g wet weight or pipette 6 mL Artemia suspension for a test with five treatments and a
control.  Resuspend the 6 g Artemia in 80 mL of natural or artificial seawater in a 100 mL beaker.  Aerate or swirl as 2
mL is dispensed to each test chamber.

11.10.5.5   If the survival rate in any test replicate on any day falls below 50%, reduce the volume of Artemia added to
that test chamber by one-half (i.e., from 2 mL to 1 mL) and continue feeding one-half the volume through day 6. 
Record the time of feeding on data sheets (Figure 2).

11.10.6   DAILY CLEANING OF TEST CHAMBERS 

11.10.6.1   Before the daily renewal of test solutions, uneaten and dead Artemia, dead fish larvae, and other debris are
removed from the bottom of the test chambers with a siphon hose.  As much of the uneaten Artemia as possible should
be siphoned from each chamber to ensure that the larvae principally eat newly hatched nauplii.  Alternately, a large
pipet (50 mL), fitted with a safety pipet filler or rubber bulb, can be used.  Because of their small size during the first
few days of the tests, larvae are easily drawn into the siphon tube when cleaning the test chambers.  By placing the test
chambers on a light box, inadvertent removal of live larvae can be greatly reduced because they can be more easily
seen.  If the water siphoned from the test chambers is collected in a white plastic tray, the live larvae caught in the
siphon can be retrieved and returned to the appropriate test chamber.  Any incidence of removal of live larvae from the
test chambers by the siphon during cleaning, and subsequent return to the chambers, should be noted in the test records. 

11.10.7   OBSERVATIONS DURING THE TEST

11.10.7.1   Routine Chemical and Physical Determinations 

1.10.7.1.1   DO is measured at the beginning and end of each 24-h exposure period in one test chamber at each test
concentration and in the control.

11.10.7.1.2   Temperature, pH, and salinity are measured at the end of each 24-h exposure period in one test chamber at
each test concentration and in the control.  Temperature should also be monitored continuously, observed and recorded
daily for at least two locations in the environmental control system or the samples.  Temperature should be measured in
a sufficient number of test vessels at least at the end of the test to determine the temperature variation in the
environmental chamber.

11.10.7.1.3   The pH is measured in the effluent sample each day. 

11.10.7.1.4   Record all the measurements on the data sheet (Figure 2). 
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11.10.7.2   Routine Biological Observations 
 
11.10.7.2.1   The number of live larvae in each test chamber are recorded daily (Figure 2), and the dead larvae are
discarded. 

11.10.7.2.2   Protect the larvae from unnecessary disturbance during the test by carrying out the daily test observations,
solution renewals, and removal of dead larvae, carefully.  Make sure the larvae remain immersed during the
performance of the above operations. 

11.10.8   TEST SOLUTION RENEWAL 
 
11.10.8.1   The test solutions are renewed daily using freshly prepared solution, immediately after cleaning the test
chambers.  For on-site toxicity studies, fresh effluent and receiving water samples used in toxicity tests should be
collected daily, and no more than 24 h should elapse between collection of the sample and use in the test (see Section 8,
Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).  For off-site
tests, a minimum of three samples must be collected, preferably on days one, three, and five.  Maintain the samples at
0-6°C until used. 
 
11.10.8.2   For test solution renewal, the water level in each chamber is lowered to a depth of 7 to 10 mm, which leaves
15 to 20% of the test solution.  New test solution (750 mL) should be added slowly by pouring down the side of the test
chamber to avoid excessive turbulence and possible injury to the larvae. 
 
11.10.9   TERMINATION OF THE TEST 
 
11.10.9.1   The test is terminated after 7-d of exposure.  At test termination, dead larvae are removed and discarded. 
The surviving larvae in each test chamber (replicate) are counted and immediately prepared as a group for dry weight
determination, or are preserved as a group in 4% formalin or 70% ethanol.  Preserved organisms are dried and weighed
within 7 days.  For safety, formalin should be used under a hood. 

11.10.9.2   For immediate drying and weighing, siphon or pour live larvae onto a 500 μm mesh screen in a large beaker
to retain the larvae and allow Artemia and debris to be rinsed away.  Rinse the larvae with deionized water to wash
away salts that might contribute to the dry weight.  Sacrifice the larvae in an ice bath of deionized water. 
 
11.10.9.3   Small aluminum weighing pans can be used to dry and weigh the larvae.  Mark for identification an
appropriate number of small aluminum weighing pans (one per replicate).  Weigh to the nearest 0.01 mg, and record
the weights (Figure 3).
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Test Dates:  Species:    
 

Pan
No.

Conc.
&

Rep.

Initial
Wt.
(mg)

Final
Wt.
(mg)

Diff.
(mg)

No.
Larvae

Av. Wt./
Larvae
(mg)

 

Figure 3. Data form for the sheepshead minnow, Cyprinodon variegatus, larval survival and growth test.  Dry
weights of larvae (from USEPA 1987b).

RB-AR26873



76

11.10.9.4   Immediately prior to drying, rinse the preserved larvae in distilled (or deionized) water.  The rinsed larvae
from each test chamber are transferred to a tared weighing pan and dried at 60°C for 24 h or at 105°C for a minimum
of 6 h.  Immediately upon removal from the drying oven, the weighing pans are placed in a desiccator until weighed, to
prevent the absorption of moisture from the air.  Weigh to the nearest 0.01 mg all weighing pans containing dried
larvae and subtract the tare weight to determine the dry weight of larvae in each replicate.  Record the weights (Figure
3).  For each test chamber, divide the final dry weight by the number of original larvae in the test chamber to determine
the average individual dry weight, and record (Figure 3).  For the controls, also calculate the mean weight per
surviving fish in the test chamber to evaluate if weights met test acceptable criteria (see Subsection 11.12).  Complete
the summary data sheet (Figure 4) after calculating the average measurements and statistically analyzing the dry
weights and percent survival.  Average dry weights should be expressed to the nearest 0.001 mg.

11.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA 

11.11.1   A summary of test conditions and test acceptability criteria is listed in Table 3.

11.12   ACCEPTABILITY OF TEST RESULTS 

11.12.1   The tests are acceptable if (l) the average survival of control larvae equals or exceeds 80%, and (2) the
average dry weight per surviving unpreserved control larvae is equal to or greater than 0.60 mg, or (3) the average dry
weight per surviving preserved control larvae is equal to or greater than 0.50 mg.  The above minimum weights
presume that the age of the larvae at the start of the test is less than or equal to 24 h. 

11.13   DATA ANALYSIS 

11.13.1   GENERAL 

11.13.1.1   Tabulate and summarize the data.  A sample set of survival and growth response data is listed in Table 4. 

11.13.1.2   The endpoints of toxicity tests using the sheepshead minnow larvae are based on the adverse effects on
survival and growth.  The LC50, the IC25, and the IC50 are calculated using point estimation techniques (see Section
9, Chronic Toxicity Test Endpoints and Data Analysis).  LOEC and NOEC values, for survival and growth, are
obtained using a hypothesis testing approach such as Dunnett's Procedure (Dunnett, 1955) or Steel's Many-one Rank
Test (Steel, 1959; Miller, 1981) (see Section 9).  Separate analyses are performed for the estimation of the LOEC and
NOEC endpoints and for the estimation of the LC50, IC25 and IC50.  Concentrations at which there is no survival in
any of the test chambers are excluded from the statistical analysis of the NOEC and LOEC for survival and growth, but
included in the estimation of the LC50, IC25 and IC50.  See the Appendices for examples of the manual computations,
program listings, and examples of data input and program output.

11.13.1.3   The statistical tests described here must be used with a knowledge of the assumptions upon which the tests
are contingent.  Tests for normality and homogeneity of variance are included in Appendix B.  The assistance of a
statistician is recommended for analysts who are not proficient in statistics. 
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Test Dates:   Species:  

Effluent Tested:  

TREATMENT

NO. LIVE
LARVAE

SURVIVAL
(%)

MEAN DRY WT/
LARVAE (MG)

± SD

SIGNIF. DIFF.
FROM CONTROL

(o)

MEAN
TEMPERATURE

(°C)
± SD

MEAN SALINITY
‰

± SD

AVE DISSOLVED
OXYGEN

(MG/L) ± SD

COMMENTS:

Figure 4. Data form for the sheepshead minnow, Cyprinodon variegatus, larval  survival and growth test. 
Summary of test results (from USEPA, 1987b).
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TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR THE

SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, LARVAL SURVIVAL AND

GROWTH TEST WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1004.0)1

1. Test type: Static renewal (required) 

2. Salinity: 20‰ to 32‰ (± 2‰ of the selected test salinity) 
(recommended) 

3. Temperature: 25 ± 1°C (recommended) 
Test temperatures must not deviate (i.e., maximum minus
minimum termperature) by more than 3°C during the test
(required) 

4. Light quality: Ambient laboratory illumination (recommended) 

5. Light intensity: 10-20 μE/m2/s (50-100 ft-c)  (ambient laboratory levels)
(recommended) 

6. Photoperiod: 16 h light, 8 h darkness (recommended) 

7. Test chamber size: 600 mL - 1 L beakers or equivalent (recommended) 

8. Test solution volume: 500-750 mL/replicate (loading and DO restrictions must be met)
(recommended) 

9. Renewal of test solutions: Daily (required) 

10. Age of test organisms Newly hatched larvae (less than 24 h old; less than or equal to 
24-h range in age) (required) 

11. No. larvae per test chamber: 10 (required minimum)

12. No. replicate chambers per concentration 4 (required minimum)

13. No. larvae per concentration: 40 (required minimum)

14. Source of food: Newly hatched Artemia nauplii, (less than 24-h old) (required) 

15. Feeding regime: Feed once a day 0.10 g wet weight Artemia nauplii per replicate
on Days 0-2; Feed 0.15 g wet weight Artemia nauplii per
replicate on Days 3-6 (recommended) 

16. Cleaning: Siphon daily, immediately before test solution  renewal and
feeding (required) 

17. Aeration: None, unless DO falls below 4.0 mg/L, then aerate all
chambers.  Rate should be less than 100 bubbles/minimum
(recommended) 

1 For the purposes of reviewing WET test data submitted under NPDES permits, each test condition listed above is
identified as required or recommended (see Subsection 10.2 for more information on test review).  Additional
requirements may be provided in individual permits, such as specifying a given test condition where several options
are given in the method.  
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TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR THE
SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, LARVAL SURVIVAL AND
GROWTH TEST WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1004.0)
(CONTINUED) 

18. Dilution water: Uncontaminated source of natural seawater; deionized water
mixed with hypersaline brine or artificial sea salts (HW
MARINEMIX®, FORTY FATHOMS®, GP2 or equivalent)
(available options)

19. Test concentrations: Effluent:  5 and a control (required) 
Receiving Waters: 100% receiving water (or minimum of 5)
and a control (recommended) 

20. Dilution factor: Effluents:  � 0.5 (recommended) 
Receiving waters: None, or � 0.5 (recommended) 

21. Test duration: 7 days (required) 

22. Endpoints: Survival and growth (weight) (required) 

23. Test acceptability criteria: 80% or greater survival in controls;  average dry weight per
surviving organism in control chambers must be 0.60 mg or
greater, if unpreserved, or 0.50 mg or greater after no more than
7 days in 4% formalin or 70% ethanol (required) 

24. Sampling requirements: For on-site tests, samples collected daily and used within 24 h
of the time they are removed from the sampling device.  For
off-site tests, a minimum of three samples (e.g., collected on
days one, three, and five) with a maximum holding time of 36 h
before first use (See Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests, Subsection 8.5.4) (required) 

25. Sample volume required: 6 L per day (recommended) 
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TABLE 4. SUMMARY OF SURVIVAL AND GROWTH DATA FOR SHEEPSHEAD MINNOW,
CYPRINODON VARIEGATUS, LARVAE EXPOSED TO AN EFFLUENT FOR SEVEN DAYS1 

Effl.
Conc.
(%)

Proportion of Survival in
           Replicate Chambers     

A          B         C          D

Mean
Prop.
Surv

Avg Dry Wgt (mg) in
         Replicate Chambers    

A         B          C         D

Mean
Dry Wgt

(mg)

0.0 1.0         1.0       1.0       1.0 1.00 1.29     1.32     1.59     1.27 1.368

6.25 1.0         1.0       0.9       1.0 0.98 1.27     1.00     0.97     0.97 1.053

12.5  1.0         1.0       1.0       1.0 1.00 1.32     1.37     1.35     1.34 1.345

25.0  1.0         1.0       1.0       0.8 0.95 1.29     1.33     1.20     0.94 1.190

50.0  0.8         0.8       0.7       0.6 0.73 1.62     0.56     0.46     0.46 0.525

100.0   0.0         0.0       0.0       0.0 0.00   ---         ---        ---      --- ---

1       Four replicates of 10 larvae each. 

11.13.2   EXAMPLE OF ANALYSIS OF SHEEPHEAD MINNOW, CYPRINODON VARIEGATUS SURVIVAL
DATA

11.13.2.1   Formal statistical analysis of the survival data is outlined in Figures 5 and 6.  The response used in the
analysis is the proportion of animals surviving in each test or control chamber.  Separate analyses are performed for
the estimation of the NOEC and LOEC endpoints and for the estimation of the LC50 endpoint.  Concentrations at
which there is no survival in any of the test chambers are excluded from statistical analysis of the NOEC and
LOEC, but included in the estimation of the IC, EC, and LC endpoint. 

11.13.2.2   For the case of equal numbers of replicates across all concentrations and the control, the evaluation of
the NOEC and LOEC endpoints is made via a parametric test, Dunnett's Procedure, or a nonparametric test, Steel's
Many-one Rank Test, on the arc sine square root transformed data.  Underlying assumptions of Dunnett's
Procedure, normality and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's
Test, and Bartlett's Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric
test, Steel's Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of
Dunnett's Procedure are met, the endpoints are estimated by the parametric procedure.

11.13.2.3   If unequal numbers of replicates occur among the concentration levels tested, there are parametric and
nonparametric alternative analyses.  The parametric analysis is a t-test with the Bonferroni adjustment (see
Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative.   

11.13.2.4   Probit Analysis (Finney, 1971; see Appendix H) is used to estimate the concentration that causes a
specified percent decrease in survival from the control.  In this analysis, the total mortality data from all test
replicates at a given concentration are combined.  If the data do not fit the Probit Analysis, the Spearman-Karber
Method, the Trimmed Spearman-Karber Method, or the Graphical Method may be used (see Appendices H-K). 
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Figure 5. Flowchart for statistical analysis of the sheepshead minnow, Cyprinodon variegatus, larval
survival data by hypothesis testing.
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Figure 6. Flowchart for statistical analysis of the sheepshead minnow, Cyprinodon variegatus, larval
survival data by point estimation.
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11.13.2.5   Example of Analysis of Survival Data 

11.13.2.5.1   This example uses the survival data from the Sheepshead Minnow Larval Survival and Growth Test. 
The proportion surviving in each replicate must first be transformed by the arc sine square root transformation
procedure described in Appendix B.  The raw and transformed data, means and variances of the transformed
observations at each effluent concentration and control are listed in Table 5.  A plot of the survival proportions is
provided in Figure 7.  Since there was 100% mortality in all four replicates for the 100% concentration, it was not
included in the statistical analysis and was considered a qualitative mortality effect.

11.13.2.6   Test for Normality

11.13.2.6.1   The first step of the test for normality is to center the observations by subtracting the mean of all
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 6. 

11.13.2.6.2   Calculate the denominator, D, of the statistic:

D � �
n

i�1

(Xi�X)2

Where: Xi = the ith centered observation 
              

= the overall mean of the centered observations X̄

n = the total number of centered observations 
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TABLE 5.  SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, SURVIVAL DATA 

Replicate Control
Effluent Concentration (%)

6.25 12.5 25.0 50.0

RAW A
B
C
D

1.0
1.0
1.0
1.0

1.0
1.0
0.9
1.0

1.0
1.0
1.0
1.0

1.0
1.0
1.0
0.8

0.8
0.8
0.7
0.6

ARC SINE
TRANSFORMED

A
B
C
D

1.412
1.412
1.412
1.412

1.412
1.412
1.249
1.412

1.412
1.412
1.412
1.412

1.412
1.412
1.412
1.107

1.107
1.107
0.991
0.886

Mean ( )Ȳi
Si

2

i

1.412
0.0   
1     

1.371
0.007

2     

1.412
0.0   
3     

1.336
0.023

4     

1.023
0.011

5     

TABLE 6.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

Replicate Control
Effluent Concentration (%)

6.25 12.5 25.0 50.0

A
B
C
D

0.0
0.0
0.0
0.0

 0.041
 0.041
-0.122
 0.041

0.0
0.0
0.0
0.0

 0.076
 0.076
 0.076
-0.229

 0.084
 0.084
-0.032
-0.137

11.13.2.6.3 For this set of data,

n = 20 
                                       

X̄ �
1

20
(�0.001) � 0.000

D = 0.1236 
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W �
1

D
[�

k

i�1

ai(X
(n�i�1) � X (i))]2

W �
1

0.1236
(0.3178)2 � 0.8171

11.13.2.6.4   Order the centered observations from smallest to largest 
 
               X(1) � X(2) � ... � X(n) 
 
where X(i) denotes the ith ordered observation.  The ordered observations for this example are listed in Table 7. 
 
11.13.2.6.5   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ... a k where
k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 20 and k = 10.  The ai values are listed
in Table 8. 

11.13.2.6.6   Compute the test statistic, W, as follows: 

The differences X(n-i+1) - X(i) are listed in Table 8.  For the data in this example, 

TABLE 7.  ORDERED CENTERED OBSERVATIONS FOR THE SHAPIRO-WILK'S EXAMPLE 

i X(i) i X(i) 

1 -0.229 11 0.0 
2 -0.137 12 0.0 
3 -0.122 13 0.041 
4 -0.032 14 0.041 
5 0.0 15 0.041 
6 0.0 16 0.076 
7 0.0 17 0.076 
8 0.0 18 0.076 
9 0.0 19 0.084 

10 0.0 20 0.084 

11.13.2.6.7   The decision rule for this test is to compare W as calculated in Subsection 11.13.2.6.6 to a critical
value found in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not
normally distributed.  For the data in this example, the critical value at a significance level of 0.01 and n = 20
observations is 0.868.  Since W = 0.817 is less than the critical value, conclude that the data are not normally
distributed.
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11.13.2.6.8   Since the data do not meet the assumption of normality, Steel's Many-one Rank Test will be used to
analyze the survival data. 

TABLE 8.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE

i ai X(n-i+1) - X(i) 

1 0.4734 0.313 X(20) - X(1) 
2 0.3211 0.221 X(19) - X(2) 
3 0.2565 0.198 X(18) - X(3) 
4 0.2085 0.108 X(17) - X(4) 
5 0.1686 0.076 X(16) - X(5) 
6 0.1334 0.041 X(15) - X(6) 
7 0.1013 0.041 X(14) - X(7) 
8 0.0711 0.041 X(13) - X(8) 
9 0.0422 0.0 X(12) - X(9) 

10 0.0140 0.0 X(11) - X(10) 

11.13.2.7   Steel's Many-one Rank Test 

11.13.2.7.1   For each control and concentration combination, combine the data and arrange the observations in
order of size from smallest to largest.  Assign the ranks (1, 2, ..., 8) to the ordered observations with a rank of 1
assigned to the smallest observation, rank of 2 assigned to the next larger observation, etc.  If ties occur when
ranking, assign the average rank to each tied observation. 

11.13.2.7.2   An example of assigning ranks to the combined data for the control and 6.25% effluent concentration
is given in Table 9.  This ranking procedure is repeated for each control/concentration combination.  The complete
set of rankings is summarized in Table 10.  The ranks are next summed for each effluent concentration, as shown in
Table 11.

11.13.2.7.3   For this example, determine if the survival in any of the effluent concentrations is significantly lower
than the survival in the control.  If this occurs, the rank sum at that concentration would be significantly lower than
the rank sum of the control.  Thus, compare the rank sums for the survival at each of the various effluent
concentrations with some "minimum" or critical rank sum, at or below which the survival would be considered
significantly lower than the control.  At a significance level of 0.05, the minimum rank sum in a test with four
concentrations (excluding the control) and four replicates is 10 (see Table 5, Appendix E). 

11.13.2.7.4   Since the rank sum for the 50% effluent concentration is equal to the critical value, the proportion
surviving in the 50% concentration is considered significantly less than that in the control.  Since no other rank
sums are less than or equal to the critical value, no other concentrations have a significantly lower proportion
surviving than the control.  Hence, the NOEC and the LOEC are the 25% and 50% concentrations, respectively. 

11.13.2.8   Calculation of the LC50

11.13.2.8.1   The data used for the calculation of the LC50 is summarized in Table 12.  For estimating the LC50, the
data for the 100% effluent concentration with 100% mortality is included. 

11.13.2.8.2   Because there are at least two partial mortalities in this set of test data, calculation of the LC50 using
Probit Analysis is recommended.  For this set of data, however, the test for heterogeneity of variance was
significant.  Probit Analysis is not appropriate in this case.  Inspection of the data reveals that, once the data is
smoothed and adjusted, the proportion mortality in the lowest effluent concentration will not be zero although the
proportion mortality in the highest effluent concentration will be one.  Therefore, the Spearman-Karber Method is
appropriate for this data.
  

RB-AR26885



88

TABLE 9. ASSIGNING RANKS TO THE CONTROL AND 6.25% EFFLUENT CONCENTRATION FOR
STEEL'S MANY-ONE RANK TEST 

Rank Transformed Effluent
Proportion Concentration
Surviving (%)

 
1 1.249 6.25 
5 1.412 6.25 
5 1.412 6.25 
5 1.412 6.25
5 1.412 Control
5 1.412 Control
5 1.412 Control 
5 1.412 Control

TABLE 10.  TABLE OF RANKS

                                                Effluent Concentration (%)                                            

Replicate Control 6.25 12.5 25.0 50.0 

A 1.412 (5,4.5,5,6.5) 1.412 (5) 1.412 (4.5) 1.412 (5) 1.107 (3.5) 
B 1.412 (5,4.5,5,6.5) 1.412 (5) 1.412 (4.5) 1.412 (5) 1.107 (3.5)
C 1.412 (5,4.5,5,6.5) 1.249 (1) 1.412 (4.5) 1.412 (5) 0.991 (2) 
D 1.412 (5,4.5,5,6.5) 1.412 (5) 1.412 (4.5) 1.107 (1) 0.886 (1) 

TABLE 11.  RANK SUMS 

Effluent Concentration (%) Rank Sum

6.25
12.5
25.0
50.0

16
18
16
10
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11.13.2.8.3   Before the LC50 can be calculated the data must be smoothed and adjusted.  For the data in this
example, because the observed proportion mortality for the 12.5% effluent concentration is less than the observed
response proportion for the 6.25% effluent concentration, the observed responses for the control and these two
groups must be averaged:

p s
o � p s

1 � p s
2 �

0.00�0.025�0.00

3
�

0.025

3
� 0.0083

Where:  ps
i = the smoothed observed mortality proportion for effluent concentration i

11.13.2.8.3.1   Because the rest of the responses are monotonic, additional smoothing is not necessary.  The
smoothed observed proportion mortalities are shown in Table 12.

11.13.2.8.4   Because the smoothed observed proportion mortality for the control is now greater than zero, the data
in each effluent concentration must be adjusted using Abbott's formula (Finney, 1971).  The adjustment takes the
form:

Where: ps
0  =  the smoothed observed proportion mortality for the control

pa
i  =  (ps

i - p
s
0) / (1 - ps

0)

ps
i  =  the smoothed observed proportion mortality for effluent concentration i

11.13.2.8.4.1  For the data in this example, the data for each effluent concentration must be adjusted for control
mortality using Abbott's formula, as follows:

p a
0 � p a

1 � p a
2 �

p s
1 �p s

0

1�p s
0

�
0.0083�0.0083

1�0.0083
�

0.00

0.9917
� 0.0

p a
3 �

p s
3 �p s

0

1�p s
0

�
0.05�0.0083

1�0.0083
�

0.0417

0.9917
� 0.042

p a
4 �

p s
4 �p s

0

1�p s
0

�
0.275�0.0083

1�0.0083
�

0.2667

0.9917
� 0.269

p a
5 �

p s
5 �p s

0

1�p s
0

�
1.000�0.0083

1�0.0083
�

0.9917

0.9917
� 1.000

The smoothed, adjusted response proportions for the effluent concentrations are shown in Table 12. 
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m � �
k�1

i�1

(p a
i �1) (Xi�Xi�1)

2

TABLE 12.  DATA FOR EXAMPLE OF SPEARMAN-KARBER ANALYSIS

Smoothed,
Effluent Number of Smoothed Adjusted

Concentration Number of Organisms Mortality Mortality Mortality 
% Deaths Exposed Proportion Proportion Proportion

Control 0 40 0.000      0.0083 0.000
 6.25 1 40 0.025 0.0083 0.000
12.5  0 40 0.000 0.0083 0.000
25.0  2 40 0.050 0.0500 0.042
50.0  11 40 0.275 0.2750 0.269

100.0   40 40 1.000 1.0000 1.000

11.13.2.8.5   Calculate the log10 of the estimated LC50, m, as follows:

Where: pa
i = the smoothed adjusted proportion mortality at concentration i

Xi = the log10 of concentration i

k = the number of effluent concentrations tested, not including the control

11.13.2.8.5.1   For this example, the log10 of the estimated LC50, m, is calculated as follows:

m = [(0.000 - 0.000) (0.7959 + 1.0969)]/2 +
[(0.042 - 0.000) (1.0969 + 1.3979)]/2 +
[(0.269 - 0.042) (1.3979 + 1.6990)]/2 +
[(1.000 - 0.269) (1.6990 + 2.0000)]/2

= 1.755873 

11.13.2.8.6   Calculate the estimated variance of m as follows:

V(m) � �
k�1

i�2

p a
i (1�p a

i )(Xi�1�Xi�1)
2

4(ni�1)

Where: Xi = the log10 of concentration i

ni = the number of organisms tested at effluent concentration i

pa
i = the smoothed adjusted observed proportion mortality at effluent concentration i

k = the number of effluent concentrations tested, not including the control

11.13.2.8.6.1   For this example, the estimated variance of m, V(m), is calculated as follows:

V(m) = (0.000)(1.000)(1.3979 - 0.7959)2/4(39) +
(0.042)(0.958)(1.6990 - 1.0969)2/4(39)+

  (0.269)(0.731)(2.0000 - 1.3979)2/4(39)

= 0.0005505
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11.13.2.8.7   Calculate the 95% confidence interval for m: m ± 2.0 ���V�(�m�)
11.13.2.8.7.1   For this example, the 95% confidence interval for m is calculated as follows:

1.755873 ± 2 0.0005505 � (1.754772, 1.756974)

11.13.2.8.8   The estimated LC50 and a 95% confidence interval for the estimated LC50 can be found by taking
base10 antilogs of the above values.

11.13.2.8.8.1   For this example, the estimated LC50 is calculated as follows:

LC50 = antilog(m) = antilog(1.755873) = 57.0%.

11.13.2.8.8.2   The limits of the 95% confidence interval for the estimated LC50 are calculated by taking the
antilogs of the upper and lower limits of the 95% confidence interval for m as follows:

lower limit:   antilog(1.754772) = 56.9%

upper limit:   antilog(1.756974) = 57.1%

11.13.3   EXAMPLE OF ANALYSIS OF SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, GROWTH
DATA 

11.13.3.1   Formal statistical analysis of the growth data is outlined in Figure 8.  The response used in the statistical
analysis is mean weight per original organism for each replicate.  Because this measurement is based on the number
of original organisms exposed (rather than the number surviving), the measured response is a combined survival and
growth endpoint that can be termed biomass.  The IC25 and IC50 can be calculated for the growth data via a point
estimation technique (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  Hypothesis testing can
be used to obtain an NOEC and LOEC for growth.  Concentrations above the NOEC for survival are excluded from
the hypothesis test for growth effects.

11.13.3.2   The statistical analysis using hypothesis testing consists of a parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test.  The underlying assumptions of the Dunnett's Procedure, normality
and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test and Bartlett's
Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric test, Steels'
Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's
Procedure are met, the endpoints are determined by the parametric test.

11.13.3.3   Additionally, if unequal numbers of replicates occur among the concentration levels tested there are
parametric and nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni
adjustment.  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative.  For
detailed information on the Bonferroni adjustment, see Appendix D.

11.13.3.4   The data, mean and variance of the observations at each concentration including the control are listed in
Table 13.  A plot of the mean weights for each treatment is provided in Figure 9.  Since there is no survival in the
100% concentration, it is not considered in the growth analysis.  Additionally, since there is significant mortality in
the 50% effluent concentration, its effect on growth is not considered.
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Figure 8. Flowchart for statistical analysis of the sheepshead minnow, Cyprinodon variegatus, larval growth data.

RB-AR26890



93

D � �
n

i�1

(Xi�X)
2

TABLE 13.  SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, GROWTH DATA

 Effluent Concentration (%)
 

Replicate Control 6.25 12.5 25.0 50.0 100.0 
 

A 1.29 1.27 1.32 1.29 - -
B 1.32 1.00 1.37 1.33 - - 
C 1.59 0.97 1.35 1.20 - - 
D 1.27 0.97 1.34 0.94 - -

Mean 1.368 1.053 1.345 1.190 - -(Ȳi)
S2

i 0.0224 0.0212 0.0004 0.0307 - -
i 1 2 3 4 5 6

11.13.3.5   Test for Normality

11.13.3.5.1   The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 14.

TABLE 14.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

                         Effluent Concentration (%)

Replicate Control 6.25 12.5 25.0

A -0.078 0.217 -0.025 0.100
B -0.048 -0.053 0.025 0.140
C 0.222 -0.083 0.005 0.010
D -0.098 0.083 -0.005 -0.250

11.13.3.5.2 Calculate the denominator, D, of the test statistic:

Where: Xi = the ith centered observation

= the overall mean of the centered observations X̄

n = the total number of centered observations.

For this set of data, n = 16 
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X̄ �
1

16
(�0.004) � 0.00024 � 0.00

D = 0.2245

11.13.3.5.3 Order the centered observations from smallest to largest: 

X(1) � X(2) � ... � X(n)

Where X(i) is the ith ordered observation.  These ordered observations are listed in Table 15.

TABLE 15.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

i X(i) i X(i)

1 -0.250 9 -0.005

2 -0.098 10 0.005

3 -0.083 11 0.010

4 -0.083 12 0.025

5 -0.078 13 0.100

6 -0.053 14 0.140

7 -0.048 15 0.217

8 -0.025 16 0.222
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W �
1

D
[�

k

i�1

ai (X (n�i�1)�X (i))]
2

W �
1

0.2245
(0.4588)2 � 0.938

11.13.3.5.4 From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ..., ak

where k is n/2 if n is even and  (n-1)/2 if n is odd.  For the data in this example, n = 16 and k = 8.  The ai values
are listed in Table 16.

TABLE 16.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE 

 

i ai X(n-i+1) - X(i) 

 

1 0.5056 0.472 X(16) - X(1) 

2 0.3290 0.315 X(15) - X(2) 

3 0.2521 0.223 X(14) - X(3) 

4 0.1939 0.183 X(13) - X(4) 

5 0.1447 0.103 X(12) - X(5) 

6 0.1005 0.063 X(11) - X(6) 

7 0.0593 0.053 X(10) - X(7) 

8 0.0196 0.020 X(9)  - X(8) 

11.13.3.5.5 Compute the test statistic, W, as follows: 

The differences X(n-i+1) - X(i) are listed in Table 16. 

For this set of data:

11.13.3.5.6 The decision rule for this test is to compare W with the critical value found in Table 6, Appendix B. 
If the computed W is less than the critical value, conclude that the data are not normally distributed.  For this
example, the critical value at a significance level of 0.01 and 16 observations (n) is 0.844.  Since W = 0.938 is
greater than the critical value, the conclusion of the test is that the data are normally distributed.

11.13.3.6   Test for Homogeneity of Variance 

11.13.3.6.1   The test used to examine whether the variation in mean dry weight is the same across all effluent
concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as
follows:
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S2
�

(�P
i�1

ViS
2
i )

�P
i�1

Vi

C � 1� [3(p�1)]�1[�P
i�1

1/Vi� (�P
i�1

Vi)
�1]

B �

[(�P
i�1

Vi) ln S2
� �P

i�1

Vi ln S 2
i ]

C

Where: Vi = degrees of freedom for each effluent concentration and control, V i = (n i - (1)) 

ni = the number of replicates for concentration i 

p = number of levels of effluent concentration including the control

ln = loge

i = 1, 2, ..., p where p is the number of concentrations including the control

                        

11.13.3.6.2   For the data in this example (see Table 14), all effluent concentrations including the control have
the same number of replicates (ni = 4 for all i).  Thus, V i = 3 for all i. 

11.13.3.6.3   Bartlett's statistic is therefore: 

B � [(12)ln(0.0187) � 3�P
i�1

ln(S 2
i )]/1.139

=  [12(-3.979) - 3(-18.876)]/1.139 

= 8.882/1.139 

= 7.798 

11.13.3.6.4   B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are
in fact the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with three
degrees of freedom, is 11.345.  Since B = 7.798 is less than the critical value of 11.345, conclude that the
variances are not different. 
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11.13.3.7   Dunnett's Procedure 

 

11.13.3.7.1   To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA
table as described in Table 17.

TABLE 17.  ANOVA TABLE

Source df Sum of Squares Mean Square (MS) 
(SS)  (SS/df)

Between p - 1 SSB S 2
B � SSB/(p�1)

Within N - p SSW S 2
W � SSW/(N�p)

Total N - 1 SST

Where: p = number of concentration levels including the control

N = total number of observations n1 + n2 ... + n p 

ni = number of observations in concentration i 

        Between Sum of SquaresSSB � �P
i�1

T 2
i /ni�G 2/N

        Total Sum of SquaresSST � �P
i�1

�
ni

j�1

Y 2
ij �G 2/N

         Within Sum of Squares SSW � SST�SSB

           G  = the grand total of all sample observations, G � �P
i�1

Ti

           Ti = the total of the replicate measurements for concentration i

          Yij = the jth observation for concentration i (represents the mean dry weight of the mysids for
concentration i in test chamber j) 

11.13.3.7.2   For the data in this example: 

     n1 = n2 = n3 = n4 = 4 

N  = 16 

T1 = Y11 + Y12 + Y13 + Y14 = 5.47 
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SSB � �P
i�1

T 2
i /ni�G 2/N

SSW � SST�SSB

     T2 = Y21 + Y22 + Y23 + Y24 = 4.21 

     T3 = Y31 + Y32 + Y33 + Y34 = 5.38 

T4 = Y41 + Y42 + Y43 + Y44 = 4.76 

 

     G  = T1 + T2 + T3 + T4 = 19.82 

 

  

             

=  1 (99.247) - (19.82)2  = 0.260 

                   4                      16 

                 SST � �P
i�1

�
ni

j�1

Y 2
ij �G 2/N

           =  25.036  - (19.82)2  = 0.484 

                                 16

    

 = 0.484 - 0.260 = 0.224 

                    

        SB
2  = SSB/(p-1) = 0.260/(4-1) = 0.087 

         

          SW
2  = SSW/(N-p) = 0.224/(16-4) = 0.019 

11.13.3.7.3   Summarize these calculations in the ANOVA table (Table 18).
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TABLE 18.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE 

Source df Sum of Squares Mean Square(MS) 

(SS) (SS/df) 

 

Between 3 0.260 0.087 

 

Within 12 0.224 0.019 

 

Total 15 0.484 

11.13.3.7.4   To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows:

t
Y Y

S n n
i

i

w i
=

−
+

( )

( / ) ( / )

1

11 1

Where: �Yi = mean dry weight for effluent concentration i 

         

�Y1 = mean dry weight for the control 

SW = square root of the within mean square 

n1 = number of replicates for the control 

ni = number of replicates for concentration i. 

11.13.3.7.5   Table 19 includes the calculated t values for each concentration and control combination.  In this
example, comparing the 6.25% concentration with the control, the calculation is as follows:

TABLE 19.  CALCULATED T VALUES

Effluent Concentration (%) i ti 

6.25 2 3.228

12.5 3 0.236

25.0 4 1.824
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11.13.3.7.6   Since the purpose of this test is to detect a significant reduction in mean weight, a one-sided test is
appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C. For an overall alpha level
of 0.05, 12 degrees of freedom for error and three concentrations (excluding the control) the critical value is
2.29. The mean weight for concentration i is considered significantly less than the mean weight for the control if
ti is greater than the critical value.  Since t 2 is greater than 2.29, the 6.25% concentration has significantly lower
growth than the control.  However, the 12.5% and 25% concentrations do not exhibit this effect.  Hence the
NOEC and the LOEC for growth cannot be calculated. 

11.13.3.7.7   To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be
statistically detected may be calculated:

MSD � d Sw (1/n1)� (1/n)

Where: d = the critical value for Dunnett's Procedure 

SW = the square root of the within mean square 

n = the common number of replicates at each concentration (this assumes equal replication at

   each concentration) 

n1 = the number of replicates in the control. 

11.13.3.7.8  In this example:

 
MSD � 2.29(0.10) (1/4)�(1/4)

= 2.29 (0.138)(0.707) 

= 0.223

11.13.3.7.9   Therefore, for this set of data, the minimum difference that can be detected as statistically
significant is 0.223 mg.

11.13.3.7.10   This represents a 16% reduction in mean weight from the control. 

11.13.3.8   Calculation of the ICp

11.13.3.8.1   The growth data from Table 4 are utilized in this example.  As seen from Table 4 and Figure 7, the
observed means are not monotonically non-increasing with respect to concentration (mean response for each
higher concentration is not less than or equal to the mean response for the previous concentration and the
responses between concentrations do not follow a linear trends).  Therefore, the means are smoothed prior to
calculating the IC.  In the following discussion, the observed means are represented by �Y i and the smoothed
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means by Mi.

11.13.3.8.2   Starting with the control mean, �Y 1 = 1.368 and �Y 2 = 1.053, we see that �Y 1 >�Y 2.  Set M1 = �Y 1. 
Comparing  �Y 2 to �Y 3, �Y 2<�Y3.

11.13.3.8.3   Calculate the smoothed means:

          M2 = M3 = (�Y 2 +�Y 3)/2 = 1.199

11.13.3.8.4   Since �Y 6 = 0 < �Y 5 = 0.525 <�Y 4 = 1.190 <�Y 4 = 1.345, set M3 = 1.199, M4 = 1.190, M5 = 0.525, and
set M6 = 0.

11.13.3.8.5   Table 20 contains the response means and smoothed means and Figure 10 gives a plot of the
smoothed response curve.

TABLE 20.   SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, MEAN GROWTH RESPONSE
AFTER SMOOTHING

Effluent

Conc. (%) i
Response Means

(mg) Yi

Smoothed
Means

 (mg) Mi

Control

6.25

12.50

25.00

50.00

100.00

1

2

3

4

5

6

1.368 

1.053 

1.345 

1.189 

0.525 

0.0   

1.368  

1.199   

1.199   

1.189   

0.525   

0.0     
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ICp � Cj�[M1(1�p/100)�Mj]
(C(j�1)�Cj)

(M(j�1)�Mj)

ICp�Cj�[M1(1�p/100)�Mj]
(C(j�1)�Cj)

(M(j�1)�Mj)

 11.13.3.8.6   An IC25 and IC50 can be estimated using the Linear Interpolation Method.  A 25% reduction in
weight, compared to the controls, would result in a mean dry weight of 1.026 mg, where M1(1-p/100) = 1.368(1-
25/100).  A 50% reduction in mean dry weight, compared to the controls, would result in a mean dry weight of
0.684 mg.  Examining the smoothed means and their associated concentrations (Table 4), the response, 1.026 mg,
is bracketed by C4 = 25.0% effluent and C5 = 50.0% effluent.  The response (0.684 mg) is bracketed by
C4 = 25.0% effluent and C 5 = 50% effluent.

11.13.3.8.7   Using the equation from Section 4.2 of Appendix M, the estimate of the IC25 is calculated as follows:

   

 IC25  = 25.0 + [1.368(1 - 25/100) - 1.189]  (50.00 - 25.00)

                                                                                                     (0.525 - 1.189)

          = 31.2%

11.13.3.8.8   Using the equation from Section 4.2 of Appendix L, the estimate of the IC50 is calculated as follows:

IC50 = 50.0 + [1.368(1-50/100) - 0525]   (100.00-50.00)

(0.0 - 0.525)

                                      = 44.0%

11.13.3.8.9   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC25 was 31.1512%.  The empirical 95% confidence interval for the true mean was 22.0420% and 36.3613%. 
The computer program output for the IC25 for this data set is shown in Figure 11.

11.13.3.8.10   When the ICPIN program was used to analyze this set of data for the IC50, requesting 80 resamples,
the estimate of the IC50 was 44.0230%.  The empirical 95% confidence interval for the true mean was 39.1011% and
49.0679%.  The computer program output is shown in Figure 12.
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Conc. ID 1 2 3 4 5 6

-------------------------------------------------------------------------------------------------------------------------------

Conc. Tested 0 6.25 12.5 25 50 100

-------------------------------------------------------------------------------------------------------------------------------

Response  1 1.29 1.27 1.32 1.29 .62 0

Response  2 1.32 1 1.37 1.33 .560 0

Response  3 1.59 .972 1.35 1.2 .46 0

Response  4 1.27 .97 1.34 .936 .46 0

-------------------------------------------------------------------------------------------------------------------------------

*** Inhibition Concentration Percentage Estimate ***

Toxicant/Effluent:  Effluent

Test Start Date:    Test Ending Date: 

Test Species:  Cyprinodon variegatus

Test Duration: 7-d

DATA FILE:  sheep.icp

OUTPUT FILE:  sheep.i25

---------------------------------------------------------------------------------------------------------------------------------------

Conc. Number Concentration Response Std. Pooled

 ID Replicates % Means Dev. Response Means

----------------------------------------------------------------------------------------------------------------------------------------

  1 4 0.000 1.368 0.150 1.368

  2 4 6.250  1.053 0.145 1.199

  3 4 12.500 1.345 0.021 1.199

  4 4 25.000 1.189 0.177 1.189

  5 4 50.000 0.525 0.079  0.525

  6 4 100.000 0.000 0.000 0.000

--------------------------------------------------------------------------------------------------------------------------------------

The Linear Interpolation Estimate: 31.1512 Entered P Value: 25

---------------------------------------------------------------------------------------------------------------------------------------

Number of Resamplings:   80

The Bootstrap Estimates Mean:  30.6175 Standard Deviation:     2.9490

Original Confidence Limits:   Lower:    25.4579 Upper:    34.4075

Expanded Confidence Limits:   Lower:    22.0420 Upper:    36.3613

Resampling time in Seconds:     1.70  Random Seed: -2137496326

Figure 11.  ICPIN program output for the IC25.
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----------------------------------------------------------------------------------------------------------------------------------

Conc. ID 1 2 3 4 5 6

----------------------------------------------------------------------------------------------------------------------------------

Conc. Tested 0 6.25 12.5 25 50 100

----------------------------------------------------------------------------------------------------------------------------------

Response  1 1.29 1.27 1.32 1.29 .62 0

Response  2 1.32 1 1.37 1.33 .560 0

Response  3 1.59 .972 1.35 1.2 .46 0

Response  4 1.27 .97 1.34 .936 .46 0

-------------------------------------------------------------------------------------------------------------------------------

*** Inhibition Concentration Percentage Estimate ***

Toxicant/Effluent: Effluent

Test Start Date:    Test Ending Date: 

Test Species:  Cyprinodon variegatus

Test Duration: 7-d

DATA FILE:  sheep.icp

OUTPUT FILE:  sheep.i50

---------------------------------------------------------------------------------------------------------------------------------------

Conc. Number Concentration Response Std. Pooled

 ID Replicates % Means Dev. Response Means

----------------------------------------------------------------------------------------------------------------------------------------

  1 4 0.000 1.368 0.150 1.368

  2 4 6.250 1.053 0.145 1.199

  3 4 12.500 1.345 0.021 1.199

  4 4 25.000 1.189 0.177 1.189

  5 4 50.000 0.525 0.079 0.525

  6 4 100.000 0.000 0.000 0.000

--------------------------------------------------------------------------------------------------------------------------------------

The Linear Interpolation Estimate: 44.0230 Entered P Value: 50

---------------------------------------------------------------------------------------------------------------------------------------

Number of Resamplings:   80

The Bootstrap Estimates Mean:  44.3444 Standard Deviation:     1.7372

Original Confidence Limits:   Lower:    40.9468 Upper:    47.1760

Expanded Confidence Limits:   Lower:    39.1011 Upper:    49.0679

Resampling time in Seconds:     1.70  Random Seed: -156164614

Figure 12.  ICPIN program output for the IC50.
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11.14   PRECISION AND ACCURACY

11.14.1   PRECISION   – Data on single-laboratory and multilaboratory precision are described below (Subsections
11.14.1.1 and 11.14.1.2).  Single-laboratory precision is a measure of the reproducibility of test results when tests are
conducted using a specific method under reasonably constant conditions in the same laboratory.  Single-laboratory
precision is synonymous with the terms within-laboratory precision and intralaboratory precision.  Multilaboratory
precision is a measure of the reproducibility of test results from different laboratories using the same test method and
analyzing the same test material.  Multilaboratory precision is synonymous with the term interlaboratory precision. 
Interlaboratory precision, as used in this document, includes both within-laboratory and between-laboratory
components of variability.  In recent multilaboratory studies, these two components of interlaboratory precision have
been displayed separately (termed within-laboratory and between-laboratory variability) and combined (termed total
interlaboratory variability).  The total interlaboratory variability that is reported from these studies is synonymous
with interlaboratory variability reported from other studies where individual variability components are not
separated.

11.14.1.1   Single-Laboratory Precision

11.14.1.1.1   Data on the single-laboratory precision of the Sheepshead Minnow Larval Survival and Growth Test
using FORTY FATHOMS® artificial seawater, natural seawater, and GP2 with copper sulfate, sodium dodecyl
sulfate, and hexavalent chromium, as reference toxicants, are given in Tables 21-26.  The IC25, IC50, or LC50 data
(coefficient of variation), indicating acceptable  precision for the reference toxicants (copper, sodium dodecyl sulfate,
and hexavalent chromium), are also listed in these Tables.

11.14.1.1.2  EPA evaluated within-laboratory precision of the Sheepshead Minnow, Cyprinodon variegatus, Larval
Survival and Growth Test using a database of routine reference toxicant test results from five laboratories (USEPA,
2000b).  The database consisted of 57 reference toxicant tests conducted in 5 laboratories using reference toxicants
including: cadmium and potassium chloride. Among the 5 laboratories, the median within-laboratory CV calculated
for routine reference toxicant tests was 13% for the IC25 growth endpoint.  In 25% of laboratories, the within-
laboratory CV was less than 9%; and in 75% of laboratories, the within-laboratory CV was less than 14%. 

11.14.1.2   Multilaboratory Precision

11.14.1.2.1   Data from a study of multilaboratory test precision, involving a total of seven tests by four participating
laboratories, are listed in Table 27. The laboratories reported very similar results, indicating good interlaboratory
precision.  The coefficient of variation (IC25) was 44.2% and (IC50) was 56.9%, indicating acceptable precision. 

11.14.1.2.2  In 2000, EPA conducted an interlaboratory variability study of the Sheepshead Minnow, Cyprinodon
variegatus, Larval Survival and Growth Test (USEPA, 2001a; USEPA, 2001b).  In this study, each of 7 participant
laboratories tested 4 blind test samples that included blank, effluent, reference toxicant, and receiving water sample
types.  The blank sample consisted of bioassay-grade FORTY FATHOMS® synthetic seawater, the effluent sample
was a municipal wastewater spiked with KCl, the receiving water sample was a natural seawater spiked with KCl,
and the reference toxicant sample consisted of bioassay-grade FORTY FATHOMS® synthetic seawater spiked with
KCl.  Of the 28 Sheepshead Minnow Larval Survival and Growth Tests conducted in this study, 100% were
successfully completed and met the required test acceptability criteria.  Of 7 tests that were conducted on blank
samples, none showed false positive results for the survival endpoint or the growth endpoint.  Results from the
reference toxicant, effluent, and receiving water sample types were used to calculate the precision of the method. 
Table 28 shows the precision of the IC25 for each of these sample types.  Averaged across sample types, the total
interlaboratory variability (expressed as a CV%) was 10.5% for IC25 results.  Table 29 shows the frequency
distribution of survival and growth NOEC endpoints for each sample type.  For the survival endpoint, NOEC values
spanned two concentrations for the reference toxicant sample type and one concentration for the effluent and

RB-AR26905



108

receiving water sample types.  The percentage of values within one concentration of the median was 100% for each
of the sample types.  For the growth endpoint, NOEC values spanned one concentration for the reference toxicant
sample type and two concentrations for the effluent and receiving water sample types.  The percentage of values
within one concentration of the median was 100% for each of the sample types. 

11.14.2   ACCURACY

11.14.2.1   The accuracy of toxicity tests cannot be determined.
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TABLE 21. SINGLE-LABORATORY PRECISION OF THE SHEEPSHEAD MINNOW, CYPRINODON 
VARIEGATUS, LARVAL SURVIVAL AND GROWTH TEST PERFORMED IN FORTY
FATHOMS® ARTIFICIAL SEAWATER, USING LARVAE FROM FISH MAINTAINED AND
SPAWNED IN FORTY FATHOMS® ARTIFICIAL SEAWATER, USING COPPER (CU)
SULFATE AS A REFERENCE TOXICANT1,2,3,4,5

Most

Test NOEC IC25 IC50 Sensitive

Number (μg/L) (μg/L) (μg/L) Endpoint6

1 50 113.3 152.3 S

2 <507 54.3 97.5 G

3 < 507 41.8 71.4 G

4 50 63.2 90.8 S

5 <507 57.7 99.8 S

6 50 48.3 132.5 G

7 50 79.6 159.7 G

8 50 123.5 236.4 G

n: 5 8 8

Mean: NA 72.7 130.0

CV(%): NA 41.82 40.87

1 Data from USEPA (1988a) and USEPA (1991a).
2 Tests performed by Donald J. Klemm, Bioassessment and Ecotoxicology Branch, EMSL, Cincinnati, OH.
3 All tests were performed using FORTY FATHOMS® synthetic seawater.  Three replicate exposure chambers, each

with 15 larvae, were used for the control and each copper concentration.  Copper concentrations used in Tests 1-6
were: 50, 100, 200, 400, and 800 mg/L.  Copper concentrations in Tests 7-8 were: 25, 50, 100, 200 and 400 mg/L. 

4 Adults collected in the field. 
5 For a discussion of the precision of data from chronic toxicity test see Section 4, Quality Assurance.
6 Endpoints:  G=growth; S=survival.
7 Lowest concentration tested was 50 μg/L (NOEC Range: < 50* - 50 μg/L). 
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TABLE 22. SINGLE-LABORATORY PRECISION OF THE SHEEPSHEAD MINNOW, CYPRINODON
VARIEGATUS, LARVAL SURVIVAL AND GROWTH TEST PERFORMED IN FORTY
FATHOMS® ARTIFICIAL SEAWATER, USING LARVAE FROM FISH MAINTAINED AND
SPAWNED IN FORTY FATHOMS® ARTIFICIAL SEAWATER, USING SODIUM DODECYL
SULFATE (SDS) AS A REFERENCE TOXICANT1,2,3,4,5,6

Most

Test NOEC IC25 IC50 Sensitive

Number (mg/L) (mg/L) (mg/L) Endpoint7

1 1.0 1.2799 1.5598 S

2 1.0 1.4087 1.8835 S

3 1.0 2.3051 2.8367 S

4 0.5 1.9855 2.6237 G

5 1.0 1.1901 1.4267 S

6 0.5 1.1041 1.4264 G

n: 6 6 6

Mean: NA 1.5456 1.9595

CV(%): NA 31.44 31.82

  
1 Data from USEPA (1988a) and USEPA (1991a). 
2 Tests performed by Donald J. Klemm, Bioassessment and Ecotoxicology Branch, EMSL,  Cincinnati, OH. 
3 All tests were performed using FORTY FATHOMS® synthetic seawater.  Three replicate exposure chambers,

each with 15 larvae, were used for the control and each SDS concentration.  SDS concentrations in Tests 1-2
were: 1.0, 1.9, 3.9, 7.7, and 15.5 mg/L. SDS concentrations in Tests 3-6 were: 0.2, 0.5, 1.0, 1.9, and 3.9 mg/L. 

4 Adults collected in the field. 
5 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
6 NOEC Range: 0.5 -1.0 mg/L (this represents a difference of one exposure  concentration). 
7 Endpoints: G=growth; S=survival 
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TABLE 23. SINGLE-LABORATORY PRECISION OF THE SHEEPSHEAD MINNOW, CYPRINODON 
VARIEGATUS, LARVAL SURVIVAL AND GROWTH TEST PERFORMED IN NATURAL
SEAWATER, USING LARVAE FROM FISH MAINTAINED AND SPAWNED IN NATURAL
SEAWATER, USING COPPER (CU) SULFATE AS A REFERENCE TOXICANT1,2,3,4,5,6

Most

Test NOEC IC25 IC50 Sensitive

Number (μg/L) (μg/L) (μg/L) Endpoint7

1 125 320.3 437.5 S

2 31  182.3 323.0 G

3 125 333.4 484.4 S

4 125 228.4 343.8 S

5 125 437.5 NC8 S

 n:  5 5 4

Mean: NA   300.4 396.9

CV(%): NA 33.0 19.2

1 Data from USEPA (1988a) and USEPA (1991a).
2 Tests performed by George Morrison and Elise Torello, ERL-N, USEPA, Narragansett, RI. 
3 Three replicate exposure chambers, each with 10-15 larvae, were used for the control and each copper concentration.

Copper concentrations were: 31, 63, 125, 250, and 500 μg/L. 
4 NOEC Range: 31 - 125 μg/L (this represents a difference of two exposure concentrations).
5 Adults collected in the field. 
6 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
7 Endpoints: G=growth; S=survival.
8 NC = No linear interpolation estimate could be calculated from the data, since none of the group response means

were less than 50 percent of the control response mean.
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TABLE 24. SINGLE-LABORATORY PRECISION OF THE SHEEPSHEAD MINNOW, CYPRINODON 
VARIEGATUS, LARVAL SURVIVAL AND GROWTH TEST PERFORMED IN NATURAL
SEAWATER, USING LARVAE FROM FISH MAINTAINED AND SPAWNED IN NATURAL
SEAWATER, USING SODIUM DODECYL SULFATE (SDS) AS A REFERENCE
TOXICANT1,2,3,4,5,6

Most

Test NOEC IC25 IC50 Sensitive

Number (mg/L) (mg/L) (mg/L) Endpoint7

1 2.5 2.9 3.6 S

2 1.3              NC18 NC29 G

3 1.3 1.9 2.4 S

4 1.3 2.4 NC2 G

5 1.3 1.5 1.8 S

n:   5 4 3

Mean:  NA 2.2  2.6

CV(%): NA 27.6 35.3

1 Data from USEPA (1988a) and USEPA (1991a).
2 Tests performed by George Morrison and Elise Torello, ERL-N, USEPA, Narragansett, RI. 
3 Three replicate exposure chambers, each with 10-15 larvae, were used for the control and each SDS concentration. 

SDS concentrations were:  0.3, 0.6, 1.3, 2.5, and 5.0 mg/L. 
4 NOEC Range: 1.3 - 2.5 mg/L (this represents a difference of one exposure concentration).
5 Adults collected in the field.
6 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance.
7 Endpoints: G=growth; S=survival.
8 NC1 = No linear interpolation estimate could be calculated from the data, since none of the group response means

were less than 75 percent of the control response mean.
9 NC2 = No linear interpolation estimate could be calculated from the data, since none of the group response means

were less than 50 percent of the control response mean. 
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TABLE 25. SINGLE-LABORATORY PRECISION OF THE SHEEPSHEAD MINNOW,  CYPRINODON
VARIEGATUS, LARVAL SURVIVAL AND GROWTH TEST PERFORMED IN FORTY
FATHOMS® ARTIFICIAL SEAWATER, USING LARVAE FROM FISH MAINTAINED AND
SPAWNED IN FORTY FATHOMS® ARTIFICIAL SEAWATER, AND HEXAVALENT
CHROMIUM AS THE REFERENCE TOXICANT1,2,3,4,5

Most

Test NOEC IC25 IC50 Sensitive

Number (mg/L) (mg/L) (mg/L) Endpoint6

1  2.0 5.8 11.4 G

2  1.0 2.9  9.9 G

3  4.0 6.9 11.5 G

4  2.0 2.4  9.2 G

5  1.0 3.1 10.8 G

 n:  5 5 5

Mean: NA 4.2 10.6

CV(%): NA 47.6  9.7

1 Tests performed by Donald Klemm, Bioassessment and Ecotoxicology Branch, EMSL, Cincinnati, OH.
2 All tests were performed using Forty Fathoms® synthetic seawater.  Three replicate exposure chambers, each with 15

larvae, were used for the control and each hexavalent chromium concentration.  Hexavalent chromium concentrations
used in Tests 1-5 were: 1.0, 2.0, 4.0, 8.0, 16.0, and 32.0 mg/L. 

3 NOEC Range: 1.0 - 4.0 mg/L (this represents a difference of four exposure concentrations)
4 Adults collected in the field. 
5 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
6 Endpoints:  G=growth; S=survival.
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TABLE 26 COMPARISON OF LARVAL SURVIVAL (LC50) AND GROWTH (IC50) VALUES FOR THE
SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, EXPOSED TO SODIUM DODECYL
SULFATE (SDS) AND COPPER (CU) SULFATE IN GP2 ARTIFICIAL SEAWATER MEDIUM
OR NATURAL SEAWATER1,2,3,4

                                                                                                                                          

               Survival                                  Growth            

SDS (mg/L) GP2 NSW GP2 NSW

7.49 8.13 7.39 8.41

8.70 8.87 8.63 8.51

8.38 8.85 8.48 9.33

 

Mean 8.19 8.62 8.17 8.75

CV (%) 7.7 4.9 8.3 5.8

Copper(μg/L) GP2 NSW GP2 NSW

455 412 341 333

467 485 496 529

390 528 467 776

Mean 437 475 435 546

CV (%) 9.4 12.3 18.9 40.7

1 Tests performed by George Morrison and Glen Modica, ERL-N, USEPA, Narragansett, RI. 
2 Three replicate exposure chambers, each with 10-15 larvae, were used for the control and each SDS concentration. 

SDS concentrations were: 0.3, 0.6, 1.3, 2.5, and 5.0 mg/L. 
3 Adults collected in the field. 
4 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
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TABLE 27. DATA FROM INTERLABORATORY STUDY OF THE SHEEPSHEAD MINNOW,
CYPRINODON VARIEGATUS, LARVAL SURVIVAL AND GROWTH TEST USING AN
INDUSTRIAL EFFLUENT AS A REFERENCE TOXICANT1,2,3

           Most Sensitive Endpoint4           

Test NOEC IC25 IC50

Number (%)  (%)  (%)

Laboratory A 1 3.2 (S,G) 7.4 (S) 7.4 (G)

2 3.2 (S,G) 7.6 (S) 14.3 (G)

Laboratory B 1 3.2 (S,G) 5.7 (G) 9.7 (G)

2 3.2 (S,G) 5.7 (G) 8.8 (G)

Laboratory C 1 1.0 (S) 4.7 (S) 7.2 (S)

Laboratory D 1 3.2 (S,G) 7.4 (G) 24.7 (G)

2 1.0 (G) 5.2 (S) 7.2 (S)

     n: 7 7 7

     Mean: NA 5.5 11.3

     CV(%): NA 44.2 56.9

1 Data from USEPA (1987b), USEPA (1988a), and USEPA (1991a).
2 Effluent concentrations were: 0.32, 1.0, 3.2, 10.0, and 32.0%.
3 NOEC Range: 1.0 - 3.2% (this represents a difference of one exposure concentration).
4 Endpoints: G=growth; S=survival. 
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TABLE 28.  PRECISION OF POINT ESTIMATES FOR VARIOUS SAMPLE TYPES1

Test Endpoint Sample Type CV (%)2

IC25 Reference toxicant 18.4

Effluent 6.12

Receiving water 7.15

Average 10.5

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 CVs were calculated based on the total interlaboratory variability (including both within-laboratory and between-

laboratory components of variability).  Individual within-laboratory and between-laboratory components of variability
could not be calculated since the study design did not provide within-laboratory replication for this sample type.

TABLE 29. FREQUENCY DISTRIBUTION OF HYPOTHESIS TESTING RESULTS FOR VARIOUS SAMPLE
TYPES1

Test Endpoint Sample Type
Median
NOEC
Value

% of Results at
the Median

% of Results
±12

% of Results
�23

Survival NOEC Reference toxicant 25% 57.1 42.9 0.00

Effluent 25% 100 0.00 0.00

Receiving water 25% 100 0.00 0.00

Growth 

NOEC
Reference toxicant 25% 100 0.00 0.00

Effluent 12.5% 57.1 42.9 0.00

Receiving water 12.5% 71.4 28.6 0.00

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 Percent of values at one concentration interval above or below the median.  Adding this percentage to the percent of

values at the median yields the percent of values within one concentration interval of the median.
3 Percent of values two or more concentration intervals above or below the median.
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SECTION 12

TEST METHOD

SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS
EMBRYO-LARVAL SURVIVAL AND TERATOGENICITY TEST

METHOD 1005.0

12.1   SCOPE AND APPLICATION

12.1.1   This method, adapted in part from USEPA (1981) and USEPA (1987b), estimates the chronic toxicity of
effluents and receiving waters to the sheepshead minnow, Cyprinodon variegatus, using embryos and larvae in a
nine-day, static renewal test.  The effects include the synergistic, antagonistic, and additive effects of all the
chemical, physical, and biological components which adversely affect the physiological and biochemical functions
of the test organisms.  The test is useful in screening for teratogens because organisms are exposed during
embryonic development.

12.1.2   Daily observations on mortality make it possible to also calculate acute toxicity for desired exposure periods
(i.e., 24-h, 48-h, 96-h LC50s).

12.1.3   Detection limits of the toxicity of an effluent or chemical substance are organism dependent. 

12.1.4   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, and because the test chambers are not sealed, highly
volatile and highly degradable toxicants present in the source may not be detected in the test. 

12.1.5   This test is commonly used in one of two forms:  (1) a definitive test, consisting of a minimum of five
effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving water
concentrations and a control.  

12.2   SUMMARY OF METHOD

12.2.1   Sheepshead minnow, Cyprinodon variegatus, embryos and larvae are exposed in a static renewal system to
different concentrations of effluent or to receiving water starting shortly after fertilization of the eggs through four
days posthatch.  Test results are based on the total frequency of both mortality and gross morphological deformities
(terata). 

12.3   INTERFERENCES

12.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies). 

12.3.2   Adverse effects of low dissolved oxygen concentrations (DO), high concentrations of suspended and/or
dissolved solids, and extremes of pH may mask the effect of toxic substances. 

12.3.3   Improper effluent sampling and handling may adversely affect test results (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

12.3.4   Pathogenic and/or predatory organisms in the dilution water and effluent may affect test organism survival,
and confound test results. 
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12.3.5   pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-dependent
toxicants (such as metals) are present.  As pH increases, the toxicity of ammonia also increases (see Subsection
8.8.6), so upward pH drift may increase sample toxicity.  For metals, toxicity may increase or decrease with
increasing pH.  Lead and copper were found to be more acutely toxic at pH 6.5 than at pH 8.0 or 8.5, while nickel
and zinc were more toxic at pH 8.5 than at pH 6.5 (USEPA, 1992).  In situations where sample toxicity is confirmed
to be artifactual and due to pH drift (as determined by parallel testing as described in Subsection 12.3.5.1), the
regulatory authority may allow for control of sample pH during testing using procedures outlined in Subsection
12.3.5.2.  It should be noted that artifactual toxicity due to pH drift is not likely to occur unless pH drift is large
(more than 1 pH unit) and/or the concentration of some pH-dependent toxicant in the sample is near the threshold
for toxicity. 

12.3.5.1   To confirm that toxicity is artifactual and due to pH drift, parallel tests must be conducted, one with
controlled pH and one with uncontrolled pH.  In the uncontrolled-pH treatment, the pH is allowed to drift during the
test.  In the controlled-pH treatment, the pH is maintained using the procedures described in Subsection 12.3.5.2. 
The pH to be maintained in the controlled-pH treatment (or target pH) will depend on the objective of the test.  If
the objective of the WET test is to determine the toxicity of the effluent in the receiving water, the pH should be
maintained at the pH of the receiving water (measured at the edge of the regulatory mixing zone).  If the objective
of the WET test is to determine the absolute toxicity of the effluent, the pH should be maintained at the pH of the
sample after adjusting the sample salinity for use in marine testing.  

12.3.5.1.1  During parallel testing, the pH must be measured in each treatment at the beginning (i.e., initial pH) and
end (i.e., final pH) of each 24-h exposure period.  For each treatment, the mean initial pH (e.g., averaging the initial
pH measured each day for a given treatment) and the mean final pH (e.g., averaging the final pH measured each day
for a given treatment) must be reported.  pH measurements taken during the test must confirm that pH was
effectively maintained at the target pH in the controlled-pH treatment.  For each treatment, the mean initial pH and
the mean final pH should be within ± 0.3 pH units of the target pH.  Test procedures for conducting toxicity
identification evaluations (TIEs) also recommend maintaining pH within ± 0.3 pH units in pH-controlled tests
(USEPA, 1996).

12.3.5.1.2   Total ammonia also should be measured in each treatment at the outset of parallel testing.  Total
ammonia concentrations greater than 5 mg/L in the 100% effluent are an indicator that toxicity observed in the test
may be due to ammonia (USEPA, 1992).  

12.3.5.1.3   Results from both of the parallel tests (pH-controlled and uncontrolled treatments) must be reported to
the regulatory authority.  If the uncontrolled test meets test acceptability criteria and shows no toxicity at the
permitted instream waste concentration, then the results from this test should be used for determining compliance. 
If the uncontrolled test shows toxicity at the permitted instream waste concentration, then the results from the pH-
controlled test should be used for determining compliance, provided that this test meets test acceptability criteria
and pH was properly controlled (see Subsection 12.3.5.1.1).  

12.3.5.1.4  To confirm that toxicity observed in the uncontrolled test was artifactual and due to pH drift, the results
of the controlled and uncontrolled-pH tests are compared. If toxicity is removed or reduced in the pH-controlled
treatment, artifactual toxicity due to pH drift is confirmed for the sample.  To demonstrate that a sample result of
artifactual toxicity is representative of a given effluent, the regulatory authority may require additional information
or additional parallel testing before pH control (as described in Subsection 12.3.5.2) is applied routinely to
subsequent testing of the effluent. 

12.3.5.2   The pH can be controlled with the addition of acids and bases and/or the use of a CO2-controlled
atmosphere over the test chambers.  pH is adjusted with acids and bases by dropwise adding 1N NaOH or 1N HCl
(see Subsection 8.8.9).  The addition of acids and bases should be minimized to reduce the amount of additional
ions (Na or Cl) added to the sample.  pH is then controlled using the CO2-controlled atmosphere technique.  This
may be accomplished by placing test solutions and test organisms in closed headspace test chambers, and then
injecting a predetermined volume of CO2 into the headspace of each test chamber (USEPA, 1991b; USEPA, 1992);
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or by placing test chambers in an atmosphere flushed with a predetermined mixture of CO2 and air (USEPA, 1996). 
Prior experimentation will be needed to determine the appropriate CO2/air ratio or the appropriate volume of CO2 to
inject.  This volume will depend upon the sample pH, sample volume, container volume, and sample constituents. 
If more than 5% CO2 is needed, adjust the solutions with acids (1N HCl) and then flush the headspace with no more
than 5% CO2 (USEPA, 1992).   If the objective of the WET test is to determine the toxicity of the effluent in the
receiving water, atmospheric CO2 in the test chambers is adjusted to maintain the test pH at the pH of the receiving
water (measured at the edge of the regulatory mixing zone).  If the objective of the WET test is to determine the
absolute toxicity of the effluent, atmospheric CO2 in the test chambers is adjusted to maintain the test pH at the pH
of the sample after adjusting the sample salinity for use in marine testing.  USEPA (1996) and Mount and Mount
(1992) provide techniques and guidance for controlling test pH using a CO2-controlled atmosphere.  In pH-
controlled testing, control treatments must be subjected to all manipulations that sample treatments are subjected to. 
These manipulations must be shown to cause no lethal or sublethal effects on control organisms.  In pH-controlled
testing, the pH also must be measured in each treatment at the beginning and end of each 24-h exposure period to
confirm that pH was effectively controlled at the target pH level. 

12.4   SAFETY

12.4.1   See Section 3, Health and Safety. 

12.5   APPARATUS AND EQUIPMENT

12.5.1   Facilities for holding and acclimating test organisms. 

12.5.2   Sheepshead minnow culture unit -- see Subsection 12.6.12 below.  To perform toxicity tests on-site or in the
laboratory, sufficient numbers of newly fertilized eggs must be available, preferably from an in-house sheepshead
minnow culture unit.  If necessary, embryos can be obtained from outside sources if shipped in well oxygenated
water in insulated containers. 

12.5.2.1   A test using 15 embryos per test vessel and four replicates per concentration, will require 360
newly-fertilized embryos at the start of the test.  A test with a minimum of 10 embryos per test vessel and three
replicates per concentration, and with five effluent concentrations and a control, will require a minimum of 180
embryos at the start of the test.

12.5.3   Brine Shrimp, Artemia, Culture Unit -- for feeding sheepshead minnow larvae in the continuous culture unit
(see Subsection 12.6.12 below). 

12.5.4   Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h composite
sample of 5 L, and maintain sample temperature at 4�C. 

12.5.5   Environmental Chamber or Equivalent Facility with Temperature Control (25 ± 1�C). 

12.5.6   Water Purification System -- Millipore Milli-Q®, deionized water (DI) or equivalent. 

12.5.7   Balance -- analytical, capable of accurately weighing to 0.00001 g.  Note:  An analytical balance is not
needed for this test but is needed for other specified toxicity test methods with growth endpoints.

12.5.8   Reference Weights, Class S -- for checking the performance of the balance.  The reference weights should
bracket the expected weights of reagents, and the expected weights of the weighing pans and the weights of the
weighing pans plus larvae. 

12.5.9   Air Pump -- for oil free air supply. 
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12.5.10   Air Lines, and Air Stones -- for aerating water containing embryos, larvae, or supplying air to test solution
with low DO 

12.5.11   Meters, pH and DO -- for routine physical and chemical measurements.  

12.5.12   Standard or Micro-Winkler Apparatus -- for determining DO (optional). 

12.5.13   Dissecting microscope -- for examining embryos and larvae. 

12.5.14   Light box -- for counting and observing embryos and larvae. 

12.5.15   Refractometer -- for determining salinity. 

12.5.16   Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures. 

12.5.17   Thermometers, bulb-thermograph or electronic-chart type -- for continuously recording temperature. 

12.5.18   Thermometer, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA, 1979b) -- to
calibrate laboratory thermometers. 

12.5.19   Test Chambers -- four (minimum of three), borosilicate glass or non-toxic plastic labware per test
concentration.  Care must be taken to avoid inadvertently removing embryos or larvae when test solutions are
decanted from the chambers.  To avoid potential contanimation from the air and excessive evaporation of test
solutions during the test, the chambers should be covered with safety glass plates or sheet plastic (6 mm thick).  The
covers are removed only for observation and removal of dead organisms. 

12.5.20   Beakers -- six Class A, borosilicate glass or non-toxic plasticware, 1000 mL for making test solutions. 

12.5.21   Wash Bottles -- for deionized water, for washing embryos from substrates and containers, and for rinsing
small glassware and instrument electrodes and probes. 

12.5.22   Volumetric flasks and graduated cylinders -- Class A, borosilicate glass or non-toxic plastic labware,
10-1000 mL for making test solutions. 

12.5.23   Pipets, volumetric -- Class A, 1-100 mL. 

12.5.24   Pipets, automatic -- adjustable, 1-100 mL. 

12.5.25   Pipets, serological -- 1-10 mL, graduated. 

12.5.26   Pipet bulbs and fillers -- PROPIPET®, or equivalent. 

12.5.27   Droppers and glass tubing with fire polished aperatures, 4 mm ID -- for transferring embryos and larvae. 

12.5.28   Siphon with bulb and clamp -- for cleaning test chambers. 

12.5.29   NITEX® or stainless steel mesh sieves, (�150 μm, 500 μm, and 3-5 mm) -- for collecting Artemia nauplii
and fish embryos, and for spawning baskets, respectively. 
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12.6   REAGENTS AND CONSUMABLE MATERIALS

12.6.1   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

12.6.2   Data sheets (One set per test) -- for data recording (see Figure 1). 

12.6.3   Tape, colored -- for labelling test chambers. 

12.6.4   Markers, waterproof -- for marking containers, etc. 

12.6.5   Buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) -- for Standards and
Calibration Check (see USEPA Method 150.1, USEPA, 1979b). 

12.6.6   Membranes and filling solutions for dissolved oxygen probe (see USEPA Method 360.1, USEPA, 1979b),
or reagents -- for modified Winkler analysis. 

12.6.7   Laboratory quality assurance samples and standards -- for calibration of the above methods. 

12.6.8   Reference toxicant solutions -- see Section 4, Quality Assurance. 

12.6.9   Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic to
the test organisms (see Section 5, Facilities, Equipment, and Supplies). 

12.6.10   Effluent, receiving water, and dilution water -- see Section 7, Dilution Water, and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests.

12.6.10.1   Saline test and dilution water -- The salinity of the test water must be in the range of 5 to 32‰.  The
salinity should vary no more than ±2‰ among chambers on a given day.  If effluent and receiving water tests are
conducted concurrently, the salinities of the water should be similar.

12.6.10.2   The overwhelming majority of industrial and sewage treatment effluents entering marine and estuarine
systems contain little or no measurable salts.  Exposure of sheepshead minnow embryos to these effluents will
require adjustments in the salinity of the test solutions.  It is important to maintain a constant salinity across all
treatments.  In addition, it may be desirable to match the test salinity with that of the receiving water.  Two methods
are available to adjust salinities -- a hypersaline brine derived from natural seawater or artificial sea salts.
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Test Dates: Species:  

Type Effluent:  Field:      Lab:    Test:  

Effluent Tested:  

Original pH:    Salinity:     DO:  

 CONCENTRATION:
          Replicate I:
DAY 0 1 2 3 4 5 6 7 8 9
#Live/Dead
   Embryo-Larvae

Terata

Temp. (�C)

Salinity (ppt)

DO (mg/L)

pH

  
CONCENTRATION:
          Replicate II:
DAY 0 1 2 3 4 5 6 7 8 9
#Live/Dead
   Embryo-Larvae

Terata

Temp. (�C)

Salinity (ppt)

DO (mg/L)

pH

Comments:

Note:  Final endpoint for this test is total mortality (combined total number of dead embryos, dead larvae, and
deformed larvae) (see Subsection 12.10.9 and 12.13).

Figure 1. Data form for sheepshead minnow, Cyprinodon variegatus, embryo-larval survival/teratogenicity test. 
Daily record of embryo-larval survival/terata and test conditions.
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  CONCENTRATION:
          Replicate III:
DAY 0 1 2 3 4 5 6 7 8 9
#Live/Dead
   Embryo-Larvae

Terata

Temp. (�C)

Salinity (ppt)

DO (mg/L)

pH

  CONCENTRATION:
          Replicate IV:
DAY 0 1 2 3 4 5 6 7 8 9
#Live/Dead
   Embryo-Larvae

Terata

Temp. (�C)

Salinity (ppt)

DO (mg/L)

pH

Comments:

Note:  Final endpoint for this test is total mortality (combined total number of dead embryos, dead larvae, and
deformed larvae) (see Subsection 12.10.9 and 12.13). 

Figure 1. Data form for sheepshead minnow, Cyprinodon variegatus, embryo-larval survival/teratogenicity test. 
Daily record of embryo-larval survival/terata and test conditions (CONTINUED).
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12.6.10.3   Hypersaline brine (HSB):  HSB has several advantages that make it desirable for use in toxicity testing. 
It can be made from any high quality, filtered seawater by evaporation, and can be added to the effluent or to
deionized water to increase the salinity.  HSB derived from natural seawater contains the necessary trace metals,
biogenic colloids, and some of the microbial components necessary for adequate growth, survival, and/or
reproduction of marine and estuarine organisms, and may be stored for prolonged periods without any apparent
degradation.  However if 100% HSB is used as a diluent, the maximum concentration of effluent that can be tested
using HSB is limited to 80% at 20‰ salinity, and 70% at 30‰ salinity.

12.6.10.3.1   The ideal container for making HSB from natural seawater is one that (1) has a high surface to volume
ratio, (2) is made of a non-corrosive material, and (3) is easily cleaned (fiberglass containers are ideal).  Special care
should be used to prevent any toxic materials from coming in contact with the seawater being used to generate the
brine.  If a heater is immersed directly into the seawater, ensure that the heater materials do not corrode or leach any
substances that would contaminate the brine.  One successful method used is a thermostatically controlled heat
exchanger made from fiberglass.  If aeration is used, use only oil-free air compressors to prevent contamination. 

12.6.10.3.2   Before adding seawater to the brine generator, thoroughly clean the generator, aeration supply tube,
heater, and any other materials that will be in direct contact with the brine.  A good quality biodegradable detergent
should be used, followed by several (at least three) thorough deionized water rinses. 

12.6.10.3.3   High quality (and preferably high salinity) seawater should be filtered to at least l0 μm before placing
into the brine generator.  Water should be collected on an incoming tide to minimize the possibility of
contamination. 

12.6.10.3.4   The temperature of the seawater is increased slowly to 40�C.  The water should be aerated to prevent
temperature stratification and to increase water evaporation.  The brine should be checked daily (depending on
volume being generated) to ensure that salinity does not exceed 100‰ and that the temperature does not exceed
40�C.  Additional seawater may be added to the brine to obtain the volume of brine required. 

12.6.10.3.5   After the required salinity is attained, the HSB should be filtered a second time through a 1 μm filter
and poured directly into portable containers (20 L) cubitainers or polycarbonate water cooler jugs are suitable.  The
containers should be capped and labelled with the date the brine was generated and its salinity.  Containers of HSB
should be stored in the dark and maintained at room temperature until used.

12.6.10.3.6   If a source of HSB is available, test solutions can be made by following the directions below. 
Thoroughly mix together the deionized water and brine before mixing in the effluent. 

12.6.10.3.7   Divide the salinity of the HSB by the expected test salinity to determine the proportion of deionized
water to brine.  For example, if the salinity of the HSB is 100‰ and the test is to be conducted at 20‰, 100‰
divided by 20‰ = 5.0.  The proportion of brine is one part in five (one part brine to four parts deionized water).  To
make 1 L of seawater at 20‰ salinity from a HSB of 100‰, divide 1 L (1000 mL) by 5.0.  The result, 200 mL, is
the quantity of HSB needed to make 1 L of sea water.  The difference, 800 mL, is the quantity of deionized water
required. 

12.6.10.3.8   Table 1 illustrates the composition of test solutions at 20‰ if they are prepared by serial dilution of
effluent with 20‰ salinity seawater. 

12.6.10.4   Artificial sea salts:  HW MARINEMIX® brand sea salts have been used successfully at the USEPA,
Region 6, Houston laboratory to culture sheepshead minnows and perform the embryo-larval survival and
teratogenicity test.  EMSL-Cincinnati has found FORTY FATHOMS® artificial sea salts to be suitable for culturing
sheepshead minnows and for performing the larval survival and growth test and embryo-larval test.  Artificial sea
salts may be used for culturing sheepshead minnows and for the embryo larval test if the criteria for acceptability of
test data are satisfied (see Subsection 12.11). 
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12.6.10.4.1   Synthetic sea salts are packaged in plastic bags and mixed with deionized water or equivalent.  The
instructions on the package of sea salts should be followed carefully, and salts should be mixed in a separate
container -- not the culture tank.  The deionized water used in hydration should be in the temperature range of
21-26�C.  Seawater made from artificial sea salts is conditioned (Spotte, 1973; Spotte et al., 1984; Bower, 1983)
before it is used for culturing or testing.  After adding the water, place an airstone in the container, cover, and aerate
the solution mildly for at least 24 h before use. 

12.6.11   BRINE SHRIMP, ARTEMIA, CULTURE -- for feeding cultures. 

12.6.11.1   Newly-hatched Artemia nauplii are used as food in the sheepshead minnow culture, and a brine shrimp
culture unit should be prepared (USEPA, 2002a).  Although there are many commercial sources of brine shrimp
cysts, the Brazilian or Colombian strains are currently preferred because the supplies examined have had low
concentrations of chemical residues and produce nauplii of suitably small size.

12.6.11.2   Each new batch of Artemia cysts must be evaluated for size (Vanhaecke and Sorgeloos, 1980, and
Vanhaecke et al., 1980) and nutritional suitability (Leger, et al., 1985; Leger, et al., 1986) against known suitable
reference cysts by performing a side by side larval growth test using the "new" and "reference" cysts.  The
"reference" cysts used in the suitability test may be a previously tested and acceptable batch of cysts.  A sample of
newly hatched Artemia nauplii from each new batch of cysts should be chemically analyzed.  The Artemia cysts
should not be used if the concentration of total organic chlorine pesticides exceeds 0.15 μg/g wet weight or the total
concentration of organochlorine pesticides plus PCBs exceeds 0.30 μg/g wet weight.  (For analytical methods see
USEPA, 1982).
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TABLE 1. PREPARATION OF TEST SOLUTIONS AT A SALINITY OF 20‰, USING 20‰
NATURAL OR ARTIFICAL SEAWATER, HYPERSALINE BRINE, OR ARTIFICAL SEA
SALTS

            Solutions To Be Combined           

Effluent
Solution

Effluent
Conc.
(%)

Volume of
Effluent
Solution

Volume of Diluent
Seawater (20‰)

1 1001,2 4000 mL - - -                      

2 50 2000 mL Solution 1 + 2000 mL             

3 25 2000 mL Solution 2 + 2000 mL             

4 12.5 2000 mL Solution 3 + 2000 mL             

5 6.25 2000 mL Solution 4 + 2000 mL             

Control 0.0 2000 mL             

Total 10000 mL             

1 This illustration assumes:  (1) the use of 400 mL of test solution in each of four replicates and 400 mL for
chemical analysis (total of 2000 mL) for the control and five concentrations of effluent (2) an effluent dilution
factor of 0.5, and (3) the effluent lacks appreciable salinity.  A sufficient initial volume (4000 mL) of effluent is
prepared by adjusting the salinity to the desired level.  In this example, the salinity is adjusted by adding
artificial sea salts to the 100% effluent, and preparing a serial dilution using 20‰ seawater (natural seawater,
hypersaline brine, or artificial seawater).  The salinity of the initial 4000 mL of 100% effluent is adjusted to
20‰ by adding 80 g of dry artificial sea salts (HW MARINEMIX or FORTY FATHOMS®), and mixing for 1
h.  Test concentrations are then made by mixing appropriate volumes of salinity-adjusted effluent and 20‰
salinity dilution water to provide 4000 mL of solution for each concentration.  If hypersaline brine alone
(100‰) is used to adjust the salinity of the effluent, the highest concentration of effluent that could be achieved
would be 80% at 20‰ salinity, and 70% at 30‰ salinity. 

2 The same procedures would be followed in preparing test concentrations at other salinities between 20‰ and
30‰:  (1) The salinity of the bulk (initial) effluent sample would be adjusted to the appropriate salinity using
artificial sea salts or hypersaline brine, and (2) the remaining effluent concentrations would be prepared by
serial dilution, using a large batch (10 L) of seawater for dilution water, which had been prepared at the same
salinity as the effluent, using natural seawater, hypersaline and deionized water. 

12.6.11.3   Artemia nauplii are obtained as follows: 

1. Add 1 L of seawater, or a solution prepared by adding 35.0 g uniodized salt (NaCl) or artificial sea salts
to 1 L of deionized water, to a 2 L separatory funnel, or equivalent. 

2. Add 10 mL Artemia cysts to the separatory funnel and aerate for 24 h at 27�C.  (Hatching time varies
with incubation temperature and the geographic strain of Artemia used (see USEPA, 1985d, USEPA,
2002a; and ASTM, 1993).

3. After 24 h, cut off the air supply in the separatory funnel.  Artemia nauplii are phototactic, and will
concentrate at the bottom of the funnel if it is covered for five to 10 minutes.  To prevent mortality, do
not leave the concentrated nauplii at the bottom of the funnel more than 10 minutes without aeration. 
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4. Drain the nauplii into a beaker or funnel fitted with a �150 μm NITEX® or stainless steel screen, and
rinse with seawater or equivalent before use. 

12.6.11.4   Testing Artemia nauplii as food for toxicity test organisms. 

12.6.11.4.1   The primary criterion for acceptability of each new supply of brine shrimp cysts is the ability of the
nauplii to support good survival and growth of the sheepshead minnow larvae.  The larvae used to evaluate the
suitability of the brine shrimp nauplii must be of the same geographical origin, species, and stage of development as
those used routinely in the toxicity tests.  Sufficient data to detect differences in survival and growth should be
obtained by using three replicate test vessels, each containing a minimum of 15 larvae, for each type of food. 

12.6.11.4.2   The feeding rate and frequency, test vessels, volume of control water, duration of the test, and age of
the nauplii at the start of the test, should be the same as used for the routine toxicity tests. 

12.6.11.4.3   Results of the brine shrimp nutrition assay, where there are only two treatments, can be evaluated
statistically by use of a t test.  The "new" food is acceptable if there are no statistically significant differences in the
survival and growth of the larvae fed the two sources of nauplii. 

12.6.11.4.4   The average seven-day survival of larvae should be 80% or greater, and (2) the average dry weight of
larvae should be 0.60 mg or greater, if dried and weighed immediately after the test, or (3) the average dry weight of
larvae should be 0.50 mg or greater, if the larvae are preserved in 4% formalin before drying and weighing.  The
above minimum weights presume that the age of the larvae at the start of the test is not greater than 24 h.

12.6.12   TEST ORGANISMS, SHEEPSHEAD MINNOWS, CYPRINODON VARIEGATUS 

12.6.12.1   Brood stock 

12.6.12.1.1   Adult sheepshead minnows for use as brood stock may be obtained by seine in Gulf of Mexico and
Atlantic coast estuaries, from commercial sources, or from young fish raised to maturity in the laboratory.  Feral
brood stocks and first generation laboratory fish are preferred, to minimize inbreeding. 

12.6.12.1.2   To detect disease and to allow time for acute mortality due to the stress of capture, field-caught adults
are observed in the laboratory a minimum of two weeks before using as a source of gametes.  Injured or diseased
fish are discarded. 

12.6.12.1.3   Sheepshead minnows can be continuously cultured in the laboratory from eggs to adults.  The larvae,
juvenile, and adult fish should be kept in appropriate size rearing tanks, maintained at ambient laboratory
temperature.  The larvae should be fed sufficient newly hatched Artemia nauplii daily to assure that live nauplii are
always present.  Juveniles are fed frozen adult brine shrimp and a commercial flake food, such as TETRA SM-80®

or MARDEL AQUARIAN® Tropical Fish Flakes, or equivalent.  Adult fish are fed flake food three or four times
daily, supplemented with frozen adult brine shrimp. 

12.6.12.1.3.1   Sheepshead minnows reach sexual maturity in three-to-five months after hatch, and have an average
standard length of approximately 27 mm for females and 34 mm for males.  At this time, the males begin to exhibit
sexual dimorphism and initiate territorial behavior.  When the fish reach sexual maturity and are to be used for
natural spawning, the temperature should be controlled at 18-20�C. 

12.6.12.1.4   Adults can be maintained in natural or artificial seawater in a flow-through or recirculating, aerated
system consisting of an all-glass aquarium, or equivalent. 

12.6.12.1.5   The system is equipped with an undergravel or outside biological filter of shells (see Spotte, 1973;
Bower, 1983) for conditioning the biological filter, or a cartridge filter, such as a MAGNUM® Filter, or an EHEIM®

Filter, or equivalent, at a salinity of 20-30‰ and a photoperiod of 16 h light/8 h dark. 
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12.6.12.2   Obtaining Embryos for Toxicity Tests 

12.6.12.2.1   Embryos can be shipped to the laboratory from an outside source or obtained from adults held in the
laboratory.  Ripe eggs can be obtained either by natural spawning or by intraperitoneal injection of the females with
human chorionic gonadotrophin (HCG) hormone.  If the culturing system for adults is temperature controlled,
natural spawning can be induced.  Natural spawning is preferred because repeated spawnings can be obtained from
the same brood stock, whereas with hormone injection, the brood stock is sacrificed in obtaining gametes. 

12.6.12.2.2   It should be emphasized that the injection and hatching schedules given below are to be used only as
guidelines.  Response to the hormone varies from stock to stock and with temperature.  Time to hatch and percent
hatch also vary among stocks and among batches of embryos obtained from the same stock, and are dependent on
temperature, DO, and salinity. 

12.6.12.2.3   Forced Spawning 

12.6.12.2.3.1   HCG is reconstituted with sterile saline or Ringer's solution immediately before use.  The standard
HCG vial contains 1,000 IU to be reconstituted in 10 mL of saline.  Freeze-dried HCG which comes with
premeasured and sterilized saline is the easiest to use.  Use of a 50 IU dose requires injection of 0.05 mL of
reconstituted hormone solution.  Reconstituted HCG may be used for several weeks if kept in the refrigerator. 

12.6.12.2.3.2   Each female is injected intraperitoneally with 50 IU HCG on two consecutive days, starting at least
four days prior to the beginning of a test.  Two days following the second injection, eggs are stripped from the
females and mixed with sperm derived from excised macerated testes.  At least 10 females and five males are used
per test to ensure that there is a sufficient number of viable embryos. 

12.6.12.2.3.3   HCG is injected into the peritoneal cavity, just below the skin, using as small a needle as possible.  A
50 IU dose is recommended for females approximately 27 mm in standard length.  A larger or smaller dose may be
used for fish which are significantly larger or smaller than 27 mm.  With injections made on days one and two,
females which are held at 25�C should be ready for stripping on Day 4.  Ripe females should show pronounced
abdominal swelling, and release at least a few eggs in response to a gentle squeeze.  Injected females should be
isolated from males.  It may be helpful if fish that are to be injected are maintained at 20�C before injection, and the
temperature raised to 25�C on the day of the first injection. 

12.6.12.2.3.4   Prepare the testes immediately before stripping the eggs from the females.  Remove the testes from
three to five males.  The testes are paired, dark grey organs along the dorsal midline of the abdominal cavity.  If the
head of the male is cut off and pulled away from the rest of the fish, most of the internal organs can be pulled out of
the body cavity, leaving the testes behind.  The testes are placed in a few mL of seawater until the eggs are ready. 

12.6.12.2.3.5   Strip the eggs from the females, into a dish containing 50-100 mL of seawater, by firmly squeezing
the abdomen.  Sacrifice the females and remove the ovaries if all the ripe eggs do not flow out freely.  Break up any
clumps of ripe eggs and remove clumps of ovarian tissue and underripe eggs.  Ripe eggs are spherical,
approximately 1 mm in diameter, and almost clear.

12.6.12.2.3.6   While being held over the dish containing the eggs, the testes are macerated in a fold of NITEX®

screen (250-500 μm mesh) dampened with seawater.  The testes are then rinsed with seawater to remove the sperm
from tissue, and the remaining sperm and testes are washed into the dish.  Let the eggs and milt stand together for
10-15 minutes, swirling occasionally. 
 
12.6.12.2.3.7   Pour the contents of the dish into a beaker, and insert an airstone.  Aerate gently, such that the water
moves slowly over the eggs, and incubate at 25�C for 60-90 minutes.  After incubation, wash the eggs on a NITEX®

screen and resuspend them in clean seawater. 
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12.6.12.2.4   Natural Spawning 

12.6.12.2.4.1   Short-term (Demand) Embryo Production 

12.6.12.2.4.1.1   Adult fish should be maintained at 18-20�C in a temperature controlled system.  To obtain
embryos for a test, adult fish (generally, at least eight to 10 females and three males) are transferred to a spawning
chamber, with a photoperiod of 16 h light/8 h dark and a temperature of 25�C, two days before the beginning of the
test.  The spawning chambers are approximately 20 x 35 x 22 cm high (USEPA, 1978), and consist of a basket of
3-5 mm NITEX® mesh, made to fit into a 57-L (15 gal) aquarium.  Spawning generally will begin within 24 h or
less.  The embryos will fall through the bottom of the basket and onto a collecting screen (250-500 μm mesh) or
tray below the basket.  The collecting tray should be checked for embryos the next morning.  The number of eggs
produced is highly variable.  The number of spawning units required to provide the embryos needed to perform a
toxicity test is determined by experience.  If the trays do not contain sufficient embryos after the first 24 h, discard
the embryos, replace the trays, and collect the embryos for another 24 h or less.  To help keep the embryos clean,
the adults are fed while the screens are removed. 

12.6.12.2.4.1.2   The embryos are collected in a tray placed on the bottom of the tank.  The collecting tray consists
of 250-500 μm NITEX® screen attached to a rigid plastic frame.  The collecting trays with newly-spawned, embryos
are removed from the spawning tank, and the embryos are collected from the screens by washing them with a wash
bottle or removing them with a fine brush.  The embryos from several spawning units may be pooled in a single
container to provide a sufficient number to conduct the test(s).  The embryos are transferred into a petri dish or
equivalent, filled with fresh culture water, and are examined using a dissecting microscope or other suitable
magnifying device.  Damaged and infertile eggs are discarded (see Figure 2).  It is strongly recommended that the
embryos be obtained from fish cultured in-house, rather than from outside sources, to eliminate the uncertainty of
damage caused by shipping and handling that may not be observable, but which might affect the results of the test. 

12.6.12.2.4.1.3   After sufficient embryos are collected for the test, the adult fish are returned to the (18-20�C)
culture tanks. 

12.6.12.2.4.2   Sustained Natural Embryo Production 

12.6.12.2.4.2.1   Sustained (long-term), daily, embryo production can be achieved by maintaining mature fish in
tanks, such as a (285 L or 75 gal) LIVING STREAM® tank, at a temperature of 23-25�C.  Embryos are produced
daily, and when needed, embryo "collectors" are placed on the bottom of the tank on the afternoon preceding the
start of the test.  The next morning, the embryo collectors are removed and the embryos are washed into a shallow
glass culture dish using artificial seawater. 

12.6.12.2.4.2.2   Four embryo collectors, approximately 20 cm x 45 cm, will approximately cover the bottom of the
285 L tank.  The collectors are fabricated from plastic fluorescent light fixture diffusors (grids), with cells
approximately 14 mm deep X 14 mm square.  A screen consisting of 500 μm mesh is attached to one side (bottom)
of the grid with silicone adhesive.  The depth and small size of the grid protects the embryos from predation by the
adult fish. 

12.6.12.2.4.2.3   The brood stock is replaced annually with feral stock. 

12.6.12.2.5   Test Organisms 

12.6.12.2.5.1   Embryos spawned over a less than 24-h period, are used for the test.  These embryos may be used
immediately to start a test or may be placed in a suitable container and transported for use at a remote location. 
When overnight transportation is required, embryos should be obtained when they are no more than 8-h old.  This
permits the tests at the remote site to be started with less than 24-h old embryos.  Embryos should be transported or
shipped in clean, insulated containers, in well aerated or oxygenated fresh seawater or aged artificial sea water of
correct salinity, and should be protected from extremes of temperature and any other stressful conditions during
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transport.  Instantaneous changes of water temperature when embryos are transferred from culture unit water to test
dilution water, or from transport container water to on-site test dilution, should be less than 2�C.  Instantaneous
changes of pH, dissolved ions, osmotic strength, and DO should also be kept to a minimum. 

12.6.12.2.5.2   The number of embryos needed to start the test will depend on the number of tests to be conducted
and the objectives.  If the test is conducted with four replicate test chambers (minimum of three) at each toxicant
concentration and in the control, with 15 embryos (minimum of 10) in each test chamber, and the combined
mortality of embryos prior to the start of the test is less than 20%, 400 viable embryos are required for the test. 

12.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE 

12.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests

12.8   CALIBRATION AND STANDARDIZATION 

12.8.1   See Section 4, Quality Assurance

12.9   QUALITY CONTROL 

12.9.1   See Section 4, Quality Assurance

12.10   TEST PROCEDURES 

12.10.1   Test Solutions

12.10.1.1   Receiving Waters 

12.10.1.1.1   The sampling point is determined by the objectives of the test.  At estuarine and marine sites, samples
are usually collected at mid-depth.  Receiving water toxicity is determined with samples used directly as collected or
with samples passed through a 60 μm NITEX® filter and compared without dilution, against a control.  Using four
replicate chambers per test, each containing 400-500 mL, and 400 mL for chemical analysis, would require
approximately 2.0-2.5 L or more of sample per test per day.  

12.10.1.2   Effluents 

12.10.1.2.1   The selection of the effluent test concentration should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ±100%, and allows for
testing of concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%,
25%, 50%, and 100%).  Test precision shows little improvement as dilution factors are increased beyond 0.5 and
declines rapidly if smaller dilution factors are used.  Therefore, USEPA recommends the use of the �0.5 dilution

factor.  If 100‰ salinity HSB is used as a diluent, the maximum concentration of effluent that can be tested will be
80% at 20‰ and 70% at 30‰ salinity.

12.10.1.2.2   If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should
be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during the first 1-2
h of the test, additional dilutions at the lower range of effluent concentrations should be added.

12.10.1.2.3   The volume of effluent required to initiate the test and for daily renewal of four replicates (minimum of
three) per concentration for five concentrations of effluent and a control, each containing 400 mL of test solution, is
approximately 4 L.  Prepare enough test solution (approximately 3000 mL) at each effluent concentration to refill
the test chambers and provide at least 400 mL additional volume for chemical analyses. 
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12.10.1.2.4   Maintain the effluent at 0-6�C.  Plastic containers such as 8-20 L cubitainers have proven successful
for effluent collection and storage. 

12.10.1.2.5   Just prior to test initiation (approximately 1 h), the temperature of a sufficient quantity of the sample(s)
to make the test solutions should be adjusted to the test temperature (25 ± 1�C) and maintained at that temperature
during the addition of dilution water. 

12.10.1.2.6   Higher effluent concentrations (i.e., 25%, 50%, and 100%) may require aeration to maintain adequate
dissolved oxygen concentrations.  However, if one solution is aerated, all concentrations must be aerated.  Aerate
effluent as it warms and continue to gently aerate test solutions in the test chambers for the duration of the test. 

12.10.1.2.7   Effluent dilutions should be prepared for all replicates in each treatment in one beaker to minimize
variability among the replicates.  The test chambers are labelled with the test concentration and replicate number. 
Dispense into the appropriate effluent dilution chamber.

12.10.1.3   Dilution Water

12.10.1.3.1   Dilution water may be uncontaminated natural seawater (receiving water), HSB prepared from natural
seawater, or artifical seawater prepared from FORTY FATHOMS® or GP2 sea salts (see Table 3 in Section 7,
Dilution Water).  Other artificial sea salts may be used for culturing sheepshead minnows if the control criteria for
acceptability of test data are satisfied.

12.10.2   START OF THE TEST

12.10.2.1   Tests should begin as soon as possible, preferably within 24 h after sample collection.  For on-site
toxicity studies, no more than 24 h should elapse between collection of the effluent and use in an embryo-larval
study.  The maximum holding time following retrieval of the sample from the sampling device should not exceed 36
h for off-site toxicity studies unless permission is granted by the permitting authority.  In no case should the sample
be used for the first time in a test more than 72 h after sample collection (see Section 8, Effluent and Receiving
Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

12.10.2.2   Label the test chambers with a marking pen.  Use color-coded tape to identify each treatment and
replicate.  A minimum of five effluent concentrations and a control are used for each effluent test.  Each
concentration (including controls) is to have four replicates (minimum of three).  Use 500 mL beakers,
crystallization dishes, nontoxic disposable plastic labware, or equivalent for test chambers. 

12.10.2.3   Prepare the test solutions (see Table 1) and add to the test chambers. 

12.10.2.4   Gently agitate and mix the embryos to be used in the test in a large container so that eggs from different
spawns are evenly dispersed.  

12.10.2.5   The test is started by randomly placing embryos from the common pool, using a small bore (2 mm), fire
polished, glass tube calibrated to contain approximately the desired number of embryos, into each of four replicate
test chamber, until each chamber contains 15 embryos (minimum of 10), for a total of 60 embryos (minimum of 30)
for each concentration (four replicates recommended, three minimum) (see Appendix A).  The amount of water
added to the chambers when transferring the embryos should be kept to a minimum to avoid unnecessary dilution of
the test concentrations. 

12.10.2.6   After the embryos have been distributed to each test chamber, examine and count them.  Remove and
discard damaged or infertile eggs and replace with undamaged embryos.  It may be more convenient and efficient to
transfer embryos to intermediate containers of dilution water for examination and counting.  After the embryos have
been examined and counted in the intermediate container, assign them to the appropriate test chamber and transfer
them with a minimum of dilution water. 
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12.10.2.7   Randomize the position of the test chambers at the beginning of the test (see Appendix A).  Maintain the
chambers in this configuration throughout the test.  Preparation of a position chart may be helpful. 

12.10.3   LIGHT, PHOTOPERIOD, SALINITY, AND TEMPERATURE

12.10.3.1   The light quality and intensity should be at ambient laboratory levels, approximately 10-20 μE/m2/s, or
50-100 foot candles (ft-c), with a photoperiod of 16 h of light and 8 h of darkness.  The test water temperature
should be maintained at 25 ± 1�C.  The salinity should be 5 to 32‰ ± 2‰ to accommodate receiving waters that
may fall within this range.  The salinity should vary no more than ±2‰  among the chambers on a given day.  If
effluent and receiving water tests are conducted concurrently, the salinities of these tests should be similar.

12.10.4   DISSOLVED OXYGEN (DO) CONCENTRATION 

12.10.4.1   Aeration may affect the toxicity of effluents and should be used only as a last resort to maintain
satisfactory DO.  The DO should not fall below 4.0 mg/L (see Section 8, Effluent and Receiving Water Sampling,
Sample Holding, and Sample Preparation for Toxicity Tests).  If it is necessary to aerate, all treatments and the
control should be aerated.  The aeration rate should not exceed 100 bubbles/min, using a pipet with a 1-2 mm
orifice, such as a 1 mL KIMAX® Serological Pipet, or equivalent.  Care should be taken to ensure that turbulence
resulting from the aeration does not cause undue physical stress to the fish. 

12.10.5   FEEDING

12.10.5.1   Feeding is not required.

12.10.6   OBSERVATIONS DURING THE TEST

12.10.6.1   Routine Chemical and Physical Determinations

12.10.6.1.1   DO is measured at the beginning and end of each 24-h exposure period at each test concentration and
in the control. 

12.10.6.1.2   Temperature, pH, and salinity are measured at the end of each 24-h exposure period in one test
chamber at each test concentration and in the control.  Temperature should also be monitored continuously or
observed and recorded daily for at least two locations in the environmental control system or the samples. 
Temperature should be measured in a sufficient number of test chambers at least at the end of the test to determine
the temperature variation in the environmental chambers. 

12.10.6.1.3   The pH is measured in the effluent sample each day before new test solutions are made.

12.10.6.1.4   Record all measurements on the data sheet (Figure 1).

12.10.6.2   Routine Biological Observations

12.10.6.2.1   At the end of the first 24 h of exposure, before renewing the test solutions, examine and count the
embryos.  Remove the dead embryos (milky colored and opaque) and record the number.  If the rate of mortality or
fungal infection exceeds 20% in the control chambers, or if excessive nonconcentration related mortality occurs,
terminate the test and start a new test with new embryos.  If the above mortality conditions do not occur, continue
the test for the full nine days. 

12.10.6.2.2   At 25�C, hatching begins on about the sixth day.  After hatching begins, count the number of dead and
live embryos and the number of hatched, dead, live, and deformed and/or debilitated larvae, daily (see Figure 2 for
illustrations of morphological development of embryo and larva).  Deformed larvae are those with gross
morphological abnormalities such as curved spines, lack of appendages, lack of fusiform shape (non-distinct mass),
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a colored beating heart in an opaque mass, lack of mobility, abnormal swimming, or other characteristics that
preclude survival.  Remove dead embryos and dead and deformed larvae as previously discussed and record the
numbers for all test observations (see Figure 2). 

12.10.6.2.3   Protect the embryos and larvae from unnecessary disturbance during the test by carefully carrying out
the daily test observations, solution renewals, and removal of dead organisms.  Make sure the test organisms remain
immersed during the performance of the above operations. 

12.10.7   DAILY CLEANING OF TEST CHAMBERS

12.10.7.1   Since feeding is not required, test chambers are not cleaned daily unless accumulation of particulate
matter at the bottom of the tank causes a problem.

12.10.8   TEST SOLUTION RENEWAL

12.10.8.1   The test solutions are renewed daily using freshly prepared solution, immediately after cleaning the test
chambers.  For on-site toxicity studies, fresh effluent and receiving water samples used in toxicity tests should be
collected daily, and no more than 24 h should elapse between collection of the sample and use in the test (see
Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 
For off-site tests, a minimum of three samples must be collected, preferably on days 1, 3, and 5.  Maintain the
samples at 0-6�C until used.
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Figure 2 Embryonic development of sheepshead minnow, Cyprinodon variegatus:  A. Mature unfertilized egg,
showing attachment filaments and micropyle, X33; B.  Blastodisc fully developed; C,D. Blastodisc, 8
cells; E. Blastoderm, 16 cells; F. Blastoderm, late cleavage stage; G. Blastoderm with germ ring formed,
embryonic shield developing; H. Blastoderm covers over ¾ of yolk, yolk noticeably constricted; I.
Early embryo.  From Kuntz (1916).
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Figure 2. Embryonic development of sheepshead minnow, Cyprinodon variegatus:  J. Embryo 48 h after
fertilization, now segmented throughout, pigment on yolk sac and body, otoliths formed; K. 
Posterior portion of embryo free from yolk and moves freely within egg membrane, 72 h after
fertilization; L.  Newly hatched fish, actual length 4 mm; M. Larval fish five days after hatching,
actual length 5 mm; N. Young fish 9 mm in length; O.  Young fish 12 mm in length
(CONTINUED).  From Kuntz (1916).
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12.10.8.2   The test solutions are adjusted to the correct salinity and renewed daily using freshly collected samples. 
During the daily renewal process, 7-10 mm of water is left in the chamber to ensure that the embryos and larvae remain
submerged during the renewal process.  New test solution (400 mL) should be added slowly by pouring down the side
of the test chamber to avoid exposing the embryos and larvae to excessive turbulence. 

12.10.8.3   Prepare test solutions daily, making a minimum of five concentrations and a control.  If concurrent effluent
and receiving water testing occurs, the effluent test salinity should closely approximate that of the receiving water test. 
If an effluent is tested alone, select a salinity which approximately matches the salinity of the receiving waters.  Table 1
illustrates the quantities of effluent, seawater, deionized water, and artificial sea salts needed to prepare 3 L of test
solution at each effluent concentration for tests conducted at 20‰ salinity. 

12.10.9   TERMINATION OF THE TEST

12.10.9.l   The test is terminated after nine days of exposure, or four days post-hatch, whichever comes first.  Count the
number of surviving, dead, and deformed and/or debilitated larvae, and record the numbers of each.  The deformed
larvae are treated as dead.  Keep a separate record of the total number of deformed larvae for use in reporting the
teratogenicity of the test solution. 

12.11   ACCEPTABILITY OF TEST RESULTS

12.11.1   For the test results to be acceptable, survival in the controls must be at least 80% or better. 

12.12   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

12.12.1   A summary of test conditions and test acceptability criteria is listed in Table 2. 

12.13   DATA ANALYSIS

12.13.1   General

12.13.1.1   Tabulate and summarize the data. 

12.13.1.2   The endpoints of this toxicity test are based on total mortality, combined number of dead embryos, dead
larvae, and deformed larvae.  The EC endpoints are calculated using Probit Analysis (Finney, 1971).  LOEC and
NOEC values, for total mortality, are obtained using a hypothesis test approach such as Dunnett's Procedure (Dunnett,
1955) or Steel's Many-one Rank Test (Steel, 1959; Miller, 1981).  See the Appendices for examples of the manual
computations, program listings, and examples of data input and program output. 
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TABLE 2. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR THE
SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, EMBRYO-LARVAL SURVIVAL
AND TERATOGENICITY TEST WITH EFFLUENTS AND RECEIVING WATERS (TEST
METHOD 1005.0)1

1. Test type:

2. Salinity:

3. Temperature:

4. Light quality:

5. Light intensity:

6. Photoperiod:

7. Test chamber size:

8. Test solution volume:

9. Renewal of test solutions:

10. Age of test organisms:

11. No. of embryos per chamber:

12. No. replicate test chambers
per concentration:

13. No. embryos per concentration:

14. Feeding regime:

15. Aeration:

16. Dilution water:

Static renewal (required) 

5‰ to 32‰ (±2‰ of the selected test salinity)
(recommended) 

25 ± 1�C (recommended) 
Test temperatures must not deviate (i.e., maximum minus
minimum temperature) by more than 3�C during the test
(required) 

Ambient laboratory light (recommended) 

10-20 μE/m2/s, or 50-100 ft-c (ambient laboratory levels)
(recommended) 

16 h light, 8 h darkness (recommended) 

400-500 mL (recommended) 

250-400 mL per replicate (loading and DO restrictions must
be met) (recommended) 

Daily (required)

Less than 24 h old (required) 

15 (recommended) 
10 (required minimum)

4 (recommended)
3 (required minimum) 

60 (recommended)
30 (required minimum)

Feeding not required

None unless DO falls below 4.0 mg/L (recommended) 

Uncontaminated source of natural seawater; deionized water
mixed with hypersaline brine or artificial sea salts (HW
MARINEMIX®, FORTY FATHOMS®, GP2, or equivalent)
(available options)

1 For the purposes of reviewing WET test data submitted under NPDES permits, each test condition listed above is
identified as required or recommended (see Subsection 10.2 for more information on test review).  Additional
requirements may be provided in individual permits, such as specifying a given test condition where several options
are given in the method. 
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17. Test concentrations:

18. Dilution factor:

19. Test duration:

20. Endpoints:

21. Test acceptability criteria:

22. Sampling requirements:

23. Sample volume required:

Effluents: 5 and a control (required minimum) 
Receiving waters:  100% receiving water (or minimum of 5)
and a control (recommended) 

Effluent:  �0.5 (recommended) 
Receiving waters:  None, or �0.5 (recommended) 

9 days (required) 

Percent hatch; percent larvae dead or with debilitating
morphological and/or behavior abnormalities such as: gross
deformities; curved spine; disoriented, abnormal swimming
behavior; surviving normal larvae from original embryos
(required)

80% or greater survival in controls (required)

For on-site tests, samples collected daily and used within
24 h of the time they are removed from the sampling device. 
For off-site tests, a minimum of three samples (e.g.,
collected on days one, three, and five) with a maximum
holding time of 36 h before first use (see Section 8, Effluent
and Receiving Water Sampling, Sample Handling, and
Sample Preparation for Toxicity Tests, Subsection 8.5.4)
(required)

5 L per day (recommended) 

12.13.1.3   The statistical tests described here must be used with a knowledge of the assumptions upon which the tests
are contingent.  The assistance of a statistician is recommended for analysts who are not proficient in statistics. 

12.13.2   EXAMPLE OF ANALYSIS OF SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, EMBRYO-
LARVAL SURVIVAL AND TERATOGENICITY DATA 

12.13.2.1   Formal statistical analysis of the total mortality data is outlined in Figure 3.  The response used in the
analysis is the total mortality proportion in each test or control chamber.  Separate analyses are performed for the
estimation of the NOEC and LOEC endpoints and for the estimation of the EC endpoint.  Concentrations at which
there is 100% mortality in all of the test chambers are excluded from the statistical analysis of the NOEC and LOEC,
but included in the estimation of the EC endpoints. 

12.13.2.2   For the case of equal numbers of replicates across all concentrations and the control, the evaluation of the
NOEC and LOEC endpoints is made via a parametric test, Dunnett's Procedure, or a nonparametric test, Steel's
Many-one Rank Test, on the arc sine square root transformed data.  Underlying assumptions of Dunnett's Procedure,
normality and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test, and
Bartlett's Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric test, Steel's
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Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's Procedure
are met, the endpoints are estimated by the parametric procedure. 

12.13.2.3   If unequal numbers of replicates occur among the concentration levels tested, there are parametric and
nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni adjustment (see
Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative.

12.13.2.4   Probit Analysis (Finney, 1971; see Appendix H) is used to estimate the concentration that causes a specified
percent decrease in survival from the control.  In this analysis, the total mortality data from all test replicates at a given
concentration are combined.  If the data do not fit the Probit Analysis, the Spearman-Karber Method, the Trimmed
Spearman-Karber Method or the Graphical Method may be used (see Appendices H-K).

12.13.2.5   Example of Analysis of Survival Data

12.13.2.5.1   The data for this example are listed in Table 3.  Total mortality, expressed as a proportion (combined total
number of dead embryos, dead larvae and deformed larvae divided by the number of embryos at start of test), is the
response of interest.  The total mortality proportion in each replicate must first be transformed by the arc sine square
root transformation procedure described in Appendix B.  The raw and transformed data, means and variences of the
transformed observations at each SDS concentration and control are listed in Table 3.  A plot of the data is provided in
Figure 4.  Since there is 100% mortality in all replicates for the 8.0 mg/L concentration, it is not included in this
statistical analysis and is considered a qualitative mortality effect.
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Figure 3. Flowchart for statistical analysis of sheepshead minnow, Cyprinodon variegatus, embryo-larval
survival and teratogenicity test.  Survival and terata data.
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TABLE 3. SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, EMBRYO-LARVAL TOTAL
MORTALITY DATA

SDS Concentration (mg/L)

Replicate Control 0.5 1.0 2.0 4.0 8.0

RAW

ARC SINE
TRANS-
FORMED

Mean (�Yi)
S2

i

i

A
B
C
D

A
B
C
D

0.1
0.0
0.1
0.0

0.322
0.159
0.322
0.159

0.241
0.009
1

0.0
0.2
0.2
0.1

0.159
0.464
0.464
0.322

0.352
0.021
2

0.0
0.1
0.1
0.2

0.159
0.322
0.322
0.464

0.317
0.016
3

0.3
0.1
0.2
0.4

0.580
0.322
0.464
0.685

0.513
0.024
4

0.9
0.7
0.8
0.8

1.249
0.991
1.107
1.107

1.114
0.011
5

1.0
1.0
1.0
1.0

–
–
–
–

12.13.2.6   Test for Normality

12.13.2.6.1   The first step of the test for normality is to center the observations by subtracting the mean of all
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 4.

TABLE 4:  CENTERED OBSERVATIONS FOR SHAPIRO-WILK’S EXAMPLE

SDS Concentration (mg/L)

Replicate Control 0.5 1.0 2.0 4.0 8.0

A
B
C
D

0.081
-0.082
0.081

-0.082

-0.193
0.112
0.112

-0.030

-0.158
0.005
0.005
0.147

0.067
-0.191
-0.049
0.172

0.135
-0.123
-0.007
-0.007

–
–
–
–
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D � �
n

i�1

(Xi�X̄)2

X̄ �
1

20
(�0.005) � 0.000

X (1)�X (2)�...�X (n)

12.13.2.6.2   Calculate the denominator, D, of the statistic:

Where: Xi = the ith centered observation

= the overall mean of the centered observationsX̄

n = the total number of centered observations

12.13.2.6.3   For this set of data, n = 20

D =  0.2428

12.13.2.6.4   Order the centered observations from smallest to largest

Where: X(i) = the ith ordered observation

The ordered observations for this example are listed in Table 5.

TABLE 5.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

i X(i) i X(i)

1              
2              
3              
4              
5              
6              
7              
8              
9              

10              

-0.193
-0.191
-0.158
-0.123
-0.082
-0.082
-0.049
-0.030
-0.007
-0.007

11
12
13
14
15
16
17
18
19
20

0.005
0.005
0.067
0.081
0.081
0.112
0.112
0.135
0.147
0.172

12.13.2.6.5   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ..., ak where k
is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 20 and k = 10.  The ai values are listed in
Table 6.
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W �
1

D
[�

k

i�1

ai (X (n�i�1) � X (i))]2

W �
1

0.2428
(0.4807)2 � 0.952

B �

[(�
P

i�1

Vi) 1n S̄
2
� �

P

i�1

Vi 1n S
2
i ]

C

TABLE 6.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK’S EXAMPLE

i ai X(n-i+1) - X(i)

1              
2              
3              
4              
5              
6              
7              
8              
9              

10              

0.4734
0.3211
0.2565
0.2085
0.1686
0.1334
0.1013
0.0711
0.0422
0.0140

0.365
0.338
0.293
0.295
0.194
0.163
0.130
0.097
0.012
0.012

X(20) - X(1)

X(19) - X(2)

X(18) - X(3)

X(17) - X(4)

X(16) - X(5)

X(15) - X(6)

X(14) - X(7)

X(13) - X(8)

X(12) - X(9)

X(11) - X(10)

12.13.2.6.6   Compute the test statistic, W, as follows:

The differences X(n-i+1) - X(i) are listed in Table 6.  For the data in this example,

12.13.2.6.7   The decision rule for this test is to compare W as calculated in Section 12.13.2.6.6 to a critical value found
in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not normally
distributed.  For the data in this example, the critical value at a significance level of 0.01 and n = 20 observations is
0.868.  Since W = 0.952 is greater than the critical value, conclude that the data are normally distributed.

12.13.2.7   Test for Homogeneity of Variance

12.13.2.7.1   The test used to examine whether the variation in mean proportion mortality is the same across all toxicant
concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as follows:

Where: Vi = degrees of freedom for each copper concentration and control, Vi = (ni - 1)

p = number of concentration levels including the control

ln = loge
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S̄
2
�

(�
p

i�1

ViSi)
2

�
p

i�1

Vi

C � 1 � [3 (p�1)]�1 [�
p

i�1

i/vi � (�
p

i�1

vi)�1]

B �

(15) [ln (0.01262)]�3�
p

i�1

ln(S
2
i )

1.33

�
15 (�4.1227) � 3 (�20.9485)

1.33

� 0.886

i = 1, 2, ..., p where p is the number of concentrations including the control

ni = the number of replicates for concentration i

12.13.2.7.2   Since B is approximately distributed as chi-square with p-1 degrees of freedom when the variances are
equal, the appropriate critical value is obtained from a table of the chi-square distribution for p-1 degrees of freedom
and a significance level of 0.01.  If B is less than the critical value then the variances are assumed to be equal.

12.13.2.7.3   For the data in this example, Vi = 3, p=5, 2 = 0.0162, and C = 1.133.  The calculated B value is:S̄

12.13.2.7.4   Since B is approximately distributed as chi-square with p-1 degrees of freedom when the variances are
equal, the appropriate critical value for the test is 13.277 for a significance level of 0.01.  Since B = 0.886 is less than
the critical value of 13.277, conclude that the variances are not different. 

12.13.2.8   Dunnett's Procedure 

12.13.2.8.1   To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table as
described in Table 7.

RB-AR26943



146

SSB � �
p

i�1

T
2
i /ni�G 2/N

SST � �
p

i�1
�
ni

j�1

Y
2
ij�G 2/N

SSW � SST�SSB

TABLE 7.   ANOVA TABLE

Source df Sum of Squares (SS)
Mean Square (MS)

(SS/df)

Between

Within

Total

p - 1

N - p

N - 1

SSB

SSW

SST

 = SSB/(p-1)S
2
B

= SSW/(N-p)S
2
W

Where: p = number of concentration levels including the control

N = total number of observations n1 + n2 ... + np 

ni = number of observations in concentration i 

Between Sum of Squares

Total Sum of Squares

      Within Sum of Squares

G = the grand total of all sample observations, G � �
P

i�1

Ti

Ti = the total of the replicate measurements for concentration i

Yij = the jth observation for concentration i (represents the mean dry weight of the mysids for
concentration i in test chamber j)

12.13.2.8.2   For the data in this example:

n1 = n2 = n3 = n4 = n5 = 4 

N = 20
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SSB � �
p

i�1

T
2
i /ni�G 2/N

�
1

4
(28.561) �

(10.143)2

20
� 1.996

SST � �
P

i�1
�
ni

j�1

Y
2
ij�G 2/N

� 7.383 �
(10.143)2

20
� 1.996

SSW � SST�SSB � 2.239 � 1.996 � 0.243

S
2
w � SSB/(p�1) � 1.996/(5�1) � 0.499

S
2
w � SSW/(N�p) � 0.243/(20�5) � 0.016

ti �
(Ȳ1�Ȳi)

Sw (1/n1) � (1/ni)

T1 = Y11 + Y12 + Y13 + Y14 = 0.962 
T2 = Y21 + Y22 + Y23 + Y24 = 1.409 
T3 = Y31 + Y32 + Y33 + Y34 = 1.267 
T4 = Y41 + Y42 + Y43 + Y44 = 2.051 
T5 = Y51 + Y52 + Y53 + Y54 = 4.454 

G = T1 + T2 + T3 + T4 = 10.143

12.13.2.8.3   Summarize these calculations in the ANOVA table (Table 8).

TABLE 8.  ANOVA TABLE FOR DUNNETT’S PROCEDURE EXAMPLE

Source df
Sum of Squares

(SS)
Mean Square (MS)

(SS/df)

Between

Within

Total

4                  

15                  

19                  

1.996

0.243

2.239

0.499

0.016

12.13.2.8.4   To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows: 
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t2 �
0.352 � 0.241

[0.1265 (1/4) � (1/4)]
�1.241

MSD � d Sw (1/n1) � (1/n)

Where: = mean proportion surviving for concentration iȲi

= mean proportion surviving for the controlȲ1

Sw = square root of the within mean square

n1 = number of replicates for the control

ni = number of replicates for concentration i

Since we are looking for an increased response in percent of total mortality over control, the control mean is subtracted
from the mean at a concentration.  

12.13.2.8.5   Table 9 includes the calculated t values for each concentration and control combination.  In this example,
comparing the 0.5 mg/L concentration with the control the calculation is as follows:

12.13.2.8.6   Since the purpose of this test is to detect a significant increase in total mortality, a one-sided test is
appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha level of
0.05, 15 degrees of freedom for error and four concentrations (excluding the control) the critical value is 2.36.  The
mean proportion of total mortality for concentration "i" is considered significantly less than the mean proportion of
total mortality for the control if ti is greater than the critical value.  Therefore, the 2.0 mg/L and the 4.0 mg/L
concentrations have significantly higher mean proportions of total mortality than the control.  Hence the NOEC is 1.0
mg/L and the LOEC is 2.0 mg/L.

TABLE 9.  CALCULATED T VALUES

SDS Concentration (mg/L) i ti

0.5
1.0
2.0
4.0

2
3
4
5

1.241
0.850
3.041
9.760

12.13.2.8.7 To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be detected
statistically may be calculated.

Where: d = the critical value for Dunnett's procedure

SW = the square root of the within mean square
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MSD � 2.36 (0.1265) (1/4) � (1/4)

� 2.36 (0.1265) (0.7071)

� 0.211

n1 = the number of replicates in the control

n = The common number of replicates at each concentration (this assumes equal replication at each
concentration)

12.13.2.8.8   In this example:

12.13.2.8.9   The MSD (0.450) is in transformed units.  To determine the MSD in terms of percent survival, carry out
the following conversion.

1. Add the MSD to the transformed control mean.

0.241 + 0.211 = 0.452 

2. Obtain the untransformed values for the control mean and the sum calculated in 1.

[ Sine (0.241) ]2 = 0.057

[ Sine (0.452) ]2 = 0.191

3. The untransformed MSD (MSDu) is determined by subtracting the untransformed values from
Step 2. 

MSDu = 0.191 - 0.057 = 0.134

12.13.2.8.10   Therefore, for this set of data, the minimum difference in mean proportion of total mortality between the
control and any SDS concentration that can be detected as statistically significant is 0.134. 

12.13.2.8.11   This represents a 268% increase in mortality from the control.

12.13.2.9   Calculation of the LC50 

12.13.2.9.1   The data used for the Probit Analysis is summarized in Table 10.  To perform the Probit Analysis, run the
USEPA Probit Analysis Program.  An example of the program input and output is supplied in Appendix H.
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TABLE 10.  DATA FOR PROBIT ANALYSIS

SDS Concentration (mg/L)

Control 0.5 1.0 2.0 4.0 8.0

Number Dead
Number Exposed

2       
40       

5         
40         

4        
40        

10           
40           

32
40

40
40

12.13.2.9.2   For this example, the chi-square test for heterogeneity was not significant.  Thus Probit Analysis appears
appropriate for this set of data.

12.13.2.9.3   Figure 5 shows the output data for the Probit Analysis of the data from Table 10 using the USEPA Probit
Program.
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USEPA PROBIT ANALYSIS PROGRAM

USED FOR CALCULATING LC/EC VALUES

Version 1.5

Probit Analysis of Sheepshead Minnow Embryo-Larval Survival and Teratogenicity Data

Conc.
Number
Exposed

Number
Resp.

Observed
Proportion

Responding

Proportion
Responding
Adjusted for

Controls

Control
0.5000
1.0000
2.0000
4.0000
8.0000

40
40
40
40
40
40

2             
5             
4             

10             
32             
40             

0.5000
0.1250
0.1000
0.2500
0.8000
1.0000

0.0000
0.0369
0.0094
0.1745
0.7799
1.0000

Chi - Square for Heterogeneity (calculated) = 0.782
Chi - Square for Heterogeneity (tabular value) = 7.815

Probit Analysis of Sheephead Minnow Embryo-Larval Survival and Teratogenicity Data

Estimated LC/EC Values and Confidence Limits

Point
Exposure

Conc.
Lower 95%
Confidence

Upper
Limits

LC/EC       1.00        
LC/EC     50.00        

1.187
2.912

0.643
2.432

1.601
3.361

Figure 5.  Output for USEPA Probit Analysis Program, Version 1.5
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12.14   PRECISION AND ACCURACY

12.14.1   PRECISION

12.14.1.1   Single-Laboratory Precision 

12.14.1.1.1   Data on the single-laboratory precision of the Sheepshead Minnow Embryo-larval Survival and
Teratogenicity test are available for eight tests with copper sulfate and five tests with sodium dodecyl sulfate (USEPA,
1989a).  The data for the first five tests show that the same NOEC and LOEC, 240 μg Cu/L and 270 μg Cu/L,
respectively, were obtained in all five tests, which is the maximum level of precision that can be attained.  Three
additional tests (6-8) were performed with narrower (20 μg) concentration intervals, to more precisely identify the
threshold concentration.  The NOEC and LOEC for these tests are 200 μg and 220 μg Cu/L, respectively.  For sodium
dodecyl sulfate, the NOEC's and LOEC's for all tests are 2.0 and 4.0 mg/L, respectively.  The precision, expressed as
the coefficient of variation (CV%), is indicated in Tables 11-12.  For copper (Cu), the coefficient of variation,
depending on the endpoint used, ranges from 2.5 to 6.1% which indicates excellent precision.  For sodium dodecyl
sulfate (SDS), the coefficient of variation, depending on the endpoint used, ranges from 11.7 to 51.2%, indicating
acceptable precision. 

12.14.1.2   Multilaboratory Precision

12.14.1.2.1   Data on the multilaboratory precision of this test are not yet available. 

12.14.2   Accuracy

12.14.2.1   The accuracy of toxicity tests cannot be determined.
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TABLE 11. SINGLE-LABORATORY PRECISION OF THE SHEEPSHEAD MINNOW, CYPRINODON
VARIEGATUS, EMBRYO-LARVAL SURVIVAL AND TERATOGENICITY  TEST 
PERFORMED IN HW MARINEMIX® ARTIFICIAL SEAWATER, USING EMBRYOS FROM
FISH MAINTAINED AND SPAWNED IN HW MARINEMIX® ARTIFICIAL SEAWATER
USING COPPER (CU) SULFATE AS REFERENCE TOXICANT1,2,3,4,5,6,7

Test
Number

EC1
(μg/L)

EC5
(μg/L)

EC10
(μg/L)

EC50
(μg/L)

NOEC
(μg/L)

1
2
3
4
5
6
7
8

n:
Mean:

CV (%):

173         
*         
*         

182         
171         

*         
*         

195         

4         
180         

6.1      

189         
*         
*         

197         
187         

*         
*         

203         

4         
194         

3.8      

198         
*         
*         

206         
197         

*         
*         

208         

4         
202         

2.8      

234         
*         
*         

240         
234         

*         
*         

226         

4         
233         

2.5      

240         
240         
240         
240         
240         

<  200         
220         
220         

7         
NA         
NA         

1 Data from USEPA (1988a) and USEPA (1991a).
2 Tests performed by Terry Hollister, Aquatic Biologist, Houston Facility,  Environmental Services Division,

Region 6, USEPA, Houston, Texas.
3 Cyprinodon variegatus embryos used in the tests were less than 20 h old when the tests began.  Two replicate test

chambers were used for the control and each toxicant concentration.  Ten embryos were randomly added to each
test chamber containing 250 mL of test or control water.  Solutions were renewed daily.  The temperature and
salinity of the test solutions were 24 ± 1�C and 20‰, respectively.

4 Copper test concentrations were prepared using copper sulfate.  Copper concentrations for Tests 1-5 were:  180,
210, 240, 270, and 300 μg/L.  Copper concentrations for Test 6 were:  220, 240, 260, 280, and 300 μg/L.  Copper
concentrations for Tests 7-8 were:  200, 220, 240, 260, and 280 μg/L.  Tests were conducted over a two-week
period.

5 Adults collected in the field.
6 NOEC Range:  200-240 μg/L (this represents a difference of two exposure concentrations).
7 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
* = Data did not fit the Probit model.
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TABLE 12. SINGLE-LABORATORY PRECISION OF THE SHEEPSHEAD MINNOW, CYPRINODON
VARIEGATUS, EMBRYO-LARVAL SURVIVAL AND TERATOGENICITY TEST
PERFORMED IN HW MARINEMIX® ARTIFICIAL SEAWATER, USING EMBRYOS FROM
FISH MAINTAINED AND SPAWNED IN HW MARINEMIX® ARTIFICIAL SEAWATER
USING SODIUM DODECYL SULFATE (SDS) AS REFERENCE TOXICANT1,2,3,4,5,6,7

Test
Number

EC1
(mg/L)

EC5
(mg/L)

EC10
(mg/L)

EC50
(mg/L)

NOEC
(mg/L)

1
2
3
4
5

n:
Mean:

CV (%):

1.7
*
0.4
1.9
1.3

4
1.3

51.2

2.0
*
0.7
2.2
1.7

4
1.6

41.6

2.2
*
0.9
2.4
1.9

4
1.9

35.0

3.1
*
2.5
3.3
3.0

4
2.9

11.7

2.0
4.0
2.0
2.0
2.0

5
NA
NA

1 Data from USEPA (1988a) and USEPA (1991a).
2 Tests performed by Terry Hollister, Aquatic Biologist, Houston Facility,  Environmental Services Division,

Region 6, USEPA, Houston, Texas.
3 Cyprinodon variegatus embryos used in the tests were less than 20 h old when the tests began.  Two replicate test

chambers were used for the control and each toxicant concentration.  Ten embryos were randomly added to each
test chamber containing 250 mL of test or control water.  Solutions  were renewed daily.  The temperature and
salinity of the test solutions were 24 ± 1�C and 20‰, respectively. 

4 SDS concentrations for all tests were: 0.5, 1.0, 2.0, 4.0, and 8.0 mg/L.  Tests were conducted over a three-week
period. 

5 Adults collected in the field. 
6 NOEC Range:  2.0-4.0 mg/L (this represents a difference of two exposure  concentrations).
7 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
* = Data did not fit the Probit model.
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 SECTION 13

TEST METHOD

INLAND SILVERSIDE, MENIDIA BERYLLINA, LARVAL SURVIVAL AND GROWTH

METHOD 1006.0 

13.1   SCOPE AND APPLICATION 

13.1.1   This method estimates the chronic toxicity of effluents and receiving waters to the inland silverside,
Menidia beryllina, using seven to 11-day old larvae in a seven day, static renewal test.  The effects include the
synergistic, antagonistic, and additive effects of all the chemical, physical, and biological components which
adversely affect the physiological and biochemical functions of the test species. 

13.1.2   Daily observations on mortality make it possible to also calculate acute toxicity for desired exposure periods
(i.e., 24-h, 48-h, 96-h LC50s).

13.1.3   Detection limits of the toxicity of an effluent or chemical substance are organism dependent. 

13.1.4   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, and because the test chambers are not sealed, highly
volatile and highly degradable toxicants present in the source may not be detected in the test. 

13.1.5   This test is commonly used in one of two forms:  (1) a definitive test, consisting of a minimum of five
effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving water
concentrations and a control.  

13.2   SUMMARY OF METHOD 

13.2.1   Inland silverside, Menidia beryllina, seven to 11-day old larvae are exposed in a static renewal system for
seven days to different concentrations of effluent or to receiving water.  Test results are based on the survival and
growth of the larvae.

13.3   INTERFERENCES

13.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies).

13.3.2   Adverse effects of low dissolved oxygen (DO) concentrations, high concentrations of suspended and/or
dissolved solids, and extremes of pH, may mask or confound the effects of toxic substances. 

13.3.3   Improper effluent sampling and handling may adversely affect test results (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

13.3.4   Pathogenic and/or predatory organisms in the dilution water and effluent may affect test organism survival,
and confound test results. 

13.3.5   Food added during the test may sequester metals and other toxic substances and confound test results. 

13.3.6   pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-dependent
toxicants (such as metals) are present.  As pH increases, the toxicity of ammonia also increases (see Subsection
8.8.6), so upward pH drift may increase sample toxicity.  For metals, toxicity may increase or decrease with
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increasing pH.  Lead and copper were found to be more acutely toxic at pH 6.5 than at pH 8.0 or 8.5, while nickel
and zinc were more toxic at pH 8.5 than at pH 6.5 (USEPA, 1992).  In situations where sample toxicity is confirmed
to be artifactual and due to pH drift (as determined by parallel testing as described in Subsection 13.3.6.1), the
regulatory authority may allow for control of sample pH during testing using procedures outlined in Subsection
13.3.6.2.  It should be noted that artifactual toxicity due to pH drift is not likely to occur unless pH drift is large
(more than 1 pH unit) and/or the concentration of some pH-dependent toxicant in the sample is near the threshold
for toxicity. 

13.3.6.1   To confirm that toxicity is artifactual and due to pH drift, parallel tests must be conducted, one with
controlled pH and one with uncontrolled pH.  In the uncontrolled-pH treatment, the pH is allowed to drift during the
test.  In the controlled-pH treatment, the pH is maintained using the procedures described in Subsection 13.3.6.2. 
The pH to be maintained in the controlled-pH treatment (or target pH) will depend on the objective of the test.  If
the objective of the WET test is to determine the toxicity of the effluent in the receiving water, the pH should be
maintained at the pH of the receiving water (measured at the edge of the regulatory mixing zone).  If the objective
of the WET test is to determine the absolute toxicity of the effluent, the pH should be maintained at the pH of the
sample after adjusting the sample salinity for use in marine testing.  

13.3.6.1.1   During parallel testing, the pH must be measured in each treatment at the beginning (i.e., initial pH) and
end (i.e., final pH) of each 24-h exposure period.  For each treatment, the mean initial pH (e.g., averaging the initial
pH measured each day for a given treatment) and the mean final pH (e.g., averaging the final pH measured each day
for a given treatment) must be reported.  pH measurements taken during the test must confirm that pH was
effectively maintained at the target pH in the controlled-pH treatment.  For each treatment, the mean initial pH and
the mean final pH should be within ± 0.3 pH units of the target pH.  Test procedures for conducting toxicity
identification evaluations (TIEs) also recommend maintaining pH within ± 0.3 pH units in pH-controlled tests
(USEPA, 1996).

13.3.6.1.2   Total ammonia also should be measured in each treatment at the outset of parallel testing.  Total
ammonia concentrations greater than 5 mg/L in the 100% effluent are an indicator that toxicity observed in the test
may be due to ammonia (USEPA, 1992).  

13.3.6.1.3   Results from both of the parallel tests (pH-controlled and uncontrolled treatments) must be reported to
the regulatory authority.  If the uncontrolled test meets test acceptability criteria and shows no toxicity at the
permitted instream waste concentration, then the results from this test should be used for determining compliance. 
If the uncontrolled test shows toxicity at the permitted instream waste concentration, then the results from the pH-
controlled test should be used for determining compliance, provided that this test meets test acceptability criteria
and pH was properly controlled (see Subsection 13.3.6.1.1).  

13.3.6.1.4   To confirm that toxicity observed in the uncontrolled test was artifactual and due to pH drift, the results
of the controlled and uncontrolled-pH tests are compared.  If toxicity is removed or reduced in the pH-controlled
treatment, artifactual toxicity due to pH drift is confirmed for the sample.  To demonstrate that a sample result of
artifactual toxicity is representative of a given effluent, the regulatory authority may require additional information
or additional parallel testing before pH control (as described in Subsection 13.3.6.2) is applied routinely to
subsequent testing of the effluent. 

13.3.6.2   The pH can be controlled with the addition of acids and bases and/or the use of a CO2-controlled
atmosphere over the test chambers.  pH is adjusted with acids and bases by dropwise adding 1N NaOH or 1N HCl
(see Subsection 8.8.9).  The addition of acids and bases should be minimized to reduce the amount of additional
ions (Na or Cl) added to the sample.  pH is then controlled using the CO2-controlled atmosphere technique.  This
may be accomplished by placing test solutions and test organisms in closed headspace test chambers, and then
injecting a predetermined volume of CO2 into the headspace of each test chamber (USEPA, 1991b; USEPA, 1992);
or by placing test chambers in an atmosphere flushed with a predetermined mixture of CO2 and air (USEPA, 1996). 
Prior experimentation will be needed to determine the appropriate CO2/air ratio or the appropriate volume of CO2 to
inject.  This volume will depend upon the sample pH, sample volume, container volume, and sample constituents. 
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If more than 5% CO2 is needed, adjust the solutions with acids (1N HCl) and then flush the headspace with no more
than 5% CO2 (USEPA, 1992).  If the objective of the WET test is to determine the toxicity of the effluent in the
receiving water, atmospheric CO2 in the test chambers is adjusted to maintain the test pH at the pH of the receiving
water (measured at the edge of the regulatory mixing zone).  If the objective of the WET test is to determine the
absolute toxicity of the effluent, atmospheric CO2 in the test chambers is adjusted to maintain the test pH at the pH
of the sample after adjusting the sample salinity for use in marine testing.  USEPA (1996) and Mount and Mount
(1992) provide techniques and guidance for controlling test pH using a CO2-controlled atmosphere.  In pH-
controlled testing, control treatments must be subjected to all manipulations that sample treatments are subjected to. 
These manipulations must be shown to cause no lethal or sublethal effects on control organisms.  In pH-controlled
testing, the pH also must be measured in each treatment at the beginning and end of each 24-h exposure period to
confirm that pH was effectively controlled at the target pH level. 

13.4 SAFETY

13.4.1   See Section 3, Health and Safety.

13.5   APPARATUS AND EQUIPMENT

13.5.1   Facilities for holding and acclimating test organisms. 

13.5.2   Brine shrimp, Artemia, Culture Unit -- see Subsection 13.6.16 below and Section 4, Quality Assurance. 

13.5.3   Menidia Beryllina Culture Unit -- see Subsection 13.6.17 below, Middaugh and Hemmer (1984), Middaugh
et al. (1986), USEPA (1987g) and USEPA (2002a) for detailed culture methods.  This test requires from 180-360 7
to 11 day-old larvae.  It is preferable to obtain the test organisms from an in-house culture unit.  If it is not feasible
to culture fish in-house, embryos or larvae can be obtained from other sources by shipping them in well oxygenated
saline water in insulated containers. 

13.5.4   Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h composite
sample of 5 L. 

13.5.5   Environmental chamber or equivalent facility with temperature control (25 ± 1�C). 

13.5.6   Water purification system -- Millipore Milli-Q®, deionized water (DI) or equivalent. 

13.5.7   Balance, analytical -- capable of accurately weighing to 0.00001 g.

13.5.8   Reference weights, Class S -- for checking performance of balance.  Weights should bracket the expected
weights of the weighing pans and the expected weights of the weighing pans plus fish. 

13.5.9   Drying oven -- 50-105�C range, for drying larvae. 

13.5.10   Air pump -- for oil-free air supply. 

13.5.11   Air lines, plastic or pasteur pipettes, or air stones -- for gently aerating water containing the fragile larvae
or for supplying air to test solution with low DO 

13.5.12   Meters, pH and DO -- for routine physical and chemical measurements.  

13.5.13   Standard or micro-Winkler apparatus -- for calibrating DO (optional). 

13.5.14   Desiccator -- for holding dried larvae. 
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13.5.15   Light box -- for counting and observing larvae. 

13.5.16   Refractometer -- for determining salinity. 

13.5.17   Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures. 

13.5.18   Thermometers, bulb-thermograph or electronic chart type -- for continuously recording temperature. 

13.5.19   Thermometer, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA, 1979b) -- to
calibrate laboratory thermometers. 

13.5.20   Test chambers -- four chambers per concentration.  The chambers should be borosilicate glass or  nontoxic
disposable plastic labware.  To avoid potential contamination from the air and excessive evaporation of test
solutions during the test, the chambers should be covered during the test with safety glass plates or sheet plastic (6
mm thick). 

Figure 1. Glass chamber with sump area.  Modified from Norberg and Mount (1985).  From USEPA (1987c).

13.5.20.l   Each test chamber for the inland silverside should contain a minimum of 750 mL of test solution.  A
modified Norberg and Mount (1985) chamber (Figure 1), constructed of glass and silicone cement, has been used
successfully for this test.  This type of chamber holds an adequate column of test solution and incorporates a sump
area from which test solutions can be siphoned and renewed without disturbing the fragile inland silverside larvae. 
Modifications for the chamber are as follows:  1) 200 μm mesh NITEX® screen instead of stainless steel screen; and
2) thin pieces of glass rods cemented with silicone to the NITEX® screen to reinforce the bottom and sides to
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produce a sump area in one end of the chamber.  Avoid excessive use of silicone, while still ensuring that the
chambers do not leak and the larvae cannot get trapped or escape into the sump area.  Once constructed, check the
chambers for leaks and repair if necessary.  Soak the chambers overnight in seawater (preferably in flowing water)
to cure the silicone cement before use.  Other types of glass test chambers, such as the 1000 mL beakers used in the
short-term Sheepshead Minnow Larval Survival and Growth Test, may be used.  It is recommended that each
chamber contain a minimum of 50 mL per larvae and allow adequate depth of test solution (5.0 cm). 

13.5.21   Beakers -- six Class A, borosilicate glass or non-toxic plasticware, 1000 mL for making test solutions. 

13.5.22   Mini-Winkler bottles -- for dissolved oxygen calibrations. 

13.5.23   Wash bottles -- for deionized water, for washing embryos from substrates and containers, and for rinsing
small glassware and instrument electrodes and probes. 

13.5.24   Crystallization dishes, beakers, culture dishes, or equivalent -- for incubating embryos. 

13.5.25   Volumetric flasks and graduated cylinders -- Class A, borosilicate glass or non-toxic plastic labware,
10-1000 mL for making test solutions. 

13.5.26   Separatory funnels, 2 L -- Two - four for culturing Artemia. 

13.5.27   Pipets, volumetric -- Class A, 1-100 mL. 

13.5.28   Pipets, automatic -- adjustable, 1-100 mL. 

13.5.29   Pipets, serological -- 1-10 mL, graduated. 

13.5.30   Pipet bulbs and fillers -- PROPIPET®, or equivalent. 

13.5.31   Droppers, and glass tubing with fire polished edges, 4 mm ID -- for transferring larvae. 

13.5.32   Siphon with bulb and clamp -- for cleaning test chambers. 

13.5.33   Forceps -- for transferring dead larvae to weighing pans. 

13.5.34   NITEX® Mesh Sieves (� 150 μm, 500 μm, 3-5 mm) -- for collecting Artemia nauplii and fish larvae.  

13.6   REAGENTS AND CONSUMABLE MATERIALS

13.6.1   Sample Containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

13.6.2   Data sheets (one set per test) -- for data recording.

13.6.3   Tape, colored -- for labelling test chambers. 

13.6.4   Markers, waterproof -- for marking containers, etc. 

13.6.5   Vials, marked -- 24/test, containing 4% formalin or 70% ethanol, to preserve larvae (optional).

13.6.6   Weighing pans, aluminum  -- 26/test (two extra). 
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13.6.7   Buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) for standards and
calibration check (see USEPA Method 150.1, USEPA, 1979b). 

13.6.8 Membranes and filling solutions for DO probe (see USEPA Method 360.1, USEPA, 1979b), or reagents --
for modified Winkler analysis. 

13.6.9   Laboratory quality assurance samples and standards -- for the above methods. 

13.6.10   Reference toxicant solutions -- see Section 4, Quality Assurance.

13.6.11   Ethanol (70%) or formalin (4%) -- for use as a preservative for the fish larvae. 

13.6.12   Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic to
the test organisms (see Section 5, Facilities, Equipment, and Supplies). 

13.6.13   Effluent, receiving water, and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent and
Surface Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests. 

13.6.13.1   Saline test and dilution water -- the salinity of the test water must be in the range of 5 to 32‰.  The
salinity should vary by no more than ±2‰ among the chambers on a given day.  If effluent and receiving water tests
are conducted concurrently, the salinities of these tests should be similar. 

13.6.13.2   The overwhelming majority of industrial and sewage treatment effluents entering marine and estuarine
systems contain little or no measurable salts.  Exposure of Menidia beryllina larvae to these effluents will require
adjustments in the salinity of the test solutions.  It is important to maintain a constant salinity across all treatments. 
In addition, it may be desirable to match the test salinity with that of the receiving water.  Artificial sea salts or
hypersaline brine (100‰) derived from natural seawater may be used to adjust the salinities. 

13.6.13.3   Hypersaline brine (HSB):  HSB has several advantages that make it desirable for use in toxicity testing. 
It can be made from any high quality, filtered seawater by evaporation, and can be added to the effluent or to
deionized water to increase the salinity.  HSB derived from natural seawater contains the necessary trace metals,
biogenic colloids, and some of the microbial components necessary for adequate growth, survival, and/or
reproduction of marine and estuarine organisms, and may be stored for prolonged periods without any apparent
degradation.  However, if 100% HSB is used as a diluent, the maximum concentration of effluent that can be tested
will be 70% at 30‰ salinity and 80% at 20‰ salinity.

13.6.13.3.1   The ideal container for making HSB from natural seawater is one that (1) has a high surface to volume
ratio, (2) is made of a noncorrosive material, and (3) is easily cleaned (fiberglass containers are ideal).  Special care
should be used to prevent any toxic materials from coming in contact with the seawater being used to generate the
brine.  If a heater is immersed directly into the seawater, ensure that the heater materials do not corrode or leach any
substances that would contaminate the brine.  One successful method used is a thermostatically controlled heat
exchanger made from fiberglass.  If aeration is used, use only oil free air compressors to prevent contamination. 

13.6.13.3.2   Before adding seawater to the brine generator, thoroughly clean the generator, aeration supply tube,
heater, and any other materials that will be in direct contact with the brine.  A good quality biodegradable detergent
should be used, followed by several (at least three) thorough deionized water rinses.

13.6.13.3.3   High quality (and preferably high salinity) seawater should be filtered to at least 10 μm before placing
into the brine generator.  Water should be collected on an incoming tide to minimize the possibility of
contamination. 

13.6.13.3.4   The temperature of the seawater is increased slowly to 40�C.  The water should be aerated to prevent
temperature stratification and to increase water evaporation.  The brine should be checked daily (depending on
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volume being generated) to ensure that salinity does not exceed 100‰ and that the temperature does not exceed
40�C.  Additional seawater may be added to the brine to obtain the volume of brine required. 

13.6.13.3.5   After the required salinity is attained, the HSB should be filtered a second time through a 1 μm filter
and poured directly into portable containers (20 L cubitainers or polycarbonate water cooler jugs are suitable).  The
containers should be capped and labelled with the date the brine was generated and its salinity.  Containers of HSB
should be stored in the dark and maintained at room temperature until used. 

13.6.13.3.6   If a source of HSB is available, test solutions can be made by following the directions below. 
Thoroughly mix together the deionized water and brine before mixing in the effluent. 

13.6.13.3.7   Divide the salinity of the HSB by the expected test salinity to determine the proportion of deionized
water to brine.  For example, if the salinity of the HSB is 100‰ and the test is to be conducted at 20‰, 100‰
divided by 20‰ = 5.0.  The proportion of brine is one part in five (one part brine to four parts deionized water).  To
make 1 L of seawater at 20‰ salinity from a HSB of 100‰, divide 1 L (1000 mL) by 5.0.  The result, 200 mL, is
the quantity of HSB needed to make 1 L of seawater.  The difference, 800 mL, is the quantity of deionized water
required. 

13.6.13.3.8   Table 1 illustrates the composition of test solutions at 20‰ if they are made by combining effluent
(0‰), deionized water and HSB at 100‰ salinity.  The volume (mL) of brine required is determined by using the
amount calculated above.  In this case, 200 mL of brine is required for 1 L; therefore, 600 mL would be required for
3 L of solution.  The volumes of HSB required are constant.  The volumes of deionized water are determined by
subtracting the volumes of effluent and brine from the total volume of solution:  3,000 mL - mL effluent - mL HSB
= mL deionized water. 

13.6.13.4   Artificial sea salts:  A modified GP2 artificial seawater formulation (Table 2) has been successfully used
to perform the inland silverside survival and growth test.  The use of GP2 for holding and culturing of adults is not
recommended at this time.

13.6.13.4.1   The GP2 artificial sea salts (Table 2) should be mixed with deionized (DI) water or its equivalent in a
container other than the culture or testing tanks.  The deionized water used for hydration should be between 21-
26�C.  The artificial seawater must be conditioned (aerated) for 24-h before use as the testing medium.  If the
solution is to be autoclaved, sodium bicarbonate is added after the solution has cooled.  A stock solution of sodium
bicarbonate is made up by dissolving 33.6 gm NaHCO3 in 500 mL  deionized water.  Add 2.5 mL of this stock
solution for each liter of the GP2 artificial seawater.

13.6.14   ROTIFER CULTURE --for feeding cultures and test organisms

13.6.14.1   At hatching Menidia beryllina larvae are too small to ingest Artemia nauplii and must be fed rotifers,
Brachionus plicatilis.  The rotifers can be maintained in continuous culture when fed algae (see Section 6 and
USEPA, 1987g).  Rotifers are cultured in 10-15 L Pyrex® carboys (with a drain spigot near the bottom) at 25-28�C
and 25-35‰ salinity.  Four 12 L culture carboys should be maintained simultaneously to optimize production. 
Clean carboys should be filled with autoclaved seawater.  Alternatively, an immersion heater may be used to heat
saline water in the carboy to 70-80�C for 1-h. 

RB-AR26959



162

TABLE 1: PREPARATION OF 3 L SALINE WATER FROM DEIONIZED WATER AND A
HYPERSALINE BRINE OF 100‰ NEEDED FOR TEST SOLUTIONS AT 20‰ SALINITY

Effluent
Concentration

Volume of
Effluent

(0‰)
(mL)

Volume of
Deionized

Water
(mL)

Volume of
Hypersaline

Brine
(mL)

Total
Volume

(mL)

80            

40            

20            

10            

5            

Control       

2400

1200

600

300

150

0

0

1200

1800

2100

2250

2400

600

600

600

600

600

600

3000

3000

3000

3000

3000

3000

Total 4,650 9,750 3,600 18,000
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TABLE 2. REAGENT GRADE CHEMICALS USED IN THE PREPARATION OF GP2 ARTIFICIAL
SEAWATER FOR THE INLAND SILVERSIDE, MENIDIA BERYLLINA, TOXICITY
TEST1,2,3

Compound
Concentration

(g/L)

Amount (g)
Required for

20 L

NaCl

Na2SO4

KCl

KBr

Na2B4O7·10 H2O

MgCl2·6 H2O

CaCl2·2 H2O

SrCl2·6 H2O

NaHCO3

21.03

3.52

0.61

0.088

0.034

9.50

1.32

0.02

0.17

420.6

70.4

12.2

1.76

0.68

190.0

26.4

0.400

3.40

1 Modified GP2 from Spotte et al. (1984)
2 The constituent salts and concentrations were taken from USEPA (l990b).  The salinity is 30.89 g/L.
3 GP2 can be diluted with deionized (DI) water to the desired test salinity.

13.6.14.2   When the water has cooled to 25-28°C, aerate and add a start-up sample of rotifers (50 rotifers/mL) and
food (about 1 L of a dense algal culture).  The carboys should be checked daily to ensure that adequate food is
available and that the rotifer density is adequate.  If the water appears clear, drain 1 L of culture water and replace it
with algae.  Excess water can be removed through the spigot drain and filtered through a � 60 μm mesh screen. 
Rotifers collected on the screen should be returned to the culture.  If a more precise measure of the rotifer
population is needed, rotifers collected from a known volume of water can be resuspended in a smaller volume,
killed with formalin and counted in a Sedgwick-Rafter cell.  If the density exceeds 50 rotifers/mL, the amount of
food per day should be increased to 2 L of algae suspension.  The optimum density of approximately 300-400
rotifers/mL may be reached in seven to 10 days and is sustainable for two to three weeks.  At these densities, the
rotifers should be cropped daily.  Keeping the carboys away from light will reduce the amount of algae attached to
the carboy walls.  When detritus accumulates, populations of ciliates, nematodes, or harpacticoid copepods that may
have been inadvertently introduced can rapidly take over the culture.  If this occurs, discard the cultures. 

13.6.15   ALGAL CULTURES -- for feeding rotifer cultures

13.6.15.1   Tetraselmus suecica or Chlorella sp. (see USEPA, 1987a) can be cultured in 20 L polycarbonate carboys
that are normally used for bottled drinking water.  Filtered seawater is added to the carboys and then autoclaved
(110�C for 30 minutes).  After cooling to room temperature, the carboys are placed in a temperature chamber
controlled at 18-20�C.  One liter of T. suecica or Chlorella sp. starter culture and 100 mL of nutrients are added to
each carboy. 
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13.6.15.2    Formula for algal culture nutrients. 

13.6.15.2.1   Add 180 g NaNO3, 12 g NaH2PO4, and 6.16 g EDTA to 12 L of deionized water.  Mix with a magnetic
stirrer until all salts are dissolved (at least 1-h). 

13.6.15.2.2   Add 3.78 g FeCl3·6 H2O and stir again.  The solution should be bright yellow. 

13.6.15.2.3   The algal culture is vigorously aerated via a pipette inserted through a foam stopper at the top of the
carboy.  A dense algal culture should develop in 7 to 10 days and should be used by Day 14.  Thus, start-up of
cultures should be made on a daily or every second day basis.  Approximately 6 to 8 continuous cultures will meet
the feeding requirements of four 12 L rotifer cultures.  When emptied, carboys are washed with soap and water and
rinsed thoroughly with deionized water before reuse.

13.6.16   BRINE SHRIMP, ARTEMIA, NAUPLII -- for feeding cultures and test organisms 

13.6.16.1   Newly hatched Artemia nauplii are used as food for inland silverside larvae in toxicity tests.  Although
there are many commercial sources of brine shrimp cysts, the Brazilian or Colombian strains are being used because
the supplies examined have had low concentrations of chemical residues and produce nauplii of suitably small size.  

13.6.16.2   Each new batch of Artemia cysts must be evaluated for size (Vanhaecke and Sorgeloos, 1980, and
Vanhaecke et al., 1980) and nutritional suitability (see Leger et al., 1985; Leger et al., 1986) against known suitable
reference cysts by performing a side by side larval growth test using the "new" and "reference" cysts.  The
"reference" cysts used in the suitability test may be a previously tested and acceptable batch of cysts.  A sample of
newly-hatched Artemia nauplii from each new batch of cysts should be chemically analyzed.  The Artemia cysts
should not be used if the concentration of total organochlorine pesticides exceeds 0.15 μg/g wet weight or that the
total concentration of organochlorine pesticides plus PCBs does not exceed 0.30 μg/g wet weight. (For analytical
methods, see USEPA 1982). 

13.6.16.2.1   Artemia nauplii are obtained as follows: 

1. Add 1 L of seawater, or a solution prepared by adding 35.0 g uniodized salt (NaCl) or artificial sea
salts to 1 L of deionized water, to a 2 L separatory funnel or equivalent. 

2. Add 10 mL Artemia cysts to the separatory funnel and aerate for 24 h at 27�C.  (Hatching time varies
with incubation temperature and the geographic strain of Artemia used (see USEPA, 1985d; USEPA,
2002a; and ASTM, 1993.) 

3. After 24-h, cut off the air supply in the separatory funnel.  Artemia nauplii are phototactic and will
concentrate at the bottom of the funnel if it is covered for 10-15 minutes to prevent mortality, do not
leave the concentrated nauplii at the bottom of the funnel more than 10 minutes without aeration. 

4. Drain the nauplii into a beaker or funnel fitted with � 150 μm NITEX® or stainless steel screen, and
rinse with seawater or equivalent before use. 

13.6.16.3   Testing Artemia nauplii as food for toxicity test organisms. 

13.6.16.3.1   The primary criterion for acceptability of each new supply of brine shrimp cysts is the ability of the
nauplii to support good survival and growth of the inland silverside larvae (see Subsection 13.11).  The larvae used
to evaluate the suitability of the brine shrimp nauplii must be of the same geographical origin, species, and stage of
development as those used routinely in the toxicity tests.  Sufficient data to detect differences in survival and growth
should be obtained by using three replicate test chambers each containing a minimum of 15 larvae, for each type of
food.

13.6.16.3.2   The feeding rate and frequency, test vessels and volume of control water, duration of the test, and age
of the nauplii at the start of the test, should be the same as used for the routine toxicity tests. 
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13.6.16.3.3   Results of the brine shrimp nutrition assay, where there are only two treatments, can be evaluated
statistically by use of a t test.  The "new" food is acceptable if there are no statistically significant differences in the
survival and growth of the larvae fed the two sources of nauplii. 

13.6.16.4   Use of Artemia nauplii as food for inland silverside, Menidia beryllina, larvae. 

13.6.16.4.1   Menidia beryllina larvae begin feeding on newly hatched Artemia nauplii about five days after
hatching, and are fed Artemia nauplii daily throughout the 7-day larval survival and growth test.  Survival of
Menidia beryllina larvae seven to nine days old is improved by feeding newly hatched (< 24-h old) Artemia nauplii. 
Equal amounts of Artemia nauplii must be fed to each replicate test chamber to minimize the variability of larval
weight.  Sufficient numbers of nauplii should be fed to ensure that some remain alive overnight in the test chambers. 
An adequate but not excessive amount should be provided to each replicate on a daily basis.  Feeding excessive
amounts of nauplii will result in a depletion in DO to below an acceptable level (below 4.0 mg/L).  As much of the
uneaten Artemia nauplii as possible should be siphoned from each chamber prior to test solution renewal to ensure
that the larvae principally eat newly hatched nauplii. 

13.6.17   TEST ORGANISMS, INLAND SILVERSIDE, MENIDIA BERYLLINA 

13.6.17.1   The inland silverside, Menidia beryllina, is one of three species in the atherinid family that are amenable
to laboratory culture; and one of four atherinid species used for chronic toxicity testing.  Several atherinid species
have been utilized successfully for early life stage toxicity tests using field collected (Goodman et al., 1985) and
laboratory reared adults (Middaugh and Takita, 1983; Middaugh and Hemmer, 1984; and USEPA, 1987g).  The
inland silverside, Menidia beryllina, populates a variety of habitats from Cape Cod, Massachusetts, to Florida and
west to Vera Cruz, Mexico (Johnson, 1975).  It can tolerate a wide range of temperature, 2.9-32.5�C (Tagatz and
Dudley, 1961; Smith, 1971) and salinity, of 0-58‰ (Simmons, 1957; Renfro, 1960), having been reported from the
freshwaters of the Mississippi River drainage basin (Chernoff et al., 1981) to hypersaline lagoons (Simmons, 1957). 
Ecologically, Menidia spp. are important as major prey for many prominent commercial species (e.g., bluefish
(Pomatomus saltatrix), mackerel (Scomber scombrus), and striped bass (Morone saxatilis) (Bigelow and Schroeder,
1953).  The inland silverside, Menidia beryllina, is a serial spawner, and will spawn under controlled laboratory
conditions.  Spawning can be induced by diurnal interruption in the circulation of water in the culture tanks
(Middaugh et al., 1986; USEPA, 1987a).  The eggs are demersal, approximately 0.75 mm in diameter (Hildebrand
and Schroeder, 1928), and adhere to vegetation in the wild, or to filter floss in laboratory culture tanks.  The larvae
hatch in six to seven days when incubated at 25�C and maintained in seawater ranging from 5-30‰ (USEPA,
1987a).  Newly hatched larvae are 3.5-4.0 mm in total length (Hildebrand, 1922).

13.6.17.2   Inland silverside, Menidia beryllina, adults (see USEPA, 1987g and USEPA, 2002a for detailed culture
methods) may be cultured in the laboratory or obtained from the Gulf of Mexico or Atlantic coast estuaries
throughout the year (Figure 2).  Gravid females can be collected from low salinity waters along the Atlantic coast
during April to July, depending on the latitude.  The most productive and protracted spawning stock can be obtained
from adults brought into the laboratory.  Broodstocks, collected from local estuaries twice each year (in April and
October), will become sexually active after one to two months and will generally spawn for 4-6 months. 

13.6.17.3   The fish can be collected easily with a beach seine (3-6 mm mesh), but the seine should not be
completely landed onto the beach.  Silversides are very sensitive to handling and should never be removed from the
water by net -- only by beaker or bucket. 

13.6.17.4   Samples may contain a mixture of inland silverside, Menidia beryllina, and Atlantic silverside, Menidia
menidia, on the Atlantic coast or inland silverside and tidewater silverside, Menidia peninsulae, on the Gulf Coast
(see USEPA, 1987g for additional information on morphological differences for identification).  Johnson (1975)
and Chernoff et al. (1981) have attempted to differentiate these species.  In the northeastern United States, M.
beryllina juveniles and adults are usually considerably smaller than M. menidia juveniles and adults (Bengtson,
1984), and can be separated easily in the field on that basis. 
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13.6.17.5   Record the water temperature and salinity at each collection site.  Aerate (portable air pump, battery
operated) the fish and transport to the laboratory as quickly as possible after collection.  Upon arrival at the
laboratory, the fish and the water in which they were collected are transferred to a tank at least 0.9 m in diameter.  A
filter system should be employed to maintain water quality (see USEPA, 1987g).  Laboratory water is added to the
tank slowly, and the fish are acclimated at the rate of 2�C per day, to a final temperature of 25°C, and about 5‰
salinity per day, to a final salinity in the range of 20-32‰.  The seawater in each tank should be brought to a
minimum volume of 150 L.  A density of about 50 fish/tank is appropriate.  Maintain a photoperiod of 16 h light/8 h
dark.  Feed the adult fish flake food or frozen brine shrimp twice daily and Artemia nauplii once daily.  Siphon the
detritus from the bottom of the tanks weekly. 

13.6.17.6   Larvae for a toxicity test can be obtained from the broodstock by spawning onto polyester aquarium
filter-fiber substrates, 15 cm long x 10 cm wide x 10 cm thick, which are suspended with a string 8-10 cm below the
surface of the water and in contact with the side of the holding tanks for 24-48 h, 14 days prior to the beginning of a
test.  The floss should be gently aerated by placing it above an airstone, and weighted down with a heavy non-toxic
object.  The embryos, which are light yellow in color, can be seen on the floss, and are round and hard to the touch
compared to the soft floss. 

13.6.17.7   Remove as much floss as possible from the embryos.  The floss should be stretched and teased to prevent
the embryos from clumping.  The embryos should be incubated at the test salinity and lightly aerated.  At 25�C, the
embryos will hatch in about six to eight days.  Larvae are fed about 500 rotifer larvae/day from hatch through four
days post-hatch.  On Days 5 and 6, newly hatched (less than 12 h old) Artemia nauplii are mixed with the rotifers, to
provide a transition period.  After Day 7, only nauplii are fed, and the age range for the nauplii can be increased
from 12 h old to 24 h old.
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13.6.17.8   Silverside larvae are very sensitive to handling and shipping during the first week after hatching.  For
this reason, if organisms must be shipped to the test laboratory, it may be impractical to use larvae less than 11 days
old because the sensitivity of younger organisms may result in excessive mortality during shipment.  If organisms
are to be shipped to a test site, they should be shipped only as (1) early embryos, so that they hatch after arrival, or
(2) after they are known to be feeding well on Artemia nauplii (8-10 days of age).  Larvae shipped at 8 - 10 days of
age would be 9 to 11 days old when the test is started.  Larvae that are hatched and reared in the test laboratory can
be used at seven days of age.

13.6.17.9   If four replicates of 15 larvae are used at each effluent concentration and in the control, 360 larvae will
be needed for each test. 

13.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE

13.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

13.8   CALIBRATION AND STANDARDIZATION 

13.8.1   See Section 4, Quality Assurance. 

13.9   QUALITY CONTROL 

13.9.1   See Section 4, Quality Assurance. 
 
13.10   TEST PROCEDURES 

13.10.1   TEST SOLUTIONS

13.10.1.1   Receiving Waters 

13.10.1.1.1   The sampling point is determined by the objectives of the test.  At estuarine and marine sites, samples
are usually collected at mid-depth.  Receiving water toxicity is determined with samples used directly as collected or
with samples passed through a 60 μm NITEX® filter and compared without dilution, against a control.  Using four
replicate chambers per test, each containing 500-750 mL, and 400 mL for chemical analysis, would require
approximately 2.4-3.4 L or more of sample per day. 

13.10.1.2    Effluents 

13.10.1.2.   The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ±100%, and allows for
testing of concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%,
25%, 50%, and 100%).  Test precision shows little improvement as dilution factors are increased beyond 0.5 and
declines rapidly if smaller dilution factors are used.  Therefore, USEPA recommends the use of the �0.5 dilution

factor.  If 100% salinity HSB is used as a diluent, the maximum concentration of effluent that can be tested will be
80% at 20‰ salinity, and 70% at 30‰ salinity.

13.10.1.2.2   If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should
be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If a high rate of mortality is observed during the first 1-2
h of the test, additional dilutions at the lower range of effluent concentrations should be added. 

13.10.1.2.3   The volume of effluent required to initiate the test and for daily renewal of four replicates per
treatment for five concentrations of effluent and a control, each containing 750 mL of test solution, is approximately
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5 L.  Prepare enough test solution at each effluent concentration to provide 400 mL additional volume for chemical
analyses. 

13.10.1.2.4   Tests should begin as soon as possible after sample collection, preferably within 24 h.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site toxicity
studies unless permission is granted by the permitting authority.  In no case should the test be started more than 72 h
after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests, Subsection 8.5.4).

13.10.1.2.5   Just prior to test initiation (approximately 1 h), the temperature of a sufficient quantity of the sample to
make the test solution should be adjusted to the test temperature (25 ± 1�C) and maintained at that temperature
during the addition of dilution waters. 

13.10.1.2.6   Effluent dilutions should be prepared for all replicates in each treatment in one beaker to minimize
variability among the replicates.  The test chambers are labeled with the test concentration and replicate number. 
Dispense into the appropriate effluent dilution chamber.

13.10.1.3   Dilution Water

13.10.1.3.1   Dilution water may be uncontaminated natural seawater (receiving water), HSB prepared from natural
seawater, or artificial seawater prepared from FORTY FATHOMS® or GP2 sea salts (see Table 3 in Section 7,
Dilution Water).  Other artificial sea salts may be used for culturing inland silverside minnows and for the larval
survival and growth test if the control criteria for acceptability of test data are satisfied. 
 
13.10.2   START OF THE TEST

13.10.2.1   Inland silverside larvae 7 to 11 days old can be used to start the survival and growth test.  At this age, the
inland silverside feed on newly-hatched Artemia nauplii.  At 25�C, tests with inland silverside larvae can be
performed at salinities ranging from 5 to 32‰.  If the test salinity ranges from 16 to 32‰, the salinity for spawning,
incubation, and culture of the embryos and larvae should be maintained within this salinity range.  If the test salinity
is in the range of 5 to 15‰, the embryos may be spawned at 30‰, but egg incubation and larval rearing should be
at the test salinity.  If the specific salinity required for the test differs from the rearing salinity, adjustments of 5‰
daily should be made over the three days prior to start of test. 

13.10.2.2   One day Prior to Beginning of Test 

13.10.2.2.1   Set up the Artemia culture so that newly hatched nauplii will be available on the day the test begins. 
(see Section 7). 

13.10.2.2.2   Increase the temperature of water bath, room, or incubator to the required test temperature (25 ± 1�C). 

13.10.2.2.3 Label the test chambers with a marking pen.  Use of color coded tape to identify each concentration
and replicate is helpful.  A minimum of five effluent concentrations and a control should be selected for each test. 
Glass test chambers, such as crystallization dishes, beakers, or chambers with a sump area (Figure 1), with a
capacity for 500-750 mL of test solution, should be used. 

13.10.2.2.4   Randomize the position of test chambers in the temperature-controlled water bath, room, or incubator
at the beginning of the test, using a position chart.  Assign numbers for the position of each test chamber using a
table of random numbers or similar process (see Appendix A for an example of randomization).  Maintain the
chambers in this configuration throughout the test, using a position chart.

13.10.2.2.5   Because inland silverside larvae are very sensitive to handling, it is advisable to distribute them to their
respective test chambers which contain control water on the day before the test is to begin.  Each test chamber
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should contain a minimum of 10 larvae and it is required that there be four replicates minimum for each
concentration and control.
 
13.10.2.2.6   Seven to 11 day old larvae are active and difficult to capture and are subject to handling mortality. 
Carefully remove larvae (two to three at a time) by concentrating them in a corner of the aquarium or culture vessel,
and capture them with a wide-bore pipette, small petri dish, crystallization dish, 3-4 cm in diameter, or small pipette. 
They are active and will readily escape from a pipette.  Randomly transfer the larvae (two to three at a time) into
each test chamber until the desired number (15) is attained.  See Appendix A for an example of randomization. 
After the larvae are dispensed, use a light table to verify the number in each chamber. 

13.10.2.3   Before beginning the test remove and replace any dead larvae from each test chamber.  The test is started
by removing approximately 90% of the clean seawater from each test chamber and replacing with the appropriate
test solution.

13.10.3   LIGHT, PHOTOPERIOD, SALINITY, AND TEMPERATURE

13.10.3.1   The light quality and intensity should be at ambient laboratory levels, which is approximately 10-20
μE/m2/s, or 50-100 foot candles (ft-c), with a photoperiod of 16 h of light and 8 h of darkness. The water
temperature in the test chambers should be maintained at 25 ± 1�C.  The test salinity should be in the range of 5-
32‰, and the salinity should not vary by more than ±2‰ among the chambers on a given day.  If effluent and
receiving water tests are conducted concurrently, the salinities of these tests should be similar.  

13.10.4   DISSOLVED OXYGEN (DO) CONCENTRATION  

13.10.4.1   Aeration may affect the toxicity of effluents and should be used only as a last resort to maintain
satisfactory DO  The DO should be measured on new solutions at the start of the test (Day 0) and before daily
renewal of test solutions on subsequent days.  The DO should not fall below 4.0 mg/L (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling and Sample Preparation for Toxicity Tests).  If it is necessary to
aerate, all concentrations and the control should be aerated.  The aeration rate should not exceed 100 bubbles/min.,
using a pipet with a 1-2 mm orifice such as a 1 mL KIMAX® serological pipet, or equivalent.  Care should be taken
to ensure that turbulence resulting from aeration does not cause undue stress to the fish. 

13.10.5   FEEDING

13.10.5.l   Artemia nauplii are prepared as described above. 

13.10.5.2   The test larvae are fed newly-hatched (less than 24 h old) Artemia nauplii once a day from Day 0
through Day 6; larvae are not fed on Day 7.  Equal amounts of Artemia nauplii must be fed to each replicate test
chamber to minimize the variability of larval weight.  Sufficient numbers of nauplii should be fed to ensure that
some remain alive overnight in the test chambers.  An adequate, but not excessive amount of Artemia nauplii,
should be provided to each replicate on a daily basis.  Feeding excessive amounts of Artemia nauplii will result in a
depletion in DO to below an acceptable level.  Siphon as much of the uneaten Artemia nauplii as possible from each
chamber daily to ensure that the larvae principally eat newly hatched nauplii.

13.10.5.3   On Days 0-2, transfer 4 g wet weight or pipette 4 mL of concentrated, rinsed Artemia nauplii to seawater
in a 100 mL beaker, and bring to a volume of 80 mL.  Aerate or swirl the suspension to equally distribute the nauplii
while withdrawing individual 2 mL portions of the Artemia nauplii suspension by pipette or adjustable syringe to
transfer to each replicate test chamber.  Because the nauplii will settle and concentrate at the tip of the pipette during
the transfer, limit the volume of concentrate withdrawn each time to a 2 mL portion for one test chamber helps
ensure an equal distribution to the replicate chambers.  Equal distribution of food to the replicates is critical for
successful tests. 
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13.10.5.4   On Days 3-6, transfer 6 g wet weight or 6 mL of the Artemia nauplii concentrate to seawater in a 100 mL
beaker.  Bring to a volume of 80 mL and dispense as described above.

13.10.5.5   If the larvae survival rate in any replicate on any day falls below 50%, reduce the volume of Artemia
nauplii suspension added to that test chamber by one-half (i.e., reduce from 2 mL to 1 mL) and continue feeding
one-half the volume through Day 6.  Record the time of feeding on the data sheets. 
 
13.10.6   DAILY CLEANING OF TEST CHAMBERS 

13.10.6.1   Before the daily renewal of test solutions, uneaten and dead Artemia, and other debris are removed from
the bottom of the test chambers with a siphon hose.  Alternately, a large pipet (50 mL), fitted with a safety pipet
filler or rubber bulb, can be used.  If the test chambers illustrated in Figure 1 are used, remove only as much of the
test solution from the chamber as is necessary to clean, and siphon the remainder of the test solution from the sump
area.  Because of their small size during the first few days of the test, larvae are easily drawn into a siphon tube
when cleaning the test chambers.  By placing the test chambers on a light box, inadvertent removal of larvae can be
greatly reduced because they can be more easily seen.  If the water siphoned from the test chambers is collected in a
white plastic tray, the live larvae caught up in the siphon can be retrieved, and returned by pipette to the appropriate
test chamber and noted on data sheet.  Any incidence of removal of live larvae from the test chambers by the siphon
during cleaning, and subsequent return to the chambers should be noted in the test records. 

13.10.7   OBSERVATIONS DURING THE TEST

13.10.7.1   Routine Chemical and Physical Determinations

13.10.7.l.l   DO is measured at the beginning and end of each 24 h exposure period in one test chamber at all test
concentrations and in the control. 

13.10.7.1.2   Temperature, pH, and salinity are measured at the end of each 24 h exposure period in one test
chamber at all test concentrations and in the control.  Temperature should also be monitored continuously or
observed and recorded daily for at least two locations in the environmental control system or the samples. 
Temperature should be measured in a sufficient number of test chambers at least the end of the test to determine the
temperature variation in the environmental chamber.

13.10.7.1.3   The pH is measured in the effluent sample each day before new test solutions are made.

13.10.7.1.4   Record all measurements on the data sheet (Figure 3)
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13.10.7.2   Routine Biological Observation

13.10.7.2.1   The number of live larvae in each test chamber are recorded daily (Figure 3), and the dead larvae are
discarded. 

13.10.7.2.2   Protect the larvae from unnecessary disturbances during the test by carrying out the daily test
observations, solution renewals, and removal of dead larvae.  Make sure the larvae remain immersed at all times
during the performance of the above operations. 

13.10.8   TEST SOLUTION RENEWAL

13.10.8.1   The test solutions are renewed daily using freshly prepared solutions, immediately after cleaning the test
chambers.  The water level in each chamber is lowered to a depth of 7-10 mm, leaving 10-15% of the test solution. 
New test solution is added slowly by refilling each chamber with the appropriate amount of test solution without
excessively disturbing the larvae.  If the modified chamber is used (Figure 1), renewals should be poured into the
sump area using a narrow bore (approximately 9 mm ID) funnel. 

13.10.8.2   The effluent or receiving water used in the test is stored in an incubator or refrigerator at 0-6�C.  Plastic
containers such as 8-20 L cubitainers have proven suitable for effluent collection and storage.  For on-site toxicity
studies no more than 24 h should elapse between collection of the effluent and use in a toxicity test (see Section 8,
Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

13.10.8.3   Approximately 1 h before test initiation, a sufficient quantity of effluent or receiving water sample is
warmed to 25 ± 1�C to prepare the test solutions.  A sufficient quantity of effluent should be warmed to make the
daily test solutions. 

13.10.8.3.1   An illustration of the quantities of effluent and seawater needed to prepare test solution at the
appropriate salinity is provided in Table 2. 

13.10.9   TERMINATION OF THE TEST
 
13.10.9.1   The test is terminated after seven days of exposure.  At test termination dead larvae are removed and
discarded.  The surviving larvae in each test chamber (replicate) are counted, and immediately prepared as a group
for dry weight determination, or are preserved in 4% formalin or 70% ethanol.  Preserved organisms are dried and
weighed within seven days.  For safety, formalin should be used under a hood. 

13.10.9.2    For immediate drying and weighing, siphon or pour live larvae onto a 500 μm mesh screen in a large
beaker to retain the larvae and allow Artemia to be rinsed away.  Rinse the larvae with deionized water to remove
salts that might contribute to the dry weight.  Sacrifice the larvae in an ice bath of deionized water.  

13.10.9.   Small aluminum weighing pans can be used to dry and weigh larvae.  An appropriate number of
aluminum weigh pans (one per replicate) are marked for identification and weighed to 0.01 mg, and the weights are
recorded (Figure 4) on the data sheets.  

13.10.9.4   Immediately prior to drying, rinse the preserved larvae in distilled (or deionized) water.  The rinsed
larvae from each test chamber are transferred, using forceps, to a tared weighing pan and dried at 60�C for 24 h, or
at 105�C for a minimum of 6 h.  Immediately upon removal from the drying oven, the weighing pans are placed in a
desiccator to cool and to prevent the adsorption of moisture from the air until weighed.  Weigh all weighing pans
containing the dried larvae to 0.01 mg, subtract the tare weight to determine dry weight of larvae in each replicate. 
Record (Figure 4) the weights.  Divide the dry weight by the number of original larvae per replicate to determine the
average dry weight, and record (Figures 4 and 5) on the data sheets.  For the controls, also calculate the mean
weight per surviving fish in the test chamber to evaluate if weights met test acceptability criteria (see
Subsection 13.11).  Complete the summary data sheet (Figure 5) after calculating the average measurements and
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statistically analyzing the dry weights and percent survival for the entire test.  Average weights should be expressed
to the nearest 0.001 mg.

13.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA 

13.11.1   A summary of test conditions and test acceptability criteria is listed in Table 3. 

13.12   ACCEPTABILITY OF TEST RESULTS 

13.12.1   Test results are acceptable if (1) the average survival of control larvae is equal to or greater than 80%, and
(2) where the test starts with seven-day old larvae, the average dry weight per surviving control larvae, when dried
immediately after test termination, is equal to or greater than 0.50 mg, or the average dry weight of the control
larvae preserved not more than seven days in 4% formalin or 70% ethanol equals or exceeds 0.43 mg. 

13.13   DATA ANALYSIS 

13.13.1   GENERAL

13.13.1.1   Tabulate and summarize the data. 

13.13.1.2   The endpoints of toxicity tests using the inland silverside are based on the adverse effects on survival
and growth.  The LC50, the IC25, and the IC50 are calculated using point estimation techniques (see Section 9,
Chronic Toxicity Test Endpoints and Data Analysis).  LOEC and NOEC values, for survival and growth, are
obtained using a hypothesis testing approach such as Dunnett's Procedure (Dunnett, 1955) or Steel's Many-one
Rank Test (Steel, 1959; Miller, 1981) (see Section 9).  Separate analyses are performed for the estimation of the
LOEC and NOEC endpoints and for the estimation of the LC50, IC25, and IC50.  Concentrations at which there is
no survival in any of the test chambers are excluded from the statistical analysis of the NOEC and LOEC for
survival and growth but included in the estimation of the LC50, IC25, and IC50.  See the Appendices for examples
of the manual computations and examples of data input and program output.

13.13.1.3   The statistical tests described here must be used with a knowledge of the assumptions upon which the
tests are contingent.  The assistance of a statistician is recommended for analysts who are not proficient in statistics.
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Test Dates:                                                           Species:                                                  

Pan

No.

Conc.

&

Rep.

Initial

Wt.

(mg)

Final

Wt.

(mg)

Diff.

(mg)

No.

Larvae

Av. Wt./

Larvae

(mg)

Figure 4. Data form for the inland silverside, Menidia beryllina, larval survival and growth test.  Dry weights of
larvae (from USEPA, 1987b).
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Test Dates:                                                          Species:                                                      

Effluent Tested:                                                                                                                      

TREATMENT

NO. LIVE
LARVAE

SURVIVAL
(%)

MEAN DRY WT/
LARVAE (MG)

± SD

SIGNIF. DIFF.
FROM CONTROL

(o)

MEAN
TEMPERATURE

(�C)
± SD

MEAN SALINITY
‰

± SD

AVE. DISSOLVED
OXYGEN

(MG/L) ± SD

COMMENTS:

Figure 5. Data form for the inland silverside, Menidia beryllina, larval  survival and growth test.  Summary of
test results (from USEPA, 1987c).
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TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR THE
INLAND SILVERSIDE, MENIDIA BERYLLINA, LARVAL SURVIVAL AND GROWTH TEST
WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1006.0)1

                                                                                                                                             
 

1. Test type: Static renewal (required) 

2. Salinity: 5‰ to 32‰ (± 2‰ of the selected test salinity) 
(recommended) 

3. Temperature: 25 ± 1°C (recommended) 
Test temperatures must not deviate (i.e., maximum minus
minimum temperature) by more than 3°C during the test
(required) 

4. Light quality: Ambient laboratory illumination (recommended)  

5. Light intensity: l0-20 μE/m2/s (50-100 ft-c) (Ambient laboratory levels) 
(recommended) 

6. Photoperiod: 16 h light, 8 h darkness (recommended) 

7. Test chamber size: 600 mL-1 L containers (recommended) 

8. Test solution volume: 500-750 mL/replicate (loading and DO restrictions must be 
met) (recommended) 

9. Renewal of test solutions: Daily (required) 

10. Age of test organisms: 7-11 days post hatch; less than or equal to 24-h range in age 
(required) 

11. No. larvae per test
chamber: 10 (required minimum)

12. No. replicate chambers
per concentration: 4 (required minimum)

13. No. larvae per concentration: 40 (required minimum)

14. Source of food: Newly hatched Artemia nauplii (survival of 7-9 days old 
Menidia beryllina larvae improved by feeding  24 h old 
Artemia) (required) 

15. Feeding regime: Feed 0.l0 g wet weight Artemia nauplii per replicate on days 
0-2; Feed 0.15 g wet weight Artemia nauplii per replicate on 
days 3-6 (recommended) 

16. Cleaning: Siphon daily, immediately before test solution renewal and 
feeding (required) 

                                                                                                                                             
1 For the purposes of reviewing WET test data submitted under NPDES permits, each test condition listed above is
identified as required or recommended (see Subsection 10.2 for more information on test review).  Additional
requirements may be provided in individual permits, such as specifying a given test condition where several options
are given in the method.
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TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR THE
INLAND SILVERSIDE, MENIDIA BERYLLINA, LARVAL SURVIVAL AND GROWTH TEST
WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1006.0) (CONTINUED) 

                                                                                                                                             

17. Aeration: None, unless DO concentration falls below 4.0 mg/L, then 
aerate all chambers.  Rate should be less than 100 
bubbles/minimum (recommended) 

 
18. Dilution water: Uncontaminated source of natural sea water, artificial

seawater; deionized water mixed with hypersaline brine or
artificial sea salts (HW MARINEMIX®, FORTY
FATHOMS®, GP2 or equivalent) (available options) 

19. Test concentrations: Effluent:  5 and a control (required) 
 Receiving Waters: 100% receiving water (or minimum of 5) 

and a control (recommended) 
  
20. Dilution factor: Effluents:  � 0.5 (recommended) 

Receiving waters:  None, or � 0.5 (recommended) 

21. Test duration: 7 days (required) 

22. Endpoints: Survival and growth (weight) (required) 
 
23. Test acceptability criteria: 80% or greater survival in controls, 0.50 mg average dry 

weight of control larvae where test starts with 7-days old
larvae and dried immediately after test termination, or 0.43 mg
or greater average dry weight per surviving control larvae,
preserved not more than 7 days in 4% formalin or 70%
ethanol (required) 

24. Sampling requirement: For on-site tests, samples collected daily and used within 24 
h of the time they are removed from the sampling device.  
For off-site tests, a minimum of three samples (e.g., collected 
on days one, three, and five) with a maximum holding time 
of 36 h before first use (see Section 8, Effluent and Receiving
Water Sampling, Sample Handling, and Sample Preparation
for Toxicity Tests, Subsection 8.5.4) (required) 

25. Sample volume required: 6 L per day (recommended) 
                                                                                                                                             

13.13.2   EXAMPLE OF ANALYSIS OF INLAND SILVERSIDE, MENIDIA BERYLLINA, SURVIVAL DATA 

13.13.2.1   Formal statistical analysis of the survival data is outlined in Figures 6 and 7.  The response used in the
analysis is the proportion of animals surviving in each test or control chamber.  Separate analyses are performed for
the estimation of the NOEC and LOEC endpoints and for the estimation of the LC50 endpoint.  Concentrations at
which there is no survival in any of the test chambers are excluded from statistical analysis of the NOEC and
LOEC, but included in the estimation of the IC, EC, and LC endpoint.

13.13.2.2   For the case of equal numbers of replicates across all concentrations and the control, the evaluation of
the NOEC and LOEC endpoints is made via a parametric test, Dunnett's Procedure, or a nonparametric test, Steel's
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Many-one Rank Test, on the arc sine square root transformed data.  Underlying assumptions of Dunnett's
Procedure, normality and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's
Test, and Bartlett's Test is used to test for the homogeneity of variance.  If either of these tests fails, the
nonparametric test, Steel's Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the
assumptions of Dunnett's Procedure are met, the endpoints are estimated by the parametric procedure. 

13.13.2.3   If unequal numbers of replicates occur among the concentration levels tested, there are parametric and
nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni adjustment (see
Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative. 

13.13.2.4   Probit Analysis (Finney, 1971; see Appendix H) is used to estimate the concentration that causes a
specified percent decrease in survival from the control.  In this analysis, the total mortality data from all test
replicates at a given concentration are combined.  If the data do not fit the Probit model, the Spearman-Karber
method, the Trimmed Spearman-Karber method, or the Graphical method may be used (see Appendices H-K).

13.13.2.5   Example of Analysis of Survival Data

13.13.2.5.1   This example uses the survival data from the inland silverside larval survival and growth test.  The
proportion surviving in each replicate in this example must first be transformed by the arc sine transformation
procedure described in Appendix B.  The raw and transformed data, means and variances of the transformed
observations at each effluent concentration and control are listed in Table 4.  A plot of the data is provided in Figure
8.  Since there is 100% mortality in all three replicates for the 50% and 100% concentrations, they are not included
in this statistical analysis and are considered a qualitative mortality effect. 
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Figure 6. Flowchart for statistical analysis of the inland silverside, Menidia beryllina, survival data by
hypothesis testing.

RB-AR26979



182

Figure 7. Flowchart for statistical analysis of the inland silverside, Menidia beryllina, survival data by point
estimation.
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TABLE 4.  INLAND SILVERSIDE, MENIDIA BERYLLINA, LARVAL SURVIVAL DATA 

                Concentration                            

Replicate Control 6.25 12.5 25.0 50.0 100.0

A 0.80 0.73 0.80 0.40 0.0 0.0
RAW B 0.87 0.80 0.33 0.53 0.0 0.0

C 0.93 0.87 0.60 0.07 0.0 0.0

ARC SINE A 1.107 1.024 1.107 0.685 - -
TRANS- B 1.202 1.107 0.612 0.815 - -
FORMED C 1.303 1.202 0.886 0.268      - -

Mean 1.204 1.111 0.868 0.589(Ȳi)
0.010 0.008 0.061 0.082S

2
i

i 1 2 3 4

13.13.2.6   Test for Normality 

13.13.2.6.1   The first step of the test for normality is to center the observations by subtracting the mean of all
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 5.

TABLE 5.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

Effluent Concentration (%) 
 
 Replicate Control 6.25 12.5 25.0 

A -0.097 -0.087 0.239 0.096 
B  -0.002 -0.004 -0.256 0.226 
C 0.099 0.091 0.018 -0.321 

RB-AR26982



185

D � �
n

i�1

(Xi� X̄)2

W �
1

D
[�

k

i�1

ai (X
(n�1�1)�X (i))]2

13.13.2.6.2   Calculate the denominator, D, of the statistic: 

Where:  Xi =  the ith centered observation 
             

 =  the overall mean of the centered observations X̄

n  =  the total number of centered observations 

13.13.2.6.3   For this set of data, n = 12 

 =   1 (0.002) = 0.0 X̄
12

                                      D  =  0.3214

13.13.2.6.4   Order the centered observations from smallest to largest: 
   

X(1)� X(2)� ...� X(n) 

where X(i) denotes the ith ordered observation.  The ordered observations for this example are listed in Table 6. 

TABLE 6.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

i X(i) i X(i)

1
2
3
4
5
6

-0.321
-0.256
-0.097
-0.087
-0.004
-0.002

7
8
9

10
11
12

0.018
0.091
0.096
0.099
0.226
0.239

13.13.2.6.5   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ... ak where
k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 12 and k = 6.  The ai values are listed in
Table 7. 

13.13.2.6.6   Compute the test statistic, W, as follows: 
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B �

[(�
p

i�1

Vi) ln S̄ 2
��

p

i�1

Vi lnS 2
i ]

C

The differences X(n-i+1) - X(i) are listed in Table 7.  For the data in this example,

W =   1   (0.5513)2 = 0.945 
      0.3214 

TABLE 7.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE

i ai X(n-i+1) - X(i)

1
2
3
4
5
6

0.5475
0.3325
0.2347
0.1586
0.0922
0.0303

0.560
0.482
0.196
0.183
0.095
0.020

X(12) - X(1)

X(11) - X(2)

X(10) - X(3)

X(9)  - X(4)

X(8)  - X(5)

X(7)  - X(6)

13.13.2.6.7   The decision rule for this test is to compare W as calculated in Subsection 13.13.2.6.6 to a critical
value found in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not
normally distributed.  For the data in this example, the critical value at a significance level of 0.01 and n = 12
observations is 0.805.  Since W = 0.945 is greater than the critical value, conclude that the data are normally
distributed. 

13.13.2.7   Test for Homogeneity of Variance

13.13.2.7.1   The test used to examine whether the variation in survival is the same across all effluent concentrations
including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as follows:

Where:  Vi = degrees of freedom for each effluent concentration and control, Vi = (n i - 1) 

p = number of levels of effluent concentration including the control

ln = loge 

i = 1, 2, ..., p where p is the number of concentrations including the control

ni = the number of replicates for concentration i. 

S̄ 2
�

(�
p

i�1

Vi S
2
i )

�
p

i�1

Vi
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C � 1� [3(p�1)]�1[�
p

i�1

1 /Vi� (�
p

i�1

Vi)
�1]

B � [(8) ln(0.0402)�2�
p

i�1

ln(S 2
i )] /1.2083

13.13.2.7.2   For the data in this example (See Table 4), all effluent concentrations including the control have the
same number of replicates (ni = 3 for all i).  Thus, Vi = 2 for all i. 

13.13.2.7.3   Bartlett's statistic is therefore: 

 

=  [8(-3.21391) - 2(-14.731)]/1.2083 

=  3.7508/1.2083 

=  3.104 

13.13.2.7.4   B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in
fact the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with three degrees
of freedom, is 11.345.  Since B = 3.104 is less than the critical value of 11.345, conclude that the variances are not
different. 

13.13.2.8   Dunnett's Procedure 

13.13.2.8.1   To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table
as described in Table 8. 

TABLE 8.  ANOVA TABLE

 
Source df Sum of Squares Mean Square (MS)

(SS) (SS/df)

Between p - 1 SSB  = SSB/(p-1)S 2
B

Within N - p SSW = SSW/(N-p)S 2
W

Total N - 1 SST

Where: p  = number of SDS concentration levels including the control

N  = total number of observations n1 + n 2 ... + n p

ni = number of observations in concentration i 
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Between Sum of SquaresSSB � �
p

i�1

T 2
i /ni�G 2 /N

Total Sum of SquaresSST � �
p

i�1
�
nj

j�1

Y 2
ij �G 2 /N

Within Sum of SquaresSSW � SST�SSB

G  =  the grand total of all sample observations, G � �
p

i�1

Ti

Ti  =   the total of the replicate measurements for concentration i

Yij  =  the jth observation for concentration i (represents the proportion surviving for toxicant 
concentration i in test chamber j) 

13.13.2.8.2 For the data in this example: 

n1 = n2 = n3 = n4 = 3 

N  = 12 

T1 = Y11 + Y12 + Y13 = 3.612
T2 = Y21 + Y22 + Y23 = 3.333 
T3 = Y31 + Y32 + Y33 = 2.605 
T4 = Y41 + Y42 + Y43 = 1.768 

G = T1 + T2 + T3 + T4 = 11.318 

SSB � �
p

i�1

T 2
i /ni�G 2 /N

=   1 (34.067) - (11.318)2  = 0.681 
   3 12 

SST � �
p

i�1
�
nj

j�1

Y 2
ij �G 2 /N

= 11.677 - (11.318)2  = 1.002 
12

= 1.002 - 0.681 = 0.321 SSW � SST�SSB

  =  SSB/(p-1) = 0.681/(4-1) = 0.227 S 2
B

  =  SSW/(N-p) = 0.321/(12-4) = 0.040 S 2
W

13.13.2.8.3 Summarize these calculations in the ANOVA table (Table 9).
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ti �
(Ȳi� Ȳi)

Sw (1/n1)� (1/ni)

t2 �
(1.204 � 1.111)

[0.020 (1/3) � (1/3)]
� 0.570

TABLE 9.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE 

Source df Sum of Squares Mean Square(MS) 
         (SS)          (SS/df) 

 

Between 3 0.681 0.227 
 

Within 8 0.321 0.040 

 

Total 11 1.002 

13.13.2.8.4   To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows: 

Where:  =  mean proportion surviving for effluent concentration i Ȳi

 
 =  mean proportion surviving for the control Ȳ1

SW =  square root of the within mean square 

n1  =  number of replicates for the control 

ni  =  number of replicates for concentration i. 

13.13.2.8.5   Table 10 includes the calculated t values for each concentration and control combination.  In this
example, comparing the 1.0% concentration with the control the calculation is as follows: 
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MSD � d Sw (1/n1)� (1/n)

TABLE 10.  CALCULATED T VALUES

Effluent Concentration (%) i ti 

6.25 2 0.570
12.5 3 2.058
25.0 4 3.766

13.13.2.8.6   Since the purpose of this test is to detect a significant reduction in survival, a one-sided test is
appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha level of
0.05, eight degrees of freedom for error and three concentrations (excluding the control) the critical value is 2.42. 
The mean proportion surviving for concentration i is considered significantly less than the mean proportion
surviving for the control if ti is greater than the critical value.  Therefore, only the 25.0% concentration has a
significantly lower mean proportion surviving than the control.  Hence the NOEC is 12.5% and the LOEC is 25.0%.

13.13.2.8.7   To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be detected
statistically may be calculated. 

Where:  d  =  the critical value for Dunnett's Procedure 

SW =  the square root of the within mean square 

n  =  the common number of replicates at each concentration 
    (this assumes equal replication at each concentration) 

n1 =  the number of replicates in the control. 

13.13.2.8.8   In this example: 

MSD � 2.42(0.20) (1/3)� (1/3)

= 2.42 (0.20) (0.817) 

= 0.395 
 
13.13.2.8.9   The MSD (0.395) is in transformed units.  To determine the MSD in terms of percent survival, carry
out the following conversion. 

1. Subtract the MSD from the transformed control mean. 

1.204 - 0.395 = 0.809 
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2. Obtain the untransformed values for the control mean and the difference calculated in step 1. 

 [ Sine (1.204) ]2 = 0.871
 

[ Sine (0.809) ]2 = 0.524 
 

3. The untransformed MSD (MSDu) is determined by subtracting the untransformed values            
from step 2. 

 
MSDu = 0.871 - 0.524 = 0.347 

 
13.13.2.8.10   Therefore, for this set of data, the minimum difference in mean proportion surviving between the
control and any effluent concentration that can be detected as statistically significant is 0.347. 

13.13.2.8.11   This represents a 40% decrease in survival from the control. 

13.13.2.9   Calculation of the LC50 
 
13.13.2.9.1   The data used for the Probit Analysis is summarized in Table 11.  To perform the Probit Analysis, run
the USEPA Probit Analysis Program.  An example of the program input and output is supplied in Appendix H.

TABLE 11.  DATA FOR PROBIT ANALYSIS 

                                          Effluent Concentration (%)  

Control 6.25 12.5 25.0 50.0 100.0

Number Dead 6 9 19 45 45 45
Number Exposed 45 45 45 45 45 45

13.13.2.9.2   For this example, the chi-square test for heterogeneity was not significant.  Thus Probit Analysis
appears to be appropriate for this set of data. 

13.13.2.9.3   Figure 9 shows the output data for the Probit Analysis of the data from Table 11 using the USEPA
Probit Program.

13.13.3   ANALYSIS OF INLAND SILVERSIDE, MENIDIA BERYLLINA, GROWTH DATA

13.13.3.1   Formal statistical analysis of the growth data is outlined in Figure 10.  The response used in the
statistical analysis is mean weight per original organism for each replicate.  Because this measurement is based on
the number of original organisms exposed (rather than the number surviving), the measured response is a combined
survival and growth endpoint that can be termed biomass.  The IC25 and IC50 can be calculated for the growth data
via a point estimation technique (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  Hypothesis
testing can be used to obtain an NOEC and LOEC for growth.  Concentrations above the NOEC for survival are
excluded from the hypothesis test for growth effects.

13.13.3.2   The statistical analysis using hypothesis tests consists of a parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test.  The underlying assumptions of the Dunnett's Procedure, normality
and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test and Bartlett's
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Test is used to test for homogeneity of variance.  If either of these test fails, the nonparametric test, Steel's
Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's
Procedure are met, the endpoints are determined by the parametric test. 

13.13.3.3   Additionally, if unequal numbers of replicates occur among the concentration levels tested there are
parametric and nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni
adjustment.  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative.  For
detailed information on the Bonferroni adjustment, see Appendix D.

Probit Analysis of Inland Silverside Larval Survival Data

Conc. Number
Exposed

Number
Resp.

Observed
Proportion

Responding

Proportion
Responding
Adjusted for

Controls

Control    
6.2500    

12.5000    
25.0000    
50.0000    

100.0000    

45      
45      
45      
45      

 45      
45      

6      
9      

19      
30      
45      

 45      

0.1333   
0.2000   
0.4222   
0.6667   
1.0000   
1.0000   

0.0000    
0.0488    
0.3130    
0.6037    
1.0000    
1.0000    

Chi - Square for Heterogeneity (calculated) = 4.149    
Chi - Square for Heterogeneity (tabular value) = 7.815    

Probit Analysis of Inland Silverside Larval Survival Data

Estimated LC/EC Values and Confidence Limits

Point Exposure
Conc.

Lower     Upper
95% Confidence Limits

LC/EC   1.00
LC/EC  50.00

4.980   
18.302   

2.023   
13.886   

7.789   
22.175   

Figure 9.  Output for USEPA Probit Analysis Program, Version 1.5. 
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Figure 10. Flowchart for statistical analysis of the inland silverside, Menida beryllina, growth data.
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13.13.3.4   The data, mean and variance of the growth observations at each concentration including the control are
listed in Table 12.  A plot of the data is provided in Figure 11.  Since there was no survival in the 50% and 100%
concentrations, these are not considered in the growth analysis.  Additionally, since there is significant mortality in
the 25% effluent concentration, its effect on growth is not considered.

TABLE 12.  INLAND SILVERSIDE, MENIDIA BERYLLINA, GROWTH DATA
 

                        Effluent Concentration %       

Replicate Control 6.25 12.5 25.0 50.0 100.0

A 0.751 0.737 0.722 0.196 - -
B 0.849 0.922 0.285 0.312 - -
C 0.907 0.927 0.718 0.079 - -

Mean 0.836 0.862 0.575 0.196 - -(Ȳi)
0.0062 0.0117 0.0631 0.0136 - -S

2
i

i 1 2 3 4 5 6

13.13.3.5   Test for Normality 

13.13.3.5.1   The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 13.

TABLE 13.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

                             Effluent Concentration (%)  

Replicate Control 6.25 12.5

A -0.085 -0.125 0.147 
B 0.013 0.060 -0.290
C 0.071 0.065 0.143
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D � �
n

i�1

(Xi� X̄)2

W �
1

D
[�

k

i�1

ai (X
(n�i�1)�X (i))]2

13.13.3.5.2   Calculate the denominator, D, of the test statistic: 

Where: Xi = the ith centered observation 

X =  the overall mean of the centered observations 

n  =  the total number of centered observations.  

For this set of data, n = 9 

=     1 (-0.002) = 0.000 X̄
9

D =  0.162

13.13.3.5.3   Order the centered observations from smallest to largest: 

X(1)� X(2) �... � X(n) 

Where X(i) is the ith ordered observation.  These ordered observations are listed in Table 14. 

TABLE 14.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

i X(i) i X(i) 

1 -0.290 6 0.065
2 -0.125 7 0.071
3 -0.085 8 0.143 
4 0.013 9 0.147 
5 0.060

13.13.3.5.4   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ..., ak where
k is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 9 and k = 4.  The ai values are listed in
Table 15. 

13.13.3.5.5   Compute the test statistic, W, as follows: 
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B �

[(�
p

i�1

Vi) ln S̄ 2
��

p

i�1

Vi lnS 2
i ]

C

The differences X(n-i+1) - X(i) are listed in Table 15.  For this set of data: 

W =     1    (0.3800)2 = 0.89
0.162

TABLE 15.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE 

i ai X(n-i+1) - X(i) 

1 0.5888  0.437 X(9) - X(1) 
2 0.3244 0.268 X(8) - X(2) 
3 0.1976 0.156 X(7) - X(3) 
4 0.0947 0.052 X(6) - X(4) 

13.13.3.5.6   The decision rule for this test is to compare W with the critical value found in Table 6, Appendix B.  If
the computed W is less than the critical value, conclude that the data are not normally distributed.  For this example,
the critical value at a significance level of 0.01 and nine observations (n) is 0.764.  Since W = 0.964 is greater than
the critical value, the conclusion of the test is that the data are normally distributed. 

13.13.3.6   Test for Homogeneity of Variance 
 
13.13.3.6.1   The test used to examine whether the variation in mean dry weight is the same across all effluent
concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as follows:

    

Where: Vi = degrees of freedom for each effluent concentration and control, Vi = (ni - 1) 

p = number of levels of effluent concentration including the control 

i = 1,2, ..., p where p is the number of concentrations including the control

ln = loge

ni = number of replicates for concentration i
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S̄ 2
�

(�
p

i�1

Vi S
2
i )

�
p

i�1

Vi

C � 1� [3(p�1)]�1[�
p

i�1

1 /Vi� (�
p

i�1

Vi)
�1]

B � [(6) ln (0.027)�2�
p

i�1

ln (S 2
i ) /1.222

13.13.3.6.2   For the data in this example, (See Table 13) all effluent concentrations including the control have the
same number of replicates (ni = 3 for all i).  Thus, Vi = 2 for all i. 

13.13.3.6.3   Bartlett's statistic is therefore: 

=  [6(-3.612)-2(-12.290)]/1.222 

= 2.909/1.222 

= 2.38

13.13.3.6.4   B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in
fact the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with 2 degrees of
freedom, is 9.210.  Since B = 2.38 is less than the critical value of 9.210, conclude that the variances are not
different. 

13.13.3.7   Dunnett's Procedure 

13.13.3.7.1   To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table as
described in Table 16. 
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SSB � �
p

i�1

T 2
i /ni�G 2 /N

SST � �
p

i�1
�
nj

j�1

Y 2
ij �G 2 /N

SSW � SST�SSB

TABLE 16.  ANOVA TABLE

Source df Sum of Squares Mean Square (MS)
(SS) (SS/df)

Between p - 1 SSB  = SSB/(p-1)

Within N - p SSW  = SSW/(N-p)

Total N - 1 SST

Where:  p  =  number of effluent concentrations including the control 

N  = total number of observations n1 + n2 ... + np

ni =  number of observations in concentration i 

Between Sum of Squares

Total Sum of Squares

Within Sum of Squares

G  = the grand total of all sample observations, 

Ti =  the total of the replicate measurements for concentration i

Yij = the jth observation for concentration i (represents the mean dry weight of the fish for toxicant   
     concentration i in test chamber j) 

13.13.3.7.2   For the data in this example: 

                     n1 = n2 = n3 = 3 

                     N  = 9 

                     T1 = Y11 + Y12 + Y13 = 0.751 + 0.849 + 0.907 = 2.507 
                     T2 = Y21 + Y22 + Y23 = 0.727 + 0.922 + 0.927 = 2.576 
                     T3 = Y31 + Y32 + Y33 = 0.722 + 0.285 + 0.718 = 1.725 

                    G  = T1 + T2 + T3 = 6.808 
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ti �
(Y1 � Yi)

Sw (1/n1 � 1/ni)

=  1 (15.896) - (6.808)2  = 0.1488 
3 9

 

 = 5.463 - (6.808)2  = 0.3131 
9

= 0.3131 - 0.1488 = 0.1643 

  =  SSB/(p-1) = 0.1488/(3-1) = 0.0744

  =  SSW/(N-p) = 0.1643/(9-3) = 0.0274

13.13.3.7.3   Summarize these calculations in the ANOVA table (Table 17).

TABLE 17.  ANOVA TABLE FOR DUNNETT’S PROCEDURE EXAMPLE

Source df Sum of Squares Mean Square(MS) 
         (SS)          (SS/df) 

 
Between 2 0.1488 0.0744 

 
Within 6 0.1643 0.0274 

 
Total 8 0.3131 

13.13.3.7.4   To perform the individual comparisons, calculate the t statistic for each concentration and control
combination as follows: 

Where: Yi  =  mean dry weight for effluent concentration i 
         

Y1  =  mean dry weight for the control 

SW   =  square root of the within mean square 

n1  =  number of replicates for the control 

ni  =  number of replicates for concentration i. 
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t2 �
(0.836�0.859)

[0.1655 (1/3)� (1/3)]
� �0.120

MSD � dSw (1/n1)� (1/n)

MSD � 2.34(0.1655) (1/3)� (1/3)

13.13.3.7.5   Table 18 includes the calculated t values for each concentration and control combination.  In this
example, comparing the 6.25% concentration with the control the calculation is as follows:

TABLE 18.  CALCULATED T VALUES

Effluent Concentration (ppb) i ti 

6.25 2 -0.120
 12.5 3 1.931

13.13.3.7.6   Since the purpose of this test is to detect a significant reduction in mean weight, a one-sided test is
appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha level of
0.05, six degrees of freedom for error and two concentrations (excluding the control) the critical value is 2.34.  The
mean weight for concentration i is considered significantly less than mean weight for the control if ti is greater than
the critical value.  Therefore, all effluent concentrations in this example do not have significantly lower mean weights
than the control.  Hence the NOEC and the LOEC for growth cannot be calculated.

13.13.3.7.7   To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be detected
statistically may be calculated. 

Where: d  =  the critical value for Dunnett's Procedure 

SW =  the square root of the within mean square 

n  =  the common number of replicates at each concentration 
(this assumes equal replication at each concentration) 

n1 =  the number of replicates in the control. 

13.13.3.7.8   In this example: 

= 2.34 (0.1655)(0.8165) 

= 0.316 
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13.13.3.7.9   Therefore, for this set of data, the minimum difference that can be detected as statistically significant is
0.316 mg. 

13.13.3.7.10   This represents a 37.8% reduction in mean weight from the control. 

13.13.3.8   Calculation of the ICp

13.13.3.8.1   The growth data from Tables 4 and 12 are utilized in this example.  As seen in Table 19 and Figure 11,
the observed means are not monotonically non-increasing with respect to concentration (the mean response for each
higher concentration is not less than or equal to the mean response for the previous concentration, and the reponses
between concentrations do not follow a linear trend).  Therefore, the means are smoothed prior to calculating the IC. 
In the following discussion, the observed means are represented by  and the smoothed means by Mi.Ȳi

13.13.3.8.2   Starting with the control mean, = 0.836 and = 0.859, we see that  < . Set Mi = Yi.Ȳ1 Ȳ2 Ȳ1 Ȳ2

13.13.3.8.3   Calculate the smoothed means:

M1 = M2 = (  + )/2 = 0.847Ȳ1 Ȳ2

13.13.3.8.4   Since  = 0 < = 0.196 < = 0.575 < M2, set M3 = 0.575, M4 = 0.196, and M5 = 0.  Ȳ5 Ȳ4 Ȳ3

13.13.3.8.5   Table 19 contains the response means and the smoothed means and Figure 12 gives a plot of the
smoothed response curve.

TABLE 19.  INLAND SILVERSIDE MEAN GROWTH RESPONSE AFTER SMOOTHING

Response Smoothed
Effluent Means, Means, 
Conc. Yi Mi

(%) i (mg) (mg) 

Control 1 0.836 0.847
6.25 2 0.859 0.847

12.50 3 0.575 0.575
25.00 4 0.196 0.196
50.00 5 0.00 0.0

13.13.3.8.6   An IC25 and IC50 can be estimated using the Linear Interpolation Method.  A 25% reduction in weight,
compared to the controls, would result in a mean dry weight of 0.627 mg, where M1(1-p/100) = 1.847(1-25/100).  A
50% reduction in mean dry weight, compared to the controls, would result in a mean weight of 0.418 mg.  Examining
the smoothed means and their associated concentrations (Table 20), the response, 0.627 mg, is bracketed by C2 =
6.25% effluent and C3 = 25.0% effluent.  The response (0.418) is bracketed by C3 = 12.5% and by C4 = 25% effluent.
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ICp � Cj� [m1 (1�p/100)�Mj]
(Cj�1�Cj)

(mj�1�Mj)

13.13.3.8.7   Using the equation from Section 4.2 of Appendix L, the estimate of the IC25 is calculated as follows:

IC25 = 6.25 + [0.847(1 - 25/100) - 0.847] (12.50 - 6.25)
(0.575 - 0.847)

= 11.1%.
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ICp � Cj� [m1 (1�p/100)�Mj]
(Cj�1�Cj)

(Mj�1�Mj)

13.13.3.8.8   Using the equation from Section 4.2 of Appendix L, the estimate of the IC50 is calculated as follows:

IC50 = 6.25 + [0.847(1 - 50/100) - 0.847]  (12.50 - 6.25)
(0.575 - 0.847)

= 17.5%.

13.13.3.8.9   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC25 was 11.1136%.  The empirical 95% confidence interval for the true mean was 5.7119% to 19.2112%.  The
computer program output for the IC25 for this data set is shown in Figure 13.

13.13.3.8.10   When the ICPIN program was used to analyze this set of data for the IC50, requesting 80 resamples,
the estimate of the IC50 was 17.4896%.  The empirical 95% confidence interval for the true mean was 6.4891% to
22.4754% effluent.  The computer program output is shown in Figure 14.

13.14   PRECISION AND ACCURACY

13.14.1   PRECISION – Data on single-laboratory and multilaboratory precision are described below (Subsections
13.14.1.1 and 13.14.1.2).  Single-laboratory precision is a measure of the reproducibility of test results when tests are
conducted using a specific method under reasonably constant conditions in the same laboratory.  Single-laboratory
precision is synonymous with the terms within-laboratory precision and intralaboratory precision.  Multilaboratory
precision is a measure of the reproducibility of test results from different laboratories using the same test method and
analyzing the same test material.  Multilaboratory precision is synonymous with the term interlaboratory precision. 
Interlaboratory precision, as used in this document, includes both within-laboratory and between-laboratory
components of variability.  In recent multilaboratory studies, these two components of interlaboratory precision have
been displayed separately (termed within-laboratory and between-laboratory variability) and combined (termed total
interlaboratory variability).  The total interlaboratory variability that is reported from these studies is synonymous
with interlaboratory variability reported from other studies where individual variability components are not
separated.

13.14.1.1   Single-Laboratory Precision

13.14.1.1.1   Data on the single-laboratory precision of the inland silverside larval survival and growth test using
copper (CU) sulfate and sodium dodecyl sulfate (SDS) as reference toxicants, in natural seawater and GP2 are
provided in Tables 20-22.  In Tables 20-21, the coefficient of variation for copper based on the IC25 is 43.2% and
for SDS is 43.2% indicating acceptable precision.  In the five tests with each reference toxicant, the NOEC's varied
by only one concentration interval, indicating good precision.  The coefficient of variation for all reference toxicants
based on the IC50 in two types of seawater (GP2 and natural) ranges from l.8% to 50.7% indicating acceptable
precision.  Data in Table 22 show no detectable differences between tests conducted in natural and artificial
seawaters.

13.14.1.1.2  EPA evaluated within-laboratory precision of the Inland Silverside, Menidia beryllina, Larval Survival
and Growth Test using a database of routine reference toxicant test results from 16 laboratories (USEPA, 2000b). 
The database consisted of 193 reference toxicant tests conducted in 16 laboratories using a variety of reference
toxicants including: chromium, copper, potassium chloride, and sodium dodecyl sulfate.  Among the 16 laboratories,
the median within-laboratory CV calculated for routine reference toxicant tests was 27% for the IC25 growth
endpoint.  In 25% of laboratories, the within-laboratory CV was less than 18%; and in 75% of laboratories, the
within-laboratory CV was less than 43%.
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13.14.1.2   Multilaboratory Precision

13.14.1.2.1  In 2000, EPA conducted an interlaboratory variability study of the Inland Silverside, Menidia beryllina,
Larval Survival and Growth Test (USEPA, 2001a; USEPA, 2001b).  In this study, each of 10 participant laboratories
tested 4 blind test samples that included some combination of blank, effluent, reference toxicant, and receiving water
sample types.  The blank sample consisted of bioassay-grade FORTY FATHOMS® synthetic seawater, the effluent
sample was an industrial wastewater spiked with CuSO4, the receiving water sample was a natural seawater spiked
with CuSO4, and the reference toxicant sample consisted of bioassay-grade FORTY FATHOMS® synthetic seawater
spiked with CuSO4.  Of the 40 Menidia beryllina Larval Survival and Growth tests conducted in this study, 100%
were successfully completed and met the required test acceptability criteria.  Of seven tests that were conducted on
blank samples, none showed false positive results for survival endpoints or for the growth endpoint.  Results from the
reference toxicant, effluent, and receiving water sample types were used to calculate the precision of the method. 
Table 23 shows the precision of the IC25 for each of these sample types.  Averaged across sample types, the total
interlaboratory variability (expressed as a CV%) was 43.8% for IC25 results.  Table 24 shows the frequency
distribution of survival and growth NOEC endpoints for each sample type.  For the survival endpoint, NOEC values
spanned five concentrations for the effluent, four concentrations for the reference toxicant sample type, and three
concentrations for the receiving water sample type.  The percentage of values within one concentration of the median
was 90.9%, 84.6%, and 85.7% for the reference toxicant, effluent, and receiving water sample types, respectively. 
For the growth endpoint, NOEC values spanned four concentrations for the reference toxicant and effluent sample
types and three concentrations for the receiving water sample type.  The percentage of values within one
concentration of the median was 90.9%, 91.7%, and 85.7% for the reference toxicant, effluent, and receiving water
sample types, respectively. 

13.14.2   ACCURACY 

13.14.2.1   The accuracy of toxicity tests cannot be determined. 
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-------------------------------------------------------------------------------------------------------------------------------------------
Conc. ID 1 2 3 4 5 6
-------------------------------------------------------------------------------------------------------------------------------------------
Conc. Tested 0 6.25 12.5 25 50 100
-------------------------------------------------------------------------------------------------------------------------------------------
Response  1 .751 .727 .722 .196 0 0
Response  2 .849 .922 .285 .312 0 0
Response  3 .907 .927 .718 .079 0 0
-------------------------------------------------------------------------------------------------------------------------------------------
*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Effluent
Test Start Date:    Test Ending Date: 
Test Species: Menidia beryllina
Test Duration: 7-d
DATA FILE:  silver.icp
OUTPUT FILE: silver.i25
-------------------------------------------------------------------------------------------------------------------------------------------
Conc.   Number Concentration Response Std.       Pooled
   ID Replicates         %    Means Dev. Response Means
-------------------------------------------------------------------------------------------------------------------------------------------

1 3 0.000 0.836 0.079 0.847
2 3 6.250 0.859 0.114 0.847
3 3 12.500 0.575 0.251 0.575
4 3 25.000 0.196 0.117 0.196
5 3 50.000 0.000 0.000 0.000
6 3 100.000 0.000 0.000 0.000

-------------------------------------------------------------------------------------------------------------------------------------------
The Linear Interpolation Estimate: 11.1136 Entered P Value: 25
-------------------------------------------------------------------------------------------------------------------------------------------
Number of Resamplings:   80
The Bootstrap Estimates Mean: 11.5341 Standard Deviation: 2.1155
Original Confidence Limits:   Lower: 8.5413 Upper: 14.9696
Expanded Confidence Limits: Lower:    5.7119   Upper: 19.2112
Resampling time in Seconds:     1.43 Random Seed:  -1912403737

 

Figure 13.  ICPIN program output for the IC25.
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-------------------------------------------------------------------------------------------------------------------------------------------
Conc. ID 1 2 3 4 5 6
-------------------------------------------------------------------------------------------------------------------------------------------
Conc. Tested 0 6.25 12.5 25 50 100
-------------------------------------------------------------------------------------------------------------------------------------------
Response  1 .751 .727 .722 .196 0 0
Response  2 .849 .922 .285 .312 0 0
Response  3 .907 .927 .718 .079 0 0
-------------------------------------------------------------------------------------------------------------------------------------------
*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Effluent
Test Start Date:   Test Ending Date: 
Test Species: Menidia beryllina
Test Duration: 7-d
DATA FILE: silver.icp
OUTPUT FILE: silver.i50
-------------------------------------------------------------------------------------------------------------------------------------------
Conc.   Number Concentration Response Std.       Pooled
   ID Replicates                 %    Means Dev. Response Means
-------------------------------------------------------------------------------------------------------------------------------------------

1 3 0.000 0.836 0.079 0.847
2 3 6.250 0.859 0.114 0.847
3 3 12.500 0.575 0.251 0.575
4 3 25.000 0.196 0.117 0.196
5 3 50.000 0.000 0.000 0.000
6 3 100.000 0.000 0.000 0.000

-------------------------------------------------------------------------------------------------------------------------------------------
The Linear Interpolation Estimate: 17.4896 Entered P Value: 50
-------------------------------------------------------------------------------------------------------------------------------------------
Number of Resamplings:   80
The Bootstrap Estimates Mean:  16.9032   Standard Deviation: 2.49.73
Original Confidence Limits:   Lower: 12.2513 Upper: 19.8638
Expanded Confidence Limits: Lower:   6.4891 Upper: 22.4754
Resampling time in Seconds:     1.43 Random Seed: -1440337465

 

Figure 14.  ICPIN program output for the IC50.
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TABLE 20.  SINGLE-LABORATORY PRECISION OF THE INLAND SILVERSIDE, MENIDIA BERYLLINA,
SURVIVAL AND GROWTH TEST PERFORMED IN NATURAL SEAWATER, USING LARVAE
FROM FISH MAINTAINED AND SPAWNED IN NATURAL SEAWATER, AND COPPER (CU)
AS A REFERENCE TOXICANT1,2,3,4,5,6,7

 Most
Test NOEC IC25 IC50 Sensitive
Number (μg/L) (μg/L) (μg/L) Endpoint6

1 63 96.2 148.6 S
2 125 207.2 NC8 S
3 63 218.9 493.4 G
4 125 177.5 241.4 S
5 31 350.1 479.8 G

n: 5 5 4
Mean: NA 209.9 340.8
CV(%): NA 43.7 50.7

1 Data from USEPA (1988a) and USEPA (1991a)
2 Tests performed by George Morrison and Elise Torello, ERL-N, USEPA, Narragansett, RI. 
3 Three replicate exposure chambers with 10-15 larvae were used for the control and each copper concentration.  

Copper concentrations were: 31, 63, 125, 250, and 500 μg/L. 
4 Adults collected in the field. 
5 S = Survival effects.  G = Growth data at these toxicant concentrations were disregarded because there was a 

significant reduction in survival.
6 NOEC Range: 31 - 125 μg/L (this represents a difference of two exposure concentrations).
7 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance.
8 NC = No linear interpolation estimate could be calculated from the ata, since none of the group response means were less

than 50 percent of the control response mean. 
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TABLE 21. SINGLE-LABORATORY PRECISION OF THE INLAND SILVERSIDE, MENIDIA BERYLLINA,
SURVIVAL AND GROWTH TEST PERFORMED IN NATURAL SEAWATER, USING LARVAE
FROM FISH MAINTAINED AND SPAWNED IN NATURAL SEAWATER, AND SODIUM
DODECYL SULFATE (SDS) AS A REFERENCE TOXICANT1,2,3,4,5,6,7

Most
Test NOEC IC25 IC50 Sensitive
Number (mg/L) (mg/L) (mg/L) Endpoint

1 1.3 0.3 1.7 S
2 1.3 1.6 1.9 S
3 1.3 1.5 1.9 S
4 1.3 1.5 1.9 S
5 1.3 1.6 2.2 S

n: 5 5 5
Mean: NA 1.3 1.9
CV(%): NA 43.2 9.4

  
1 Data from USEPA (1988a) and USEPA (1991a)
2 Tests performed by George Morrison and Elise Torello, ERL-N, USEPA, Narragansett, RI.
3 Three replicate exposure chambers with 10-15 larvae were used for the control and each SDS concentration. 

SDS concentrations were: 0.3, 0.6, 1.3, 2.5, and 5.0 mg/L. 
4 Adults collected in the field. 
5 S = Survival Effects.  Growth data at these toxicant concentrations were disregarded because there was a

significant reduction in survival.
6 NOEC Range: 1.3 mg/L.
7 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
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TABLE 22.  COMPARISON OF THE SINGLE-LABORATORY PRECISION OF THE INLAND  
SILVERSIDE, MENIDIA BERYLLINA, LARVAL SURVIVAL (LC50) AND GROWTH (IC50) 
VALUES EXPOSED TO SODIUM DODECYL SULFATE (SDS) OR COPPER (CU) SULFATE
IN GP2 ARTIFICIAL SEAWATER MEDIUM OR NATURAL SEAWATER  (NSW)1,2,3,4

       Survival                     Growth      

SDS (mg/L) GP2 NSW GP2 NSW

3.59 3.69 3.60 3.55
4.87 4.29 5.54 5.27
5.95 8.05 6.70 8.53

                                                                                                                                       

Mean 4.81 5.34 5.28 5.79
CV (%) 24.6 44.2 29.6 43.8

                                                                                                                                              

Copper (μg/L) GP2 NSW GP2 NSW

247 256 260 277
215 211 236 223
268 240 NC5 238

                                                                                                                                             

Mean 243 236 248 246
CV (%) 10.9 9.8 6.9 11.2

   

1 Tests performed by George Morrison and Glen Modica, ERL-N, USEPA, Narragansett, RI.
2 Three replicate exposure chambers with 10-15 larvae per treatment.
3 Adults collected in the field.
4 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance.
5 NC= No linear interpolation estimate could be calculated from the data,  since none of the group response 

means were less than 50 percent of the control response mean.
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TABLE 23.  PRECISION OF POINT ESTIMATES FOR VARIOUS SAMPLE TYPES1

Test Endpoint Sample Type
CV (%)2

Within-lab3 Between-lab4 Total5

IC25 Reference toxicant 22.0 29.1 36.4

Effluent 7.24 55.5 56.0

Receiving water - - 39.1

Average 14.6 42.3 43.8

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 CVs were calculated based on the within-laboratory component of variability, the between-laboratory

component of variability, and the total interlaboratory variability (including both within-laboratory and between-
laboratory components).  For the receiving water sample type, within-laboratory and between-laboratory
components of variability could not be calculated since the study design did not provide within-laboratory
replication for this sample type.

3 The within-laboratory (intralaboratory) component of variability for duplicate samples tested at the same time in
the same laboratory.

4 The between-laboratory component of variability for duplicate samples tested at different laboratories.
5 The total interlaboratory variability, including within-laboratory and between-laboratory components of

variability.  The total interlaboratory variability is synonymous with interlaboratory variability reported from
other studies where individual variability components are not separated. 
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TABLE 24. FREQUENCY DISTRIBUTION OF HYPOTHESIS TESTING RESULTS FOR VARIOUS
SAMPLE TYPES1

Test Endpoint Sample Type
Median
NOEC
Value

% of Results at
the Median

% of Results
±12

% of Results 
�23

Survival NOEC Reference toxicant 12.5% 72.7 18.2 9.09

Effluent 25% 38.5 46.1 15.4

Receiving water 25% 57.1 28.6 14.3

Growth 
NOEC

Reference toxicant 12.5% 72.7 18.2 9.09

Effluent 25% 41.7 50.0 8.33

Receiving water 25% 57.1 28.6 14.3

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 Percent of values at one concentration interval above or below the median.  Adding this percentage to the

percent of values at the median yields the percent of values within one concentration interval of the median.
3 Percent of values two or more concentration intervals above or below the median.
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SECTION 14

TEST METHOD

MYSID, MYSIDOPSIS BAHIA, SURVIVAL,

GROWTH, AND FECUNDITY TEST

METHOD 1007.0

14.1   SCOPE AND APPLICATION 

14.1.1   This method, adapted in part from USEPA (1987d), estimates the chronic toxicity of effluents and receiving
waters to the mysid, Mysidopsis bahia, during a seven-day, static renewal exposure.  The effects include the
synergistic, antagonistic, and additive effects of all the chemical, physical, and additive components which
adversely affect the physiological and biochemical functions of the test organisms.

14.1.2   Daily observations on mortality make it possible to also calculate acute toxicity for desired exposure periods
(i.e., 24-h, 48-h, 96-h LC50s).

14.1.3   Detection limits of the toxicity of an effluent or pure substance are organism dependent. 

14.1.4   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling and because the test chambers are not sealed, highly
volatile and highly degradable toxicants present in the source may not be detected in the test. 

14.1.5   This test is commonly used in one of two forms:  (1) a definitive test, consisting of a minimum of five
effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving water
concentrations and a control.  

14.2   SUMMARY OF METHOD 

 
14.2.1   Mysidopsis bahia 7-day old juveniles are exposed to different concentrations of effluent, or to receiving
water in a static system, during the period of egg development. The test endpoints are survival, growth (measured as
dry weight), and fecundity (measured as the percentage of females with eggs in the oviduct and/or brood pouch). 

14.3   INTERFERENCES 

14.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies). 

14.3.2   Improper effluent sampling and handling may adversely affect test results (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

14.3.3   The test results can be confounded by (1) the presence of pathogenic and/or predatory organisms in the
dilution water, effluent, and receiving water, (2) the condition of the brood stock from which the test animals were
taken, (3) the amount and type of natural food in the effluent, receiving water, or dilution water, (4) nutritional
value of the brine shrimp, Artemia nauplii, fed during the test, and (5) the quantity of brine shrimp, Artemia nauplii,
or other food added during the test, which may sequester metals and other toxic substances, and lower the DO. 

14.3.4   pH drift during the test may contribute to artifactual toxicity when ammonia or other pH-dependent
toxicants (such as metals) are present.  As pH increases, the toxicity of ammonia also increases (see Subsection
8.8.6), so upward pH drift may increase sample toxicity.  For metals, toxicity may increase or decrease with
increasing pH.  Lead and copper were found to be more acutely toxic at pH 6.5 than at pH 8.0 or 8.5, while nickel
and zinc were more toxic at pH 8.5 than at pH 6.5 (USEPA, 1992).  In situations where sample toxicity is confirmed
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to be artifactual and due to pH drift (as determined by parallel testing as described in Subsection 14.3.4.1), the
regulatory authority may allow for control of sample pH during testing using procedures outlined in Subsection
14.3.4.2.  It should be noted that artifactual toxicity due to pH drift is not likely to occur unless pH drift is large
(more than 1 pH unit) and/or the concentration of some pH-dependent toxicant in the sample is near the threshold
for toxicity. 

14.3.4.1   To confirm that toxicity is artifactual and due to pH drift, parallel tests must be conducted, one with
controlled pH and one with uncontrolled pH.  In the uncontrolled-pH treatment, the pH is allowed to drift during the
test.  In the controlled-pH treatment, the pH is maintained using the procedures described in Subsection 14.3.4.2. 
The pH to be maintained in the controlled-pH treatment (or target pH) will depend on the objective of the test.  If
the objective of the WET test is to determine the toxicity of the effluent in the receiving water, the pH should be
maintained at the pH of the receiving water (measured at the edge of the regulatory mixing zone).  If the objective
of the WET test is to determine the absolute toxicity of the effluent, the pH should be maintained at the pH of the
sample after adjusting the sample salinity for use in marine testing.  

14.3.4.1.1   During parallel testing, the pH must be measured in each treatment at the beginning (i.e., initial pH) and
end (i.e., final pH) of each 24-h exposure period.  For each treatment, the mean initial pH (e.g., averaging the initial
pH measured each day for a given treatment) and the mean final pH (e.g., averaging the final pH measured each day
for a given treatment) must be reported.  pH measurements taken during the test must confirm that pH was
effectively maintained at the target pH in the controlled-pH treatment.  For each treatment, the mean initial pH and
the mean final pH should be within ± 0.3 pH units of the target pH.  Test procedures for conducting toxicity
identification evaluations (TIEs) also recommend maintaining pH within ± 0.3 pH units in pH-controlled tests
(USEPA, 1996).

14.3.4.1.2   Total ammonia also should be measured in each treatment at the outset of parallel testing.  Total
ammonia concentrations greater than 5 mg/L in the 100% effluent are an indicator that toxicity observed in the test
may be due to ammonia (USEPA, 1992).  

14.3.4.1.3   Results from both of the parallel tests (pH-controlled and uncontrolled treatments) must be reported to
the regulatory authority.  If the uncontrolled test meets test acceptability criteria and shows no toxicity at the
permitted instream waste concentration, then the results from this test should be used for determining compliance. 
If the uncontrolled test shows toxicity at the permitted instream waste concentration, then the results from the pH-
controlled test should be used for determining compliance, provided that this test meets test acceptability criteria
and pH was properly controlled (see Subsection 14.3.4.1.1).  

14.3.4.1.4   To confirm that toxicity observed in the uncontrolled test was artifactual and due to pH drift, the results
of the controlled and uncontrolled-pH tests are compared.  If toxicity is removed or reduced in the pH-controlled
treatment, artifactual toxicity due to pH drift is confirmed for the sample.  To demonstrate that a sample result of
artifactual toxicity is representative of a given effluent, the regulatory authority may require additional information
or additional parallel testing before pH control (as described in Subsection 14.3.4.2) is applied routinely to
subsequent testing of the effluent. 

14.3.4.2   The pH can be controlled with the addition of acids and bases and/or the use of a CO2-controlled
atmosphere over the test chambers.  pH is adjusted with acids and bases by dropwise adding 1N NaOH or 1N HCl
(see Subsection 8.8.9).  The addition of acids and bases should be minimized to reduce the amount of additional
ions (Na or Cl) added to the sample.  pH is then controlled using the CO2-controlled atmosphere technique.  This
may be accomplished by placing test solutions and test organisms in closed headspace test chambers, and then
injecting a predetermined volume of CO2 into the headspace of each test chamber (USEPA, 1991b; USEPA, 1992);
or by placing test chambers in an atmosphere flushed with a predetermined mixture of CO2 and air (USEPA, 1996). 
Prior experimentation will be needed to determine the appropriate CO2/air ratio or the appropriate volume of CO2 to
inject.  This volume will depend upon the sample pH, sample volume, container volume, and sample constituents. 
If more than 5% CO2 is needed, adjust the solutions with acids (1N HCl) and then flush the headspace with no more
than 5% CO2 (USEPA, 1992).  If the objective of the WET test is to determine the toxicity of the effluent in the
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receiving water, atmospheric CO2 in the test chambers is adjusted to maintain the test pH at the pH of the receiving
water (measured at the edge of the regulatory mixing zone).  If the objective of the WET test is to determine the
absolute toxicity of the effluent, atmospheric CO2 in the test chambers is adjusted to maintain the test pH at the pH
of the sample after adjusting the sample salinity for use in marine testing.  USEPA (1996) and Mount and Mount
(1992) provide techniques and guidance for controlling test pH using a CO2-controlled atmosphere.  In pH-
controlled testing, control treatments must be subjected to all manipulations that sample treatments are subjected to. 
These manipulations must be shown to cause no lethal or sublethal effects on control organisms.  In pH-controlled
testing, the pH also must be measured in each treatment at the beginning and end of each 24-h exposure period to
confirm that pH was effectively controlled at the target pH level. 

14.4   SAFETY  

14.4.1   See Section 3, Health and Safety. 

14.5   APPARATUS AND EQUIPMENT 

 
14.5.1   Facilities for holding and acclimating test organisms. 
 
14.5.2   Brine shrimp, Artemia, culture unit -- see Subsection 14.6.12 below and Section 4, Quality Assurance. 
 
14.5.3   Mysid, Mysidopsis bahia, culture unit -- see Subsection 14.13 below.  This test requires a minimum of 240
7-day old (juvenile) mysids.  It is preferable to obtain the test organisms from an in-house culture unit.  If it is not
feasible to culture mysids in-house, juveniles can be obtained from other sources, if shipped in well oxygenated
saline water in insulated containers. 
 
14.5.4   Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h composite
sample of 5 L. 
 
14.5.5   Environmental chamber or equivalent facility with temperature control (26 ± 1°C). 
 
14.5.6   Water purification system -- Millipore Milli-Q®, deionized water or equivalent. 
 
14.5.7   Balance -- Analytical, capable of accurately weighing to 0.00001 g. 
 
14.5.8   Reference weights, Class S -- for checking performance of balance.  Weights should bracket the expected
weights of the weighing pans and weighing pans plus organisms. 
 
14.5.9   Drying oven -- 50-105°C range, for drying organisms. 
 
14.5.10   Desiccator -- for holding dried organisms. 

14.5.11   Air pump -- for oil-free air supply. 

14.5.12   Air lines, and air stones -- for aerating cultures, brood chambers, and holding tanks, and supplying air to
test solutions with low DO. 

14.5.13   Meters, pH and DO -- for routine physical and chemical measurements. 

14.5.14   Tray -- for test vessels; approximately 90 X 48 cm to hold 56 vessels. 

14.5.15   Standard or micro-Winkler apparatus -- for determining DO and checking DO meters. 
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14.5.16   Dissecting microscope (350-400X magnification) -- for examining organisms in the test vessels to
determine their sex and to check for the presence of eggs in the oviducts of the females. 

14.5.17   Light box -- for illuminating organisms during examination. 
 
14.5.18   Refractometer or other method -- for determining salinity. 
 
14.5.19   Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures. 
 
14.5.20   Thermometers, bulb-thermograph or electronic-chart type -- for continuously recording temperature. 

14.5.21   Thermometer, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA, 1979b) -- to
calibrate laboratory thermometers. 
 
14.5.22   Test chambers -- 200 mL borosilicate glass beakers or non-toxic 8 oz disposable plastic cups or other
similar containers.  Forty-eight (48) test vessels are required for each test (eight replicates at each of five effluent
concentrations and a control).  To avoid potential contamination from the air and excessive evaporation of test
solutions during the test, the chambers should be covered with safety glass plates or sheet plastic (6 mm thick).
 
14.5.23   Beakers or flasks -- six, borosilicate glass or non-toxic plasticware, 2000 mL for making test solutions. 
 
14.5.24   Wash bottles -- for deionized water, for washing organisms from containers and for rinsing small
glassware and instrument electrodes and probes. 
 
14.5.25   Volumetric flasks and graduated cylinders -- Class A, borosilicate glass or non-toxic plastic labware,
50-2000 mL for making test solutions. 
 
14.5.26   Separatory funnels, 2-L -- Two-four for culturing Artemia. 
 
14.5.27   Pipets, volumetric -- Class A, 1-100 mL. 
 
14.5.28   Pipets, automatic -- adjustable, 1-100 mL. 

14.5.29   Pipets, serological -- 1-10 mL, graduated. 

14.5.30   Pipet bulbs and fillers -- PROPIPET®, or equivalent. 

14.5.31   Droppers, and glass tubing with fire polished edges, 4 mm ID -- for transferring organisms. 

14.5.32    Forceps -- for transferring organisms to weighing pans. 

14.5.33   NITEX® or stainless steel mesh sieves (�150 μm, 500-1000 μm, 3-5 mm) -- for concentrating organisms.  

14.5.34   Depression glass slides or depression spot plates -- two, for observing organisms. 

14.6   REAGENTS AND CONSUMABLE MATERIALS 

14.6.1   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

14.6.2   Data sheets (one set per test) -- for data recording (Figures 2, 7, and 8). 

14.6.3   Tape, colored -- for labeling test chambers. 
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14.6.4   Markers, waterproof -- for marking containers, etc.

14.6.5   Weighing pans, aluminum -- to determine the dry weight of organisms.

14.6.6   Buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) -- for standards and
calibration check (see USEPA Method 150.1, USEPA, 1979b). 
 
14.6.7   Membranes and filling solutions -- for dissolved oxygen probe (see USEPA Method 360.1, USEPA,
1979b), or reagents for modified Winkler analysis. 

14.6.8   Laboratory quality assurance samples and standards -- for the above methods. 
 
14.6.9   Reference toxicant solutions -- see Section 4, Quality Assurance. 
 
14.6.10   Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic to
the test organisms (see Section 5, Facilities, Equipment, and Supplies). 

14.6.11   Effluent, receiving water, and dilution water -- see Section 7, Dilution Water, and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests.  Dilution water
containing organisms that might prey upon or otherwise interfere with the test organisms should be filtered through
a fine mesh net (with 150 μm or smaller openings). 

14.6.11.1   Saline test and dilution water -- The salinity of the test water must be in the range of 20‰ to 30‰.  The
salinity should vary by no more than ± 2‰ among the chambers on a given day.  If effluent and receiving water
tests are conducted concurrently, the salinities of these tests should be similar. 
 
14.6.11.2   The overwhelming majority of industrial and sewage treatment effluents entering marine and estuarine
systems contain little or no measurable salts.  Exposure of mysids to these effluents will require adjustments in the
salinity of the test solutions.  It is important to maintain a constant salinity across all treatments.  In addition, it may
be desirable to match the test salinity with that of the receiving water.  Two methods are available to adjust salinities
– a hypersaline brine (HSB) derived from natural seawater or artificial sea salts.  

14.6.11.3   HSB has several advantages that make it desirable for use in toxicity testing.  It can be made from any
high quality, filtered seawater by evaporation, and can be added to the effluent or to deionized water to increase the
salinity.  Brine derived from natural seawater contains the necessary trace metals, biogenic colloids, and some of the
microbial components necessary for adequate growth, survival, and/or reproduction of marine and estuarine
organisms, and may be stored for prolonged periods without any apparent degradation.  However, if 100‰ HSB is
used as a diluent, the maximum concentration of effluent that can be tested is 80% effluent at 30‰ salinity and 70%
effluent at 30‰ salinity. 

14.6.11.3.1   The ideal container for making brine from natural seawater is one that (1) has a high surface to volume
ratio, (2) is made of a non-corrosive material, and (3) is easily cleaned (fiberglass containers are ideal).  Special care
should be used to prevent any toxic materials from coming in contact with the seawater being used to generate the
brine.  If a heater is immersed directly into the seawater, ensure that the heater materials do not corrode or leach any
substances that would contaminate the brine.  One successful method used is a thermostatically controlled heat
exchanger made from fiberglass.  If aeration is used, only oil-free air compressors should be used to prevent
contamination. 
 
14.6.11.3.2   Before adding seawater to the brine generator, thoroughly clean the generator, aeration supply tube,
heater, and any other materials that will be in direct contact with the brine.  A good quality biodegradable detergent
should be used, followed by several (at least three) thorough deionized water rinses.  
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14.6.11.3.3   High quality (and preferably high salinity) seawater should be filtered to at least 10 μm before placing
into the brine generator.  Water should be collected on an incoming tide to minimize the possibility of
contamination. 

14.6.11.3.4   The temperature of the seawater is increased slowly to 40°C.  The water should be aerated to prevent
temperature stratification and to increase water evaporation.  The brine should be checked daily (depending on the
volume being enerated) to ensure that the salinity does not exceed 100‰ and that the temperature does not exceed
40°C.  Additional seawater may be added to the brine to obtain the volume of brine required. 

14.6.11.3.5   After the required salinity is attained, the HSB should be filtered a second time through a 1 mm filter
and poured directly into portable containers (20-L cubitainers or polycarbonate water cooler jugs are suitable).  The
containers should be capped and labeled with the date the brine was generated and its salinity.  Containers of HSB
should be stored in the dark and maintained under room temperature until used. 

14.6.11.3.6   If a source of HSB is available, test solutions can be made by following the directions below. 
Thoroughly mix together the deionized water and HSB before mixing in the effluent. 

14.6.11.3.7   Divide the salinity of the HSB by the expected test salinity to determine the proportion of deionized
water to brine.  For example, if the salinity of the brine is 100‰ and the test is to be conducted at 20‰, 100‰
divided by 20‰ = 5.0.  The proportion of brine is 1 part in 5 (one part brine to four parts deionized water).  To
make 1 L of seawater at 20‰ salinity from a HSB of 100‰, 200 mL of brine and 800 mL of deionized water are
required. 

14.6.11.3.8   Table 2 illustrates the composition of 1800 mL test solutions at 20‰ if they are made by combining
effluent (0‰), deionized water and HSB of 100‰ (only).  The volume (mL) of brine required is determined by
using the amount calculated above.  In this case, 200 mL of brine is required for 1 L; therefore, 360 mL would be
required for 1.8 L of solution.  The volumes of HSB required are constant.  The volumes of deionized water are
determined by subtracting the volumes of effluent and brine from the total volume of solution:  1800 mL - mL
effluent - mL brine = mL deionized water. 

14.6.11.4   Artificial sea salts:  FORTY FATHOMS® brand sea salts have been used successfully to culture and
perform life cycle tests with mysids (Horne, et al., 1983; ASTM, 1993) (see Section 7, Dilution Water).  HW
MARINEMIX® sea salts have been used successfully to culture mysids and perform the mysid toxicity test (USEPA
Region 6 Houston Laboratory; EMSL-Cincinnati).  In addition, a slightly modified version of the GP2 medium
(Spotte et al., 1984) has been successfully used to perform the mysid survival, growth, and fecundity test (Table 1). 

14.6.11.4.1   Synthetic sea salts are packaged in plastic bags and mixed with deionized water or equivalent.  The
instructions on the package of sea salts should be followed carefully, and the salts should be mixed in a separate
container -- not in the culture tank.  The deionized water used in hydration should be in the temperature range of 21-
26°C.  Seawater made from artificial sea salts is conditioned (Spotte, 1973; Spotte, et al., 1984; Bower, 1983)
before it is used for culturing or testing.  After adding the water, place an airstone in the container, cover, and aerate
the solution mildly for 24 h before use.

14.6.11.4.2   The GP2 reagent grade chemicals (Table 1) should be mixed with deionized (DI) water or its
equivalent in a container other than the culture or testing tanks.  The deionized water used for hydration should be
between 21-26°C.  The artificial seawater must be conditioned (aerated) for 24 h before use as the testing medium. 
If the solution is to be autoclaved, sodium bicarbonate is added after the solution has cooled.  A stock solution of
sodium bicarbonate is made up by dissolving 33.6 g NaHCO3 in 500 mL of deionized water.  Add 2.5 mL of this
stock solution for each liter of the GP2 artificial seawater.
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TABLE 1. REAGENT GRADE CHEMICALS USED IN THE PREPARATION OF GP2 ARTIFICIAL
SEAWATER FOR THE MYSID, MYSIDOPSIS BAHIA, TOXICITY TEST1,2,3

Compound Concentration Amount (g)
       (g/L) Required for

       20L

NaCl 21.03 420.6

Na2SO4 3.52 70.4

Kcl 0.61 12.2

KBr 0.088 1.76

Na2B4O7�10 H2O 0.034 0.68

MgCl2�6 H2O 9.50 190.0

CaCl2�2 H2O 1.32 26.4

SrCl2�6 H2O 0.02 0.400

NaHCO3 0.17 3.40

1 Modified GP2 from Spotte et al. (1984).
2 The constituent salts and concentrations were taken from USEPA (1990b). The salinity is 30.89 g/L.
3 GP2 can be diluted with deionized (DI) water to the desired test salinity.

14.6.12   BRINE SHRIMP, ARTEMIA, NAUPLII -- for feeding cultures and test organisms.

14.6.12.1   Newly hatched Artemia nauplii are used for food for the stock cultures and test organisms.  Although
there are many commercial sources of brine shrimp cysts, the Brazilian or Colombian strains are preferred because
the supplies examined have had low concentrations of chemical residues and produce nauplii of suitably small size.  
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TABLE 2. QUANTITIES OF EFFLUENT, DEIONIZED WATER, AND HYPERSALINE BRINE (100‰)
NEEDED TO PREPARE 1800 ML VOLUMES OF TEST SOLUTION WITH A SALINITY OF
20‰

   Effluent Volume of Volume of  Volume of
Concentration  Effluent Deionized Hypersaline Total Volume
    (%)   (0‰)   Water     Brine     (mL)

  (mL)   (mL)     (mL)

80   1440 0 360 1800
40 720 720 360 1800
20 360 1080 360 1800
10 180 1260 360 1800

5 90 1350 360 1800
Control 0 1440 360 1800

Total  2790 5850 2160 10800

14.6.12.2   Each new batch of Artemia cysts must be evaluated for size (Vanhaecke and Sorgeloos, 1980, and
Vanhaecke et al., 1980) and nutritional suitability (Leger, et al., 1985, Leger, et al., 1986) against known suitable
reference cysts by performing a side-by-side larval growth test using the "new" and "reference" cysts.  The
"reference" cysts used in the suitability test may be a previously tested and acceptable batch of cysts.  A sample of
newly-hatched Artemia nauplii from each new batch of cysts should be chemically analyzed.  The Artemia cysts
should not be used if the concentration of total organic chlorine exceeds 0.15 μg/g wet weight or the total
concentration of organochlorine pesticides plus PCBs exceeds 0.30 μg/g wet weight (For analytical methods see
USEPA, 1982).

14.6.12.2.1   Artemia nauplii are obtained as follows: 

1 Add 1 L of seawater, or an aqueous uniodized salt (NaCl) solution   prepared with 35 g salt or
artificial sea salts to 1 L of deionized water, to a 2-L separatory funnel, or equivalent. 

2. Add 10 mL Artemia cysts to the separatory funnel and aerate for 24 h at 27°C.    Hatching time
varies with incubation temperature and the geographic strain of Artemia used (see USEPA, 1985a;
USEPA, 2002a; ASTM, 1993). 

3. After 24 h, cut off the air supply in the separatory funnel.  Artemia nauplii are phototactic, and
will concentrate at the bottom of the funnel if it is covered for 5-10 minutes.  To prevent mortality,
do not leave the concentrated nauplii at the bottom of the funnel more than 10 min without
aeration.

4. Drain the nauplii into a beaker or funnel fitted with a 150 μm NITEX® or stainless steel screen,
and rinse with seawater or equivalent before use.

14.6.12.3   Testing Artemia nauplii as food for toxicity test organisms. 

14.6.12.3.1   The primary criteria for acceptability of each new supply of brine shrimp, cysts is adequate survival,
growth, and reproduction of the mysids.  The mysids used to evaluate the acceptability of the brine shrimp nauplii
must be of the same geographical origin and stage of development (7 days old) as those used routinely in the
toxicity tests.  Sufficient data to detect differences in survival and growth should be obtained by using eight
replicate test chambers, each containing 5 mysids, for each type of food. 
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 14.6.12.3.2   The feeding rate and frequency, test vessels, volume of control water, duration of the test, and age of
the Artemia nauplii at the start of the test, should be the same as used for the routine toxicity tests. 

14.6.12.3.3   Results of the brine shrimp, Artemia, nauplii nutrition assay, where there are only two treatments, can
be evaluated statistically by use of a t test.  The "new" food is acceptable if there are no statistically significant
differences in the survival, growth, and reproduction of the mysids fed the two sources of nauplii. 
 
14.6.13   TEST ORGANISMS, Mysidopsis bahia (see Rodgers et al., 1986 and USEPA, 2002a for information on
mysid ecology).  The genus name of this organism was formally changed to Americamysis (Price et al., 1994);
however, the method manual will continue to refer to Mysidopsis bahia to maintain consistency with previous
versions of the method.
 
14.6.13.1   Brood Stock
 
14.6.13.1.1   To provide an adequate supply of juveniles for a test, mysid, Mysidopsis bahia, cultures should be
started at least four weeks before the test animals are needed.  At least 200 mysids, Mysidopsis bahia, should be
placed in each culture tank to ensure that 1500 to 2000 animals will be available by the time preparations for a test
are initiated. 

14.6.13.1.2   Mysids, Mysidopsis bahia, may be shipped or otherwise transported in polyethylene bottles or
CUBITAINERS®.  Place 50 animals in 700 mL of seawater in a 1-L shipping container.  To control bacterial growth
and prevent DO depletion during shipment, do not add food.  Before closing the shipping container, oxygenate the
water for 10 min.  The mysids, Mysidopsis bahia, will starve if not fed within 36 h, therefore, they should be
shipped so that they are not in transit more than 24 h. 
 
14.6.13.1.3   The identification of the Mysidopsis bahia stock culture should be verified using the key from Heard
(1982), Price (1978), Price, (1982),  Stuck et al. (1979a), and Stuck et al. (1979b).  Records of the verification
should be retained along with a few of the preserved specimens. 
 
14.6.13.1.4   Glass aquaria (120- to 200-L) are recommended for cultures.  Other types of culture chambers may
also be convenient.  Three or more separate cultures should be maintained to protect against loss of the entire
culture stock in case of accident, low DO, or high nitrite levels, and to provide sufficient numbers of juvenile
mysids, Mysidopsis bahia, for toxicity tests.  Fill the aquaria about three-fourths full of seawater.  A flow-through
system is recommended if sufficient natural seawater is available, but a closed, recirculating or static renewal
system may be used if proper water conditioning is provided and care is exercised to keep the pH above 7.8 and
nitrite levels below 0.05 mg/L. 
 
14.6.13.1.5   Standard aquarium undergravel filters should be used with either the flow-through or recirculating
system to provide aeration and a current conducive to feeding (Gentile et al., 1983). The undergravel filter is
covered with a prewashed, coarse (2-5 mm) dolomite substrate, 2.5 cm deep for flow-through cultures or 10 cm
deep for recirculating cultures. 
 
14.6.13.1.6   The recirculating culture system is conditioned as follows: 

1. After the dolomite has been added, the filter is attached to the air supply and operated for 24 h. 
2. Approximately 4 L of seed water obtained from a successfully operating culture is added to the

culture chamber. 
3. The nitrite level is checked daily with an aquarium test kit or with EPA Method 354.1 

(USEPA, 1979b). 
4. Add about 30 mL of concentrated Artemia nauplii every other day until the nitrite level reaches at

least 2.0 mg/L. The nitrite will continue to rise for several days without adding more Artemia
nauplii and will then slowly decrease to less than 0.05 mg/L. 
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5. After the nitrite level falls below 0.05 mg/L, add another 30 mL of Artemia nauplii concentrate
and check the nitrite concentration every day. 

6. Continue this cycle until the addition of Artemia nauplii does not  cause a rise in the nitrite
concentration.  The culture chamber is  then conditioned and is ready to receive mysids. 

7. Add only a few (5-20) mysids at first, to determine if conditions are favorable. If these mysids are
still doing well after a week, several hundred more can be added. 

14.6.13.1.7   It is important to add enough food to keep the adult animals from cannibalizing the young, but not so
much that the DO is depleted or that there is a buildup of toxic concentrations of ammonia and nitrite.  Just enough
newly-hatched Artemia nauplii are fed twice a day so that each feeding is consumed before the next feeding. 

14.6.13.1.8   Natural seawater is recommended as the culture medium, but HSB may be used to make up the culture
water if natural seawater is not available.  EMSL-Cincinnati has successfully used FORTY FATHOMS® artificial
sea salts for culturing and toxicity tests of mysids, and USEPA, Region 6 has used HW MARINEMIX® artificial sea
salts. 

14.6.13.1.9   Mysids, Mysidopsis bahia, should be cultured at a temperature of 26 ± 1°C. No water temperature
control equipment is needed if the ambient laboratory temperature remains in the recommended range, and if there
are no frequent, rapid, large temperature excursions in the culture room. 
 
14.6.13.1.10   The salinity should be maintained at 30 ± 2‰, or at a lower salinity (but not less than 20‰) if most of
the tests will be conducted at a lower salinity. 

14.6.13.1.11   Day/night cycles prevailing in most laboratories will provide adequate illumination for normal growth
and reproduction. A 16-h/8-h day/night cycle in which the light is gradually increased and decreased to simulate
dawn and dusk conditions, is recommended. 

14.6.13.1.12   Mysid, Mysidopsis bahia, culture may suffer if DOs fall below 5 mg/L for extended periods.  The
undergravel filter will usually provide sufficient DO.  If the DO drops below 5 mg/L at 25°C and 30‰, additional
aeration should be provided.  Measure the DO in the cultures daily the first week and then at least weekly thereafter. 

14.6.13.1.13   Suspend a clear glass or plastic panel over the cultures, or use some other means of excluding dust
and dirt, but leave enough space between the covers and culture tanks to allow circulation of air over the cultures. 

14.6.13.1.14   If hydroids or worms appear in the cultures, remove the mysids and clean the chambers thoroughly,
using soap and hot water.  Rinse once with acid (10% HCl) and three times with distilled or deionized water. 
Mysids with attached hydroids should be discarded.  Those without hydroids should be transferred by hand
pipetting into three changes of clean seawater before returning them to the cleaned culture chamber.  To guard
against predators, natural seawater should be filtered through a net with 30 μm mesh openings before entering the
culture vessels. 

14.6.13.1.15   Mysids, Mysidopsis bahia, are very sensitive to low pH and sudden changes in temperature.  Care
should be taken to maintain the pH at 8.0 ± 0.3, and to limit rapid changes in water temperature to less than 3°C. 
 
14.6.13.1.16   Mysids, Mysidopsis bahia, should be handled carefully and as little as possible so that they are not
unnecessarily stressed or injured.  They should be transferred between culture chambers with long handled cups
with netted bottoms.  Animals should be transferred to the test vessels with a large bore pipette (4-mm), taking care
to release the animals under the surface of the water.  Discard any mysids that are injured during handling. 
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14.6.13.1.17   Culture Maintenance (Also See USEPA, 2002a)
 
14.6.13.1.17.1   Cultures in closed, recirculating systems are fed twice a day.  If no nauplii are present in the culture
chamber after four hours, the amount of food should be increased slightly.  In flow-through systems, excess food
can be a problem by promoting bacterial growth and low dissolved oxygen. 

14.6.13.1.17.2   Careful culture maintenance is essential.  The organisms should not be allowed to become too
crowded.  The cultures should be cropped as often as necessary to maintain a density of about 20 mysids per liter. 
At this density, at least 70% of the females should have eggs in their brood pouch.  If they do not, the cultures are
probably under stress, and the cause should be found and corrected.  If the cause cannot be found, it may be
necessary to restart the cultures with a clean culture chamber, a new batch of culture water, and clean gravel. 

14.6.13.1.17.3   In closed, recirculating systems, about one third of the culture water should be replaced with newly
prepared seawater every week.  Before siphoning the old media from the culture, it is recommended that the sides of
the vessel be scraped and the gravel carefully turned over to prevent excessive buildup of algal growth.  Twice a
year the mysids should be removed from the recirculating cultures, the gravel rinsed in clean seawater, the sides of
the chamber washed with clean seawater, and the gravel and animals returned to the culture vessel with newly
conditioned seawater.  No detergent should be used, and care should be taken not to rinse all the bacteria from the
gravel. 

14.6.13.2   Test Organisms 

14.6.13.2.1   The test is begun with 7-day-old juveniles.  To have the test animals available and acclimated to test
conditions at the start of the test, gravid females must be obtained from the stock culture eight days in advance of
the test.  Whenever possible, brood stock should be obtained from cultures having similar salinity, temperature, light
regime, etc., as are to be used in the toxicity test. 

14.6.13.2.2   Eight days before the test is to start, sufficient gravid females are placed in brood chambers.  Assuming
that 240 juveniles are needed for each test, approximately half this number (120) of gravid females should be
transferred to brood chambers.  The mysids are removed from the culture tank with a net or netted cup and placed in
20-cm diameter finger bowls.  The gravid females are transferred from the finger bowls to the brood chambers with
a large-bore pipette or, alternatively, are transferred by pouring the contents of the finger bowls into the water in the
brood chambers. 

14.6.13.2.3   The mysid juveniles may be collected for the toxicity tests by transferring gravid females from the
stock cultures to netted (1000 μm) flow-through containers (Figure 1) held within 4-L glass, wide-mouth separatory
funnels.  Newly released juveniles can pass through the netting, whereas the females are retained.  The gravid
females are fed newly hatched Artemia nauplii, and are held overnight to permit the release of young.  The juvenile
mysids are collected by opening the stopcock on the funnel and collecting them in another container from which
they are transferred to holding tanks using a wide bore (4 mm ID) pipette.  The brood chambers usually require
aeration to maintain sufficient DO and to keep the food in suspension.
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Figure 1. Apparatus (brood chamber) for collection of juvenile mysids,
Mysidopsis bahia.  From USEPA (1987d). 

14.6.13.2.4   The temperature in the brood chamber should be maintained at the upper acceptable culture limit (26 -
27°C), or 1°C higher than the cultures, to encourage faster brood release.  At this temperature, sufficient juveniles
should be produced for the test. 

14.6.13.2.5   The newly released juveniles (age = 0 days) are transferred to 20-L glass aquaria (holding vessels)
which are gently aerated.  Smaller holding vessels may be used, but the density of organisms should not exceed 10
mysids per liter.  The test animals are held in the holding vessel for six days prior to initiation of the test.  The
holding medium is renewed every other day. 
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14.6.13.2.6   During the holding period, the mysids are acclimated to the salinity at which the test will be conducted,
unless already at that salinity.  The salinity should be changed no more than 2‰ per 24 h to minimize stress on the
juveniles. 
 
14.6.13.2.7   The temperature during the holding period is critical to mysid development, and must be maintained at
26 ± 1°C.  If the temperature cannot be maintained in this range, it is advisable to hold the juveniles an additional
day before beginning the test.

14.6.13.2.8   During the holding period, just enough newly-hatched Artemia nauplii are fed twice a day (a total of at
least 150 nauplii per mysid per day) so that some food is constantly present.

14.6.13.2.9   If the test is to be performed in the field, the juvenile mysids, Mysidopsis bahia, should be gently
siphoned into 1-L polyethylene wide-mouth jars with screw-cap lids filled two-thirds full with clean seawater from
the holding tank.  The water in these jars is aerated for 10 min, and the jars are capped and packed in insulated
boxes for shipment to the test site.  Food should not be added to the jars to prevent the development of excessive
bacterial growth and a reduction in DO. 

14.6.13.2.10   Upon arrival at the test site (in less than 24 h) the mysids, Mysidopsis bahia, are gently poured from
the jars into 20-cm diameter glass culture dishes.  The jars are rinsed with salt water to dislodge any mysids that may
adhere to the sides.  If the water appears milky, siphon off half of it with a netted funnel (to avoid siphoning the
mysids) and replace with clean salt water of the same salinity and temperature.  If no Artemia nauplii are present in
the dishes, feed about 150 Artemia nauplii per mysid.

14.6.13.2.11  The pre-test holding conditions of test organisms (as well as the test conditions) have been shown to
significantly influence the success of achieving the test acceptability criteria for the fecundity endpoint (egg
production by 50% or more of control females).  Temperature, feeding, and organism density are important factors
in the rate of mysid development.  Laboratories should optimize these factors (within the limits of the test
procedure) during both the pre-test holding period and the testing period to encourage achieving the test
acceptability criteria for the fecundity endpoint.  If test organisms are purchased, the testing laboratory should also
confer with the supplier to ensure that pre-test holding conditions are optimized to successfully achieve the
fecundity endpoint.  Lussier et al. (1999) found that by increasing holding temperature and test temperature from
26°C ± 1°C to 26°C - 27°C and maintaining holding densities to �10 organisms / L, the percentage of tests meeting
the test acceptability criteria for fecundity increased from 60% to 97%.  While the fecundity endpoint is an optional
endpoint, it is often the most sensitive measure of toxicity, and the 7-d mysid test estimates the chronic toxicity of
effluents most effectively when all three endpoints (survival, growth, and fecundity) are measured (Lussier et al.
1999). 

14.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE

14.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests. 

14.8   CALIBRATION AND STANDARDIZATION

14.8.1   See Section 4, Quality Assurance. 

14.9   QUALITY CONTROL 

14.9.1   See Section 4, Quality Assurance. 

14.9.2   The reference toxicant recommended for use with the mysid 7-day test is copper sulfate or sodium dodecyl
sulfate. 
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14.10   TEST PROCEDURES 

14.10.1   TEST DESIGN 

14.10.1.1   The test consists of at least five effluent concentrations plus a site water control and a reference water
treatment (natural seawater or seawater made up from hypersaline brine, or equivalent).

14.10.1.2   Effluent concentrations are expressed as percent effluent. 

14.10.1.3   Eight replicate test vessels, each containing 5 to 7 day old animals, are used per effluent concentration
and control. 

14.10.2   TEST SOLUTIONS 

14.10.2.1   Receiving waters 
 
14.10.2.1.1   The sampling point(s) is determined by the objectives of the test.  At estuarine and marine sites,
samples are usually collected at mid-depth.  Receiving water toxicity is determined with samples used directly as
collected or with samples passed through a 60 μm NITEX® filter and compared without dilution, against a control. 
Using eight replicate chambers per test, each containing 150 mL, and 400 mL for chemical analysis, would require
approximately 1.6 L or more of sample per test per day.

14.10.2.2   Effluents 

14.10.2.2.1   The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ± 100%, and testing of
concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%, 25%,
50%, and 100%).  Test precision shows little improvement as dilution factors are increased beyond 0.5 and declines
rapidly if smaller dilution factors are used.  Therefore, USEPA recommends the use of the � 0.5 dilution factor. 
If 100‰ HSB is used as a diluent, the maximum concentration of effluent that can be tested will be 80% at 20‰
and 70% at 30‰ salinity. 
 
14.10.2.2.2   If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should
be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  If high mortality is observed during the first 1-to-2 h of
the test, additional dilutions at the lower range of effluent concentrations should be added.

14.10.2.2.3   The volume of effluent required for daily renewal of eight replicates per concentration for five
concentrations of effluent and a control, each containing 150 mL of test solution, is approximately 1200 mL. 
Prepare enough test solution (approximately 1600 mL) at each effluent concentration to provide 400 mL additional
volume for chemical analyses. 
 
14.10.2.2.4   Just prior to test initiation (approximately 1 h), the temperature of a sufficient quantity of the sample to
make the test solutions should be adjusted to the test temperature (26 ± 1°C) and maintained at that temperature
during the addition of dilution water. 

14.10.2.2.5   Higher effluent concentrations (i.e., 25%, 50%, and 100%) may require aeration to maintain adequate
dissolved oxygen concentrations.  However, if one solution is aerated, all concentrations must be aerated.  Aerate
effluent as it warms and continue to gently aerate test solutions in the test chambers for the duration of the test.

14.10.2.2.6   Effluent dilutions should be prepared for all replicates in each treatment in one flask to minimize
variability among the replicates.  The test chambers (cups) are labeled with the test concentration and replicate
number.  Dispense 150 mL of the appropriate effluent dilution to each test chamber. 
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14.10.2.3   Dilution Water

14.10.2.3.1   Dilution water may be uncontaminated natural seawater (receiving water), HSB prepared from natural
seawater, or artificial seawater prepared from FORTY FATHOMS® or GP2 sea salts (see Table 1 and Section 7,
Dilution Water).  Other artificial sea salts may be used for culturing mysid and for the survival, growth, and
fecundity test if the control criteria for acceptability of test data are satisfied.

14.10.3   START OF THE TEST 

14.10.3.1   The test should begin as soon as possible, preferably within 24 h after sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site toxicity
tests unless permission is granted by the permitting authority.  In no case should the test be started more than 72 h
after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample
Preparation for Toxicity Tests). 

14.10.3.2   Begin the test by randomly placing five animals (one at a time) in each test cup of each treatment using a
large bore (4 mm ID) pipette (see Appendix A for an example of randomization).  It is easier to capture the animals
if the volume of water in the dish is reduced and the dish is placed on a light table.  It is recommended that the
transfer pipette be rinsed frequently because mysids tend to adhere to the inside surface. 

14.10.4   LIGHT, PHOTOPERIOD, SALINITY AND TEMPERATURE 

14.10.4.1   The light quality and intensity under ambient laboratory conditions are generally adequate.  Light
intensity of 10-20 μE/m2/s, or 50 to 100 foot candles (ft-c), with a photoperiod of 16 h light and 8 h darkness.  It is
critical that the test water temperature be maintained at 26 ± 1°C.  It is recommended that the test water temperature
be continuously recorded.  The salinity should vary no more than ± 2‰ among chambers on a given day.  If effluent
and receiving water tests are conducted concurrently, the salinities of these tests should be similar. 

14.10.4.1.1   If a water bath is used to maintain the test temperature, the water depth surrounding the test cups
should be at least 2.5 cm deep. 
 
14.10.4.1.2   Rooms or incubators with high volume ventilation should be used with caution because the
volatilization of the test solutions and evaporation of dilution water may cause wide fluctuations in salinity. 
Covering the test cups with clear polyethylene plastic may help prevent volatilization and evaporation of the test
solutions. 

14.10.5   DISSOLVED OXYGEN (DO) CONCENTRATION

14.10.5.1    Aeration may affect the toxicity of effluents and should be used only as a last resort to maintain a
satisfactory DO.  The DO should be measured on new solutions at the start of the test (Day 0) and before daily
renewal of test solutions on subsequent days.  The DO should not fall below 4.0 mg/L (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).  If it is necessary to
aerate, all treatments and the control should be aerated.  The aeration rate should not exceed 100 bubbles/minute,
using a pipet with a 1-2 mm orifice, such as a 1-mL KIMAX® serological pipet, or equivalent.  Care should be taken
to ensure that turbulence resulting from aeration does not cause undue stress on the mysid.

14.10.6   FEEDING
 
14.10.6.1   Artemia nauplii are prepared as described above.

14.10.6.2   During the test, the mysids in each test chamber should be fed Artemia nauplii, (less than 24-h old), at
the rate of 150 nauplii per mysid per day.  Adding the entire daily ration at a single feeding immediately after test
solution renewal may result in a significant DO depression.  Therefore, it is preferable to feed half of the daily
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ration immediately after test solution renewal, and the second half 8 - 12 h later.  Increase the feeding if the nauplii
are consumed in less than 4 h.  It is important that the nauplii be washed before introduction to the test chamber. 

14.10.7   DAILY CLEANING OF TEST CHAMBERS

14.10.7.1   Before the daily renewal of test solutions, uneaten and dead Artemia, dead mysids and other debris are
removed from the bottom of the test chambers with a pipette.  As much of the uneaten Artemia as possible should be
removed from each chamber to ensure that the mysids principally eat new hatched nauplii.  By placing the test
chambers on a light box, inadvertent removal of live mysids can be greatly reduced because they can be more easily
seen.  Any incidence of removal of live mysids from the test chambers during cleaning, and subsequent return to the
chambers should be noted in the test records.

14.10.8   OBSERVATIONS DURING THE TEST

14.10.8.1   Routine Chemical and Physical Determinations

14.10.8.1.1   DO is measured at the beginning and end of each 24-h exposure period in one test chamber at each test
concentration and in the control.

14.10.8.1.2   Temperature, pH, and salinity are measured at the end of each 24-h exposure period in one test
chamber at each concentration and in the control.  Temperature should also be monitored continuously observed and
recorded daily for at least two locations in the environmental control system or the samples.  Temperature should be
measured in a sufficient number of test chambers at least at the end of the test to determine temperature variation in
environmental chamber.

14.10.8.1.3   The pH is measured in the effluent sample each day before new test solutions are made.

14.10.8.2   Routine Biological Observations

14.10.8.2.1   The number of live mysids are counted and recorded each day when the test solutions are renewed
(Figure 7).  Dead animals and excess food should be removed with a pipette before test solutions are renewed.

14.10.8.2.2   Protect the mysids from unnecessary disturbance during the test by carrying out the daily test
observations, solution renewals, and removal of the dead mysids, carefully.  Make sure the mysids remain immersed
during the performance of the above operations.

14.10.9   TEST SOLUTION RENEWAL 

14.10.9.1   Before the daily renewal of test solutions, slowly pour off all but 10 mL of the old test medium into a 20
cm diameter culture dish on a light table.  Be sure to check for animals that may have adhered to the sides of the test
chamber.  Rinse them back into the test cups.  Add 150 mL of new test solution slowly to each cup.  Check the
culture dish for animals that may have been poured out with the old media, and return them to the test chamber. 

14.10.10   TERMINATION OF THE TEST 

14.10.10.1   After measuring the DO, pH, temperature, and salinity and recording survival, terminate the test by
pouring off the test solution in all the cups to a one cm depth and refilling the cups with clean seawater.  This will
keep the animals alive, but not exposed to the toxicant, while waiting to be examined for sex and the presence of
eggs. 
 
14.10.10.2   The live animals must be examined for eggs and the sexes determined within 12 h of the termination of
the test.  If the test was conducted in the field, and the animals cannot be examined on site, the live animals should
be shipped back to the laboratory for processing.  Pour each replicate into a labeled 100 mL plastic screw capped
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jar, and send to the laboratory immediately. 

14.10.10.3   If the test was conducted in the laboratory, or when the test animals arrive in the laboratory from the
field test site, the test organisms must be processed immediately while still alive as follows: 

14.10.10.3.1   Examine each replicate under a stereomicroscope (240X) to determine the number of immature
animals, the sex of the mature animals, and the presence or absence of eggs in the oviducts or brood sacs of the
females (see Figures 3-6). This must be done while the mysids are alive because they turn opaque upon dying. 
This step should not be attempted by a person who has not had specialized training in the determination of sex and
presence of eggs in the oviduct.  NOTE:  Adult females without eggs in the oviduct or brood sac look like
immature mysids (see Figure 6).
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TEST: 

START DATE:

SALINITY:

TRTMT TEMP SALINITY D.O. pH TRTMT TEMP SALINITY D.O. pH

DAY 1 REP

REP

DAY 2 REP

REP

DAY 3 REP

REP

DAY 4 REP

REP

DAY 5 REP

REP

DAY 6 REP

REP

DAY 7 REP

REP

TRTMT TEMP SALINITY D.O. pH TRTMT TEMP SALINITY D.O pH

DAY 1 REP

REP

DAY 2 REP

REP

DAY 3 REP

REP

DAY 4 REP

REP

DAY 5 REP

REP

DAY 6 REP

REP

DAY 7 REP

REP

Figure 2. Data form for the mysid, Mysidopsis bahia, water quality measurements.  From USEPA (1987d).
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Figure 3. Mature female mysid, Mysidopsis bahia, with eggs in oviducts.  From USEPA (1987d).
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Figure 4. Mature female mysid, Mysidopsis bahia, with eggs in oviducts and developing embryos in the
brood sac.  Above: lateral view. Below:  dorsal view.  From USEPA (1987d). 
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14.10.10.3.2   Record the number of immatures, males, females with eggs and females without eggs on data sheets
(Figure 7).

14.10.10.3.3   Rinse the mysids by pipetting them into a small netted cup and dipping the cup into a dish containing
deionized water.  Using forceps, place the mysids from each replicate cup on tared weighing boats and dry at 60°C
for 24 h or at 105°C for at least 6 h. 

14.10.10.3.4   Immediately upon removal from the drying oven, the weighing pans were placed in a dessicator until
weighed, to prevent absorption of moisture from the air.  Weigh to the nearest mg.  Record weighing pans and
subtract the tare weight to determine the dry weight of the mysid in each replicate.  Record the weights (Figure 8). 
For each test chamber, divide the first dry weight by the number of original mysids per replicate to determine the
average individual dry weight and record data.  For the controls also calculate the mean weight per surviving mysid
in the test chamber to evaluate if weights met test acceptability criteria (see Subsection 14.12).

14.10.9.3.5   Pieces of aluminum foil (1-cm square) or small aluminum weighing pans can be used for dry weight
analyses.  The weighing pans should not exceed 10 mg in weight.

14.10.9.3.6   Number each pan with a waterproof pen with the treatment concentration and replicate number. 
Forty-eight (48) weigh pans are required per test if all the organisms survive.
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Figure 5. Mature male mysid, Mysidopsis bahia.  From USEPA (1987d). 

14.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA

14.11.1   A summary of test conditions and test acceptability criteria is listed in Table 3. 

14.12   ACCEPTABILITY OF TEST RESULTS 

14.12.1   The minimum requirements for an acceptable test are 80% survival and an average weight of at least 0.20
mg/surviving mysid in the controls.  If fecundity in the controls is adequate (egg production by 50% of females),
fecundity should be used as a criterion of effect in addition to survival and growth. 
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Figure 6.   Immature mysid, Mysidopsis bahia, (A) lateral view, (B) dorsal view.  From USEPA (1987d). 

14.13   DATA ANALYSIS

14.13.1   GENERAL

14.13.1.1   Tabulate and summarize the data.  Table 4 presents a sample set of survival, growth, and fecundity data.

14.13.1.2   The endpoints of the mysid 7-day chronic test are based on the adverse effects on survival, growth, and
egg development.  The LC50, the IC25, and the IC50 are calculated using point estimation techniques (see
Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  LOEC and NOEC values for survival, growth, and
fecundity are obtained using a hypothesis testing approach such as Dunnett's Procedure (Dunnett, 1955) or Steel's
Many-one Rank Test (Steel, 1959; Miller, 1981) (see Section 9).  Separate analyses are performed for the
estimation of the LOEC and NOEC endpoints and for the estimation of the LC50, IC25, and IC50.  Concentrations
at which there is no survival in any of the test chambers are excluded from the statistical analysis of the NOEC and
LOEC for survival, growth, and fecundity, but included in the estimation of the LC50, IC25, and IC50.  See the
Appendices for examples of the manual computations, and examples of data input and program output. 

14.13.1.3   The statistical tests described here must be used with a knowledge of the assumptions upon which the
tests are contingent.  The assistance of a statistician is recommended for analysts who are not proficient in statistics. 
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TEST: 

START DATE: 

SALINITY: 

TREATMENT/

REPLICATE

DAY 1

# ALIVE

DAY 2

# ALIVE

DAY 3

# ALIVE

DAY 4

# ALIVE

DAY 5

# ALIVE

DAY 6

# ALIVE

DAY 7

# ALIVE

FEMALES
W/EGGS

FEMALES
NO EGGS MALES IMMATURES

     

   

   

C    

   

   

   

   

   

   

   

   1    

   

   

   

   

   

   

   

   2    

   

   

   

  

Figure 7. Data form for the mysid, Mysidopsis bahia, survival and fecundity data.  From USEPA (1987d).
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TEST:  

START DATE: 

SALINITY: 

TREATMENT/

REPLICATE
DAY 1

# ALIVE

DAY 2

# ALIVE

DAY 3

# ALIVE

DAY 4

# ALIVE

DAY 5

 # ALIVE

DAY 6

# ALIVE

DAY 7

# ALIVE

FEMALES

W/EGGS

FEMALES

NO EGGS MALES IMMATURES

      1

      2

      3

   3      4

      5

      6

      7

      8

      1

      2

      3

   4      4

      5

      6

      7

      8

       1

      2

      3

  5      4

      5

      6

      7

      8

Figure 7. Data form for the mysid, Mysidopsis bahia, survival and fecundity data (CONTINUED).  From
USEPA (1987d).

 

RB-AR27036



 
239

TEST: 

START DATE: 

SALINITY: 

TREATMENT/REPLICATE PAN # TARE WT. TOTAL WT. ANIMAL WT. # OF ANIMALS WT./ANIMAL

1

2

3

C 4

5

6

7

8

1

2

3

1 4

5

6

7

8

1

2

3

2 4

5

6

7

8

Figure 8. Data form for the mysid, Mysidopsis bahia, dry weight measurements.  From USEPA (1987d).
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TEST: 

START DATE: 

SALINITY: 

TREATMENT/REPLICATE PAN # TARE WT. TOTAL WT. ANIMAL WT. # OF ANIMALS WT./ANIMAL

1

2

3

3 4

5

6

7

8

1

2

3

4 4

5

6

7

8

1

2

3

5 4

5

6

7

8

Figure 8. Data form for the mysid, Mysidopsis bahia, dry weight measurements (CONTINUED).  From
USEPA (1987d).
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TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR THE
MYSID, MYSIDOPSIS BAHIA, SEVEN DAY SURVIVAL, GROWTH, AND FECUNDITY
TEST WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1007.0)1

1. Test type: Static renewal (required) 

2. Salinity: 20‰ to 30‰ (± 2‰ of the selected test salinity) 
(recommended) 

3. Temperature: 26 ± 1°C (recommended) 
Test temperatures must not deviate (i.e., maximum minus
minimum temperature) by more than 3°C during the test
(required) 

4. Light quality: Ambient laboratory illumination (recommended) 

5. Light intensity: 10-20 μE/m2/s (50-100 ft-c.) 
(ambient laboratory levels) (recommended) 

6. Photoperiod: 16 h light, 8 h darkness, with phase in/out period 
(recommended)

7. Test chamber: 8 oz plastic disposable cups, or 400 mL glass beakers 
(recommended) 

8. Test solution volume: 150 mL per replicate (recommended minimum)  

9. Renewal of test solutions: Daily (required) 

10. Age of test organisms: 7 days (required) 

11. No. organisms per test chamber: 5 (required minimum)

12. No. replicate chambers per concentration: 8 (required minimum)

13. No. larvae per concentration: 40 (required minimum)

14. Source of food: Newly hatched Artemia nauplii (less than 24 h old)(required) 

15. Feeding regime: Feed 150 24 h old nauplii per mysid daily, half after test 
solution renewal and half after 8-12 h (recommended)

16. Cleaning: Pipette excess food from cups daily immediately before test 
solution renewal and feeding (recommended) 

1 For the purposes of reviewing WET test data submitted under NPDES permits, each test condition listed above
is identified as required or recommended (see Subsection 10.2 for more information on test review).  Additional
requirements may be provided in individual permits, such as specifying a given test condition where several
options are given in the method.  
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TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR THE
MYSID, MYSIDOPSIS BAHIA, SEVEN DAY SURVIVAL, GROWTH, AND FECUNDITY
TEST WITH EFFLUENTS AND RECEIVING WATERS (TEST METHOD 1007.0)
(CONTINUED)

17. Aeration: None unless DO falls below 4.0 mg/L, then gently aerate in all cups
(recommended)

18. Dilution water: Uncontaminated source of natural seawater, deionized water mixed
with hypersaline brine or artificial sea salts (HW MARINEMIX®,
FORTY FATHOMS®, GP2 or equivalent) (available options) 

19. Test concentrations: Effluents:  5 and a control (required) 
Receiving waters: 100% receiving water (or minimum of 5) and a
control (recommended) 

20. Dilution factor: Effluents: � 0.5 series (required) 
Receiving waters:  None, or � 0.5 (recommended)

21. Test duration: 7 days (required) 

22. Endpoints: Survival and growth (required); and egg development 
(recommended)

23. Test acceptability criteria: 80% or greater survival, average dry weight 0.20 mg or greater in
controls (required); fecundity may be used if 50% or more of females
in controls produce eggs (required if fecundity endpoint used)

 
24. Sampling requirements: For on-site tests, samples collected daily and used within 24 h of the

time they are removed from the sampling device.  For off-site tests, a
minimum of three samples (e.g., collected on days one, three, and
five) with a maximum holding time of 36 h before first use (see
Section 8, Effluent and Receiving Water Sampling, Sample 
Handling and Sample Preparation for Toxicity Tests, Subsection
8.5.4) (required) 

25. Sample volume required: 3 L per day (recommended) 
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TABLE 4. DATA FOR MYSIDOPSIS BAHIA 7-DAY SURVIVAL, GROWTH, AND FECUNDITY TEST1

Treatment Replicate Total No. Total Females Mean
Chamber Mysids Alive Females w/Eggs               Weight

Control 1 5 4 1 1 0.146
2 5 4 2 2 0.118
3 5 5 3 2 0.216
4 5 5 1 1 0.199
5 5 5 2 2 0.176
6 5 5 5 4 0.243
7 5 5 2 2 0.213
8 5 4 3 3 0.144

50 ppb 1 5 4 2 1 0.154
2 5 5 3 1 0.193
3 5 4 3 2 0.190
4 5 4 0 0 0.190
5 5 5 5 2 0.256
6 5 5 2 1 0.191
7 5 4 4 1 0.122
8 5 5 3 1 0.177

100 ppb 1 5 3 3 1 0.114
2 5 5 2 1 0.172
3 5 5 1 0 0.160
4 5 5 2 1 0.199
5 5 5 3 2 0.165
6 5 3 1 0 0.145
7 5 4 4 1 0.207
8 5 4 0 0 0.186

210 ppb 1 5 5 1 0 0.153
2 5 4 2 0 0.094
3 5 1 1 0 0.017
4 5 4 3 0 0.122
5 5 3 1 0 0.052
6 5 4 2 0 0.154
7 5 4 1 0 0.110
8 5 4 3 0 0.103

450 ppb 1 5 0 0 0 - -
2 5 1 0 0 0.012
3 5 0 0 0 - -
4 5 1 0 0 0.002
5 5 0 0 0 - -
6 5 0 0 0 - -
7 5 0 0 0 - -
8 5 2 1 0 0.081

1 Data provided by Lussier, Kuhn and Sewall, Environmental Research Laboratory, U.S. Environmental
Protection Agency, Narragansett, RI.
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14.13.2   EXAMPLE OF ANALYSIS OF MYSID, MYSIDOPSIS BAHIA, SURVIVAL DATA 

14.13.2.1   Formal statistical analysis of the survival data is outlined in Figures 9 and 10.  The response used in the
analysis is the proportion of animals surviving in each test or control chamber.  Separate analyses are performed for the
estimation of the NOEC and LOEC endpoints and for the estimation of the LC50 endpoint.  Concentrations at which
there is no survival in any of the test chambers are excluded from statistical analysis of the NOEC and LOEC, but
included in the estimation of the LC, EC, and IC endpoints. 

14.13.2.2   For the case of equal numbers of replicates across all concentrations and the control, the evaluation of the
NOEC and LOEC endpoints is made via a parametric test, Dunnett's Procedure, or a nonparametric test, Steel's
Many-one Rank Test, on the arc sine square root transformed data.  Underlying assumptions of Dunnett's Procedure,
normality and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test, and
Bartlett's Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric test, Steel's
Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's Procedure
are met, the endpoints are estimated by the parametric procedure. 
 
14.13.2.3   If unequal numbers of replicates occur among the concentration levels tested, there are parametric and
nonparametric alternative analyses.  The parametric analysis is a t-test with the Bonferroni adjustment (see Appendix
D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative.

14.13.2.4   Probit Analysis (Finney, 1971; see Appendix H) is used to estimate the concentration that causes a specified
percent decrease in survival from the control.  In this analysis, the total mortality data from all test replicates at a given
concentration are combined.  If the data do not fit the Probit model, the Spearman-Karber method, the Trimmed
Spearman-Karber method, or the Graphical method may be used (see Appendices I-K). 

14.13.2.5   The proportion of survival in each replicate must first be transformed by the arc sine transformation
procedure described in Appendix B.  The raw and transformed data, means and variances of the transformed
observations at each concentration including the control are listed in Table 5.  A plot of the survival data is provided in
Figure 11.
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Figure 9. Flowchart for statistical analysis of mysid, Mysidopsis bahia, survival data by hypothesis testing.
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Figure 10. Flowchart for statistical analysis of mysid, Mysidopsis bahia, survival data by point estimation. 
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D � �
n

i�1

(Xi � X̄)2

TABLE 5.  MYSID, MYSIDOPSIS BAHIA, SURVIVAL DATA
 

      Concentration  (ppb)          

Replicate Control 50.0 100.0 210.0 450.0 

1 0.80 0.80 0.60 1.00 0.00 
2 0.80 1.00 1.00 0.80 0.20 
3 1.00 0.80 1.00 0.20 0.00 

RAW 4 1.00 0.80 1.00 0.80 0.20 
5 1.00 1.00 1.00 0.60 0.00 
6 1.00 1.00 0.60 0.80 0.00
7 1.00 0.80 0.80 0.80 0.00 
8 0.80 1.00 0.80 0.80 0.40 

1 1.107          1.107 0.886 1.345 0.225 
ARC SINE 2 1.107 1.345 1.345 1.107 0.464
TRANS- 3 1.345 1.107 1.345 0.464 0.225 
FORMED 4 1.345 1.107 1.345 1.107 0.464 

5 1.345 1.345 1.345 0.886 0.225 
6 1.345 1.345 0.886 1.107 0.225 
7 1.345 1.107 1.107 1.107 0.225 
8 1.107 1.345 1.107 1.107 0.685 

Mean (Yi) 1.256 1.226 1.171 1.029 0.342 
0.015 0.016 0.042 0.067 0.031 S

2
i

i 1 2 3 4 5 

14.13.2.6   Test for Normality

14.13.2.6.1   The first step of the test for normality is to center the observations by subtracting the mean of all
observations within a concentration from each observation in that concentration.  The centered observations are listed
in Table 6.

14.13.2.6.2   Calculate the denominator, D, of the test statistic: 

Where: Xi = the ith centered observation 

 = the overall mean of the centered observations X̄

n = the total number of centered observations. 
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TABLE 6.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

                    Concentration (ppb)                          

Replicate Control 50.0 100.0 210.0 450.0 
(Site Water)

 
1 -0.149 -0.119 -0.285 0.316 -0.117
2 -0.149 0.119 0.174 0.078 0.121
3 0.089 -0.119 0.174 -0.565 -0.117
4 0.089 -0.119 0.174 0.078 0.121
5 0.089 0.119 0.174 -0.142 -0.117
6 0.089 0.119 -0.285 0.078 -0.117
7 0.089 -0.119 -0.064 0.078 -0.117
8 -0.149 0.119 -0.064 0.078 0.342

14.13.2.6.3   For this set of data, n = 40 
 

X� =  1 (-0.006) = 0.0 
40

D = 1.197 

14.13.2.6.4   Order the centered observations from smallest to largest: 
 

X(1) � X(2) � ... � X(n) 
 
Where X(i) is the ith ordered observation.  These ordered observations are listed in Table 7.

14.13.2.6.5   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2,...., ak where k is
n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 40 and k = 20.  The ai values are listed in Table 8.

14.13.2.6.6   Compute the test statistic, W, as follows:

The differences X(n-i+1) - X(i) are listed in Table 8.  For this data in this example:

W =    1    (1.0475)2 = 0.9167 
1.197
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TABLE 7.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

i X(i) i X(i)

1 -0.565 21 0.078
2 -0.285 22 0.078
3 -0.285 23 0.078
4 -0.149 24 0.089
5 -0.149 25 0.089
6 -0.149 26 0.089
7 -0.143 27 0.089
8 -0.119 28 0.089
9 -0.119 29 0.119

10 -0.119 30 0.119
11 -0.119 31 0.119
12 -0.117 32 0.119
13 -0.117 33 0.121
14 -0.117 34 0.121
15 -0.117 35 0.174
16 -0.117 36 0.174
17 -0.064 37 0.174
18 -0.064 38 0.174
19 0.078 39 0.316
20 0.078 40 0.342

14.13.2.6.7   The decision rule for this test is to compare W as calculated in Subsection 14.13.2.6.6 with the critical value
found in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not normally
distributed.  For this set of data, the critical value at a significance level of 0.01 and n = 40 observations is 0.919.  Since
W = 0.9167 is less than the critical value, conclude that the data are not normally distributed. 

14.13.2.6.8   Since the data do not meet the assumption of normality, Steel's Many-one Rank Test will be used to analyze
the survival data. 

14.13.2.7   Steel's Many-one Rank Test 
 
14.13.2.7.1   For each control and concentration combination, combine the data and arrange the observations in order of
size from smallest to largest.  Assign the ranks (1, 2, ... , 16) to the ordered observations with a rank of 1 assigned to the
smallest observation, rank of 2 assigned to the next larger observation, etc.  If ties occur when ranking, assign the average
rank to each tied observation. 
 
14.13.2.7.2   An example of assigning ranks to the combined data for the control and 50.0 ppb concentration is given in
Table 9.  This ranking procedure is repeated for each control/concentration combination.  The complete set of rankings is
summarized in Table 10.  The ranks are then summed for each concentration level, as shown in Table 11. 
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TABLE 8.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE 

i ai X(n-i+1) - X(i) 

1 0.3964 0.907 X(40) - X(1) 
2 0.2737 0.601 X(39) - X(2) 
3 0.2368 0.459 X(38) - X(3) 
4 0.2098 0.323 X(37) - X(4) 
5 0.1878 0.323 X(36) - X(5) 
6 0.1691 0.323 X(35) - X(6) 
7 0.1526 0.264 X(34) - X(7) 
8 0.1376 0.240 X(33) - X(8) 
9 0.1237 0.238 X(32) - X(9) 
10 0.1108 0.238 X(31) - X(10) 
11 0.0986 0.238 X(30) - X(11) 
12 0.0870 0.236 X(29) - X(12) 
13 0.0759 0.206 X(28) - X(13) 
14 0.0651 0.206 X(27) - X(14) 
15 0.0546 0.206 X(26) - X(15) 
16 0.0444 0.206 X(25) - X(16) 
17 0.0343 0.153 X(24) - X(17) 
18 0.0244 0.142 X(23) - X(18) 
19 0.0146 0.0 X(22) - X(19) 
20 0.0049 0.0 X(21) - X(20) 

14.13.2.7.3   For this example, determine if the survival in any of the concentrations is significantly lower than the
survival in the control.  If this occurs, the rank sum at that concentration would be significantly lower than the rank
sum of the control.  Thus compare the rank sums for the survival at each of the various concentration levels with some
"minimum" or critical rank sum, at or below which the survival would be considered significantly lower than the
control.  At a significance level of 0.05, the minimum rank sum in a test with four concentrations (excluding the
control) and eight replicates is 47 (See Table 5, Appendix E).

14.13.2.7.4   Since the rank sum for the 450 ppb concentration level is less than the critical value, the proportion
surviving in that concentration is considered significantly less than that in the control.  Since no other rank sums are
less than or equal to the critical value, no other concentrations have a significantly lower proportion surviving than the
control.  Hence, the NOEC and the LOEC are assumed to be 210.0 ppb and 450.0 ppb, respectively.

14.13.2.8   Calculation of the LC50

14.13.2.8.1   The data used for the Probit Analysis is summarized in Table 12.  For the Probit Analysis, run the USEPA
Probit Analysis Program.  An example of the program output is provided in Figure 12.

14.13.2.8.2   For this example, the chi-square test for heterogeneity was not significant.  Thus Probit Analysis appears
to be appropriate for this set of data.
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TABLE 9.  ASSIGNING RANKS TO THE CONTROL AND 50 PPB CONCENTRATION LEVEL FOR
STEEL'S MANY-ONE RANK TEST 

Rank Transformed Proportion Concentration
 of Total Mortality

4 1.107 Control 
4 1.107 Control 
4 1.107 Control 
4 1.107 50 ppb 
4 1.107 50 ppb 
4 1.107 50 ppb 
4 1.107 50 ppb 
12 1.571 Control 
12 1.571 Control 
12 1.571 Control 
12 1.571 Control 
12 1.571 Control 
12 1.571 50 ppb 
12 1.571 50 ppb 
12 1.571 50 ppb 
12 1.571 50 ppb 

14.13.3    EXAMPLE OF ANALYSIS OF MYSID, MYSIDOPSIS BAHIA, GROWTH DATA

14.13.3.1   Formal statistical analysis of the growth data is outlined in Figure 13.  The response used in the statistical
analysis is mean weight per original of males and females combined per replicate.  Because this measurement is based
on the number of original organisms exposed (rather than the number surviving), the measured response is a combined
survival and growth endpoint that can be termed biomass.  The IC25 and IC50 can be calculated for the growth data
via a point estimation technique (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis).  Hypothesis
testing can be used to obtain an NOEC and LOEC for growth.  Concentrations above the NOEC for survival are
excluded from the hypothesis test for growth effects.

TABLE 10.  TABLE OF RANKS1

         Concentration (ppb)                   

Replicate Control 50 100 210 450
 

1 1.107(4,5,6.5,10) 1.107(4) 0.886(1.5) 1.345(13.5) 0.225(3)
2 1.107(4,5,6.5,10) 1.345(12) 1.345(12) 1.107(6.5) 0.464(6.5)
3 1.345(12,12,13.5,14) 1.107(4) 1.345(12) 0.464(1) 0.225(3)
4 1.345(12,12,13.5,14) 1.107(4) 1.345(12) 1.107(6.5) 0.464(6.5)
5 1.345(12,12,13.5,14) 1.345(12) 1.345(12) 0.886(2) 0.225(3)
6 1.345(12,12,13.5,14) 1.345(12) 0.886(1.5) 1.107(6.5) 0.225(3)
7 1.345(12,12,13.5,14) 1.107(4) 1.107(5) 1.107(6.5) 0.225(3)
8 1.107(4,5,6.5,10) 1.345(12) 1.107(5) 1.107(6.5) 0.685(8)

1Control ranks are given in the order of the concentration with which they were ranked. 

RB-AR27050



253

TABLE 11.  RANK SUMS

Concentration Rank Sum

50 64
100 61
210 49
450 36

14.13.3.2  The statistical analysis using hypothesis tests consists of a parametric test, Dunnett's Procedure, and a
nonparametric test, Steel's Many-one Rank Test.  The underlying assumptions of the Dunnett's Procedure, normality
and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test and Bartlett's Test
is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric test, Steel's Many-one Rank
Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's Procedure are met, the
endpoints are determined by the parametric test.

14.13.3.3  Additionally, if unequal numbers of replicates occur among the concentration levels tested, there are
parametric and nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni adjustment. 
The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative.  For detailed
information on the Bonferroni adjustment, see Appendix D.
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Probit Analysis of Mysidopsis bahia Survival Data

Proportion 
Observed Responding 

Number Number Proportion Adjusted for
Conc. Exposed Resp. Responding Controls

 
Control 40 3 0.0750 0.0000
50.0000 40 4 0.1000 -0.0080

100.0000 40 6 0.1500 0.0480
210.0000 40 11 0.2750 0.1880
450.0000 40 36 0.9000 0.8880

 
 
Chi - Square for Heterogeneity (calculated)  = 0.725
Chi - Square for Heterogeneity (tabular value)  = 5.991

Probit Analysis of Mysidopsis bahia Survival Data

Estimated LC/EC Values and Confidence Limits

Exposure Lower Upper
Point Conc. 95% Confidence Limits

 
LC/EC 1.00 123.112 65.283 165.552
LC/EC 50.00 288.873 239.559 335.983

Figure 12.  Output for USEPA Probit Analysis Program, Version 1.5.
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TABLE 12.  DATA FOR PROBIT ANALYSIS

                         Concentration (ppb)                               

Control 50.0 100.0 210.0 450.0

No Dead 3 4 6 11 36
No Exposed 40 40 40 40 40

14.13.3.4   The data, mean and variance of the observations at each concentration including the control for this
example are listed in Table 13.  A plot of the data is provided in Figure 14. Since there is significant mortality in the
450 ppb concentration, its effect on growth is not considered. 

TABLE 13.  MYSID, MYSIDOPSIS BAHIA, GROWTH DATA

                            Concentration (ppb)                                  
  
Replicate Control 50.0 100.0 210.0 450.0

1 0.146 0.157 0.114 0.153 - 
2 0.118 0.193 0.172 0.071 0.012 
3 0.216 0.190 0.160 0.017 - 
4 0.199 0.190 0.199 0.112 0.002 
5 0.176 0.256 0.165 0.052 - 
6 0.243 0.191 0.145 0.154 - 
7 0.213 0.122 0.207 0.110 - 
8 0.144 0.177 0.186 0.103 0.081 

Mean (Yi) 0.182 0.184 0.168 0.101 -
0.00186 0.00145 0.00091 0.00222 -S

2
i

i 1 2 3 4 5

14.13.3.5   Test for Normality

14.13.3.5.1   The first step of the test for normality is to center the observations by subtracting the mean of all
observations within a concentration from each observation in that concentration.  The centered observations are listed
in Table 14. 
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Figure 13. Flowchart for statistical analysis of mysid, Mysidopsis bahia, growth data.
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TABLE 14.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

Concentration (ppb)

Replicate Control 50.0 100.0 210.0

1 -0.036 -0.030 -0.054 0.052 
2 -0.064 0.009 0.004 -0.007 
3  0.034 0.006 -0.008 -0.084 
4  0.017 0.006 0.031 0.021 
5 -0.006 0.072 -0.003 -0.049 
6  0.061 0.007 -0.023 0.053 
7  0.031 -0.062 0.039 0.009 
8 -0.038 -0.007 0.018 0.002 

14.13.3.5.2   Calculate the denominator, D, of the statistic: 

Where:  Xi = the ith centered observation

 = the overall mean of the centered observations X̄

 n = the total number of centered observations 

14.13.3.5.3   For this set of data, n = 32

  = 1 (0.007) = 0.000X̄
             32 

D = 0.0451 

14.13.3.5.4   Order the centered observations from smallest to largest 

X(1) � X(2) � ... � X(n) 

Where X(i) denotes the ith ordered observation.  The ordered observations for this example are listed in Table 15. 
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TABLE 15.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 

i X(i) i  X(i) 

 
1 -0.084 17 0.006  
2 -0.064 18 0.006  
3 -0.062 19 0.007  
4 -0.054 20 0.009  
5 -0.049 21 0.009  
6 -0.038 22 0.017  
7 -0.036 23 0.018  
8 -0.030 24 0.021  
9 -0.023 25 0.031  

10 -0.008 26 0.031  
11 -0.007 27 0.034  
12 -0.007 28 0.039  
13 -0.006 29 0.052  
14 -0.003 30 0.053  
15 0.002 31 0.061  
16 0.004 32 0.072  

 

14.13.3.5.5   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ... ak where k is
n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 32 and k = 16.  The ai values are listed in
Table 16. 

14.13.3.5.6   Compute the test statistic, W, as follows: 

The differences X(n-i+1) - X(i) are listed in Table 16.  For this set of data: 

W  =    1    (0.2097)2 = 0.9752 
 0.045

14.13.3.5.7   The decision rule for this test is to compare W as calculated in Subsection 14.13.3.5.6 to a critical value
found in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not normally
distributed.  For this set of data, the critical value at a significance level of 0.01 and n = 32 observations is 0.904.  Since
W = 0.9752 is greater than the critical value, conclude that the data are normally distributed. 
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TABLE 16.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE 
 

i  a(i)  X(n-i+1)

 
1 0.4188 0.156 X(32) - X(1) 
2 0.2898 0.125 X(31) - X(2) 
3 0.2462 0.115 X(30) - X(3) 
4 0.2141 0.106 X(29) - X(4) 
5 0.1878 0.088 X(28) - X(5) 
6 0.1651 0.072 X(27) - X(6) 
7 0.1449 0.067 X(26) - X(7) 
8 0.1265 0.061 X(25) - X(8) 
9 0.1093 0.044 X(24) - X(9) 

10 0.0931 0.026 X(23) - X(10) 
11 0.0777 0.024 X(22) - X(11) 
12 0.0629 0.016 X(21) - X(12) 
13 0.0485 0.015 X(20) - X(13) 
14 0.0344 0.010 X(19) - X(14) 
15 0.0206 0.004 X(18) - X(15) 
16 0.0068 0.002 X(17) - X(16) 

14.13.3.6   Test for Homogeneity of Variance 

14.13.3.6.1   The test used to examine whether the variation in mean weight of the mysids is the same across all
concentration levels including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as
follows:

Where:  Vi  =  degrees of freedom for each copper concentration and control, Vi = (ni - 1) 

p   =  number of concentration levels including the control 

ln  =  loge 

i   =  1, 2, ..., p where p is the number of concentrations including the control 

ni  =  the number of replicates for concentration i. 
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ln (S 2
1 )] /1.06

14.13.3.6.2   For the data in this example (see Table 13), all concentrations including the control have the same number
of replicates (ni = 8 for all i).  Thus, Vi = 7 for all i.

14.13.3.6.3    Bartlett's statistic is therefore: 

=  [28(-6.427) - 7(-25.9329)]/1.06 

=  [-179.973 - (-181.530)]/1.06 

= 1.469 

14.13.3.6.4   B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in fact
the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with three degrees of
freedom, is 11.34.  Since B = 1.469 is less than the critical value of 11.34, conclude that the variances are not different. 
 
14.13.3.7   Dunnett's Procedure 

14.13.3.7.1   To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table as
described in Table 17.
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i /ni�G 2 /N
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�

n

j�1

�j Y 2
ij �G 2 /N

SSW � SST�SSB

TABLE 17.  ANOVA TABLE 

Source df Sum of Squares Mean Square (MS)
(SS) (SS/df)

Between p - 1 SSB  = SSB/(p-1)S 2
B

Within N - p SSW  = SSW/(N-p)S 2
W

Total N - 1 SST

Where: p  =  number of concentration levels including the control

N  =  total number of observations n1 + n2 ... + np 

ni  =  number of observations in concentration i

Between Sum of Squares

Total Sum of Squares

Within Sum of Squares 

G  =  the grand total of all sample observations, G � �
p

i�1

Ti

Ti  =  the total of the replicate measurements for concentration i

Yij =  the jth observation for concentration i (represents the mean dry weight of the mysids for          
concentration i in test chamber j) 

14.13.3.7.2 For the data in this example: 

n1 = n2 = n3 = n4 = 8 

N = 32

T1 = Y11 + Y12 + ... + Y18 = 1.455 

T2 = Y21 + Y22 + ... + Y28 = 1.473 

T3 = Y31 + Y32 + ... + Y38 = 1.348 

T4 = Y41 + Y42 + ... + Y48 = 0.805 
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Y 2
ij �G 2 /N

SSW � SST�SSB

ti �
(Ȳ1� Ȳi)

Sw (1 /n1)� (1 /ni)

G  = T1 + T2 + T3 + T4 = 5.081 

=  1 (6.752) - (5.081)2  = 0.0372 
 8                   32

=  0.889 - (5.081)2  = 0.0822
32

  =  0.0822 - 0.0372 = 0.0450 

  =  SSB / (p -1) = 0.0372 / (4 -1) = 0.0124 S 2
B

 =  SSW / (N-p) = 0.0450 / (32-4) = 0.0016 S 2
W

14.13.3.7.3   Summarize these calculations in the ANOVA table (Table 18).

TABLE 18.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE 

Source df Sum of Squares Mean Square(MS) 
(SS) (SS/df) 

Between 3 0.0372 0.0127  
Within 28 0.0450 0.0016 

 
Total 31 0.0822 

14.13.3.7.4   To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows: 

Where:  = mean dry weight for concentration iȲi
        

= mean dry weight for the control Ȳ1

SW = square root of the within mean square 
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t2 �
(0.182�0.184)

[0.040 (1/8) � (1/8)]

MSD � d Sw (1/n1) � (1/n)

n1 = number of replicates for the control 

ni = number of replicates for concentration i

14.13.3.7.5 Table 19 includes the calculated t values for each concentration and control combination.  In this example,
comparing the 50.0 ppb concentration with the control the calculation is as follows: 

= -0.100

TABLE 19.  CALCULATED T VALUES

Concentration (ppb) i ti 

50.0 2 -0.150
100.0 3 0.700
210.0 4 4.050

14.13.3.7.6   Since the purpose of this test is to detect a significant reduction in mean weight, a one-sided test is
appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha level of
0.05, 28 degrees of freedom for error and three concentrations (excluding the control) the approximate critical value is
2.15.  The mean weight for concentration "i" is considered significantly less than the mean weight for the control if ti is
greater than the critical value.  Therefore, the 210.0 ppb concentration has significantly lower mean weight than the
control.  Hence the NOEC and the LOEC for growth are 100.0 ppb and 210.0 ppb, respectively.

14.13.3.7.7   To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be detected
statistically may be calculated. 

Where:  d  = the critical value for Dunnett's Procedure 

SW = the square root of the within mean square 

n  = the common number of replicates at each concentration 
      (this assumes equal replication at each concentration) 

n1 = the number of replicates in the control. 
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MSD � 2.15(0.04) (1/8) � (1/8)

14.13.3.7.8   In this example:
 

=  2.15 (0.04)(0.5) 

=  0.043 

14.13.3.7.9   Therefore, for this set of data, the minimum difference that can be detected as statistically significant is
0.043 mg.

14.13.3.7.10   This represents a 23.6% reduction in mean weight from the control.

14.13.3.8   Calculation of the ICp

14.13.3.8.1   The growth data from Table 13 are utilized in this example.  As seen in, the observed means are not
monotonically non-increasing with respect to concentration.  Therefore, it is necessary to smooth the means prior to
calculating the ICp.  In the following discussion, the observed means are represented by   and the smoothed means byȲi
Mi.

14.13.3.8.2   Starting with the control mean,  = 0.182 and  = 0.184, we see that  < .  Calculate the smoothedȲ1 Ȳ2 Ȳ1 Ȳ2

means:

M1 = M2 = ( )/2 = 0.183Ȳ1 � Ȳ2

14.13.3.8.3   Since  = 0.025 <  = 0.101 <  = 0.168 < M2, set M3 = 0.168 and M4 = 0.101, and M5 = 0.025. Ȳ5 Ȳ4 Ȳ3

Table 20 contains the smoothed means and Figure 15 gives a plot of the smoothed response curve.

TABLE 20.  MYSID, MYSIDOPSIS BAHIA, MEAN GROWTH RESPONSE AFTER SMOOTHING

Toxicant Response Smoothed
Conc. Means Mean
(ppb) i Yi  (mg) Mi  (mg)

Control 1 0.182 0.183
50.0 2 0.184 0.183

100.0 3 0.168 0.168
210.0 4 0.101 0.101
450.0 5 0.012 0.012

14.13.3.8.4  An IC25 and IC50 can be estimated using the Linear Interpolation Method.  A 25% reduction in weight,
compared to the controls, would result in a mean weight of 0.136 mg, where M1(1-p/100) = 0.183(1-25/100).  A 50%
reduction in mean dry weight, compared to the controls, would result in a mean weight of 0.091 mg.  Examining the
smoothed means and their associated concentrations (Table 20), the response, 0.136 mg, is bracketed by C3 = 100 ppb and
C4 = 210 ppb.  The response, 0.091 mg, is bracketed by C4 = 210 ppb and C5 = 450 ppb.
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ICp � Cj� [M1 (1�p/100)�Mj]
(C(j�1)�Cj)

M(j�1)�Mj

ICp � Cj� [M1 (1�p/100)�Mj]
(C(j�1)�Cj)

M(j�1)�Mj

14.13.3.8.5   Using the equation in Section 4.2 from Appendix L, the estimate of the IC25 is calculated as follows:

IC25  = 100 + [0.183(1 - 25/100) - 0.168]         (210 - 100)   
(0.101 - 0.168) 

= 151 ppb. 

14.13.3.8.6   Using Equation 1 from Appendix L, the estimate of the IC50 is calculated as follows:

IC50 = 210 + [0.183(1 - 50/100) - 0.101]      (450 - 210)   
(0.012 - 0.101)

= 236 ppb.

14.13.3.8.7   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of the
IC25 was 150.6446 ppb.  The empirical 95.0% confidence interval for the true mean was 97.0905 ppb and 186.6383 ppb.
The computer program output for the IC25 for this data set is shown in Figure 16.

14.13.3.8.8   When the ICPIN program was used to analyze this set of data for the IC50, requesting 80 resamples, the
estimate of the IC50 was 234.6761 ppb.  The empirical 95.0% confidence interval for the true mean was (183.8187 ppb
to 277.9211 ppb).  The computer program output for the IC50 for this data set is shown in Figure 17.

14.13.4   EXAMPLE OF ANALYSIS OF MYSID, MYSIDOPSIS BAHIA, FECUNDITY DATA

14.13.4.1   Formal statistical analysis of the fecundity data is outlined in Figure 18.  The response used in the statistical
analysis is the proportion of females with eggs in each test or control chamber.  If no females were present in a replicate,
a response of zero should not be used.  Instead there are no data available for that replicate and the number of replicates for
that level of concentration or the control should be reduced by one.  Separate analyses are performed for the estimation of
the NOEC and LOEC endpoints, and for the estimation of the EC, LC, and IC endpoints.  The data for a concentration are
excluded from the statistical analysis of the NOEC and LOEC endpoints if no eggs were produced in all of the replicates
in which females existed.  However, all data are included in the estimation of the IC25 and IC50.
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Conc. ID 1 2 3 4. 5

Conc. Tested 0 50 100 210 450

Response  1 .146 .154 .114 .153 0
Response  2 .118 .19 .172 .094 .012
Response  3 .216 .193 .160 .017 0
Response  4 .199 .190 .199 .122 .002
Response  5 .176 .190 .165 .052 0
Response  6 .243 .191 .145 .154 0
Response  7 .213 .122 .207 .110 0
Response  8 .144 .177 .186 .103 .081

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent:  Effluent
Test Start Date: Test Ending Date: 
Test Species: MYSID SHRIMP, Mysidopsis bahia
Test Duration: growth test
DATA FILE: mysidwt.icp
OUTPUT FILE:  mysid.i25

Conc. Number Concentration Response Standard. Pooled
 ID Replicates     �g/l  Means Dev. Response Means

1 8 0.000 0.182 0.043 0.183
2 8 50.000 0.184 0.038 0.183
3 8 100.000 0.168 0.030 0.168
4 8 210.000 0.101 0.047 0.101
5 8 450.000 0.102 0.028 0.012

The Linear Interpolation Estimate: 150.6446 Entered P Value: 25

Number of Resamplings:   80
The Bootstrap Estimates Mean: 147.1702 Standard Deviation: 23.7984
Original Confidence Limits: Lower: 97.0905 Upper: 186.6383
Resampling time in Seconds: 0.11 Random Seed: -1623038650

Figure 16.  ICPIN program output for the IC25.
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Conc. ID 1 2 3 4. 5

Conc. Tested 0 50 100 210 450

Response  1 .146 .154 .114 .153    0
Response  2 .118 .193 .172 .094 .012
Response  3 .216 .190 .160 .017    0
Response  4 .199 .190 .199 .122 .002
Response  5 .176 .256 .165 .052    0
Response  6 .243 .191 .145 .154    0
Response  7 .213 .122 .207 .110    0
Response  8 .144 .177 .186 .103 .081

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: 
Test Start Date: Test Ending Date: 
Test Species: MYSID SHRIMP, Mysidopsis bahia
Test Duration: growth test
DATA FILE: mysidwt.icp
OUTPUT FILE: mysidwt.i50

Conc.   Number Concentration Response Standard.        Pooled
 ID Replicates        �g/L   Means Dev. Response Means

  1 8 0.000 0.182 0.043 0.183
  2 8 50.000 0.184 0.038 0.183
  3 8 100.000 0.168 0.030 0.168
  4 8 210.000 0.101 0.047 0.101
  5 8 450.000 0.012 0.028 0.01

The Linear Interpolation Estimate:   234.6761   Entered P Value:  50

Number of Resamplings:   80
The Bootstrap Estimates Mean:   230.7551  Standard Deviation:    30.6781
Original Confidence Limits:   Lower:   183.8197 Upper:   277.9211
Resampling time in Seconds:     0.16  Random Seed:  -628896314

 Figure 17.  ICPIN program output for the IC50.
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Figure 18.  Flowchart for statistical analysis of mysid, Mysidopsis bahia, fecundity data.
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14.13.4.2   For the case of equal numbers of replicates across all concentrations and the control, the evaluation of the
NOEC and LOEC endpoints is made via a parametric test, Dunnett's Procedure, or a nonparametric test, Steel's
Many-one Rank Test, on the arc sine square root transformed data.  Underlying assumptions of Dunnett's Procedure,
normality and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test, and
Bartlett's Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric test, Steel's
Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's Procedure
are met, the endpoints are estimated by the parametric procedure. 

14.13.4.3   If unequal numbers of replicates occur among the concentration levels tested, there are parametric and
nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni adjustment (Appendix D). 
The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative.

14.13.4.4   The proportion of female mysids, Mysidopsis bahia, with eggs in each replicate must first be transformed by
the arc sine square root transformation procedure described in Appendix B.  Since the denominator of the proportion of
females with eggs varies with the number of females occurring in that replicate, the adjustment of the arc sine square
root transformation for 0% and 100% is not used for this data.  The raw and transformed data, means and variances of
the transformed observations at each test concentration including the control are listed in Table 21.  Since there is
significant mortality in the 450 ppb concentration, its effect on reproduction is not considered.  Additionally, since no
eggs were produced by females in any of the replicates for the 210 ppb concentration, it is not included in this statistical
analysis and is considered a qualitative reproductive effect.  A plot of the mean proportion of female mysids with eggs
is illustrated in Figure 19.

14.13.4.5   Test for Normality 
 
14.13.4.5.1   The first step of the test for normality is to center the observations by subtracting the mean of all
observations within a concentration from each observation in that concentration.  The centered observations are listed in
Table 22.

14.13.4.5.2   Calculate the denominator, D, of the statistic: 

Where: Xi  =  the ith centered observation 
 

 =  the overall mean of the centered observations X̄

n  =  the total number of centered observations 
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TABLE 21.  MYSID, MYSIDOPSIS BAHIA, FECUNDITY DATA: PERCENT FEMALES WITH EGGS 

Test Concentration (ppb)

Replicate Control 50.0  100.0  210.0 

1 1.00 0.50 0.33 0.0 
2 1.00 0.33 0.50 0.0 
3 0.67 0.67 0.00 0.0 

RAW 4 1.00   - 0.50 0.0 
5 1.00 0.40 0.67 0.0 
6 0.80 0.50 0.00 0.0 
7 1.00 0.25 0.25 0.0 
8 1.00 0.33 - 0.0 

 1 1.57 0.78 0.61 - 
ARC SINE 2 1.57 0.61 0.78 - 
TRANS- 3 0.96 0.96 0.00 - 
FORMED1 4 1.57   - 0.78 - 

5 1.57 0.68 0.96 - 
6 1.12 0.78 0.00 - 
7 1.57 0.52 0.52 - 
8 1.57 0.61 - - 

         
Mean(Yi) 1.44 0.71 0.52 - 
S2

i 0.064 0.021  0.147 - 
i  1 2 3 4 

1   Since the denominator of the proportion of females with eggs varies with the number of females occurring in that
replicate, the adjustment of the arc sine square root transformation for 0% and 100% is not used for this data.

TABLE 22.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 
  

      Test Concentration (ppb)         
 Replicate Control 50.0 100.0

1 0.13 0.07 0.09 
2 0.13 -0.10 0.26 
3 -0.48 0.25 -0.52 
4 0.13       -  0.26 
5 0.13 -0.03 0.44 
6 -0.32 0.07 -0.52 
7 0.13 -0.19 0.00 
8 0.13 -0.10 -
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14.13.4.5.3   For this set of data,  n = 22 

X =  1  (0.000) = 0.000 
22

D = 1.4412

14.13.4.5.4   Order the centered observations from smallest to largest: 

X(1) � X(2) � ... � X(n) 

Where X(i) denotes the ith ordered observation.  The ordered observations for this example are listed in Table 23. 

14.13.4.5.5.   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ... ak where k
is n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 22 and k = 11.  The ai values are listed in
Table 24. 

14.13.4.5.6   Compute the test statistic, W, as follows:

The differences X(n-i+1) - X(I) are listed in Table 24.  For the data in this example: 

W  =       1       (1.1389)2 = 0.900 
1.4412 

TABLE 23.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE 
 

i X(i) i X(i) 
 

1 -0.52 12 0.09 
2 -0.52 13 0.13 
3 -0.48 14 0.13 
4 -0.32 15 0.13 
5 -0.19 16 0.13 
6 -0.10 17 0.13 
7 -0.10 18 0.13 
8 0.03 19 0.25 
9 0.00 20 0.26 

10 0.07 21 0.26 
11 0.07 22 0.44 
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TABLE 24.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE 
 

i ai X(n-i+1) - X(i) 

 1 0.4590 0.96 X(22) - X(1) 
2 0.3156 0.78 X(21) - X(2) 
3 0.2571 0.74 X(20) - X(3) 
4 0.2131 0.57 X(19) - X(4) 
5 0.1764 0.32 X(18) - X(5) 
6 0.1443 0.23 X(17) - X(6) 
7 0.1150 0.23 X(16) - X(7) 
8 0.0878 0.16 X(15) - X(8) 
9 0.0618 0.13 X(14) - X(9) 

10 0.0368 0.06        X(13) - X(10) 
11 0.0122 0.02 X(12) - X(11) 

 

14.13.4.5.7   The decision rule for this test is to compare W as calculated in Subsection 14.13.4.5.6 to a critical value
found in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not normally
distributed.  For this set of data, the critical value at a significance level of 0.01 and n = 22 observations is 0.878.  Since
W = 0.900 is greater than the critical value, conclude that the data are normally distributed.

14.13.4.6   Test for Homogeneity of Variance 

14.13.4.6.1   The test used to examine whether the variation in proportion of female mysids with eggs is the same
across all concentration levels including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic
is as follows: 

Where:  Vi =  degrees of freedom for each copper concentration and control, Vi = (ni - 1) 
 

p  =  number of concentration levels including the control

ln  =  loge 
 

i  = 1, 2, ..., p where p is the number of concentrations including the control 

ni  = the number of replicates for concentration i.
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14.13.4.6.2   For the data in this example (see Table 21), n1 = 8, n2 = 7 and n3 = 7.  Thus, the respective degrees of
freedom are 7, 6 and 6. 

14.13.4.6.3   Bartlett's statistic is therefore:

        B =  [(19)ln(0.077) - (7 ln(0.064) + 6 ln(0.021) + 6 ln(0.147))]/1.07 

=  [19(-2.564) - (-53.925)]/1.07

=  [-48.716 - (-53.925)]/1.07 

=  4.868 

14.13.4.6.4   B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in fact
the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with two degrees of
freedom, is 9.210.  Since B = 4.868 is less than the critical value of 9.210, conclude that the variances are not different. 

14.13.4.7   T test with the Bonferroni Adjustment 

14.13.4.7.1   A t test with the Bonferroni adjustment is used as an alternative to Dunnett's Procedure when, as in this set
of data, the number of replicates is not the same for all concentrations.  Like Dunnett's Procedure, it uses a pooled
estimate of the variance, which is equal to the error value calculated in an analysis of variance.  To obtain an estimate of
the pooled variance, construct an ANOVA table as described in Table 25. 

TABLE 25.  ANOVA TABLE 

Source df Sum of Squares Mean Square (MS)
(SS) (SS/df)

Between p - 1 SSB = SSB/(p-1)S 2
B

Within N - p SSW  = SSW/(N-p)S 2
W

Total N - 1 SST

Where: p  = number of concentration levels including the control

N  = total number of observations n1 + n2 ... + np 

ni = number of observations in concentration i
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�
nj

j�1

Y 2
ij �G 2 /N

Between Sum of Squares

Total Sum of Squares

Within Sum of Squares 

G  =  the grand total of all sample observations,   G � �
p

i�1

Ti

Ti  =  the total of the replicate measurements for concentration i

Yij =  the jth observation for concentration i (represents the mean dry weight of the mysids for
concentration i in test chamber j) 

14.13.4.7.2   For the data in this example:

n1 = 8  n2 = 7  n3 = 7 

N  = 22 

T1 = Y11 + Y12 + ... + Y18 = 11.5 

T2 = Y21 + Y22 + ... + Y27 =  4.94 

T3 = Y31 + Y32 + ... + Y37 =  3.65 

G  = T1 + T2 + T3 = 20.09 

=  132.25 + 24.40 + 13.32  -  403.61  =  3.57
8              7   7 22

=  23.396 - 403.61  = 5.05
22 

SSW  =  SST - SSB  = 5.05 - 3.57 = 1.48 

    =  SSB/(p-1) = 3.57/(3-1) = 1.785 S
2
B

    =  SSW/(N-p) = 1.48/(22-3) = 0.078 S
2
W
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ti �
(Ȳ1� Ȳi)

Sw (1/n1) � (1/ni)

t2 �
(1.44 �0.52)

[0.279 (1/8)� (1/7)]

14.13.4.7.3   Summarize these calculations in the ANOVA table (Table 26).

TABLE 26.  ANOVA TABLE FOR THE T TEST WITH BONFERRONI’S ADJUSTMENT EXAMPLE 

Source df Sum of Squares Mean Square (MS) 
(SS) (SS/df) 

 

Between 2 3.57 1.785 

 
Within 19 1.48 0.078 

 

Total 21 5.05 

14.13.4.7.4   To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows: 

Where:    =  mean proportion of females with eggs for concentration i Ȳi

  =  mean proportion of females with eggs for the control Ȳ1

SW  =  square root of the within mean square 

n1  =  number of replicates for the control 

ni  =  number of replicates for concentration i 

14.13.4.7.5 Table 27 includes the calculated t values for each concentration and control combination.  In this example,
comparing the 50.0 ppb concentration with the control the calculation is as follows: 

= 5.05 
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MSD � t Sw (1 /n1) � (1 /n)

MSD � 2.094(0.279) (1/8)� (1/7)

TABLE 27.  CALCULATED T VALUES 

 
Test Concentration (ppb) i ti 

50.0 2 5.05 
100.0 3 6.37

 

14.13.4.7.6   Since the purpose of this test is to detect a significant reduction in mean proportion of females with eggs, a
one-sided test is appropriate.  The critical value for this one-sided test is found in Table 5, Appendix D, Critical Values
for the t test with Bonferroni's adjustment.  For an overall alpha level of 0.05, 19 degrees of freedom for error and two
concentrations (excluding the control) the approximate critical value is 2.094.  The mean proportion for concentration
"i" is considered significantly less than the mean proportion for the control if ti is greater than the critical value. 
Therefore, the 50.0 ppb and the 100.0 ppb concentrations have significantly lower mean proportion of females with
eggs than the control.  Hence the LOEC for fecundity is 50.0 ppb.

14.13.4.7.7   To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be detected
statistically may be calculated. 

Where: t  =  the critical value for the t test with Bonferroni's adjustment 

SW =  the square root of the within mean square 

n  =  the common number of replicates at each concentration 
(this assumes equal replication at each concentration) 

n1 = the number of replicates in the control

14.13.4.7.8   In this example: 

= 2.094 (0.279)(0.518)

= 0.303 

14.13.4.7.9   Therefore, for this set of data, the minimum difference that can be detected as statistically significant is
0.30.

14.13.4.7.10   The MSD (0.30) is in transformed units.  To determine the MSD in terms of percent of females with
eggs, carry out the following conversion.
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1. Subtract the MSD from the transformed control mean. 

1.44 - 0.30 = 1.14  

2. Obtain the untransformed values for the control mean and the difference calculated in 4.10.1. 

[ Sine (1.44) ]2  = 0.983  

[ Sine (1.14) ]2 = 0.823  

3. The untransformed MSD (MSDu) is determined by subtracting the untransformed values from            
   14.13.4.7.10.2.

 
MSDu = 0.983 - 0.823 = 0.16 

14.13.4.7.11   Therefore, for this set of data, the minimum difference in mean proportion of females with eggs between
the control and any copper concentration that can be detected as statistically significant is 0.16. 
 
14.13.4.7.12   This represents a 17% decrease in proportion of females with eggs from the control. 
 
14.13.4.8   Calculation of the ICp

14.13.4.8.1   The fecundity data in Table 4 are utilized in this example.  Table 28 contains the mean proportion of
females with eggs for each toxicant concentration.  As can be seen, the observed means are monotonically
nonincreasing with respect to concentration.  Therefore, it is not necessary to smooth the means prior to calculating the
IC.  Figure 20 gives a plot of the response curve.

TABLE 28.  MYSID, MYSIDOPSIS BAHIA, MEAN MEAN PROPORTION OF FEMALES WITH EGGS

Toxicant Response Smoothed
Conc. Means Mean
(ppb) i Yi  (mg) Mi  (mg)

Control 1 0.934 0.934
50.0 2 0.426 0.426

100.0 3 0.317 0.317
210.0 4 0.000 0.000
450.0 5 0.010 0.000

14.13.4.8.2   An IC25 and IC50 can be estimated using the Linear Interpolation Method.  A 25% reduction in mean
proportion of females with eggs, compared to the controls, would result in a mean proportion of 0.701, where M1(1-
p/100) = 0.934(1-25/100).  A 50% reduction in mean proportion of females with eggs, compared to the could would
result in a mean proportion of 0.467.  Examining the means and their associated concentrations (Table 28), the
response, 0.701, is bracketed by C1 = 0 ppb and C2 = 50 ppb.  The response, 0.467, is bracketed by C1 = 0 ppb and C2 =
50 ppb.

14.13.4.8.3   Using the equation in Section 4.2 from Appendix L, the estimate of the IC25 is calculated as follows:

ICp � Cj� [M1 (1�p/100)�Mj]
(C(j�1)�Cj)

(M(j�1)�Mj)
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ICp � Cj�[M1 (1�p/100)�Mj]
C(j�1)�Cj)

(M(j�1)�Mj)

IC25  =  0 + [0.934(1 - 25/100) - 0.934]          (50 - 0)      
(0.426 - 0.934)

= 23 ppb.

14.13.4.8.4   Using the equation in Section 4.2 from Appendix L, the estimate of the IC50 is calculated as follows:

IC50 = 0 + [0.934(1 - 50/100) - 0.934]          (50 - 0)      
      (0.426 - 0.934)

= 46 ppb.

14.13.4.8.5   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of the
IC25 was 29.9745 ppb.  The empirical 95.0% confidence interval for the true mean was 20.0499 ppb to 30.5675 ppb. 
The computer program output for the IC25 for this data set is shown in Figure 21.  This value is extrapolated below the
lowest test concentration and data should be used cautiously.

14.13.4.8.6   When the ICPIN program was used to analyze this set of data for the IC50, requesting 80 resamples, the
estimate of the IC50 was 45.9490 ppb.  The empirical 95.0% confidence interval for the true mean was 40.1467 ppb to
63.0931 ppb.  The computer program output for the IC50 for this data set is shown in Figure 22.
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Conc. ID 1 2 3 4

Conc. Tested 0 50 100 210

Response  1 1 .5 .3 0
Response  2 1 .33 .5 0
Response  3 .67 .67 0 0
Response  4 1 .4 .5 0
Response  5 1 .5 .67 0
Response  6 .8 .25 0 0
Response  7 1 .33 .25 0
Response  8 1 0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Effluent
Test Start Date: Test Ending Date: 
Test Species: MYSID SHRIMP, Mysidopsis bahia
Test Duration: fecundity
DATA FILE:  mysidfe.icp
OUTPUT FILE:  mysidfe.i25

Conc.    Number Concentration Response Standard. Pooled
 ID Replicates       �g/l    Means Dev. Response Means

  1 8 0.000 0.934 0.127 0.934
  2 7 50.000 0.426 0.142 0.426
  3 7 100.000 0.317 0.257 0.317
  4 8 210.000 0.000 0.000 0.000

The Linear Interpolation Estimate: 29.9745 Entered P Value:  25

Number of Resamplings:   80
The Bootstrap Estimates Mean: 23.8871 Standard Deviation: 3.0663
Original Confidence Limits: Lower: 20.0499 Upper: 30.5765
Resampling time in Seconds: 1.37 Random Seed: 1918482350

Figure 21.  ICPIN program output for the IC25.
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Conc. ID 1 2 3 4

Conc. Tested 0 50 100 210

Response  1 1 .5 .3 0
Response  2 1 .33 .5 0
Response  3 .67 .67 0 0
Response  4 1 .4 .5 0
Response  5 1 .5 .67 0
Response  6 .8 .25 0 0
Response  7 1 .33 .25 0
Response  8 1 0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Effluent
Test Start Date: Test Ending Date: 
Test Species: MYSID SHRIMP
Test Duration: fecundity
DATA FILE: mysidfe.icp
OUTPUT FILE: mysidfe.i50

-Conc. Number Concentration Response Std.         Pooled
 ID Replicates �g/l    Means Dev. Response Means

  1 8 0.000 0.934 0.127 0.934
  2 7 50.000 0.426 0.142 0.426
  3 7 100.000 0.317 0.257 0.317
  4 8 210.000 0.000 0.000 0.000

The Linear Interpolation Estimate: 45.9490 Entered P Value:  50

Number of Resamplings:   80
The Bootstrap Estimates Mean: 47.8720 Standard Deviation: 8.2908
Original Confidence Limits: Lower:    40.1467 Upper: 63.0931
Resampling time in Seconds:     1.32 Random Seed: -391064242

Figure 22.  ICPIN program output for the IC50.
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14.14   PRECISION AND ACCURACY 

14.14.1   PRECISION  – Data on single-laboratory and multilaboratory precision are described below (Subsections
14.14.1.1 and 14.14.1.2).  Single-laboratory precision is a measure of the reproducibility of test results when tests are
conducted using a specific method under reasonably constant conditions in the same laboratory.  Single-laboratory
precision is synonymous with the terms within-laboratory precision and intralaboratory precision.  Multilaboratory
precision is a measure of the reproducibility of test results from different laboratories using the same test method and
analyzing the same test material.  Multilaboratory precision is synonymous with the term interlaboratory precision. 
Interlaboratory precision, as used in this document, includes both within-laboratory and between-laboratory
components of variability.  In recent multilaboratory studies, these two components of interlaboratory precision have
been displayed separately (termed within-laboratory and between-laboratory variability) and combined (termed total
interlaboratory variability).  The total interlaboratory variability that is reported from these studies is synonymous with
interlaboratory variability reported from other studies where individual variability components are not separated.

14.14.1.1   Single-Laboratory Precision

14.14.1.1.1   Data on the single-laboratory precision of the mysid survival, growth, and fecundity using copper (Cu)
sulfate and sodium dodecyl sulfate (SDS) in natural seawater and in artificial seawater (GP2) are shown in Tables 29-
33.  In Tables 29-30 the coefficient of variation for the IC25, ranges from 18.0 to 35.0 and the IC50, ranges from 5.8 to
47.8, indicating acceptable test precision.  Data in Tables 31-33 show no detectable differences between tests conducted
in natural or artificial seawaters.

14.14.1.1.2  EPA evaluated within-laboratory precision of the Mysid, Mysidopsis bahia, Survival, Growth, and
Fecundity Test using a database of routine reference toxicant test results from 10 laboratories (USEPA, 2000b).  The
database consisted of 130 reference toxicant tests conducted in 10 laboratories using a variety of reference toxicants
including: chromium, copper, and potassium chloride. Among the 10 laboratories, the median within-laboratory CV
calculated for routine reference toxicant tests was 28% for the IC25 growth endpoint.  In 25% of laboratories, the
within-laboratory CV was less than 24%; and in 75% of laboratories, the within-laboratory CV was less than 32%. 

14.14.1.2   Multilaboratory Precision

14.14.1.2.1   In 2000, EPA conducted an interlaboratory variability study of the Mysid, Mysidopsis bahia, Survival,
Growth, and Fecundity Test  (USEPA, 2001a; USEPA, 2001b).  In this study, each of 11 participant laboratories tested
4 blind test samples that included some combination of blank, effluent, reference toxicant, and receiving water sample
types.  The blank sample consisted of bioassay-grade FORTY FATHOMS® synthetic seawater, the effluent sample was
a municipal wastewater spiked with KCl, the receiving water sample was a natural seawater spiked with KCl, and the
reference toxicant sample consisted of bioassay-grade FORTY FATHOMS® synthetic seawater spiked with KCl.  Of
the 44 Mysidopsis bahia Survival, Growth, and Fecundity tests conducted in this study, 97.7% were successfully
completed and met the required test acceptability criteria.  Of seven tests that were conducted on blank samples, none
showed false positive results for survival, growth, or fecundity endpoints. Results from the reference toxicant, effluent,
and receiving water sample types were used to calculate the precision of the method.  Table 34 shows the precision of
the IC25 for each of these sample types.  Averaged across sample types, the total interlaboratory variability (expressed
as a CV%) was 41.3% for growth IC25 results.  Table 35 shows the frequency distribution of survival and growth
NOEC endpoints for each sample type.  For the survival endpoint, NOEC values spanned three concentrations for the
reference toxicant, effluent, and receiving water sample types.  The percentage of values within one concentration of
the median was 100% for each of the sample types.  For the growth endpoint, NOEC values spanned four
concentrations for the reference toxicant sample type and three concentrations for the effluent and receiving water
sample types.  The percentage of values within one concentration of the median was 92.3%, 100%, and 100% for the
reference toxicant, effluent, and receiving water sample types, respectively.  For the fecundity endpoint, NOEC values
spanned three concentrations for the reference toxicant, the effluent, and the receiving water sample types.  The
percentage of values within one concentration of the median was 75.0%, 87.5%, and 66.7% for the reference toxicant,
effluent, and receiving water sample types, respectively. 
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14.14.2    ACCURACY 
 
14.14.2.1   The accuracy of toxicity tests cannot be determined.

TABLE 29. SINGLE-LABORATORY PRECISION OF THE MYSID, MYSIDOPSIS BAHIA, SURVIVAL,
GROWTH, AND FECUNDITY TEST PERFORMED IN NATURAL SEAWATER, USING
JUVENILES FROM MYSIDS CULTURED AND SPAWNED IN NATURAL SEAWATER, AND
COPPER (Cu)  SULFATE AS A REFERENCE TOXICANT1,2,3,4,5,6

Most
Test NOEC IC25 IC50 Sensitive
Number (μg/L) (μg/L) (μg/L) Endpoint7

1 63 96.1 NC8 S
2 125 138.3 175.5 S
3 125 156.3 187.5 S
4 125 143.0 179.9 S
5 125 157.7 200.3 S

n:   5 5 4
Mean: NA 138.3 185.8
CV(%): NA 18.0 5.8

1 Data from USEPA (1988a) and USEPA (1991a).
2 Tests performed by Randy Cameleo, ERL-N, USEPA, Narragansett, RI.
3 Eight replicate exposure chambers, each with five juveniles, were used for the control and each toxicant                    
       concentration.  The temperature of  the test solutions was maintained at 26 ± 1°C.
4 Copper concentrations in Tests 1-2 were: 8, 16, 31, 63, and 125 mg/L.  Copper concentrations in Tests 3-6 were,      
      16, 31, 63, 125, and 250 μg/L.
5 NOEC Range:  63 - 125 μg/L (this represents a difference of two exposure concentrations).
6 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
7 Endpoints: G=Growth; S=Survival.
8 NC = No linear interpolation estimate could be calculated from the data, since none of the group response means      
       were less than 50 percent of the control concentrations.
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TABLE 30. SINGLE-LABORATORY PRECISION OF THE MYSID, MYSIDOPSIS BAHIA, SURVIVAL,
GROWTH, AND FECUNDITY TEST PERFORMED IN NATURAL SEAWATER, USING
JUVENILES FROM MYSIDS CULTURED AND SPAWNED IN NATURAL SEAWATER, AND
SODIUM DODECYL SULFATE (SDS) AS A REFERENCE TOXICANT1,2,3,4,5,6

Most
Test NOEC IC25 IC50 Sensitive
Number (mg/L) (mg/L) (mg/L) Endpoint7

1 2.5 4.5 NC9 S
2 < 0.3 NC8 NC9 S
3 < 0.6 NC8 NC9 S
4 5.0 7.8 NC9 S
5 2.5 3.6 4.6 S
6 5.0 7.0 9.3 S

n: 4 4 2
Mean: NA 5.7 6.9
CV(%): NA 35.0 47.8

  
1 Data from USEPA (1988a) and USEPA (1991a).
2 Tests performed by Randy Cameleo, ERL-N, USEPA, Narragansett, RI.
3 Eight replicate exposure chambers, each with five juveniles, were used for the control and each toxicant                   
         concentration.  The temperature of the test solutions was maintained at 26 ± 1°C. 
4 SDS concentrations in Tests 1-2 were: 0.3, 0.6, 1.3, 2.5, and 5.0 mg/L.  SDS concentrations in Tests 3-4 were: 0.6,  
       1.3, 2.5, 5.0 and 10.0 mg/L.  SDS concentrations in Tests 5-6 were: 1.3, 2.5, 5.0, 10.0, and 20.0 mg/L.
5 NOEC Range:  < 0.3 - 5.0 mg/L (this represents a difference of four exposure concentrations).
6 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
7 Endpoints: G=Growth; S=Survival. 
8 NC = No linear interpolation estimate could be calculated from the data, since none of the group response means     
       were less than 75 percent of the control response mean.
9 NC = No linear interpolation estimate could be calculated from the data, since none of the group response means     
       were less than 50 percent of the control response mean.
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TABLE 31. COMPARISON OF SURVIVAL (LC50)1, GROWTH AND FECUNDITY (IC50)1 RESULTS
FROM 7-DAY TESTS WITH THE MYSID, MYSIDOPSIS BAHIA, USING NATURAL
SEAWATER (NSW) AND ARTIFICIAL SEAWATER (GP2) AS DILUTION WATER AND
SODIUM DODECYL SULFATE (SDS) AS A REFERENCE TOXICANT

  Survival LC50      Growth IC50       Fecundity IC50    
Test NSW GP2 NSW GP2 NSW GP2

1 16.2 16.3 16.8 16.3 12.0 10.9

2 20.5 19.2 24.2 23.3 20.1 18.5

3 --2 21.9 --2 24.4 --2 21.7

1 All LC50/IC50 values in mg/L.
2 No test performed.
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TABLE 32. COMPARISON OF SURVIVAL (LC50)1, GROWTH AND FECUNDITY (IC50)1   RESULTS 
FROM 7-DAY TESTS WITH THE MYSID, MYSIDOPSIS BAHIA, USING NATURAL
SEAWATER (NSW) AND ARTIFICIAL SEAWATER (GP2) AS DILUTION WATER AND
COPPER (Cu) SULFATE AS A REFERENCE TOXICANT

  Survival LC50      Growth IC50       Fecundity IC50    
Test NSW GP2 NSW GP2 NSW GP2

1 177 182 208 186 177 125

2 --2 173 --2 210 --2 142

3 190 174 195 179 168 186

1 All LC50/IC50 values in μg/L.
2 No test performed.
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TABLE 33. CONTROL RESULTS FROM 7-DAY SURVIVAL, GROWTH, AND FECUNDITY TESTS
WITH THE MYSID, MYSIDOPSIS BAHIA, USING NATURAL SEAWATER AND ARTIFICIAL
SEAWATER (GP2) AS A DILUTION WATER

 

 
Control 1

     Survival (%)         Growth (mg)        Fecundity (%)    

Test NSW GP2 NSW GP2 NSW GP2
 

1 98 93 0.32 0.32 73 77

2 80 90 0.40 0.43 100 95

3 --2 95 --2 0.40 --2 100

4 94 84 0.34 0.37 89 83

5 --2 94 --2 0.36 --2 83

6 80 75 0.40 0.41 79 93
 

1 Survival as percent of mysids alive after 7 days; growth as mean individual dry weight; fecundity as percent              
       females with eggs.
2 No test performed.
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TABLE 34.  PRECISION OF POINT ESTIMATES FOR VARIOUS SAMPLE TYPES1

Test Endpoint Sample Type
CV (%)2

Within-lab3 Between-lab4 Total5

IC25 for
Growth

Reference toxicant 8.69 40.0 40.9

Effluent 5.26 36.6 37.0

Receiving water - - 45.9

Average 6.98 38.3 41.3

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 CVs were calculated based on the within-laboratory component of variability, the between-laboratory component of

variability, and the total interlaboratory variability (including both within-laboratory and between-laboratory
components).  For the receiving water sample type, within-laboratory and between-laboratory components of
variability could not be calculated since the study design did not provide within-laboratory replication for this
sample type.

3 The within-laboratory (intralaboratory) component of variability for duplicate samples tested at the same time in the
same laboratory.

4 The between-laboratory component of variability for duplicate samples tested at different laboratories.
5 The total interlaboratory variability, including within-laboratory and between-laboratory components of variability. 

The total interlaboratory variability is synonymous with interlaboratory variability reported from other studies
where individual variability components are not separated. 
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TABLE 35. FREQUENCY DISTRIBUTION OF HYPOTHESIS TESTING RESULTS FOR VARIOUS
SAMPLE TYPES1

Test Endpoint Sample Type
Median
NOEC
Value

% of Results
at the Median

% of Results
±12

% of Results
�23

Survival
NOEC

Reference toxicant 25% 53.8 46.2 0.00

Effluent 12.5% 46.7 53.3 0.00

Receiving water 12.5% 37.5 62.5 0.00

Growth 
NOEC

Reference toxicant 25% 53.8 38.5 7.69

Effluent 12.5% 46.7 53.3 0.00

Receiving water 12.5% 50.0 50.0 0.00

Fecundity
NOEC

Reference toxicant 18.8% -4 75.0 25.0

Effluent 25% 62.5 25.0 12.5

Receiving water 9.38% -4 66.7 33.3

1 From EPA’s WET Interlaboratory Variability Study (USEPA, 2001a; USEPA, 2001b).
2 Percent of values at one concentration interval above or below the median.  Adding this percentage to the percent of

values at the median yields the percent of values within one concentration interval of the median.
3 Percent of values two or more concentration intervals above or below the median.
4 The median NOEC fell between test concentrations, so no test results fell precisely on the median.
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SECTION 15

TEST METHOD

SEA URCHIN, ARBACIA PUNCTULATA, FERTILIZATION TEST

METHOD 1008.0

15.1   SCOPE AND APPLICATION 

15.1.1   This method, adapted in part from USEPA (1987e), measures the toxicity of effluents and receiving water
to the gametes of the sea urchin, Arbacia punctulata, during a 1 h and 20 min exposure.  The purpose of the sperm
cell toxicity test is to determine the concentration of a test substance that reduces fertilization of exposed gametes
relative to that of the control.

15.1.2   Detection limits of the toxicity of an effluent or chemical substance are organism dependent. 

15.1.3   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling and because the test chambers are not sealed, highly
volatile and highly degradable toxicants in the source may not be detected in the test. 

15.1.4   This test is commonly used in one of two forms:  (1) a definitive test, consisting of a minimum of five
effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving water
concentrations and a control.  

15.2   SUMMARY OF METHOD 

15.2.1   The method consists of exposing dilute sperm suspensions to effluents or receiving waters for 1 h.  Eggs are
then added to the sperm suspensions. Twenty minutes after the eggs are added, the test is terminated by the addition
of preservative.  The percent fertilization is determined by microscopic examination of an aliquot from each
treatment.  The test results are reported as the concentration of the test substance which causes a statistically
significant reduction in fertilization. 

15.3   INTERFERENCES 

15.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies). 

15.3.2   Improper effluent sampling and handling may adversely affect test results (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

15.4   SAFETY 

15.4.1   See Section 3, Health and Safety. 

15.5.   APPARATUS AND EQUIPMENT 

15.5.1   Facilities for holding and acclimating test organisms. 

15.5.2   Laboratory sea urchins, Arbacia punctulata, culture unit -- See Subsection 15.6.19, culturing methods
below and Section 4, Quality Assurance.  To test effluent or receiving water toxicity, sufficient eggs and sperm
must be available. 
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15.5.3   Samplers -- automatic sampler, preferably with sample cooling capability, that can collect a 24-h composite
sample of 5 L. 

15.5.4   Environmental chamber or equivalent facility with temperature control (20 ± 1°C). 
 
15.5.5   Water purification system -- Millipore Milli-Q®, deionized water (DI) or equivalent. 

15.5.6   Balance -- Analytical, capable of accurately weighing to 0.00001 g.

15.5.7   Reference weights, Class S -- for checking performance of balance.  Weights should bracket the expected
weights of materials to be weighed. 

15.5.8   Air pump -- for oil-free air supply. 

15.5.9   Air lines, and air stones -- for aerating water containing adults, or for supplying air to test solutions with
low DO. 

15.5.10   Vacuum suction device -- for washing eggs. 

15.5.11   Meters, pH and DO -- for routine physical and chemical measurements. 

15.5.12   Standard or micro-Winkler apparatus -- for determining DO (optional). 

15.5.13   Transformer, 10-12 Volt, with steel electrodes -- for stimulating release of eggs and sperm. 

15.5.14   Centrifuge, bench-top, slant-head, variable speed -- for washing eggs. 

15.5.15   Fume hood -- to protect the analyst from formaldehyde fumes. 

15.5.16   Dissecting microscope -- for counting diluted egg stock.

15.5.17   Compound microscope -- for examining and counting sperm cells and fertilized eggs. 

15.5.18   Sedgwick-Rafter counting chamber -- for counting egg stock and examining fertilized eggs. 

15.5.19   Hemacytometer, Neubauer -- for counting sperm. 

15.5.20   Count register, 2-place -- for recording sperm and egg counts. 

15.5.21   Refractometer -- for determining salinity. 

15.5.22   Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures. 

15.5.23   Thermometers, bulb-thermograph or electronic-chart type -- for continuously recording temperature. 

15.5.24   Thermometer, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA, 1979b) -- to
calibrate laboratory thermometers. 

15.5.25   Ice bucket, covered -- for maintaining live sperm. 

15.5.26   Centrifuge tubes, conical -- for washing eggs. 

15.5.27   Cylindrical glass vessel, 8-cm diameter -- for maintaining dispersed egg suspension. 
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15.5.28   Beakers -- six Class A, borosilicate glass or non-toxic plasticware, 1000 mL for making test solutions. 

15.5.29    Glass dishes, flat bottomed, 20-cm diameter -- for holding urchins during gamete collection. 

15.5.3   Wash bottles -- for deionized water, for rinsing small glassware and instrument electrodes and probes. 

15.5.31   Volumetric flasks and graduated cylinders -- Class A, borosilicate glass or non-toxic plastic labware,
10-1000 mL for making test solutions. 

15.5.32   Syringes, 1-mL, and 10-mL, with 18 gauge, blunt-tipped needles (tips cut off) -- for collecting sperm and
eggs. 

15.5.33   Pipets, volumetric -- Class A, 1-100 mL. 

15.5.34   Pipets, automatic -- adjustable 1-100 mL. 

15.5.35   Pipets, serological -- 1-10 mL, graduated. 

15.6.36   Pipet bulbs and fillers -- PROPIPET®, or equivalent. 

15.6   REAGENTS AND CONSUMABLE MATERIALS 

15.6.1   Sea Urchins, Arbacia punctulata minimum 12 of each sex. 

15.6.2   Food -- kelp, Laminaria sp., or romaine lettuce for the sea urchin, Arbacia punctulata. 

15.6.3   Standard salt water aquarium or Instant Ocean Aquarium (capable of maintaining seawater at 15°C) -- with
appropriate filtration and aeration system. 

15.6.4   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests). 

15.6.5   Scintillation vials, 20 mL, disposable -- to prepare test concentrations. 

15.6.6   Tape, colored -- for labeling tubes. 

15.6.7   Markers, waterproof -- for marking containers, etc. 

15.6.8   Parafilm -- to cover tubes and vessels containing test materials. 

15.6.9   Gloves, disposable; labcoat and protective eyewear – for personal protection from contamination. 

15.6.10   Data sheets (one set per test) -- for data recording (see Figures 1, 2, and 3). 

15.6.11   Acetic acid, 10%, reagent grade, in seawater -- for preparing killed sperm dilutions. 

15.6.12   Formalin, 1%, in 2 mL of seawater -- for preserving eggs (see Subsection 15.10.9 Termination of the
Test). 

15.6.13   Buffers, pH 4, pH 7, and pH 10 (or as per instructions of instrument manufacturer) -- for standards and
calibration check (see USEPA Method 150.1, USEPA, 1979b). 

15.6.14   Membranes and filling solutions for dissolved oxygen probe (see USEPA Method 360.1, USEPA, 1979b),
or reagents -- for modified Winkler analysis. 
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15.6.15   Laboratory quality assurance samples and standards -- for the above methods. 

15.6.16  Reference toxicant solutions -- see Section 4, Quality Assurance. 

15.6.17   Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic to
the test organisms. 

15.6.18   Effluent, receiving water, and dilution water -- see Section 7, Dilution Water, and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests.
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TEST DATE:  

SAMPLE:  
 
COMPLEX EFFLUENT SAMPLE:  
 

COLLECTION DATE:  
 

SALINITY/ADJUSTMENT:  
 

PH/ADJUSTMENT REQUIRED:  

PHYSICAL CHARACTERISTICS:  

STORAGE: 

COMMENTS:

         

                        

         

SINGLE COMPOUND:  
 

SOLVENT (CONC):  
 

TEST CONCENTRATIONS:  
 

DILUTION WATER:  
 

CONTROL WATER:  
 

TEST TEMPERATURE:  
 

TEST SALINITY:  
 

COMMENTS: 

                         

Figure 1. Data form (1) for fertilization test using sea urchin, Arbacia punctulata. 
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TEST DATE:  
 
SAMPLE: 

  

SPERM DILUTIONS:   
 

HEMACYTOMETER COUNT, E:   __________ x 104 = SPM SOLUTION E = __________ 
 

SPERM CONCENTRATIONS: SOLUTION E x 40 = SOLUTION A = __________ SPM 
SOLUTION E x 20 = SOLUTION B = __________ SPM 
SOLUTION E x   5 = SOLUTION D = __________ SPM 

 
SOLUTION SELECTED FOR TEST (      = 5 x 107 SPM):   

 
DILUTION: SPM/(5 x 107) = __________ DF 

[(DF) x 10) - 10 = __________ + SW, mL 
 

FINAL SPERM COUNTS =                     
 
 
EGG DILUTIONS:   
 

INITIAL EGG COUNT = __________
ORIGINAL EGG STOCK CONCENTRATION =  10X (INITIAL EGG COUNT) = __________
VOLUME OF SW TO ADD TO DILUTE EGG STOCK TO 2000/mL: 

EGG COUNT) - 200 = __________
CONTROL WATER TO ADD EGG STOCK, mL = __________

FINAL EGG COUNT = __________
 
TEST TIMES:   

SPERM COLLECTED:  
 

EGGS COLLECTED:  

 SPERM ADDED:  
 

EGGS ADDED:  

FIXATIVE ADDED:  

SAMPLES READ:  

Figure 2. Data form (2) for fertilization test using sea urchin, Arbacia punctulata. 
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DATE TESTED:  

SAMPLE:

TOTAL AND UNFERTILIZED EGG COUNT AT END OF TEST:   

 
EFFLUENT                                                      REPLICATE VIAL                

CONC (%)                1                             2                             3                              4      
TOTAL-UNFERT TOTAL-UNFERT TOTAL-UNFERT TOTAL-UNFERT 

 

 

 
STATISTICAL ANALYSIS: 
 

ANALYSIS OF VARIANCE:  
 

CONTROL:  
 

DIFFERENT FROM CONTROL (P):  
 

 
COMMENTS:  

 

 

Figure 3. Data form (3) for fertilization test using sea urchin, Arbacia punctulata. 
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15.6.18.1   Saline test and dilution water -- the salinity of the test water must be 30‰.  The salinity should vary by no
more than ± 2‰ among the replicates.  If effluent and receiving water tests are conducted concurrently, the salinities of
these tests should be similar.

15.6.18.2   The overwhelming majority of industrial and sewage treatment effluents entering marine and estuarine
systems contain little or no measurable salts.  Exposure of sea urchin eggs and sperm to these effluents will require
adjustments in the salinity of the test solutions.  It is important to maintain a constant salinity across all treatments.  In
addition it may be desirable to match the test salinity with that of the receiving water.  Two methods are available to
adjust salinities – hypersaline brine (HSB) derived from natural seawater or artificial sea salts.   

15.6.18.3   Hypersaline brine (HSB):  HSB has several advantages that make it desirable for use in toxicity testing.  It
can be made from any high quality, filtered seawater by evaporation, and can be added to the effluent or to deionized
water to increase the salinity.  HSB derived from natural seawater contains the necessary trace metals, biogenic
colloids, and some of the microbial components necessary for adequate growth, survival, and/or reproduction of marine
and estuarine organisms, and may be stored for prolonged periods without any apparent degradation.  However, if
100‰ HSB is used as a diluent, the maximum concentration of effluent that can be tested will be 80% at 20‰ salinity
and 70% at 30‰ salinity. 

15.6.18.3.1   The ideal container for making HSB from natural seawater is one that (1) has a high surface to volume
ratio, (2) is made of a noncorrosive material, and (3) is easily cleaned (fiberglass containers are ideal).  Special care
should be used to prevent any toxic materials from coming in contact with the seawater being used to generate the
brine.  If a heater is immersed directly into the seawater, ensure that the heater materials do not corrode or leach any
substances that would contaminate the brine.  One successful method used is a thermostatically controlled heat
exchanger made from fiberglass.  If aeration is utilized, use only oil-free air compressors to prevent contamination. 

15.6.18.3.2   Before adding seawater to the brine generator, thoroughly clean the generator, aeration supply tube,
heater, and any other materials that will be in direct contact with the brine.  A good quality biodegradable detergent
should be used, followed by several (at least three) thorough deionized water rinses.  

15.6.18.3.3   High quality (and preferably high salinity) seawater should be filtered to at least 10 μm before placing into
the brine generator.  Water should be collected on an incoming tide to minimize the possibility of contamination. 

15.6.18.3.4   The temperature of the seawater is increased slowly to 40�C.  The water should be aerated to prevent
temperature stratification and to increase water evaporation.  The brine should be checked daily (depending on the
volume being generated) to ensure that the salinity does not exceed 100‰ and that the temperature does not exceed
40�C.  Additional seawater may be added to the brine to obtain the volume of brine required. 

15.6.18.3.5   After the required salinity is attained, the HSB should be filtered a second time through a 1 mm filter and
poured directly into portable containers, (20 L cubitainers or polycarbonate water cooler jugs are suitable).  The
containers should be capped and labeled with the date the brine was generated and its salinity.  Containers of HSB
should be stored in the dark and maintained under room temperature until used. 

15.6.18.3.6    If a source of HSB is available, test solutions can be made by following the directions below. 
Thoroughly mix together the deionized water and brine before mixing in the effluent. 

15.6.18.3.7  Divide the salinity of the HSB by the expected test salinity to determine the proportion of deionized water
to brine.  For example, if the salinity of the brine is 100‰ and the test is to be conducted at 30‰, 100‰ divided by
30‰ = 3.3.  The proportion of brine is 1 part in 3.3 (one part brine to 2.3 parts deionized water).  To make 1 L of
seawater at 30‰ salinity from a HSB of 100‰, 300 mL of brine and 700 mL of deionized water are required. 

15.6.18.3.8   Table 1 illustrates the preparation of test solutions at 30‰ if they are made by combining effluent (0‰),
deionized water and HSB (100‰), or FORTY FATHOMS® sea salts. 
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15.6.18.4   Artificial sea salts:  FORTY FATHOMS® brand sea salts have been used successfully at the EMSL-
Cincinnati, for long-term (6-12 months) maintenance of stock cultures of sexually mature sea urchins and to perform
the sea urchin fertilization test.  GP2 seawater formulation (Table 2) has also been used successfully at ERL-
Narragansett, RI. 

15.6.18.4.1   Synthetic sea salts are packaged in plastic bags and mixed with deionized water or equivalent.  The
instructions on the package of sea salts should be followed carefully, and the salts should be mixed in a separate
container -- not in the culture tank.  The deionized water used in hydration should be in the temperature range of 21-
26°C.  Seawater made from artificial sea salts is conditioned (Spotte, 1973; Spotte, et al., 1984; Bower, 1983).

15.6.18.4.2   The GP2 reagent grade chemicals (Table 2) should be mixed with deionized (DI) water or its equivalent in
a container other than the culture or testing tanks.  The deionized water used for hydration should be between 21-26°C. 
The artificial seawater must be conditioned (aerated) for 24 h before use as the testing medium.  If the solution is to be
autoclaved, sodium bicarbonate is added after the solution has cooled.  A stock solution of sodium bicarbonate is made
up by dissolving 33.6 g NaHCO3 in 500 mL of deionized water.  Add 2.5 mL of this stock solution for each liter of the
GP2 artificial seawater.

TABLE 1. PREPARATION OF TEST SOLUTIONS AT A SALINITY OF 30‰ USING NATURAL
SEAWATER, HYPERSALINE BRINE, OR ARTIFICIAL SEA SALTS 1

            Solutions To Be Combined             

Effluent Volume of Volume of Diluent 
Effluent Concentration Effluent Seawater (30‰) 
Solution (%) Solution

 (mL)      (mL) 
              

 
1 1001 840        —

2 50 420 Solution 1 + 420
 

3 25 420 Solution 2 + 420
 

4 12.5 420 Solution 3 + 420
 

5 6.25 420 Solution 4 + 420
 
Control 0.0                                           420

              

Total         2080
              

1 This illustration assumes: (1) the use of 5 mL of test solution in each of four replicates (total of 20 mL) for the 
control and five concentrations of effluent, (2) an effluent dilution factor of 0.5, (3) the effluent lacks appreciable
salinity, and (4) 400 mL of each test concentration is used for chemical analysis.  A sufficient initial volume (840
mL) of effluent is prepared by adjusting the salinity to 30‰.  In this example, the salinity is adjusted by adding
artificial sea salts to the 100% effluent, and preparing a serial dilution using 30‰ seawater (natural seawater,
hypersaline brine, or artificial seawater).  Stir solutions 1 h to ensure that the salts dissolve.  The salinity of the
initial 840 mL of 100% effluent is adjusted to 30‰ by adding 25.2 g of dry artificial sea salts (FORTY
FATHOMS®).  Test concentrations are then made by mixing appropriate volumes of salinity adjusted effluent and
30‰ salinity dilution water to provide 840 mL of solution for each concentration.  If hypersaline brine alone
(100‰) is used to adjust the salinity of the effluent, the highest concentration of effluent that could be tested
would be 70% at 30‰ salinity. 
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TABLE 2. REAGENT GRADE CHEMICALS USED IN THE PREPARATION OF GP2 ARTIFICIAL
SEAWATER FOR THE SEA URCHIN, ARBACIA PUNCTULATA, TOXICITY TEST1,2,3

 

Compound Concentration Amount (g)
(g/L) Required for

20 L

NaCl 21.03 420.6

Na2SO4 3.52 70.4

KCl 0.61 12.2

KBr 0.088 1.76

Na2B4O7�10 H2O 0.034 0.68

MgCl2�6 H2O 9.50 190.0

CaCl2�2 H2O 1.32 26.4

SrCl2�6 H2O 0.02 0.400

           NaHCO3 0.17 3.40

1 Modified GP2 from Spotte et al. (1984).
2 The constituent salts and concentrations were taken from USEPA (l990b). The salinity is 30.89 g/L.
3 GP2 can be diluted with deionized (DI) water to the desired test salinity.

15.6.19   TEST ORGANISMS, SEA URCHINS, ARBACIA PUNCTULATA 

15.6.19.1   Adult sea urchins, Arbacia punctulata, can be obtained from commercial suppliers.  After acquisition, the
animals are sexed by briefly stimulating them with current from a 12 V transformer.  Electrical stimulation causes the
immediate release of masses of gametes that are readily identifiable by color -- the eggs are red, and the sperm are
white. 

15.6.19.2   The sexes are separated and maintained in 20-L, aerated fiberglass tanks, each holding about 20 adults.  The
tanks are supplied continuously (approximately 5 L/min) with filtered natural seawater, or salt water prepared from
commercial sea salts is recirculated.  The animals are checked daily and any obviously unhealthy animals are discarded. 

15.6.19.3   The culture unit should be maintained at 15 ± 3°C, with a water temperature control device. 

15.6.19.4   The food consists of kelp, Laminaria sp., gathered from known uncontaminated zones or obtained from
commercial supply houses whose kelp comes from known uncontaminated areas, or romaine lettuce.  Fresh food is
introduced into the tanks at approximately one week intervals.  Decaying food is removed as necessary.  Ample
supplies of food should always be available to the sea urchins. 

15.6.19.5   Natural or artificial seawater with a salinity of 30‰ is used to maintain the adult animals, for all washing
and dilution steps, and as the control water in the tests (see Subsection 15.6.18). 

15.6.19.6   Adult male and female animals used in field studies are transported in separate or partitioned insulated
boxes or coolers packed with wet kelp or paper toweling.  Upon arrival at the field site, aquaria (or a single partitioned
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aquarium) are filled with control water, loosely covered with a styrofoam sheet and allowed to equilibrate to 15°C
before animals are added.  Healthy animals will attach to the kelp or aquarium within hours. 
 
15.6.19.7   To successfully maintain about 25 adult animals for 7 days at a field site, a screen-partitioned, 40-L glass
aquarium using aerated, recirculating, clean saline water (30‰) and a gravel bed filtration system, is housed within a
water bath, such as FORTY FATHOMS® or equivalent (15°C).  The inner aquarium is used to avoid contact of animals
and water bath with cooling coils. 

15.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE 

15.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sampling Preparation for
Toxicity Tests. 

15.8   CALIBRATION AND STANDARDIZATION 

15.8.1   See Section 4, Quality Assurance.

15.9   QUALITY CONTROL 

15.9.1   See Section 4, Quality Assurance.

15.10   TEST PROCEDURES 

15.10.1   TEST SOLUTIONS

15.10.1.1   Receiving Waters 

15.10.1.1.1   The sampling point is determined by the objectives of the test.  At estuarine and marine sites, samples are
usually collected at mid-depth.  Receiving water toxicity is determined with samples used directly as collected or with
samples passed through a 60 μm NITEX® filter and compared without dilution against a control.  Using four replicate
chambers per test, each containing 5 mL, and 400 mL for chemical analysis, would require approximately 420 mL or
more of sample per test.  
 
15.10.1.2   Effluents 
 
15.10.1.2.1   The selection of the effluent test concentrations should be based on the objectives of the study.  A dilution
factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ± 100%, and testing of concentrations
between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%, 25%, 50%, and 100%).  Test
precision shows little improvement as dilution factors are increased beyond 0.5 and declines rapidly if smaller dilution
factors are used.  Therefore, USEPA recommends the use of the � 0.5 dilution factor.  If 100‰ HSB is used as a
diluent, the maximum concentration of effluent that can be tested will be 80% at 20‰ and 70% at 30‰ salinity.

15.10.1.2.2   If the effluent is known or suspected to be highly toxic, a lower range of effluent concentrations should be
used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%).  

15.10.1.2.3   Just prior to test initiation (approximately 1 h), a sufficient quantity of the sample to make the test
solutions should be adjusted to the test temperature (20 ± 1°C) and maintained at that temperature during the addition
of dilution water.
 
15.10.1.2.4   The test should begin as soon as possible, preferably within 24 h of sample collection.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site toxicity
tests unless permission is granted by the permitting authority.  In no case should the sample be used for the first time in
a test more than 72 h after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample Handling,
and Sample Preparation for Toxicity Test).
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15.10.1.2.5   Effluent dilutions should be prepared for all replicates in each treatment in one beaker to minimize
variability among the replicates.  The test chambers are labeled with the test concentration and replicate number. 
Dispense into the appropriate effluent dilution chamber.

15.10.1.3   Dilution Water

15.10.1.3.1   Dilution water may be uncontaminated natural seawater (receiving water), HSB prepared from natural
seawater, or artificial seawater FORTY FATHOMS® or GP2 sea salts (see Table 2 and Section 7, Dilution Water). 
Prepare 3 L of control water at 30‰ using HSB or artificial sea salts (see Table 1).  This water is used in all washing
and diluting steps and as control water in the test.  Natural seawater and local waters may be used as additional
controls.

15.10.2   COLLECTION OF GAMETES FOR THE TEST 

15.10.2.1   Select four females and place in shallow bowls, barely covering the shell with seawater.  Stimulate the
release of eggs by touching the shell with steel electrodes connected to a 10-12 volt transformer (about 30
seconds each time).  Collect the eggs from each female using a 10 mL disposable syringe fitted with an 18-gauge,
blunt-tipped needle (tip cut off).  Remove the needle from the syringe before adding the eggs to a conical centrifuge
tube.  Pool the eggs.  The egg stock may be held at room temperature for several hours before use.  Note:  Eggs should
be collected first to eliminate possibility of pre-fertilization.

15.10.2.2   Select four males and place in shallow bowls, barely covering the animals with seawater.  Stimulate the
release of sperm as described above.  Collect the sperm (about 0.25 mL) from each male, using a 1-3 mL disposable
syringe fitted with an 18-gauge, blunt-tipped needle.  Pool the sperm.  Maintain the pooled sperm sample on ice.  The
sperm must be used in a toxicity test within 1 h of collection. 
 
15.10.3   PREPARATION OF SPERM DILUTION FOR USE IN THE TEST 

15.10.3.1   Using control water, dilute the pooled sperm sample to a concentration of about 5 X l07 sperm/mL (SPM). 
Estimate the sperm concentration as described below: 

1. Make a sperm dilutions of 1:50, 1:100, 1:200, and 1:400, using 30‰   seawater, as follows:

a. Add 400 μL of collected sperm to 20 mL of seawater in Vial A. Mix by gentle pipetting                  
     using a 5-mL pipettor, or by inversion;
b. Add 10 mL of sperm suspension from Vial A to 10 mL of seawater in Vial B.  Mix by gentle

pipetting using a 5-mL pipettor, or by inversion; 
c. Add 10 mL of sperm suspension from Vial B to 10 mL of seawater in Vial C.  Mix by gentle

pipetting using a 5-mL pipettor, or by inversion; 
d. Add 10 mL of sperm suspension from Vial C to 10 mL of seawater in Vial D.  Mix by gentle

pipetting using a 5-mL pipettor, or by inversion; 
e. Discard 10 mL from Vial D. (The volume of all suspensions is 10 mL).

2. Make a 1:2000 killed sperm suspension and determine the SPM. 
 

a. Add 10 mL 10% acetic acid in seawater to Vial C.  Cap Vial C and mix by inversion.
b. Add 1 mL of killed sperm from Vial C to 4 mL of seawater in Vial E.  Mix by gentle                       
     pipetting with a 4-mL pipettor. 
c. Add sperm from Vial E to both sides of the Neubauer hemacytometer.  Let the sperm settle             
   15 min. 
d. Count the number of sperm in the central 400 squares on both sides of the hemacytometer               
    using a compound microscope (100X). Average the counts from the two sides. 
e. SPM in Vial E = 104 x average count. 
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3. Calculate the SPM in all other suspensions using the SPM in Vial E above: 

SPM in Vial A  =  40 x SPM in Vial E 
SPM in Vial B  =  20 x SPM in Vial E 
SPM in Vial D  =   5 x SPM in Vial E 
SPM in original sperm sample  =  2000 x SPM in Vial E 

 
4. Dilute the sperm suspension with a SPM greater than 5 x 107 SPM to 5 x 107 SPM. 

Actual SPM/(5 x 107) = dilution factor (DF) 
 

[(DF) x 10] - 10 = mL of seawater to add to vial. 
 

5. Confirm the sperm count by sampling from the test stock.  Add 0.1 mL of test stock to 9.9 mL of 10%
acetic acid in seawater, and count with the hemacytometer.  The count should average 50 ± 5. 

 
15.10.4   PREPARATION OF EGG SUSPENSION FOR USE IN THE TEST  Note:  The egg suspension may be
prepared during the 1-h sperm exposure.

15.10.4.1   Wash the pooled eggs three times using control water with gentle centrifugation (500xg for 3 minutes using
a tabletop centrifuge).  If the wash water becomes red, the eggs have lysed and must be discarded.

15.10.4.2   Dilute the egg stock, using control water, to about 2000 eggs/mL. 

1. Transfer the eggs to a glass beaker containing 200 mL of control water  ("egg stock"). 
 

2. Mix the egg stock using an air-bubbling device.  Using a wide-mouth  pipet tip, transfer 1 mL of eggs
from  the egg stock to a vial containing 9 mL of control water.  (This vial contains an egg suspension
diluted 1:10 from egg stock). 

3. Mix the contents of the vial by inversion.  Using a wide-mouth pipet  tip, transfer 1 mL of eggs from the
vial to a Sedgwick-Rafter counting chamber.  Count all eggs in the chamber using a dissecting
microscope at 24X "egg count". 

4. Calculate the concentration of eggs in the stock.  Eggs/mL = 10X (egg  count).  Dilute the egg stock to
2000 eggs/mL by the formula below. 

a. If the egg count is equal to or greater than 200: 
(egg count) - 200 = volume (mL) of control water to add to egg stock.

b. If the egg count is less than 200, allow the eggs to settle and  remove enough control water to
concentrate the eggs to greater than 200, repeat the count, and dilute the egg stock as in a. above. 
NOTE:  It requires 24 mL of a egg stock solution for each test with a control and five exposure
concentrations. 

c. Transfer 1 mL of the diluted egg stock to a vial containing 9 mL of control water.  Mix well, then
transfer 1 mL from the vial to  a Sedgwick-Rafter counting chamber.  Count all eggs using a
dissecting microscope.  Confirm that the final egg count =  2000/mL (± 200).

15.10.5   LIGHT, PHOTOPERIOD, SALINITY AND TEMPERATURE

15.10.5.1   The light quality and intensity should be at ambient laboratory levels 10-20 μE/m2/s (50-100 ft-c) with a
photoperiod of 16 h light and 8 h darkness.  The water temperature in the test chambers should be maintained at 20 ±
1°C.  The test salinity should be in the range of 28 to 32‰.  The salinity should vary by no more that ± 2‰ among the
chambers on a given day.  If effluent and receiving water tests are conducted concurrently, the salinities of these tests
should be similar.  
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15.10.6   DISSOLVED OXYGEN (DO) CONCENTRATION

15.10.6.1   Aeration may affect the toxicity of effluent and should be used only as a last resort to maintain a satisfactory
DO.  The DO concentrations should be measured on new solutions at the start of the test (Day 0).  The DO should not
fall below 4.0 mg/L (see Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation
for Toxicity Tests).  If it is necessary to aerate, all treatments and the control should be aerated.  The aeration rate
should not exceed 100 bubbles/minute, using a pipet with a 1-2 mm orifice, such as a 1 mL KIMAX® serological pipet,
or equivalent.

15.10.7   OBSERVATIONS DURING THE TEST

15.10.7.1   Routine Chemical and Physical Observations

15.10.7.1.1   DO is measured at the beginning of the exposure period in one test chamber at each test concentration and
in the control.

15.10.7.1.2   Temperature, pH, and salinity are measured at the beginning of the exposure period in one test chamber at
each concentration and in the control.  Temperature should also be monitored continuously observed and recorded
daily for at least two locations in the environmental control system or the samples.  Temperature should be measured in
a sufficient number of test chambers at least at the end of the test to determine temperature variation in environmental
chamber.

15.10.7.1.3   The pH is measured in the effluent sample each day before new test solutions are made.

15.10.7.1.4   Record all the measurements on the data sheet.

15.10.7.2   Routine Biological Observations

15.10.7.2.1   Fertilization will be determined by the presence of a fertilization membrane surrounding the egg.

15.10.8   START OF THE TEST 

15.10.8.1   Effluent/receiving water samples are adjusted to salinity of 30‰.  Four replicates are prepared for each test
concentration, using 5 mL of solution in disposable liquid scintillation vials.  A 50% (0.5) concentration series can be
prepared by serially diluting test concentrations with control water.  Sufficient test solution is prepared at each effluent
concentration to provide additional volume for chemical analyses, at the high, medium, and low test concentrations. 

15.10.8.2   All test samples are equilibrated at 20°C ± 1°C before addition of sperm.

15.10.8.3   Within 1 h of collection add 100 μL of appropriately diluted sperm to each test vial.  Record the time of
sperm addition. 

15.10.8.4   Incubate all test vials at 20 ± 1°C for 1 h. 

15.10.8.5   Mix the diluted egg suspension (2000 eggs/mL), using gentle bubbling.  Add 1 mL of diluted egg 
suspension to each test vial using a wide mouth pipet tip.  Incubate 20 min at 20 ± 1°C. 
     
15.10.9   TERMINATION OF THE TEST 

15.10.9.1   Terminate the test and preserve the samples by adding 2 mL of 1% formalin in seawater to each vial. 

15.10.9.2   Vials should be evaluated within 48 hours. 
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15.10.9.3   To determine fertilization, transfer about 1 mL eggs from the bottom of a test vial to a Sedgwick-Rafter
counting chamber.  Observe the eggs using a compound microscope (100X).  Count between 100 and 200 eggs/sample. 
Record the number counted and the number unfertilized.  Fertilization is indicated by the presence of a fertilization
membrane surrounding the egg.  NOTE:  adjustment of the microscope to obtain proper contrast may be required to
observe the fertilization membrane.  Because samples are fixed in formalin, a ventilation hood is set up surrounding the
microscope to protect the analyst from prolonged exposure to formaldehyde fumes. 
 
15.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA 

15.11.1   A summary of test conditions and test acceptability criteria is listed in Table 3. 

15.12   ACCEPTABILITY OF TEST RESULTS 

15.12.1   The sperm:egg ratio routinely employed must result in fertilization of 70%-90% of the eggs in the control
chambers. 
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TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR SEA
URCHIN, ARBACIA PUNCTULATA, FERTILIZATION TEST WITH EFFLUENT AND
RECEIVING WATERS (TEST METHOD 1008.0)1

1 Test type:  Static (required) 

2. Salinity:  30‰ (± 2‰ of the selected test salinity) (recommended) 

3. Temperature:  20 ± 1°C (recommended)
Test temperatures must not deviate (i.e., maximum minus
minimum temperature) by more than 3°C during the test
(required)  

4. Light quality:  Ambient laboratory light during test preparation
(recommended) 

5. Light intensity:  10-20 μE/m2/s, or 50-100 ft-c (Ambient laboratory levels)
(recommended) 

6. Test chamber size:  Disposable (glass) liquid scintillation vials (20 mL capacity),
presoaked in control water (recommended) 

7. Test solution volume:  5 mL (recommended) 

8. No. of sea urchins:  Pooled sperm from four males and pooled eggs from four
females are used per test (recommended)

9. No. egg and sperm cells per chamber:  About 2,000 eggs and 5,000,000 sperm cells per vial
(recommended) 

10. No. replicate chambers per concentration:  4 (required minimum)

11. Dilution water:  Uncontaminated source of natural seawater; deionized water
mixed with hypersaline brine or artificial sea salts (HW
MARINEMIX®, FORTY FATHOMS®, GP2, or equivalent)
(available options)

12. Test concentrations:  Effluents: 5 and a control (required minimum)
Receiving waters: 100% receiving water (or minimum of 5)
and a control (recommended)    

1 For the purposes of reviewing WET test data submitted under NPDES permits, each test condition listed above is
identified as required or recommended (see Subsection 10.2 for more information on test review).  Additional
requirements may be provided in individual permits, such as specifying a given test condition where several options
are given in the method. 

RB-AR27106



309

TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR SEA
URCHIN, ARBACIA PUNCTULATA, FERTILIZATION TEST WITH EFFLUENT AND
RECEIVING WATERS (TEST METHOD 1008.0)  (CONTINUED)

13. Dilution factor: Effluents: �0.5 (recommended) 
Receiving waters:  None or �0.5 (recommended)  

14. Test duration:  1 h and 20 min (required) 

15. Endpoint:  Fertilization of sea urchin eggs (required) 

16. Test acceptability criteria:  70% - 90% egg fertilization in controls (required) 
 
17. Sampling requirements:  For on-site tests, one sample collected at test initiation, and

used within 24 h of the time it is removed from the sampling
device.  For off-site tests, holding time must not exceed 36 h
before first use (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation  for
Toxicity Tests, Subsection 8.5.4) (required) 

18. Sample volume required:  1 L per test (recommended) 

15.13   DATA ANALYSIS

15.13.1   GENERAL

15.13.1.1   Tabulate and summarize the data.  Calculate the proportion of fertilized eggs for each replicate.  A sample
set of test data is listed in Table 4.

15.13.1.2   The statistical tests described here must be used with a knowledge of the assumptions upon which the
tests are contingent.  The assistance of a statistician is recommended for analysts who are not proficient in statistics.
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TABLE 4.  DATA FROM SEA URCHIN, ARBACIA PUNCTULATA, FERTILIZATION TEST

Copper 
Concentration No. of Eggs No. of Eggs Proportion
(μg/L) Replicate Counted Fertilized Fertilized

Control A 100 85 0.85
B 100 78 0.78
C 100 87 0.87

2.5 A 100 81 0.81
B 100 65 0.65
C 100 71 0.71

5.0 A 100 63 0.63
B 100 74 0.74
C 100 78 0.78

10.0 A 100 63 0.63
B 100 66 0.66
C 100 51 0.51

20.0 A 100 41 0.41
B 100 41 0.41 
C 100 37 0.37

40.0 A 100 12 0.12
B 100 30 0.30
C 100 26 0.26

1 Tests performed by Dennis M. McMullen, Technology Applications, Inc., EMSL, Cincinnati, OH.

15.13.1.3   The endpoints of toxicity tests using the sea urchin are based on the reduction in proportion of eggs
fertilized.  The IC25 and the IC50 are calculated using the Linear Interpolation Method (see Section 9, Chronic
Toxicity Test Endpoints and Data Analysis).  LOEC and NOEC values for fecundity are obtained using a hypothesis
testing approach such as Dunnett's Procedure (Dunnett, 1955) or Steel's Many-one Rank Test (Steel, 1959; Miller,
1981) (see Section 9).  Separate analyses are performed for the estimation of the LOEC and NOEC endpoints and for
the estimation of IC25 and IC50.  See the Appendices for examples of the manual computations, and examples of
data input and program output. 

15.13.2   EXAMPLE OF ANALYSIS OF SEA URCHIN, ARBACIA PUNCTULATA, FERTILIZATION DATA

15.13.2.1   Formal statistical analysis of the fertilization data is outlined in Figure 4.  The response used in the
analysis is the proportion of fertilized eggs in each test or control chamber.  Separate analyses are performed for the
estimation of the NOEC and LOEC endpoints and for the estimation of the IC25 and IC50 endpoints. 
Concentrations at which there are no eggs fertilized in any of the test chambers are excluded from statistical analysis
of the NOEC and LOEC, but included in the estimation of the IC25 and IC50.

15.13.2.2   For the case of equal numbers of replicates across all concentrations and the control, the evaluation of the
NOEC and LOEC endpoints is made via a parametric test, Dunnett's Procedure, or a nonparametric test, Steel's
Many-one Rank Test, on the arc sine square root transformed data.  Underlying assumptions of Dunnett's Procedure,
normality and homogeneity of variance, are formally tested.  The test for normality is the Shapiro-Wilk's Test, and
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Bartlett's Test is used to test for homogeneity of variance.  If either of these tests fails, the nonparametric test, Steel's
Many-one Rank Test, is used to determine the NOEC and LOEC endpoints.  If the assumptions of Dunnett's
Procedure are met, the endpoints are estimated by the parametric procedure.  

15.13.2.3   If unequal numbers of replicates occur among the concentration levels tested, there are parametric and
nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni adjustment (see Appendix
D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative.  

15.13.2.4   Example of Analysis of Fecundity Data

15.13.2.4.1   This example uses toxicity data from a sea urchin, Arbacia punctulata, fertilization test performed with
copper.  The response of interest is the proportion of fertilized eggs, thus each replicate must first be transformed by
the arc sine square root transformation procedure described in Appendix B.  The raw and transformed data, means
and variances of the transformed observations at each copper concentration and control are listed in Table 5.  The
data are plotted in Figure 5.

15.13.2.5   Test for Normality 

15.13.2.5.1   The first step of the test for normality is to center the observations by subtracting the mean of all
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 6. 
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Figure 4. Flowchart for statistical analysis of sea urchin, Arbacia punctulata, by point estimation.
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D � �
n

i�1

(Xi� X̄)2

TABLE 5.  SEA URCHIN, ARBACIA PUNCTULATA, FERTILIZATION DATA

Copper Concentration (μg/L)                   

Replicate Control 2.5 5.0 10.0 20.0 40.0

A 0.85 0.81 0.63 0.63 0.41 0.12
RAW B 0.78 0.65 0.74 0.66 0.41 0.30

C 0.87 0.71 0.78 0.51 0.37 0.26

ARC SINE A 1.173 1.120 0.917 0.917 0.695 0.354
TRANSFORMED B 1.083 0.938 1.036 0.948 0.695 0.580

C 1.202 1.002 1.083 0.795 0.654 0.535

Mean ( ) 1.153 1.020 1.012 0.887 0.681 0.490Ȳi

0.004 0.009 0.007 0.007 0.001 0.014S
2
i

i 1 2 3 4 5 6

TABLE 6.  CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE       

Copper Concentration (μg/L)                      
      

Replicate Control 2.5 5.0 10.0 20.0 40.0

A  0.020 0.100 -0.095 0.030 0.014 -0.136
B -0.070 -0.082 0.024 0.061 0.014 0.090
C  0.049 -0.018 0.071 -0.092 -0.027 0.045

15.13.2.5.2   Calculate the denominator, D, of the statistic: 

Where: Xi = the ith centered observation 
             

= the overall mean of the centered observations X̄

n = the total number of centered observations 
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W �
1

D
[�

k

i�1

ai (X
(n�i�1)�X (i))]2

W �
1

0.0822
(0.2782)2 � 0.942

15.13.2.5.3   For this set of data, n  = 18 

 =  1  (0) = 0 X̄
        18

D = 0.0822 

15.13.2.5.4   Order the centered observations from smallest to largest 

X(1) � X(2) � ... � X(n) 
 
where X(i) denotes the ith ordered observation.  The ordered observations for this example are listed in Table 7. 

TABLE 7.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE

i X(i) i X(i) 

1 -0.136 10 0.020
2 -0.095 11 0.024
3 -0.092 12 0.030 
4 -0.082 13 0.045 
5 -0.070 14 0.049 
6 -0.027 15 0.061 
7 -0.018 16 0.071 
8 0.014 17 0.090 
9 0.014 18 0.100 

 

15.13.2.5.5   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ... ak where k is
n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 18 and k = 9.  The ai values are listed in Table 8. 
 
15.13.2.5.6   Compute the test statistic, W, as follows: 

The differences, X(n-i+1) - X(i), are listed in Table 8.  For the data in this example:                      

15.13.2.5.7   The decision rule for this test is to compare W as calculated in Subsection 15.13.2.5.6 to a critical value
found in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not normally
distributed.  For the data in this example, the critical value at a significance level of 0.01 and n = 18 observations is
0.858.  Since W = 0.942 is greater than the critical value, conclude that the data are normally distributed. 
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B �
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TABLE 8.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE   

i ai  X(n-i+1) - X(i)

1 0.4886 0.236 X(18) - X(1)

2 0.3253 0.185 X(17) - X(2)

3 0.2553 0.163 X(16) - X(3)

4 0.2027 0.143 X(15) - X(4)

5 0.1587 0.119 X(14) - X(5)

6 0.1197 0.072 X(13) - X(6)

7 0.0837 0.048 X(12) - X(7)

8 0.0496 0.010 X(11) - X(8)

9 0.0163 0.006 X(10) - X(9)

15.13.2.6   Test for Homogeneity of Variance 

15.13.2.6.1   The test used to examine whether the variation in the proportion of fertilized eggs is the same across all
copper concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980). The test statistic is as
follows: 

 Where: Vi = degrees of freedom for each copper concentration and control, Vi = (ni - 1) 
 

p = number of levels of copper concentration including the control

ni = the number of replicates for concentration i. 

ln = loge

i = 1,2, ..., p where p is the number of concentrations including the control
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B � [(12)ln(0.0007)�2�
p

i�1

ln(S 2
i )] /1.194

15.13.2.6.2   For the data in this example (see Table 5), all copper concentrations including the control have the same
number of replicates (ni = 3 for all i).  Thus, Vi = 2 for all i. 

15.13.2.6.3   Bartlett's statistic is, therefore: 

= [12(-4.962) - 2(-31.332)]/1.194 

 = 3.122/1.194 

 = 2.615 

15.13.2.6.4   B is approximately distributed as chi-square with p-1 degrees of freedom, when the variances are in fact
the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with 5 degrees of
freedom, is 15.09.  Since B = 2.615 is less than the critical value of 15.09, conclude that the variances are not different. 

15.13.2.7   Dunnett's Procedure 

15.13.2.7.1   To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table as
described in Table 9.

TABLE 9.  ANOVA TABLE 

Source df Sum of Squares Mean Square (MS)
(SS) (SS/df)

Between p - 1 SSB = SSB/(p-1)S
2
B

Within N - p SSW = SSW/(N-p)S
2
W

Total N - 1 SST

Where: p  = number of concentration levels including the control

N  = total number of observations n1 + n2 ... + np 

ni = number of observations in concentration i

Between Sum of SquaresSSB � �
p

i�1

T 2
i /ni�G 2 /N

Total Sum of SquaresSST � �
p

i�1
�
ni

j�1

Y 2
ij �G 2 /N
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SSB � �
p

i�1

T 2
i /ni�G 2 /N

SST � �
p

i�1
�
ni

j�1

Y 2
ij �G 2 /N

SSW � SST�SSB

Within Sum of Squares SSW � SST�SSB

G  =  the grand total of all sample observations, G��
p

i�1

Ti

Ti  =  the total of the replicate measurements for concentration i

Yij =  the jth observation for concentration i (represents the proportion of fertilized eggs for upper 
concentration i in test chamber j) 

15.13.2.7.2   For the data in this example: 

n1 = n2 = n3 = n4 = n5 = n6 = 3 

N  = 18 

T1 = Y11 + Y12 + Y13 = 3.458 
T2 = Y21 + Y22 + Y23 = 3.060 
T3 = Y31 + Y32 + Y33 = 3.036 
T4 = Y41 + Y42 + Y43 = 2.660 
T5 = Y51 + Y52 + Y53 = 2.044 
T6 = Y61 + Y62 + Y63 = 1.469 

G  = T1 + T2 + T3 + T4 + T5 + T6 = 15.727 

=  (43.950)/3 - (15.727)2/18  = 0.909 

=  14.732 - (15.727)2/18 = 0.991 

 =  0.991 - 0.909 = 0.082 

 =  SSB/(p-1) = 0.909/(6-1) = 0.182 S
2
B

 =  SSW/(N-p) = 0.082/(18-6) = 0.007 S
2
W

15.13.2.7.3 Summarize these calculations in the ANOVA table (Table 10). 
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ti �
(Ȳ1� Ȳi)

Sw (1/n1) � (1 /ni)

t2 �
(1.153�1.020)

[0.084 (1/3)� (1/3)]
�1.939

TABLE 10.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE 

Source df Sum of Squares Mean Square(MS) 
         (SS)          (SS/df) 

 
Between 5 0.909 0.182 

 
Within 12 0.082 0.007 

 
Total 17 0.991

15.13.2.7.4   To perform the individual comparisons, calculate the t statistic 
for each concentration, and control combination as follows: 

Where: = mean proportion fertilized eggs for copper concentration iȲi

= mean proportion fertilized eggs for the control Ȳ1

SW = square root of the within mean square 

n1 = number of replicates for the control 

ni = number of replicates for concentration i

Since we are looking for a decreased response from the control in the proportion of fertilized eggs, the concentration
mean is subtracted from the control mean.

15.13.2.7.5   Table 11 includes the calculated t values for each concentration and control combination.  In this example,
comparing the 2.5 μg/L concentration with the control the calculation is as follows: 
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MSD � d Sw (1/n1) � (1/n)

MSD � 2.50(0.084) (1/3)� (1/3)

TABLE 11.  CALCULATED T VALUES

Copper Concentration (μg/L) i ti 

2.5 2 1.939
5.0 3 2.056

10.0 4 3.878
20.0 5 6.882
40.0 6 9.667

15.13.2.7.6   Since the purpose of this test is to detect a significant decrease in the proportion of fertilized eggs, a
one-sided test is appropriate.  The critical value for this one-sided test is found in Table 5, Appendix D.  For an overall
alpha level of 0.05, 12 degrees of freedom for error and five concentrations (excluding the control) the critical value is
2.50.  The mean proportion of fertilized eggs for concentration i is considered significantly less than the mean
proportion of fertilized eggs for the control if ti is greater than the critical value.  Therefore, the 10.0 μg/L, 20.0 μg/L
and 40.0 μg/L concentrations have a significantly lower mean proportion of fertilized eggs than the control.  Hence the
NOEC is 5.0 μg/L and the LOEC is 10.0 μg/L. 

15.13.2.7.7   To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be statistically
detected may be calculated: 

Where: d = the critical value for Dunnett's Procedure 

SW = the square root of the within mean square 

n = the common number of replicates at each concentration (this assumes equal replication 
at each concentration) 

n1 = the number of replicates in the control. 

15.13.2.7.8   In this example, 

= 2.50 (0.084)(0.816) 

= 0.171 

15.13.2.7.9   The MSD (0.171) is in transformed units.  To determine the MSD in terms of proportion of fertilized
eggs, carry out the following conversion. 

1. Subtract the MSD from the transformed control mean. 

1.153 - 0.171 = 0.982 

2.  Obtain the untransformed values for the control mean and the difference calculated in step 1
of 15.13.2.7.9.1 

 
[ Sine (1.153) ]2 = 0.835
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ICp � Cj� [M1 (1�p /100)�Mj]
(C(j�1)�Cj)

(M(j�1)�Mj)

 
[ Sine (0.982) ]2 = 0.692 

3. The untransformed MSD (MSDu) is determined by subtracting the untransformed values from
step 2 in 15.13.2.7.9. 

MSDu = 0.835 - 0.692 = 0.143 

15.13.2.7.10   Therefore, for this set of data, the minimum difference in mean proportion of fertilized eggs between
the control and any copper concentration that can be detected as statistically significant is 0.143. 

15.13.2.7.11   This represents a 17% decrease in the proportion of fertilized eggs from the control. 

15.13.2.8   Calculation of the ICp

15.13.2.8.1   The fertilization data in Table 4 are utilized in this example.  Table 12 contains the mean proportion of
fertilized eggs for each toxicant concentration.  As can be seen, the observed means are monotonically non-
increasing with respect to concentration.  Therefore, it is not necessary to smooth the means prior to calculating the
ICp; (see Figure 5 for a plot of the response curve).

15.13.2.8.2   An IC25 and IC50 can be estimated using the Linear Interpolation Method.  A 25% reduction in mean
proportion of fertilized eggs, compared to the controls, would result in a mean proportion of 0.625, where M1(1-
p/100) = 0.833(1-25/100).  A 50% reduction in mean proportion of fertilized eggs, compared to the controls, would
result in a mean proportion of 0.417.  Examining the means and their associated concentrations (Table 12), the
response, 0.625, is bracketed by C3 = 5.0 μg/L copper and C4 = 10.0 μg/L copper.  The response, 0.417, is bracketed
by C4 = 10.0 μg/L copper and C5 = 20.0 μg/L copper.

TABLE 12.  SEA URCHIN, ARBACIA PUNCTULATA, MEAN PROPORTION OF FERTILIZED EGGS

Copper Response Smoothed
Conc. Means Yi Mean Mi

(μg/L) i (proportion) (proportion)

Control 1 0.833 0.833
2.5 2 0.723 0.723
5.0 3 0.717 0.717

10.0 4 0.600 0.600
20.0 5 0.397 0.397
40.0 6 0.227 0.227

15.13.2.8.3   Using the equation from Section 4.2 in Appendix L, the estimate of the IC25 is calculated as follows:

IC25 = 5.0 + [0.833(1 - 25/100) - 0.717]      (10.0 - 5.0)    
(0.600 - 0.717) 

= 8.9 μg/L. 

RB-AR27119



322

ICp � Cj� [M1 (1�p /100)�Mj]
(C(j�1)�Cj)

(M(j�1)�Mj)

15.13.2.8.4   Using the equation from Section 4.2 in Appendix L, the estimate of the IC50 is calculated as follows:

IC50 = 10.0 + [0.833(1 - 50/100) - 0.600]   (20.0 - 10.0)   
(0.397 - 0.600) 

= 19.0 μg/L. 

15.13.2.8.5   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC25 was 8.9286 μg/L.  The empirical 95.0% confidence interval for the true mean was 3.3036 μg/L to 14.6025
μg/L.  The computer program output for the IC25 for this data set is shown in Figure 6.

15.13.2.8.6   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC50 was 19.0164 μg/L.  The empirical 95.0% confidence interval for the true mean was 16.1083 μg/L to
23.6429 μg/L.  The computer program output for the IC50 for this data set is shown in Figure 7.
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Conc. ID 1 2 3 4 5 6

Conc. Tested 0 2.5 5.0 10.0 20.0 40.0

Response  1 .85 .81 .63 .63 .41 .12
Response  2 .78 .65 .74 .66 .41 .3
Response  3 .87 .71 .71 .51 .37 .2

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Copper
Test Start Date: Test Ending Date: 
Test Species: sea urchin, Arbacia punctulata
Test Duration:
DATA FILE: urchin.icp
OUTPUT FILE: urchin.i25

Conc. Number Concentration Response Standard. Pooled
 ID Replicates       μg/L    Means Dev. Response Means

  1 3 0.000 0.833 0.047 0.833
  2 3 2.500 .723 0.081 0.723
  3 3 5.000 0.717 0.078 0.717
  4 3 10.000 0.600 0.079 0.600
  5 3 20.000 0.397 0.023 0.397
  6 3 40.000 0.227 0.095 0.227

The Linear Interpolation Estimate: 8.9286 Entered P Value: 25

Number of Resamplings: 80
The Bootstrap Estimates Mean: 8.7092 Standard Deviation: 0.8973
Original Confidence Limits: Lower: 6.2500 Upper: 11.6304
Expanded Confidence Limits Lower: 3.3036 Upper: 14.6025
Resampling time in Seconds: 1.59 Random Seed: 1834854321

Figure 6.  ICPIN program output for the IC25.
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Conc. ID 1 2 3 4 5 6

Conc. Tested 0 2.5 5.0 10.0 20.0 40.0

Response  1 .85 .81 .63 .63 .41 .12
Response  2 .78 .65 .74 .66 .41 .3
Response  3 .87 .71 .78 .51 .37 .26

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: Copper
Test Start Date: Test Ending Date: 
Test Species: MYSID SHRIMP
Test Duration: fecundity
DATA FILE: mysidfe.icp
OUTPUT FILE: mysidfe.i50

Conc. Number Concentration Response Standard. Pooled
 ID Replicates μg/l Means Dev. Response Means

  1 8 0.000 0.934 0.127 0.934
  2 7 50.000 0.426 0.142 0.426
  3 7 100.000 0.317 0.257 0.317
  4 8 210.000 0.000 0.000 0.000
-------------------------------------------------------------------------------------------------------------------------------------------
The Linear Interpolation Estimate: 19.0164  Entered P Value: 50
-------------------------------------------------------------------------------------------------------------------------------------------
Number of Resamplings:   80
The Bootstrap Estimates Mean: 19.0013 Standard Deviation: 0.8973
Original Confidence Limits:   Lower: 17.6316 Upper: 21.2195
Expanded Confidence Limits: Lower: 16.1083 Upper: 23.6492
Resampling time in Seconds: 1.65 Random Seed: -823775279

Figure 7.  ICPIN program output for the IC50.
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15.14   PRECISION AND ACCURACY

15.14.1   PRECISION

15.14.1.1   Single-Laboratory Precision
 
15.14.1.1.1   Single-laboratory precision data for the reference toxicants, copper (Cu) and sodium dodecyl sulfate
(SDS), tested in FORTY FATHOMS® artificial seawater, GP2 artificial seawater, and natural seawater are provided
in Tables 13-18.  The test results were similar in the three types of seawater.  The IC25 and IC50 for the reference
toxicants (copper and sodium dodecyl sulfate) are reported in Tables 13-16.  The coefficient of variation, based on
the IC25, is 28.7% to 54.6% for natural and FORTY FATHOMS® seawater, indicating acceptable precision.  The
IC50 ranges from 23.3% to 48.2%, showing acceptable precision.  

15.14.1.2   Multilaboratory Precision

15.14.1.2.1   No data are available on the multilaboratory precision of the test. 

15.14.2   ACCURACY

15.14.2.1   The accuracy of toxicity tests cannot be determined.
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TABLE 13. SINGLE-LABORATORY PRECISION OF THE SEA URCHIN, ARBACIA PUNCTULATA,
FERTILIZATION TEST PERFORMED IN FORTY FATHOMS® ARTIFICIAL SEAWATER,
USING GAMETES FROM ADULTS MAINTAINED IN FORTY FATHOMS® ARTIFICIAL
SEAWATER, OR OBTAINED DIRECTLY FROM NATURAL SOURCES, AND COPPER
(CU) AS A REFERENCE TOXICANT1,2,3,4,5

Test LOEC IC25 IC50
Number (μg/L) (μg/L) (μg/L)

1 5.0 8.92 29.07
2 12.5 26.35 38.96
3 <6.2 11.30 23.93
4 6.2 34.28 61.75
5 12.5 36.67 75.14

n: 4 5 5
Mean: NA 23.51 45.77
CV(%): NA 54.60 47.87

1 Data from USEPA (1991a)
2 Tests performed by Dennis McMullen, Technology Applications, Inc., EMSL, Cincinnati, OH.
2 All tests were performed using FORTY FATHOMS® synthetic seawater.
3 Copper test solutions were prepared with copper sulfate.  Copper concentrations in Test 1 were: 2.5, 5.0,

10.0, 20.0, and 40.0 μg/L.  Copper concentrations in Tests 2-5 were: 6.25, 12.5, 25.0, 50.0, and 100.0 μg/L. 
4 NOEC Range: < 5.0 - 12.5 μg/L (this represents a difference of one exposure concentrations).
5 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
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TABLE 14. SINGLE-LABORATORY PRECISION OF THE SEA URCHIN, ARBACIA PUNCTULATA,
FERTILIZATION TEST PERFORMED IN FORTY FATHOMS® ARTIFICIAL SEAWATER,
USING GAMETES FROM ADULTS MAINTAINED IN FORTY FATHOMS® ARTIFICIAL
SEAWATER, OR OBTAINED DIRECTLY FROM NATURAL SOURCES, AND SODIUM
DODECYL SULFATE (SDS) AS A REFERENCE TOXICANT1,2,3,4,5,6

Test NOEC IC25 IC50
Number (mg/L) (mg/L) (mg/L)

1 <0.9 1.11 1.76
2 0.9 1.27 1.79
3 1.8 2.26 2.87
4 0.9 1.90 2.69
5 1.8 2.11 2.78

 

n: 4 5 5
Mean: NA 1.73 2.38
CV(%): NA 29.7 23.3

1 Data from USEPA (1991a)
2 Tests performed by Dennis M. McMullen, Technology Applications, Inc.,  EMSL, Cincinnati, OH.   
3 All tests were performed using FORTY FATHOMS® synthetic seawater. 
4 NOEC Range: <0.9 - 1.8 mg/L (this represents a difference of two exposure concentration).
5 SDS concentrations for all tests were:   0.9, 1.8, 3.6, 7.2, and 14.4 mg/L.
6 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
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TABLE 15. SINGLE-LABORATORY PRECISION OF THE SEA URCHIN, ARBACIA PUNCTULATA,
FERTILIZATION TEST PERFORMED IN NATURAL SEAWATER, USING GAMETES FROM
ADULTS MAINTAINED IN NATURAL SEAWATER AND COPPER (CU) SULFATE AS A
REFERENCE TOXICANT 1,2,3,4,5,6

Test NOEC IC25 IC50
Number (μg/L) (μg/L) (μg/L)

1 12.2 14.2 18.4
2 12.2 32.4 50.8
3 24.4 30.3 46.3
4 <6.1 26.2 34.1
5 6.1 11.2 17.2

 

n: 4 5 5
Mean: NA 22.8 29.9
CV(%): NA 41.9 48.2

1 Data from USEPA (1991a)
2 Tests performed by Ray Walsh and Wendy Greene, ERL-N, USEPA, Narragansett, RI.
3 Copper concentrations were:   6.1, 12.2, 24.4, 48.7, and 97.4 μg/L.
4 NOEC Range:  < 6.1 - 24.4 μg/L (this represents a difference of two exposure concentrations).
5 Adults collected in the field.
6 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance.
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TABLE 16. SINGLE-LABORATORY PRECISION OF THE SEA URCHIN, ARBACIA PUNCTULATA,
FERTILIZATION TEST PERFORMED IN NATURAL SEAWATER, USING GAMETES FROM
ADULTS MAINTAINED IN NATURAL SEAWATER AND SODIUM DODECYL SULFATE (SDS)
AS A REFERENCE TOXICANT 1,2,3,4,5,6

Test NOEC IC25 IC50
Number (mg/L) (mg/L) (mg/L)

1 1.8 2.3 2.7
2 1.8 3.9 5.1
3 1.8 2.3 2.9
4 0.9 2.1 2.6
5 1.8 2.3 2.7

 

n: 5 5 5
Mean: NA 2.58 3.2
CV(%): NA 28.7 33.3

1 Data from USEPA (1991a).
2 Tests performed by Ray Walsh and Wendy Greene, ERL-N, USEPA, Narragansett, RI. 
3 SDS concentrations were:   0.9, 1.8, 3.6, 7.3, and 14.5 mg/L.
4 NOEC Range:  0.9 - 1.8 mg/L (this represents a difference of one exposure concentration).
5 Adults collected in the field. 
6 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance.
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TABLE 17. SINGLE-LABORATORY PRECISION OF THE SEA URCHIN, ARBACIA PUNCTULATA,
FERTILIZATION TEST PERFORMED IN GP2, USING GAMETES FROM ADULTS
MAINTAINED IN GP2 ARTIFICIAL SEAWATER AND COPPER (CU) SULFATE AND
SODIUM DODECYL SULFATE (SDS) AS REFERENCE TOXICANTS1,2,3,4,5 

                     Cu (μg/L)                                  SDS (mg/L)                    

Test LC50 CI NOEC LOEC LC50 CI NOEC LOEC

1 29.1 27.3-31.1 6.3 12.5 2.1 2.0-2.1 1.3 2.5 
2 47.6 44.6-50.8 25.0 50.0 1.8 1.8-1.9 1.3 2.5 
3 32.7 29.8-35.8 6.3 12.5 2.2 2.1-2.2 1.3 2.5
4 78.4 73.3-83.9 50.0 100.0 2.3 2.2-2.4 1.3 2.5
5 45.6 41.0-50.7 12.5 25.0 1.8 1.7-2.8 1.3 2.5 

Mean 46.7 2.0
SD 19.5 0.2
CV 41.8 10.0

1 Tests performed by Pamela Comeleo, Science Application International Corp., ERL-N, USEPA, Narragansett, RI.
2 All tests were performed using GP2 artificial seawater.
3 Copper concentrations were: 6.25, 12,5, 25.0, 50.0 and 100 μg/L. 
4 SDS concentrations were: 0.6, 1.25, 2.5, 5.0, and l0.0 mg/L.  SDS stock (14.645 mg/mL) provided by EMSL,

USEPA, Cincinnati, OH.
5 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
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TABLE 18. SINGLE-LABORATORY PRECISION OF THE SEA URCHIN, ARBACIA PUNCTULATA,
FERTILIZATION TEST PERFORMED IN NATURAL SEAWATER, USING GAMETES FROM
ADULTS MAINTAINED IN NATURAL SEAWATER AND COPPER (CU) SULFATE AND
SODIUM DODECYL SULFATE (SDS) AS REFERENCE TOXICANTS1,2,3,4

                     Cu (μg/L)                                             SDS (mg/L)                     

Test LC50 CI NOEC LOEC LC50 CI NOEC LOEC

1 28.6 26.7-30.6 6.3 12.5 12.5 2.1-2.2 1.3 2.5 
2 13.0 11.9-14.2 6.3 12.5 12.5 1.9-2.0 1.3 2.5 
3 67.8 63.2-72.6 6.3 12.5 12.5 2.1-2.3 1.3 2.5
4 36.7 33.9-398 < 6.3 6.3 6.3 3.3-3.4 < 0.6 0.6
5 356 33.6-37.7 < 6.3 6.3 6.3 2.8-3.1 < 0.6 0.6 

Mean 36.3 2.5
SD 20.0 0.58
CV 55.1 23.2

1 Tests performed by Anne Kuhn-Hines, Catherine Sheehan, Glen Modica, and  Pamela Comeleo, Science Application
International Corp., ERL-N, USEPA, Narragansett,  RI.

2 Copper concentrations were prepared with copper sulfate.  Concentrations were 6.25, 12.5, 25.0, 50.0, and l00 μg/L.
3 SDS concentrations were: 0.6, 1.25, 2.5, 5.0, and 10.0 mg/L.  SDS stock (14.64 mg/mL) provided by EMSL, USEPA,

Cincinnati, OH. 
4 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance.
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SECTION 16

TEST METHOD

RED MACROALGA, CHAMPIA PARVULA, SEXUAL REPRODUCTION TEST

METHOD 1009.0

16.1   SCOPE AND APPLICATION

16.1.1   CAUTION: The Red Macroalga, Champia parvula, Reproduction Test Method 1009.0 is not listed at 40
CFR Part 136 for nationwide use.  

16.1.2   This method, adapted in part from USEPA (1987f) measures the effects of toxic substances in effluents and
receiving water on the sexual reproduction of the marine red macroalga, Champia parvula.  The method consists of
exposing male and female plants to test substances for two days, followed by a 5-7 day recovery period in control
medium, during which the cystocarps mature. 
 
16.1.3   Detection limits of the toxicity of an effluent or chemical substance are organism dependent. 
 
16.1.4   Brief excursions in toxicity may not be detected using 24-h composite samples.  Also, because of the long
sample collection period involved in composite sampling, highly volatile and highly degradable toxicants present in
the source may not be detected in the test.
 
16.1.5   This test is commonly used in one of two forms: (1) a definitive test, consisting of a minimum of five
effluent concentrations and a control, and (2) a receiving water test(s), consisting of one or more receiving water
concentrations and a control.  
 
16.2   SUMMARY OF METHOD 

 
16.2.1   Sexually mature male and female branches of the red macroalga, Champia parvula, are exposed in a static
system for 2 days to different concentrations of effluent, or to receiving water, followed by a 5 to 7 day recovery
period in control medium. The recovery period allows time for the development of cystocarps resulting from
fertilization during the exposure period.  The test results are reported as the concentration of the test substance
which causes a statistically significant reduction in the number of cystocarps formed.
 
16.3   INTERFERENCES 

 
16.3.1   Toxic substances may be introduced by contaminants in dilution water, glassware, sample hardware, and
testing equipment (see Section 5, Facilities, Equipment, and Supplies). 

16.3.2   Improper effluent sampling and handling may adversely affect test results (see Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

16.3.3   Adverse effects of high concentrations of suspended and/or dissolved solids, and extremes of pH, may mask
the presence of toxic substances.

16.3.4   Pathogenic and/or predatory organisms in the dilution water and effluent may affect test organism survival,
and confound test results. 
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16.4   SAFETY 

16.4.1   See Section 3, Safety and Health. 

16.5   APPARATUS AND EQUIPMENT 

16.5.1   Facilities for holding and acclimating test organisms. 
 
16.5.2   Laboratory red macroalga, Champia parvula, culture unit -- see culturing methods below.  To test effluent
or receiving water toxicity, sufficient numbers of sexually mature male and female plants must be available. 
 
16.5.3   Samplers -- automatic samplers, preferably with sample cooling capability, that can collect a 24-h
composite sample of 1 L.
 
16.5.4   Environmental chamber or equivalent facility with temperature control (23 ± 1°C). 
 
16.5.5   Water purification system -- Millipore Milli-Q®, deionized water (DI) or equivalent. 
 
16.5.6   Air pump -- for oil-free air supply. 
 
16.5.7   Air lines, and air stones -- for aerating cultures. 
 
16.5.8   Balance -- Analytical, capable of accurately weighing to 0.00001 g. 
 
16.5.9   Reference weights, Class S -- for checking performance of balance.
 
16.5.10   Meter, pH -- for routine physical and chemical measurements.  
 
16.5.11   Dissecting (stereoscope) microscope -- for counting cystocarps. 

16.5.12   Compound microscope -- for examining the condition of plants. 
 
16.5.13   Count register, 2-place -- for recording cystocarp counts. 

16.5.14   Rotary shaker -- for incubating exposure chambers (hand-swirling twice a day can be substituted). 

16.5.15   Drying oven -- to dry glassware. 

16.5.16   Filtering apparatus -- for use with membrane filters (47 mm). 
 
16.5.17    Refractometer -- for determining salinity. 
 
16.5.1   Thermometers, glass or electronic, laboratory grade -- for measuring water temperatures. 
 
16.5.19   Thermometers, bulb-thermograph or electronic-chart type -- for continuously recording temperature. 
 
16.5.20   Thermometer, National Bureau of Standards Certified (see USEPA Method 170.1, USEPA, l979b) -- to
calibrate laboratory thermometers. 
 
16.5.21   Beakers -- Class A, borosilicate glass or non-toxic plasticware, 1000 mL for making test solutions. 
 
16.5.22 Erlenmeyer flasks, 250 mL, or 200 mL disposable polystyrene cups, with covers -- for use as exposure
chambers. 
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 16.5.23   Bottles -- borosilicate glass or disposable polystyrene cups (200-400 mL) for use as recovery vessels. 
 
16.5.24   Wash bottles -- for deionized water, for rinsing small glassware and instrument electrodes and probes. 
 
16.5.25   Volumetric flasks and graduated cylinders -- Class A, borosilicate glass or non-toxic plastic labware,
10-1000 mL for making test solutions.
 
16.5.26   Micropipettors, digital, 200 and 1000 μL – to make dilutions.
 
16.5.27   Pipets, volumetric -- Class A, 1-100 mL. 
 
16.5.28   Pipettor, automatic -- adjustable, 1-100 mL. 
 
16.5.29   Pipets, serological -- 1-10 mL, graduated. 
 
16.5.30   Pipet bulbs and fillers -- PROPIPET®, or equivalent. 
 
16.5.31   Forceps, fine-point, stainless steel -- for cutting and handling branch tips. 
 
16.6   REAGENTS AND CONSUMABLE MATERIALS 

 
16.6.1   Mature red macroalga, Champia parvula, plants -- see Subsection 16.6.14 below. 
 
16.6.2   Sample containers -- for sample shipment and storage (see Section 8, Effluent and Receiving Water
Sampling, Sample Handling, and Sample Preparation for Toxicity Tests).

16.6.3   Petri dishes, polystyrene -- to hold plants for cystocarp counts and to cut branch tips.  Other suitable
containers may be used. 

16.6.4   Disposable tips for micropipettors. 
 
16.6.5   Aluminum foil, foam stoppers, or other closures -- to cover culture and test flasks. 
 
16.6.6   Tape, colored -- for labeling test chambers. 
 
16.6.7   Markers, waterproof -- for marking containers, etc. 
 
16.6.8   Data sheets (one set per test) -- for data recording. 
 
16.6.9   Buffers, pH 4, pH 7, and pH l0 (or as per instructions of instrument manufacturer) for standards and
calibration check (see USEPA Method 150.1, USEPA, 1979b). 

16.6.10   Laboratory quality assurance samples and standards for the above methods. 
 
16.6.11   Reference toxicant solutions see Section 4, Quality Assurance.
 
16.6.12   Reagent water -- defined as distilled or deionized water that does not contain substances which are toxic to
the test organisms (see Section 5, Facilities, Equipment, and Supplies). 
 
16.6.13   Effluent, receiving water, and dilution water -- see Section 7, Dilution Water; and Section 8, Effluent and
Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests. 
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16.6.13.1   Saline test and dilution water -- the use of natural seawater is recommended for this test.  A recipe for the
nutrients that must be added to the natural seawater is given in Table 1.  The salinity of the test water must be 30‰,
and vary no more than ± 2‰ among the replicates.  If effluent and receiving water tests are conducted concurrently,
the salinity of these tests should be similar.

16.6.13.2   The overwhelming majority of industrial and sewage treatment effluents entering marine and estuarine
systems contain little or no measurable salts.  Therefore, exposure of the red macroalga, Champia parvula, to
effluents will usually require adjustments in the salinity of the test solutions.  Although the red macroalga, Champia
parvula, cannot be cultured in 100% artificial seawater, 100% artificial seawater can be used during the two day
exposure period.  This allows 100% effluent to be tested.  It is important to maintain a constant salinity across all
treatments.  The salinity of the effluent can be adjusted by adding hypersaline brine (HSB) prepared from natural
seawater (100‰), concentrated (triple strength) salt solution (GP2 described in Table 2), or dry GP2 salts (Table 2),
to the effluent to provide a salinity of 30‰.  Control solutions should be prepared with the same percentage of
natural seawater and at the same salinity (using deionized water adjusted with dry salts, or brine) as used for the
effluent dilutions. 

16.6.13.3   Artificial seawater -- A slightly modified version of the GP2 medium (Spotte, et al, 1984) has been used
successfully to perform the red macroalga sexual reproduction test.  The preparation of artificial seawater (GP2) is
described in Table 2. 
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TABLE 1. NUTRIENTS TO BE ADDED TO NATURAL SEAWATER AND TO ARTIFICIAL 
SEAWATER (GP2) DESCRIBED IN TABLE 2.  THE CONCENTRATED NUTRIENT STOCK
SOLUTION IS AUTOCLAVED FOR 15 MINIMUM (VITAMINS ARE AUTOCLAVED 
SEPARATELY FOR 2 MINIMUM AND ADDED AFTER THE NUTRIENT STOCK
SOLUTION IS AUTOCLAVED).  THE pH OF THE SOLUTION IS ADJUSTED TO
APPROXIMATELY pH 2 BEFORE AUTOCLAVING TO MINIMIZE THE POSSIBILITY OF
PRECIPITATION

                                                                                                                                                  

           Amount of Reagent Per Liter of Concentrated      
                             Nutrient Stock Solution               

Stock Solution For Stock Solution For
   Culture Medium     Test Medium 

                                                                                                                                                 

Nutrient Stock Solution1

NaNO3   6.35 g  1.58 g

NaH2P04 · H2O   0.64 g  0.16 g
 
Na2EDTA · 2 H2O    133 mg  --
 
Na3C6H5O7 · 2 H2O  51 mg 12.8 mg

Iron2   9.75 mL  2.4 mL

Vitamins3  10 mL  2.5 mL

1 Add 10 mL of appropriate nutrient stock solution per liter of culture or test medium. 
2 A stock solution of iron is made that contains 1 mg iron/mL.  Ferrous or ferric chloride can be used.   
3 A vitamin stock solution is made by dissolving 4.88 g thiamine HCl, 2.5 mg biotin, and 2.5 mg B12 in 500 mL

deionized water.  Adjust approximately pH 4 before autoclaving 2 min.  It is convenient to subdivide the vitamin
stock into 10 mL volumes in test tubes prior to autoclaving.  
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TABLE 2. REAGENT GRADE CHEMICALS USED IN THE PREPARATION OF GP2 ARTIFICIAL 
SEAWATER FOR USE IN CONJUNCTION WITH NATURAL SEAWATER FOR THE RED 
MACROALGA, CHAMPIA PARVULA, CULTURING AND TOXICITY TESTING1,2,3,4,5,6,7 

Compound Concentration  Amount (g) 
       (g/L) Required for

       20 L

 
NaCl 21.03  420.6
Na2SO4 3.52 70.4
KCl 0.61 12.2 
KBr 0.088 1.76
Na2B4O7�10 H2O 0.034 0.68
MgCl2�6 H2O 9.50 190.0
CaCl2��2 H2O 1.32 26.4
SrCl2�6 H2O 0.02 0.400
NaHCO3 0.17 3.40

1 Modified GP2 from Spotte et al. (1984).
2 The constituent salts and concentrations were taken from USEPA (l990b).
3 The original formulation calls for autoclaving anhydrous and hydrated salts separately to avoid precipitation. 

However, if the sodium bicarbonate is autoclaved separately (dry), all of the other salts can be autoclaved together. 
Since no nutrients are added until needed, autoclaving is not critical for effluent testing.  To minimize microalgal
contamination, the artificial seawater should be autoclaved when used for stock cultures.  Autoclaving (120°C)
should be for a least 10 minimum for 1-L volumes, and 20 minimum for 10-to-20-L volumes. 

4 Prepare in 10-L to 20-L batches. 
5 A stock solution of 68 mg/mL sodium bicarbonate is prepared by autoclaving  it as a dry powder, and then

dissolving it in sterile deionized water.  For each liter of GP2, use 2.5 mL of this stock solution. 
6 Effluent salinity adjustment to 30‰ can be made by adding the appropriate amount of dry salts from this

formulation, by using a triple-strength brine prepared from this formulation, or by using a 100‰ salinity brine
prepared from natural seawater. 

7 Nutrients listed in Table 1 should be added to the artificial seawater in the same concentration described for natural
seawater. 

16.6.14   TEST ORGANISMS RED MACROALGA, CHAMPIA PARVULA

16.6.14.1   Cultures

16.6.14.1.1   Mature plants are illustrated in Figure 1.  The adult plant body (thallus) is hollow, septate, and highly
branched.  New cultures can be propagated asexually from excised branches, making it possible to maintain clonal
material indefinitely.
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Figure 1. Life history of the red macroalga, Champia parvula.  Upper left: Size and degree of branching in female        
    branch tips used for toxicity tests.  From USEPA (1987f).

16.6.14.1.2   Unialgal stock cultures of both males and females are maintained in separate, aerated 1000 mL Erlenmeyer
flasks containing 800 mL of the culture medium.  All culture glass must be acid-stripped in 15% HCl and rinsed in
deionized water after washing.  This is necessary since some detergents can leave a residue that is toxic to the red
macroalga, Champia parvula.  Periodically (at least every 6 months) culture glassware should be baked in a muffle
furnace to remove organic material that may build up on its surface.  Alternately, a few mL of concentrated sulfuric acid
can be rolled around the inside of wet glassware.  CAUTION:  the addition of acid to the wet glassware generates heat. 

16.6.14.1.3   The culture medium is made from natural seawater to which additional nutrients are added.  The nutrients
added are listed in Table 1.  Almost any nutrient recipe can be used for the red macroalga, Champia parvula, cultured in
either natural seawater or a 50-50 mixture of natural and artificial seawaters.  Healthy, actively growing plants are the
goal, not a standard nutrient recipe for cultures.

16.6.14.1.4   Several cultures of both males and females should be maintained simultaneously to keep a constant supply
of plant material available.  To maintain vigorous growth, initial stock cultures should be started periodically with about
twenty 0.5 to l.0 cm branch tips.  Cultures are gently aerated through sterile, cotton-plugged, disposable, polystyrene l
mL pipettes.  Cultures are capped with foam plugs and aluminum foil and illuminated with ca. 75 μE/m2/s (500 ft-c) of
cool-white fluorescent light on a 16:8 h light:dark cycle.  Depending on the type of culture chamber or room used, i.e.,
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the degree of reflected light, the light levels may have to be adjusted downward.  The temperature is 22 to 24°C and the
salinity 28-30‰.  Media are changed once a week.    

16.6.14.1.5   Prior to use in toxicity tests, stock cultures should be examined to determine their condition.  Females can
be checked by examining a few branch tips under a compound microscope (100 X or greater).  Several trichogynes
(reproductive hairs to which the spermatia attach) should be easily seen near the apex (Figure 2). 

16.6.14.1.6   Male plants should be visibly producing spermatia.  This can be checked by placing some male tissue in a
petri dish, holding it against a dark background and looking for the presence of spermatial sori.  Mature sori can also be
easily identified by looking along the edge of the thallus under a compound microscope (Figures 3 and 4). 

16.6.14.1.7    A final, quick way to determine the relative "health" of the male stock culture is to place a portion of a
female plant into some of the water from the male culture for a few seconds.  Under a compound microscope numerous
spermatia should be seen attached to both the sterile hairs and the trichogynes (Figure 5).

16.6.14.  Culture medium prepared from natural seawater is preferred (Table 1).  However, as much as 50% of the
natural seawater may be replaced by the artificial seawater (GP2) described in Table 2. 

16.6.14.2.1   Seawater for cultures is filtered at least to 0.45 μm to remove most particulates and then autoclaved for 30
minute at 15 psi (120°C).  Carbon stripping the seawater may be necessary before autoclaving to enhance its water
quality (USEPA, 1990b).  This is done by adding 2 g activated carbon per liter of seawater and stirring on a stir plate for
2 h.  After stirring filter through a Whatman number 2 filter, then through a 0.45 membrane filter.  The culture flasks are
capped with aluminum foil and autoclaved dry, for 10 minute.  Culture medium is made up by dispensing seawater into
sterile flasks and adding the appropriate nutrients from a sterile stock solution. 

Figure 2. Apex of branch of female plant, showing sterile hairs and reproductive hairs (trichogynes).  Sterile
hairs are wider and generally much longer than trichogynes, and appear hollow except at the tip.  Both
types of hairs occur on the entire circumference of the thallus, but are seen easiest at the "edges." 
Receptive trichogynes occur only near the branch tips.  From USEPA (1987f). 
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Figure 3. A portion of the male thallus showing spermatial sori.  The sorus areas are generally slightly
thicker and somewhat lighter in color. From USEPA (1987f).

 

Figure 4. A magnified portion of a spermatial sorus.  Note the rows of cells that protrude from the thallus
surface.  From USEPA (1987f).  

Figure 5. Apex of a branch on a mature female plant that was exposed to spermatia from a male plant.  The
sterile hairs and trichogynes are covered with spermatia.  Note that few or no spermatia are
attached to the older hairs (those more than l mm from the apex).  From USEPA (1987f). 

100μm
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16.6.14.2.2   Alternately, 1-L flasks containing seawater can be autoclaved. Sterilization is used to prevent
microalgal contamination, and not to keep cultures bacteria free. 

16.7   EFFLUENT AND RECEIVING WATER COLLECTION, PRESERVATION, AND STORAGE 

 
16.7.1   See Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for
Toxicity Tests.

16.8   CALIBRATION AND STANDARDIZATION 

16.8.1   See Section 4, Quality Assurance. 

16.9   QUALITY CONTROL 

16.9.1   See Section 4, Quality Assurance. 

16.10   TEST PROCEDURES 

16.10.1   TEST SOLUTIONS 

16.10.1.1   Receiving Waters 

16.10.1.1.1   The sampling point is determined by the objectives of the test.  At estuarine and marine sites, samples
are usually collected at mid-depth.  Receiving water toxicity is determined with samples used directly as collected or
with samples passed through a 60 μm NITEX® filter and compared without dilution, against a control.  Using four
replicate chambers per test, each containing 100 mL, and 400 mL for chemical analysis, would require
approximately 800 mL or more of sample per test. 
 
16.10.1.2   Effluents 
 
16.10.1.2.1   The selection of the effluent test concentrations should be based on the objectives of the study.  A
dilution factor of 0.5 is commonly used.  A dilution factor of 0.5 provides precision of ± 100%, and allows for
testing of concentrations between 6.25% and 100% effluent using only five effluent concentrations (6.25%, 12.5%,
25%, 50%, and 100%).  Test precision shows little improvement as dilution factors are increased beyond 0.5 and
declines rapidly if smaller dilution factors are used.  Therefore, USEPA recommends the use of the � 0.5 dilution

factor. 
 
16.10.1.2.2   If the effluent is known or suspected to be highly toxic, a lower  range of effluent concentrations
should be used (such as 25%, 12.5%, 6.25%, 3.12%, and 1.56%). 

16.10.1.2.3   The volume of effluent required for the test using a 0.5 dilution series is approximately 1800 mL. 
Prepare enough test solution at each effluent concentration (approximately 800 mL) to provide 100 mL of test
solution for each of four (minimum of three) replicate test chambers and 400 mL for chemical analyses and record
data (Figure 6).

16.10.1.2.4   Effluents can be tested at 100%.  A 100% concentration of effluent can be achieved if the salinity of
the effluent is adjusted to 30‰ by adding the GP2 dry salt formulation described in Table 2. 

16.10.1.2.5   Just prior to test initiation (approximately 1 h), the temperature of sufficient quantity of the sample to
make the test solutions should be adjusted to the test temperature (25 ± 1°C) and maintained at the temperature
during the addition of dilution water.
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SITE:  

COLLECTION DATE:                   

TEST DATE:  

LOCATION INITIAL
SALINITY

FINAL
SALINITY

SOURCE OF SALTS FOR1

SALINITY ADJUSTMENT

1Natural seawater, GP2 brine, GP2 salts, etc. (include some indication of amount)

COMMENTS:

Figure 6. Data form for the red macroalga, Champia parvula, sexual reproduction test.  Receiving water
summary sheet.  From USEPA (1987f).
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16.10.1.2.6   Effluent dilutions should be prepared for all replicated in each treatment in one beaker to minimize
variability among the replicates.  The test chambers are labeled with the test concentration and replicate number. 
Dispense into the appropriate effluent dilution chamber.

16.10.1.3   Dilution Water 
 
16.10.1.3.1.   The formula for the enrichment for natural seawater is listed in Table 1.  Both EDTA and trace metals
have been omitted.  This formula should be used for the 2-day exposure period, but it is not critical for the recovery
period.  Since natural seawater quality can vary among laboratories, a more complete nutrient medium (e.g., the
addition of EDTA) may result in faster growth (and therefore faster cystocarp development) during the recovery
period. 

16.10.2   PREPARATION OF PLANTS FOR TEST 
 
16.10.2.1   Once cultures are determined to be usable for toxicity testing (have trichogynes and sori with spermatia),
plant cuttings should be prepared for the test, using fine-point forceps, with the plants in a little seawater in a petri
dish.  For female plants, five cuttings, severed 7-10 mm from the ends of the branch, should be prepared for each
treatment chamber.  Try to be consistent in the number of branch tips on each cutting.  For male plants, one cutting,
severed 2.0 to 3.0 cm from the end of the branch, is prepared for each test chamber.  Prepare the female cuttings
first, to minimize the chances of contaminating them with water containing spermatia from the male stock cultures. 
 
16.10.3   START OF TEST 
 
16.10.3.1   Tests should begin as soon as possible after sample collection, preferably within 24 h.  The maximum
holding time following retrieval of the sample from the sampling device should not exceed 36 h for off-site toxicity
tests unless permission is granted by the permitting authority.  In no case should the sample be used for the first time
in a test more than 72 h after sample collection (see Section 8, Effluent and Receiving Water Sampling, Sample
Handling, and Sample Preparation for Toxicity Test, Subsection 8.5.4).

16.10.3.2   Just prior to test initiation (approximately 1 h), the temperature of a sufficient quantity of the sample to
make the test solution should be adjusted to the test temperature (23 ± 1°C) and maintained at that temperature
during the addition of dilution water. 
 
16.10.3.3   Label the test chambers with a marking pen.  Use of color coded tape to identify each treatment and
replicate is helpful.  A minimum of five effluent concentrations and a control are used for each effluent test  Each
treatment (including controls) should have four (minimum of three) replicates.  

16.10.3.4   Randomize the position of test chambers at the beginning of the test.

16.10.3.5   Prepare test solutions and add to the test chambers. 

16.10.3.6   Add five female branches and one male branch to each test chamber. The toxicant must be present
before the male plant is added.

16.10.3.7   Gently hand swirl the chambers twice a day, or shake continuously at 100 rpm on a rotary shaker. 

16.10.3.8   If desired, the media can be changed after 24 h. 

16.10.4   LIGHT, PHOTOPERIOD, SALINITY, AND TEMPERATURE
 
16.10.4.1   The light quality and intensity should be at 75 μE/m2/s, or 500 foot candles (ft-c) with a photoperiod of
16 h light and 8 h darkness.  The water temperature in the test chambers should be maintained at 23 ± 1°C.  The test
salinity should be in the range of 28 to 32‰.  The salinity should vary by no more than ± 2‰ among the chambers
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on a given day.  If effluent and receiving water tests are conducted concurrently, the salinities of these tests should
be similar.  

16.10.5   DISSOLVED OXYGEN (DO) CONCENTRATION

16.10.5.1   Aeration may affect the toxicity of effluent and should be used only as a last resort to maintain a
satisfactory DO.  The DO concentrations should be measured on new solutions at the start of the test (Day 0) and
should be measured before renewal of the test solution after 24 h.  The DO should not fall below 4.0 mg/L (see
Section 8, Effluent and Receiving Water Sampling, Sample Handling, and Sample Preparation for Toxicity Tests) 
If it is necessary to aerate, all treatments and the control should be aerated.  The aeration rate should not exceed 100
bubbles/minute, using a pipet with a 1-2 mm orifice, such as a 1mL KIMAX® serological pipet, or equivalent.  Care
should be taken to ensure that turbulence resulting from the aeration does not occur.

16.10.6   OBSERVATIONS DURING THE TEST

16.10.6.1   Routine Chemical and Physical Observations

16.10.6.1.1   DO is measured at the beginning and end of each 24-h exposure period in one test chamber at each
concentration and in the control.  

16.10.6.1.2   Temperature, pH, and salinity are measured at the end of each 24-h exposure period in one test
chamber at each concentration and in the control.  Temperature should also be monitored continuously, observed
and recorded daily for at least two locations in the environmental control system or the samples.  Temperature
should be measured in a sufficient number of test chambers at least at the end of the test to determine temperature
variation in environmental chamber.

16.10.6.1.3   The pH is measured in the effluent sample each day before new test solutions are made.

16.10.6.1.4   Record all the measurements on the data sheet.

16.10.6.2   Routine Biological Observations

16.10.6.2.1   Protect the red macroalga from unnecessary disturbance during the test by carrying out the daily test
observations and solution renewals carefully.

16.10.7   TRANSFER OF PLANTS TO CONTROL WATER AFTER 48 H 
 
16.10.7.1   Label the recovery vessels.  These vessels can be almost any type of container or flask containing 100 to
200 mL of seawater and nutrients (see Tables 1 and 2).  Smaller volumes can be used, but should be checked to
make sure that adequate growth will occur without having to change the medium.

16.10.7.2   With forceps, gently remove the female branches from test chambers and place into recovery bottles. 
Add aeration tubes and foam stoppers.

16.10.7.3   Place the vessels under cool white light (at the same irradiance as the stock cultures) and aerate for the
5-7 day recovery period.  If a shaker is used, do not aerate the solutions (this will enhance the water motion).

16.10.8   TERMINATION OF THE TEST

16.10.8.1   At the end of the recovery period, count the number of cystocarps (Figures 7, 8, and 9) per female and
record the data (Figure 10).  Cystocarps may be counted by placing females between the inverted halves of a
polystyrene petri dish or other suitable containers with a small amount of seawater (to hold the entire plant in one
focal plane).  Cystocarps can be easily counted under a stereomicroscope, and are distinguished from young
branches because they possess an apical opening for spore release (ostiole) and darkly pigmented spores. 
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Figure 7. A mature cystocarp.  In the controls and lower effluent concentrations, cystocarps often occur in
clusters of 10 or 12.  From USEPA (1987f).

Figure 8. Comparison of a very young branch and an immature cystocarp.  Both can have sterile hairs. 
Trichogynes might or might not be present on a young branch, but are never present on an immature
cystocarp.  Young branches are more pointed at the apex and are made up of larger cells than
immature cystocarps, and never have ostioles.  From USEPA (1987f).

Figure 9. An aborted cystocarp.  A new branch will eventually develop at the apex.  From USEPA (1987f).
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16.10.8.2   One advantage of this test procedure is that if there is uncertainty about the identification of an immature
cystocarp, it is necessary only to aerate the plants a little longer in the recovery bottles.  Within 24 to 48 h, the
presumed cystocarp will either look more like a mature cystocarp or a young branch, or will have changed very
little, if at all (i.e., an aborted cystocarp).  No new cystocarps will form since the males have been removed, and the
plants will only get larger.  Occasionally, cystocarps will abort, and these should not be included in the counts. 
Aborted cystocarps are easily identified by their dark pigmentation and, often, by the formation of a new branch at
the apex. 

16.11   SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA 

 
16.11.1   A summary of test conditions and test acceptability criteria is listed in Table 3. 

16.12   ACCEPTABILITY OF TEST RESULTS 

 
16.12.1   The test is acceptable if (1) control survival equals or exceeds 80% and (2) control plants average 10 or
more cystocarps per plant. 
 
16.12.2   If plants fragment in the controls or lower exposure concentrations, it may be an indication that they are
under stress. 

16.13   DATA ANALYSIS

 
16.13.1   GENERAL
 
16.13.1.1   Tabulate and summarize the data.  A sample set of reproduction data is listed in Table 4. 

16.13.1.2   The endpoints of the red macroalga, Champia parvula, toxicity test are based on the adverse effects on
sexual reproduction as the mean number of cystocarps.  The LC50, the IC25, and the IC50 are calculated using
point estimation techniques (see Section 9, Chronic Toxicity Test Endpoints and Data Analysis). NOEC and LOEC
values are obtained using a hypothesis testing approach, such as Dunnett's Procedure (Dunnett, 1955) or Steel's
Many-one Rank Test (Steel, 1959; Miller, 1981) (see Section 9).  Separate analyses are performed for the estimation
of the NOEC and LOEC endpoints and for the IC25 and IC50.  See the Appendices for examples of the manual
computations, program listing, and example of data input and program output.

16.13.1.3   The statistical tests described here must be used with a knowledge of the assumptions upon which the
tests are contingent.  The assistance of a statistician is recommended for analysts who are not proficient in statistics.
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COLLECTION DATE   RECOVERY BEGAN (date)  

EXPOSURE BEGAN (date)  COUNTED (date)  

EFFLUENT OR TOXICANT  

TREATMENT (% EFFLUENT, mG/L, or RECEIVING WATER SITES)

REPLICATES CONTROL

A  1

     2

     3

     4

MEAN

B  1

    2

    3

    4

MEAN

C  1

    2

    3

    4

MEAN

OVERALL
MEAN

Temperature  

Salinity  

Light  

Source of Dilution Water  

Figure 10. Data form for the red macroalga, Champia parvula, sexual reproduction test.  Cystocarp data sheet.      
   From USEPA (1987f).
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TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR THE
RED MACROALGA, CHAMPIA PARVULA, SEXUAL REPRODUCTION TEST  WITH
EFFLUENTS AND RECEIVING WATERS 

CAUTION: This method is not listed at 40 CFR Part 136 for nationwide use.

1. Test type: Static, non-renewal 

2. Salinity: 30‰ (± 2‰  of the selected test salinity)

3. Temperature: 23 ± 1°C 

4. Light quality: Cool-white fluorescent lights 

5. Light intensity: 75 μE/m2/s (500 ft-c)

6. Photoperiod: 16 h light, 8 h darkness

7. Test chamber size: 200 mL polystyrene cups, or 250 mL Erlenmeyer flasks 

8. Test solution volume: 100 mL (minimum) 

9. No. organisms
 per test chamber: 5 female branch tips and 1 male plant

10. No. replicate
 per concentration: 4 (minimum of 3) 

11. No. organisms per
 concentrations: 24 (minimum of 18)

12. Dilution water: 30‰ salinity natural seawater, or a combination of 50% of 30‰
salinity natural seawater and 50% of 30‰ salinity GP2 artificial
seawater (see Section 7, Dilution Water)

13. Test concentrations: Effluents:  Minimum of 5 and a control
Receiving waters: 100% receiving water or minimum of 5 and a 
control 

14. Dilution factor: Effluents:  � 0.5
Receiving waters:  None or� 0.5
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TABLE 3. SUMMARY OF TEST CONDITIONS AND TEST ACCEPTABILITY CRITERIA FOR THE
RED MACROALGA, CHAMPIA PARVULA, SEXUAL REPRODUCTION TEST WITH
EFFLUENTS AND RECEIVING WATERS (CONTINUED)

15. Test duration: 2 day exposure to effluent, followed by 5 to 7-day recovery period in 
control medium for cystocarp development

16. Endpoints: Reduction in cystocarp production compared to controls

17. Test acceptability criteria 80% or greater survival, and an average of 10 cystocarps per plant in 
controls

18. Sampling requirements: For on-site tests, one sample collected at test initiation, and used within
24 h of the time it is removed from the sampling device.  For off-site
tests, holding time must not exceed 36 h before first use (see Section 8,
Effluent and Receiving Water Sampling, Sampling Handling, and
Sample Preparation for Toxicity Tests, Subsection 8.5.4) 

19. Sample volume required: 2 L per test
 

 
16.13.2   EXAMPLE OF ANALYSIS OF THE RED MACROALGA, CHAMPIA PARVULA, REPRODUCTION
DATA 

16.13.2.1   Formal statistical analysis of the data is outlined in Figure 11. The response used in the analysis is the
mean number of cystocarps per replicate chamber.  Separate analyses are performed for the estimation of the NOEC
and LOEC endpoints and for the estimation of the IC25 endpoint and the IC50 endpoint.  Concentrations that have
exhibited no sexual reproduction (less than 5% of controls) are excluded from the statistical analysis of the NOEC
and LOEC, but included in the estimation of the IC endpoints.

16.13.2.2   For the case of equal numbers of replicates across all concentrations and the control, the evaluation of
the NOEC and LOEC endpoints is made via a parametric test, Dunnett's Procedure, or a nonparametric test, Steel's
Many-one Rank Test.  The assumptions of Dunnett's Procedures, normality and homogeneity of variance are
formally tested.  The test for normality is the Shapiro-Wilk's Test and Bartlett's Test is used to test for homogeneity
of variance.  Tests for normality and homogeneity of variance are included in Appendix B.  If either of these tests
fails, the nonparametric test, Steel's Many-one Rank Test is used to determine the NOEC and LOEC endpoints.  If
the assumptions of Dunnett's Procedure are met, the endpoints are determined by the parametric test.
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TABLE 4. DATA FROM THE RED MACROALGA, CHAMPIA PARVULA, EFFLUENT  TOXICITY 
TEST.  CYSTOCARP COUNTS FOR INDIVIDUAL PLANTS AND MEAN COUNT PER 
TEST CHAMBER FOR EACH EFFLUENT CONCENTRATION1 

     Effluent Replicate                          Plant                             Mean 
Concentration     Test 1 2 3 4 5 Cystocarp 
        (%) Chamber    Count 

Control A 19 20 24 7 18 17.60 
B 19 12 21 11 23 17.20 
C 17 25 18 20 16 19.20 

 
0.8 A 10 16 11 12 11 12.00 

B 12 10 6 9 10 9.40 
C 12 9 9 13 8 10.20 

 
1.3 A 10 0 3 5 4 4.40 

B 6 4 4 8 4 5.20 
C 4 4 2 6 4 4.00 

 
2.2 A 1 2 5 4 0 2.40 

B 7 9 9 4 6 7.00 
C 3 2 2 0 0 1.40 

 
3.6 A 2 1 1 5 0 1.80 

B 3 4 6 4 2 3.80 
C 0 4 3 1 3 2.20 

 
6.0 A 1 0 0 0 0 0.20 

B 1 2 1 0 0 0.80 
C 0 4 3 1 3 2.20 

 
10.0 A 0 0 0 0 - 0.00 

B 1 0 0 0 0 0.20 
C 2 1 0 0 0 0.60 

1 Data provided by the ERL-N, USEPA, Narragansett, RI. 
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Figure 11.  Flowchart for statistical analysis of the red macroalga, Champia parvula, data
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6.13.2.3   If unequal numbers of replicates occur among the concentration levels tested there are parametric and
nonparametric alternative analyses.  The parametric analysis is a t test with the Bonferroni adjustment
(Appendix D).  The Wilcoxon Rank Sum Test with the Bonferroni adjustment is the nonparametric alternative.

16.13.2.4   Example of Analysis of Reproduction Data 

16.13.2.4.1   In this example, the data, mean and standard deviation of the observations at each concentration
including the control are listed in Table 5.  The data are plotted in Figure 12.  As can be seen from the data in the
table, mean reproduction per chamber in the 10% effluent concentration is less than 5% of the control.  Therefore
the 10% effluent concentration is not included in the subsequent analysis. 

TABLE 5.  RED MACROALGA, CHAMPIA PARVULA, SEXUAL REPRODUCTION DATA 

Effluent Concentration (%)   

 
Replicate Control 0.8 1.3 2.2 3.6 6.0 10.0 

 
A 17.60 12.00 4.40 2.40 1.80 0.20 0.00 
B 17.20 9.40 5.20 7.00 3.80 0.80 0.20 
C 19.20 10.20 4.00 1.40 2.20 2.20 0.60 

_
Mean(Yi) 18.00 10.53 4.53 3.60 2.60 1.07 0.27 

1.12 1.77 0.37 8.92 1.12 1.05 0.09 S 2
i

i 1 2 3 4 5 6 7 

16.13.2.5   Test for Normality 
 
16.13.2.5.1   The first step of the test for normality is to center the observations by subtracting the mean of all the
observations within a concentration from each observation in that concentration.  The centered observations are
summarized in Table 6. 
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X �
1

8
(0.01) � 0.00

16.13.2.5.3   For this set of data, n = 18

D = 28.7201  

16.13.2.5.4   Order the centered observations from smallest to largest 

X(1) � X(2) � ... � X(n) 

Where X(i) is the ith ordered observation.  These ordered observations are listed in Table 7. 

TABLE 7.  ORDERED CENTERED OBSERVATIONS FOR SHAPIRO-WILK'S EXAMPLE
 

I X(i) i X(i) 

1 -2.20 10 -0.33 
2 -1.20 11 -0.27 
3 -1.13 12 -0.13 
4 -0.87 13 0.67 
5 -0.80 14 1.13 
6 -0.80 15 1.20 
7 -0.53 16 1.20 
8 -0.40 17 1.47 
9 -0.40 18 3.40 

16.13.2.5.5   From Table 4, Appendix B, for the number of observations, n, obtain the coefficients a1, a2, ..., ak where k is
n/2 if n is even and (n-1)/2 if n is odd.  For the data in this example, n = 18 and k = 9.  The ai values are listed in Table 8.

TABLE 8.  COEFFICIENTS AND DIFFERENCES FOR SHAPIRO-WILK'S EXAMPLE 

i ai X(n-i+1) - X(i) 

1 0.4886 5.60 X(18) - X(1) 
2 0.3253 2.67 X(17) - X(2) 
3 0.2553 2.33 X(17) - X(3) 
4 0.2027 2.07 X(15) - X(4) 
5 0.1587 1.93 X(14) - X(5) 
6 0.1197 1.47 X(13) - X(6) 
7 0.0837 0.40 X(12) - X(7) 
8 0.0496 0.13 X(11) - X(8) 
9 0.0163 0.07 X(10) - X(9) 
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16.13.2.5.6   Compute the test statistic, W, as follows:

The differences X(n-i+1) - X(i) are listed in Table 8.  For the data, 
                             
                     W =      1       (5.1425)2 = 0.921 
                                    28.7201 

16.13.2.5.7   The decision rule for this test is to compare W as calculated in Subsection 16.3.2.5.6 with the critical value
found in Table 6, Appendix B.  If the computed W is less than the critical value, conclude that the data are not normally
distributed.  For this example, the critical value at a significance level of 0.01 and 18 observations (n) is 0.858.  Since W
= 0.921 is greater than the critical value, conclude of the test is that the data are normally distributed. 

16.13.2.6   Test for Homogeneity of Variance 
 
16.13.2.6.1   The test used to examine whether the variation in mean cystocarp production is the same across all effluent
concentrations including the control, is Bartlett's Test (Snedecor and Cochran, 1980).  The test statistic is as follows: 

Where: Vi = degrees of freedom for each effluent concentration and control, Vi = (ni - 1)

p = number of levels of effluent concentration including the control

ni = the number of replicates for concentration i

ln = loge

i = 1, 2, ..., p where p is the number of concentrations 

16.13.2.6.2  For the data in this example (See Table 5) all effluent concentrations including the control have the same
number of replicates (ni = 3 for all i).  Thus, Vi = 2 for all i. 
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B � [ (12) ln(2.3917)�2�
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16.13.2.6.3   Bartlett's statistic is therefore: 

=  [12(0.8720) - 2(1n(1.12)+ln(1.77)+...+ln(1.05))]/1.1944 

=  (10.4640 - 4.0809)/1.1944 

=  5.34

16.13.2.6.4   B is approximately distributed as chi-square with p - 1 degrees of freedom, when the variances are in fact
the same.  Therefore, the appropriate critical value for this test, at a significance level of 0.01 with five degrees of
freedom, is 15.09.  Since B = 5.34 is less than the critical value of 15.09, conclude that the variances are not different.

16.13.2.7   Dunnett's Procedure 
 
16.13.2.7.1   To obtain an estimate of the pooled variance for the Dunnett's Procedure, construct an ANOVA table as
described in Table 9. 
 

TABLE 9.  ANOVA TABLE 

Source df Sum of Squares Mean Square(MS) 
(SS) (SS/df) 

 
Between p - 1 SSB   = SSB/(p - 1) S 2

B

Within N - p SSW  = SSW/(N - p) S 2
W

  
Total N - 1 SST

 

Where: p = number effluent concentrations including the control 

N = total number of observations n1 + n2 ... + np 

ni = number of observations in concentration i

Between Sum of SquaresSSB � �
p

i�1

T 2
i /ni�G 2 /N

Total Sum of SquaresSST � �
p

i�1
�
nj

j�1

Y 2
ij �G 2 /N

Within Sum of Squares SSW � SST�SSB
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G � �
p

i�1

Ti

SST � �
p

i�1
�
nj

j�1

Y 2
ij �G 2 /N

SSW � SST�SSB

G = the grand total of all sample observations,

Ti = the total of the replicate measurements for concentration i

Yi j = the jth observation for concentration i (represents the mean (across plants) number of cystocarps for 
effluent concentration i in test chamber j) 

16.13.2.7.2   For the data in this example: 

n1 = n2 = n3 = n4 = n5 = n6  = 3 

N  = 18 
T1 = Y11 + Y12 + Y13 = 17.6 + 17.2 + 19.2 = 54 
T2 = Y21 + Y22 + Y23 = 12.0 +  9.4 + 10.2 = 31.6 
T3 = Y31 + Y32 + Y33 =  4.4 +  5.2 +  4.0 = 13.6 
T4 = Y41 + Y42 + Y43 =  2.4 +  7.0 +  1.4 = 10.8 
T5 = Y51 + Y52 + Y53 =  1.8 +  3.8 +  2.2 =  7.8 
T6 = Y61 + Y62 + Y63 =  0.2 +  0.8 +  2.2 =  3.2 

G  = T1 + T2 + T3 + T4 + T5 + T6 = 121.0 

SSB � �
p

i�1

T 2
i /ni�G 2 /N

 
=   1  (4287.24) - (121.0)2 = 615.69 

3 18 

 

=  1457.8 - (121.0)2  = 644.41 
18

=  644.41 - 615.69 = 28.72 

  =   SSB/(p-1) = 615.69/(6-1) = 123.14 S 2
B

  =   SSW/(N-p) = 28.72/(18-6) = 2.39 S 2
W

16.13.2.7.3 Summarize these calculations in the ANOVA table (Table 10).
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ti �
(Ȳ1� Ȳi)

SW (1 /n1)� (1 /ni)

t2 �
(18�10.53)

[1.55 (1 /3)� (1 /3)]
� 5.9

TABLE 10.  ANOVA TABLE FOR DUNNETT'S PROCEDURE EXAMPLE

Source df Sum of Squares Mean Square(MS) 
(SS) (SS/df) 

 
Between  5 615.69 123.14

 
Within 12 28.72 2.39

Total 17 644.41

16.13.2.7.4   To perform the individual comparisons, calculate the t statistic for each concentration, and control
combination as follows: 

  Where:  = mean number of cystocarps for effluent concentration iȲi

 = mean number of cystocarps for the control Ȳ1

SW = square root of the within mean square 

n1 = number of replicates for the control 

ni = number of replicates for concentration i
 
16.13.2.7.5   Table 11 includes the calculated t values for each concentration and control combination.  In this example,
comparing the 0.8% concentration with the control the calculation is as follows:

16.13.2.7.6   Since the purpose of this test is to detect a significant reduction in cystocarp production, a one-sided
test is appropriate.  The critical value for this one-sided test is found in Table 5, Appendix C.  For an overall alpha
level of 0.05, 12 degrees of freedom for error and five concentrations (excluding the control) the critical value is
2.50.  Mean cystocarp production for concentration i is considered significantly less control if ti is greater than the
critical value.  Therefore, mean cystocarp productions for all effluent concentrations in this example have
significantly lower cystocarp production than the control.  Hence the NOEC is 0.8% and the LOEC is 0.8%.

RB-AR27156



359

MSD � dSW (1 /n1)� (1 /n)

MSD � 2.50(1.55) (1 /3)� (1 /3)

TABLE 11.  CALCULATED T VALUES 

 
Effluent Concentration(%) i ti 

 
0.8 2 5.90
1.3 3 10.64
2.2 4 11.38
3.6 5 12.17
6.0 6 13.38

16.13.2.7.7   To quantify the sensitivity of the test, the minimum significant difference (MSD) that can be
statistically detected may be calculated: 

Where: d =  the critical value for Dunnett's Procedure 

SW = the square root of the within mean square 

n = the common number of replicates at each concentration 
    (this assumes equal replication at each concentration) 

n1 = the number of replicates in the control. 

16.13.2.7.8   In this example, 

= 2.50 (1.55)(.8165)      

= 3.16

16.13.2.7.9   Therefore, for this set of data, the minimum difference that can be detected as statistically significant is
3.16 cystocarps. 

16.13.2.7.10   This represents a 17.6% reduction in cystocarp production from the control. 

16.13.2.8   Calculation of the ICp

16.13.2.8.1   The sexual reproduction data in Table 5 are utilized in this example.  Table 12 contains the mean
number of cystocarps for each effluent concentration.  As can be seen, the observed means are monotonically non-
increasing with respect to concentration.  Therefore, it is not necessary to smooth the means prior to calculating the
ICp.  Refer to Figure 12 for a plot of the response curve.  
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ICp � Cj� [M1 (1�p/100)�Mj]
(C(j�1)�Cj)

(M(j�1)�Mj)

IC25 � 0.0�[18.00(1�25/100)�18.00]
(0.8�0.0)

(10.53�18.00)

ICp � Cj� [M1 (1�p/100)�Mj]
(C(j�1)�Cj)

(M(j�1)�Mj)

IC50�0.8�[18.00(1�50/100)�10.53]
(1.3�0.8)

(4.53�10.53)

TABLE 12.  RED MACROALGA, CHAMPIA PARVULA, MEAN NUMBER OF CYSTOCARPS

Effluent Response Smoothed
Conc. Means Means
(%) i  (mg) Mi (mg)Ȳi

Control 1 18.00 18.00
0.8 2 10.53 10.53
1.3 3 4.53 4.53
2.2 4 3.60 3.60
3.6 5 2.60 2.60
6.0 6 1.07 1.07
10.0 7 0.27 0.27

16.13.2.8.2   An IC25 and IC50 can be estimated using the Linear Interpolation Method.  A 25% reduction in mean
number of cystocarps, compared to the controls, would result in a mean number of 13.50 cystocarps, where M1(1-
p/100) = 18.00(1-25/100).  A 50% reduction in mean number of cystocarps, compared to the controls, would result
in a mean number of 9.00 cystocarps.  Examining the means and their associated concentrations (Table 12), the
response, 13.50, is bracketed by C1 = 0.0% effluent and C2 = 0.8% effluent.  The response, 9.00, is bracketed by C2

= 0.8% effluent and C3 = 1.3% effluent.

16.13.2.8.3   Using the equation from Section 4.2 in Appendix L, the estimate of the IC25 is calculated as follows:
 

= 0.5%.

16.13.2.8.4   Using the equation from Section 4.2 from Appendix L, the estimate of the IC50 is calculated as
follows:

= 0.9%
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16.13.2.8.5   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC25 was 0.4821%.  The empirical 95.0% confidence interval for the true mean was 0.4013% to 0.6075%.  The
computer program output for the IC25 for this data set is shown in Figure 13.

16.13.2.8.6   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of
the IC50 was 0.9278%.  The empirical 95.0% confidence interval for the true mean was 0.7893% and 1.0576%. 
The computer program output for the IC50 for this data set is shown in Figure 14.

16.14   PRECISION AND ACCURACY 

16.14.1   PRECISION 

16.14.1.1   Single-Laboratory Precision
 
16.14.1.1.1   The single-laboratory precision data from six tests with copper sulfate (Cu) and six tests with sodium
dodecyl sulfate (SDS) are listed in Tables 13-16.  The NOECs with Cu differed by only one concentration interval
(factor of two), showing good precision.  The precision of the first four tests with SDS was somewhat obscured by
the choice of toxicant concentrations, but appeared similar to that of Cu in the last two tests.  The IC25 and IC50 are
indicated in Tables 13-16.  The coefficient of variation, based on the IC25 for these two reference toxicants in
natural seawater and a mixture of natural seawater and GP2, ranged from 59.6% to 69.0%, and for the IC50, ranged
from 22.9% to 43.7%. 

16.14.1.1.2  EPA evaluated single-laboratory (within-laboratory) precision of the Red Macroalga, Champia parvula,
Reproduction Test using a database of routine reference toxicant test results from two laboratories (USEPA, 2000b). 
The database consisted of 23 reference toxicant tests conducted in 2 laboratories using reference toxicants
including: copper and sodium dodecyl sulfate.  The within-laboratory CVs calculated for routine reference toxicant
tests at these 2 laboratories were 58% and 59% for the IC25 reproduction endpoint. 

16.14.1.2   Multilaboratory Precision

16.14.1.2.1   The multilaboratory precision of the test has not yet been determined. 

16.14.2   ACCURACY 

16.14.2.1   The accuracy of toxicity tests cannot be determined. 
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Conc. ID 1 2 3 4 5 6 7

Conc. Tested 0 .8 1.3 2.2 3.6 6 10

Response  1 19 10 10 1 2 1 0
Response  2 20 16 0 2 1 0 0
Response  3 24 11 3 5 1 0 0
Response  4 7 12 5 4 5 0 0
Response  5 18 11 4 0 0 0 1
Response  6 19 12 6 7 3 1 0
Response  7 12 10 4 9 4 2 0
Response  8 21 6 4 9 6 1 0
Response  9 11 9 8 4 4 0 0
Response 10 23 10 4 6 2 0 2
Response 11 17 12 4 3 0 0 1
Response 12 25 9 4 2 4 4 0
Response 13 18 9 2 2 3 3 0
Response 14 20 13 6 0 1 1 0
Response 15 16 8 4 0 3 3 0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent:  effluent Test Start Date: Test Ending Date: 
Test Species:  RED MACROALGA, Champia parvula
Test Duration: DATA FILE:  champia.icp OUTPUT FILE:  champia.i25

Conc. Number Concentration Response Standard. Pooled
 ID Replicates % Means Dev. Response Means

  1 15 0.000 18.000 4.928 18.000
  2 15 0.800 10.533 2.356 10.533
  3 15 1.300 4.533 2.356 4.533
  4 15 2.200 3.600 3.066 3.600
  5 15 3.600 2.600 1.805 2.600
  6 15 6.000 1.067 1.335 1.067
  7 15 10.000 0.267 0.594 0.267

The Linear Interpolation Estimate:     0.4821   Entered P Value: 25

Number of Resamplings:   80 The Bootstrap Estimates Mean:   0.4947 Standard Deviation:     0.0616
Original Confidence Limits: Lower:     0.4013 Upper:     0.6075
Resampling time in Seconds:   3.68 Random Seed:  703617166

Figure 13.  ICPIN program output for the IC25.
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Conc. ID 1 2 3 4 5 6 7

Conc. Tested 0 .8 1.3 2.2 3.6 6 10

Response  1 19 10 10 1 2 1 0
Response  2 20 16 0 2 1 0 0
Response  3 24 11 3 5 1 0 0
Response  4 7 12 5 4 5 0 0
Response  5 18 11 4 0 0 0 1
Response  6 19 12 6 7 3 1 0
Response  7 12 10 4 9 4 2 0
Response  8 21 6 4 9 6 1 0
Response  9 11 9 8 4 4 0 0
Response 10 23 10 4 6 2 0 2
Response 11 17 12 4 3 0 0 1
Response 12 25 9 4 2 4 4 0
Response 13 18 9 2 2 3 3 0
Response 14 20 13 6 0 1 1 0
Response 15 16 8 4 0 3 3 0

*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: effluent  Test Start Date:    Test Ending Date: 
Test Species: RED MACROALGA, Champia parvula
Test Duration:      DATA FILE: champia.icp  OUTPUT FILE: champia.i50

Conc. Number Concentration Response Standard. Pooled
 ID Replicates % Means Dev. Response Means

  1 15 0.000 18.000 4.928 18.000
  2 15 0.800 10.533 2.356 10.533
  3 15 1.300 4.533 2.356 4.533
  4 15 2.200 3.600 3.066 3.600
  5 15 3.600 2.600 1.805 2.600
  6 15 6.000 1.067 1.335 1.067
  7 15 10.000 0.267 0.594 0.267

The Linear Interpolation Estimate:     0.9278   Entered P Value: 50

Number of Resamplings:   80
The Bootstrap Estimates Mean:   0.9263 Standard Deviation:     0.0745
Original Confidence Limits: Lower:     0.7893 Upper:     1.0576
Resampling time in Seconds:     3.63 Random Seed:  -1255453122

Figure 14.  ICPIN program output for the IC50.
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TABLE 13. SINGLE-LABORATORY PRECISION OF THE RED MACROALGA, CHAMPIA PARVULA,
REPRODUCTION TEST PERFORMED IN A 50/50 MIXTURE OF NATURAL SEAWATER
AND GP2 ARTIFICIAL SEAWATER, USING GAMETES FROM ADULTS CULTURED IN
NATURAL SEAWATER.  THE REFERENCE TOXICANT USED WAS COPPER (CU)
SULFATE1,2,3,4,5

Test NOEC IC25 IC50
Number (μg/L) (μg/L) (μg/L)

1 1.0 1.67 2.37 
2 1.0 1.50 1.99
3 1.0 0.69 1.53
4 1.0 0.98 1.78 
5 0.5 0.38 0.76
6 0.5 0.38 0.75

n: 6 6 6
Mean: NA 0.93 1.5  
CV(%): NA 59.6 43.7 

1 Data from USEPA (1991a).
2 Tests performed by Glen Thursby and Mark Tagliabue, ERL-N, USEPA, Narragansett, RI.  Tests were 

conducted at 22°C, in 50/50 GP2 and natural seawater at a salinity of 30‰. 
3 Copper concentrations were:  0.5, 1.0, 2.5, 5.0, 7.5, and 1.0 μg/L. 
4 NOEC Range: 0.5 - 1.0 μg/L (this represents a difference of one exposure concentration).
5 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
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TABLE 14. SINGLE-LABORATORY PRECISION OF THE RED MACROALGA, CHAMPIA PARVULA,
REPRODUCTION TEST PERFORMED IN A 50/50 MIXTURE OF NATURAL SEAWATER
AND GP2 ARTIFICIAL SEAWATER, USING GAMETES FROM ADULTS CULTURED IN
NATURAL SEAWATER.  THE REFERENCE TOXICANT USED WAS SODIUM DODECYL
SULFATE (SDS)1,2,3,4,5

Test NOEC IC25 IC50
Number (mg/L) (mg/L) (mg/L)

1 < 0.80 0.6 0.3
2 0.48 0.7 0.6
3 < 0.48 0.4 0.2
4 < 0.48 0.2 0.4
5 0.26 0.2 0.5
6 0.09 0.1 0.3
7 0.16 0.2 0.3
8 0.09 0.1 0.2
9 < 0.29 0.3 0.4

n: 5 9 9
Mean: NA 0.31 0.36
CV(%): NA 69.0 37.0

1 Data from USEPA (1991a).
2 Tests performed by Glen Thursby and Mark Tagliabue, ERL-N, USEPA, Narragansett, RI.  Tests were 

conducted at 22°C, in 50/50 GP2 and natural seawater at a salinity of 30‰. 
3 SDS concentrations for Test 1 were:  0.8, 1.3, 2.2, 3.6, 6.0, and 10.0 mg/L.  SDS concentrations for Tests 2, 3,

and 4 were: 0.48, 0.8, 1.3, 2.2, 3.6, and 6.0 mg/L.  SDS concentrations for Tests 5 and 6 were: 0.09, 0.16, 2.26,
0.43, 0.72, and 1.2 mg/L. 

4 NOEC Range: 0.09 - 0.48 mg/L (this represents a difference of two exposure concentrations).
5 For a discussion of the precision of data from chronic toxicity tests see Section 4, Quality Assurance. 
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TABLE 15. SINGLE-LABORATORY PRECISION OF THE RED MACROALGA, CHAMPIA PARVULA,
REPRODUCTION TEST IN NATURAL SEAWATER (30‰ SALINITY).  THE REFERENCE
TOXICANT USED WAS COPPER (CU) SULFATE1,2,3

     Cu (μg/L)

Test NOEC IC25 IC50

1 1.00 2.62 4.02
2 0.50 0.71 1.66
3 0.50 2.83 3.55
4 0.50 0.99 4.15

n: 4 4 4
Mean: NA 1.79 3.35
CV(%): NA 61.09 34.45 

1 Data from USEPA (1991a).
2 Copper concentrations were 0.5, 1.0, 2.5, 5.0, 7.5, and 10 μg/L. Concentrations of Cu were made from a 100

μg/mL CuSO4 standard obtained from Inorganic Ventures, Inc., Brick, NJ.
3 Prepared by Steven Ward and Glen Thursby, Environmental Research Laboratory, USEPA, Narragansett, RI.

TABLE 16. SINGLE-LABORATORY PRECISION OF THE RED MACROALGA, CHAMPIA PARVULA,
REPRODUCTION TEST IN NATURAL SEAWATER (30‰ SALINITY).  THE REFERENCE
TOXICANT USED WAS SODIUM DODECYL SULFATE (SDS)1,2,3

  SDS (mg/L)      

Test NOEC IC25 IC50

1 0.60 0.05 0.50
2 0.60 0.48 0.81
3 0.30 0.69 0.89
4 0.15 0.60 0.81

n: 4 4 4
 Mean: NA 0.46 0.75

CV(%): NA 62.29 22.92 

1 Data from USEPA (1991a).
2 SDS concentrations were 0.0375, 0.075, 0.15, 0.03, 0.60, and 1.20 mg/L. Concentrations of SDS were made

from a 44.64 ± 3.33 mg/mL standard obtained from the EMSL-USEPA, Cincinnati, OH. 
3 Prepared by Steven Ward and Glen Thursby, Environmental Research Laboratory, USEPA, Narragansett, RI.
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APPENDIX A

INDEPENDENCE, RANDOMIZATION, AND OUTLIERS

1.   STATISTICAL INDEPENDENCE 
 
1.1   Dunnett's Procedure and the t test with Bonferroni's adjustment are parametric procedures based on the
assumptions that (1) the observations within treatments are independent and normally distributed, and (2) that the
variance of the observations is homogeneous across all toxicant concentrations and the control.  Of the three
possible departures from the assumptions, non-normality, heterogeneity of variance, and lack of independence,
those caused by lack of independence are the most difficult to resolve (see Scheffe, 1959).  For toxicity data,
statistical independence means that given knowledge of the true mean for a given concentration or control,
knowledge of the error in any one actual observation would provide no information about the error in any other
observation.  Lack of independence is difficult to assess and difficult to test for statistically.  It may also have
serious effects on the true alpha or beta level.  Therefore, it is of utmost importance to be aware of the need for
statistical independence between observations and to be constantly vigilant in avoiding any patterned experimental
procedure that might compromise independence.  One of the best ways to help insure independence is to follow
proper randomization procedures throughout the test. 

2.   RANDOMIZATION 

2.1   Randomization of the distribution of test organisms among test chambers, and the arrangement of treatments
and replicate chambers is an important part of conducting a valid test.  The purpose of randomization is to avoid
situations where test organisms are placed serially into test chambers, or where all replicates for a test concentration
are located adjacent to one another, which could introduce bias into the test results.

2.2   An example of randomization of the distribution of test organisms among test chambers, and an example of
randomization of arrangement of treatments and replicate chambers are described using the Sheepshead Minnow
Larval Survival and Growth test.  For the purpose of the example, the test design is as follows:  Five effluent
concentrations are tested in addition to the control.  The effluent concentrations are as follows:  6.25%, 12.5%,
25.0%, 50.0%, and 100.0%.  There are four replicate chambers per treatment.  Each replicate chamber contains ten
fish. 

2.3   RANDOMIZATION OF FISH TO REPLICATE CHAMBERS EXAMPLE

2.3.1   Consider first the random assignment of the fish to the replicate chambers.  The first step is to label each of
the replicate chambers with the control or effluent concentration and the replicate number.  The next step is to
assign each replicate chamber four double-digit numbers.  An example of this assignment is provided in Table A.1. 
Note that the double digits 00 and 97 through 99 were not used.
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TABLE A.1. RANDOM ASSIGNMENT OF FISH TO REPLICATE CHAMBERS
EXAMPLE ASSIGNED NUMBERS FOR EACH REPLICATE CHAMBER

Assigned Numbers Replicate Chamber

01, 25, 49, 73 Control, replicate chamber 1 
02, 26, 50, 74 Control, replicate chamber 2
03, 27, 51, 75 Control, replicate chamber 3
04, 28, 52, 76 Control, replicate chamber 4
05, 29, 53, 77 6.25% effluent, replicate chamber 1
06, 30, 54, 78 6.25% effluent, replicate chamber 2
07, 31, 55, 79 6.25% effluent, replicate chamber 3
08, 32, 56, 80 6.25% effluent, replicate chamber 4
09, 33, 57, 81 12.5% effluent, replicate chamber 1
10, 34, 58, 82 12.5% effluent, replicate chamber 2
11, 35, 59, 83 12.5% effluent, replicate chamber 3
12, 36, 60, 84 12.5% effluent, replicate chamber 4
13, 37, 61, 85 25.0% effluent, replicate chamber 1
14, 38, 62, 86 25.0% effluent, replicate chamber 2
15, 39, 63, 87 25.0% effluent, replicate chamber 3
16, 40, 64, 88 25.0% effluent, replicate chamber 4
17, 41, 65, 89 50.0% effluent, replicate chamber 1
18, 42, 66, 90 50.0% effluent, replicate chamber 2
19, 43, 67, 91 50.0% effluent, replicate chamber 3
20, 44, 68, 92 50.0% effluent, replicate chamber 4
21, 45, 69, 93 100.0% effluent, replicate chamber 1
22, 46, 70, 94 100.0% effluent, replicate chamber 2
23, 47, 71, 95 100.0% effluent, replicate chamber 3
24, 48, 72, 96 100.0% effluent, replicate chamber 4

2.3.2   The random numbers used to carry out the random assignment of fish to replicate chambers are provided in
Table A.2. The third step is to choose a starting position in Table A.2, and read the first double digit number.  The
first number read identifies the replicate chamber for the first fish taken from the tank.  For the example, the first
entry in row 2 was chosen as the starting position.  The first number in this row is 37.  According to Table A.1, this
number corresponds to replicate chamber 1 of the 25.0% effluent concentration.  Thus, the first fish taken from the
tank is to be placed in replicate chamber 1 of the 25.0% effluent concentration.
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TABLE A.2.  TABLE OF RANDOM NUMBERS (Dixon and Massey, 1983)  

                                                                                                      
        10 09 73 25 33    76 52 01 35 86    34 67 35 43 76    80 95 90 91 17    39 29 27 49 45
        37 54 20 48 05    64 89 47 42 96    24 80 52 40 37    20 63 61 04 02    00 82 29 16 65
        08 42 26 89 53    19 64 50 93 03    23 20 90 25 60    15 95 33 47 64    35 08 03 36 06
        99 01 90 25 29    09 37 67 07 15    38 31 13 11 65    88 67 67 43 97    04 43 62 76 59
        12 80 79 99 70    80 15 73 61 47    64 03 23 66 53    98 95 11 68 77    12 27 17 68 33
        66 06 57 47 17    34 07 27 68 50    36 69 73 61 70    65 81 33 98 85    11 19 92 91 70
        31 06 01 08 05    45 57 18 24 06    35 30 34 26 14    86 79 90 74 39    23 40 30 97 32
        85 26 97 76 02    02 05 16 56 92    68 66 57 48 18    73 05 38 52 47    18 62 38 85 79
        63 57 33 21 35    05 32 54 70 48    90 55 35 75 48    28 46 82 87 09    83 49 12 56 24
        73 79 64 57 53    03 52 96 47 78    35 80 83 42 82    60 93 52 03 44    35 27 38 84 35
        98 52 01 77 67    14 90 56 86 07    22 10 94 05 58    60 97 09 34 33    50 50 07 39 98
        11 80 50 54 31    39 80 82 77 32    50 72 56 82 48    29 40 52 42 01    52 77 56 78 51
        83 45 29 96 34    06 28 89 80 83    13 74 67 00 78    18 47 54 06 10    68 71 17 78 17
        88 68 54 02 00    86 50 75 84 01    36 76 66 79 51    90 36 47 64 93    29 60 91 10 62
        99 59 46 73 48    87 51 76 49 69    91 82 60 89 28    93 78 56 13 68    23 47 83 41 13
        65 48 11 76 74    17 46 85 09 50    58 04 77 69 74    73 03 95 71 86    40 21 81 65 44
        80 12 43 56 35    17 72 70 80 15    45 31 82 23 74    21 11 57 82 53    14 38 55 37 63
        74 35 09 98 17    77 40 27 72 14    43 23 60 02 10    45 52 16 42 37    96 28 60 26 55
        69 91 62 68 03    66 25 22 91 48    36 93 68 72 03    76 62 11 39 90    94 40 05 64 18
        09 89 32 05 05    14 22 56 85 14    46 42 75 67 88    96 29 77 88 22    54 38 21 45 98
        91 49 91 45 23    68 47 92 76 86    46 16 28 35 54    94 75 08 99 23    37 08 92 00 48
        80 33 69 45 98    26 94 03 68 58    70 29 73 41 35    53 14 03 33 40    42 05 08 23 41
        44 10 48 19 49    85 15 74 79 54    32 97 92 65 75    57 60 04 08 81    22 22 20 64 13
        12 55 07 37 42    11 10 00 20 40    12 86 07 46 97    96 64 48 94 39    28 70 72 58 15
        63 60 64 93 29    16 50 53 44 84    40 21 95 25 63    43 65 17 70 82    07 20 73 17 90
        61 19 69 04 46    26 45 74 77 74    51 92 43 37 29    65 39 45 95 93    42 58 26 05 27
        15 47 44 52 66    95 27 07 99 53    59 36 78 38 48    82 39 61 01 18    33 21 15 94 66
        94 55 72 85 73    67 89 75 43 87    54 62 24 44 31    91 19 04 25 92    92 92 74 59 73
        42 48 11 62 13    97 34 40 87 21    16 86 84 87 67    03 07 11 20 59    25 70 14 66 70
        23 52 37 83 17    73 20 88 98 37    68 93 59 14 16    26 25 22 96 63    05 52 28 25 62
        04 49 35 24 94    75 24 63 38 24    45 86 25 10 25    61 96 27 93 35    65 33 71 24 72
        00 54 99 76 54    64 05 18 81 59    96 11 96 38 96    54 69 28 23 91    23 28 72 95 29
        35 96 31 53 07    26 89 80 93 45    33 35 13 54 62    77 97 45 00 24    90 10 33 93 33
        59 80 80 83 91    45 42 72 68 42    83 60 94 97 00    13 02 12 48 92    78 56 52 01 06
        46 05 88 52 36    01 39 09 22 86    77 28 14 40 77    93 91 08 36 47    70 61 74 29 41
        32 17 90 05 97    87 37 92 52 41    05 56 70 70 07    86 74 31 71 57    85 39 41 18 38
        69 23 46 14 06    20 11 74 52 04    15 95 66 00 00    18 74 39 24 23    97 11 89 63 38
        19 56 54 14 30    01 75 87 53 79    40 41 92 15 85    66 67 43 68 06    84 96 28 52 07
        45 15 51 49 38    19 47 60 72 46    43 66 79 45 43    59 04 79 00 33    20 82 66 95 41
        94 86 43 19 94    36 16 81 08 51    34 88 88 15 53    01 54 03 54 56    05 01 45 11 76
        98 08 62 48 26    45 24 02 84 04    44 99 90 88 96    39 09 47 34 07    35 44 13 18 80
        33 18 51 62 32    41 94 15 09 49    89 43 54 85 81    88 69 54 19 94    37 54 87 30 43
        80 95 10 04 06    96 38 27 07 74    20 15 12 33 87    25 01 62 52 98    94 62 46 11 71
        79 75 24 91 40    71 96 12 82 96    69 86 10 25 91    74 85 22 05 39    00 38 75 95 79
        18 63 33 25 37    98 14 50 65 71    31 01 02 46 74    05 45 56 14 27    77 93 89 19 36
        74 02 94 39 02    77 55 73 22 70    97 79 01 71 19    52 52 75 80 21    80 81 45 17 48
        54 17 84 56 11    80 99 33 71 43    05 33 51 29 69    56 12 71 92 55    36 04 09 03 24
        11 66 44 98 83    52 07 98 48 27    59 38 17 15 39    09 97 33 34 40    88 46 12 33 56
        48 32 47 79 28    31 24 96 47 10    02 29 53 68 70    32 30 75 75 46    15 02 00 99 94
        69 07 49 41 38    87 63 79 19 76    35 58 40 44 01    10 51 82 16 15    01 84 87 69 38
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2.3.3   The next step is to read the double digit number to the right of the first one.  The second number identifies
the replicate chamber for the second fish taken from the tank.  Continuing the example, the second number read in
row 2 of Table A.2 is 54.  According to Table A.1, this number corresponds to replicate chamber 2 of the 6.25%
effluent concentration.  Thus, the second fish taken from the tank is to be placed in replicate chamber 2 of the
6.25% effluent concentration.

2.3.4   Continue in this fashion until all the fish have been randomly assigned to a replicate chamber.  In order to fill
each replicate chamber with ten fish, the assigned numbers will be used more than once.  If a number is read from
the table that was not assigned to a replicate chamber, then ignore it and continue to the next number.  If a replicate
chamber becomes filled and a number is read from the table that corresponds to it, then ignore that value and
continue to the next number.  The first ten random assignments of fish to replicate chambers for the example are
summarized in Table A.3.

TABLE A.3. EXAMPLE OF RANDOM ASSIGNMENT OF FIRST TEN FISH TO
REPLICATE CHAMBERS

Fish Assignment

First fish taken from tank 25.0% effluent, replicate chamber 1
Second fish taken from tank 6.25% effluent, replicate chamber 2
Third fish taken from tank 50.0% effluent, replicate chamber 4
Fourth fish taken from tank 100.0% effluent, replicate chamber 4
Fifth fish taken from tank 6.25% effluent, replicate chamber 1
Sixth fish taken from tank 25.0% effluent, replicate chamber 4
Seventh fish taken from tank 50.0% effluent, replicate chamber 1
Eighth fish taken from tank 100.0% effluent, replicate chamber 3
Ninth fish taken from tank 50.0% effluent, replicate chamber 2
Tenth fish taken from tank 100.0% effluent, replicate chamber 4

2.3.5   Four double-digit numbers were assigned to each replicate chamber (instead of one, two, or three double-
digit numbers) in order to make efficient use of the random number table (Table A.2).  To illustrate, consider the
assignment of only one double-digit number to each replicate chamber:  the first column of assigned numbers in
Table A.1.  Whenever the numbers 00 and 25 through 99 are read from Table A.2, they will be disregarded and the
next number will be read.

2.4   RANDOMIZATION OF REPLICATE CHAMBERS TO POSITIONS EXAMPLE

2.4.1   Next consider the random assignment of the 24 replicate chambers to positions within the water bath (or
equivalent).  Assume that the replicate chambers are to be positioned in a four row by six column rectangular array. 
The first step is to label the positions in the water bath.  Table A.4 provides an example layout.
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TABLE A.4. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS: EXAMPLE
LABELING THE POSITIONS WITHIN THE WATER BATH

1 2 3 4 5 6

7 8 9 10 11 12

13 14 15 16 17 18

19 20 21 22 23 24

2.4.2   The second step is to assign each of the 24 positions four double-digit numbers.  An example of this
assignment is provided in Table A.5.  Note that the double digits 00 and 97 through 99 were not used.

TABLE A.5. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS: EXAMPLE
ASSIGNED NUMBERS FOR EACH POSITION

Assigned Numbers Position

01, 25, 49, 73 1
02, 26, 50, 74 2
03, 27, 51, 75 3
04, 28, 52, 76 4
05, 29, 53, 77 5
06, 30, 54, 78 6
07, 31, 55, 79 7
08, 32, 56, 80 8
09, 33, 57, 81 9
10, 34, 58, 82 10
11, 35, 59, 83 11
12, 36, 60, 84 12
13, 37, 61, 85 13
14, 38, 62, 86 14
15, 39, 63, 87 15
16, 40, 64, 88 16
17, 41, 65, 89 17
18, 42, 66, 90 18
19, 43, 67, 91 19
20, 44, 68, 92 20
21, 45, 69, 93 21
22, 46, 70, 94 22
23, 47, 71, 95 23
24, 48, 72, 96 24

RB-AR27186



389

2.4.3   The random numbers used to carry out the random assignment of replicate chambers to positions are
provided in Table A.2.  The third step is to choose a starting position in Table A.2, and read the first double-digit
number.  The first number read identifies the position for the first replicate chamber of the control.  For the
example, the first entry in row 10 of Table A.2 was chosen as the starting position.  The first number in this row was
73.  According to Table A.5, this number corresponds to position 1.  Thus, the first replicate chamber for the control
will be placed in position 1.

2.4.4   The next step is to read the double-digit number to the right of the first one.  The second number identifies
the position for the second replicate chamber of the control.  Continuing the example, the second number read in
row 10 of Table A.2 is 79.  According to Table A.5, this number corresponds to position 7.  Thus, the second
replicate chamber for the control will be placed in position 7.

2.4.5   Continue in this fashion until all the replicate chambers have been assigned to a position.  The first four
numbers read will identify the positions for the control replicate chambers, the second four numbers read will
identify the positions for the lowest effluent concentration replicate chambers, and so on.  If a number is read from
the table that was not assigned to a position, then ignore that value and continue to the next number.  If a number is
repeated in Table A.2, then ignore the repeats and continue to the next number.  The complete randomization of
replicate chambers to positions for the example is displayed in Table A.6.

TABLE A.6. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO POSITIONS:
EXAMPLE ASSIGNMENT OF ALL 24 POSITIONS

Control 100.0% 6.25% 6.25% 6.25% 12.5% 

Control 12.5% Control 25.0% 12.5% 25.0% 

100.0% 50.0% 100.0% Control 100.0% 25.0% 

50.0% 50.0% 25.0% 50.0% 12.5% 6.25%

2.4.6   Four double-digit numbers were assigned to each position (instead of one, two, or three) in order to make
efficient use of the random number table (Table A.2).  To illustrate, consider the assignment of only one double-
digit number to each position:  the first column of assigned numbers in Table A.5.  Whenever the numbers 00 and
25 through 99 are read from Table A.2, they will be disregarded and the next number will be read.

3.   OUTLIERS

3.1   An outlier is an inconsistent or questionable data point that appears unrepresentative of the general trend
exhibited by the majority of the data.  Outliers may be detected by tabulation of the data, plotting, and by an
analysis of the residuals.  An explanation should be sought for any questionable data points.  Without an
explanation, data points should be discarded only with extreme caution.  If there is no explanation, the analysis
should be performed both with and without the outlier, and the results of both analyses should be reported. 

3.2   Gentleman-Wilk's A statistic gives a test for the condition that the extreme observation may be considered an
outlier.  For a discussion of this, and other techniques for evaluating outliers, see Draper and John (1981). 
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TABLE B.1.  SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, LARVAL GROWTH
        DATA (WEIGHT IN MG) FOR THE SHAPIRO-WILK'S TEST                                         

            Effluent Concentration (%)   

Replicate Control 6.25 12.5 25.0 50.0 

 
1 1.017 1.157 0.998 0.837 0.715 

 
2 0.745 0.914 0.793 0.935 0.907 

 
3 0.862 0.992 1.021 0.839 1.044 

Mean(Yi) 0.875 1.021 0.937 0.882 0.889  
Si

2 0.019 0.015 0.016 0.0031 0.027 
i 1 2 3 4 5 

APPENDIX B 

VALIDATING NORMALITY AND HOMOGENEITY OF VARIANCE ASSUMPTIONS 
 

1.   INTRODUCTION 
 
1.1   Dunnett's Procedure and the t test with Bonferroni's adjustment are parametric procedures based on the
assumptions that the observations within treatments are independent and normally distributed, and that the variance
of the observations is homogeneous across all toxicant concentrations and the control.  These assumptions should be
checked prior to using these tests, to determine if they have been met.  Tests for validating the assumptions are
provided in the following discussion.  If the tests fail (if the data do not meet the assumptions), a nonparametric
procedure such as Steel's Many-one Rank Test may be more appropriate.  However, the decision on whether to use
parametric or nonparametric tests may be a judgement call, and a statistician should be consulted in selecting the
analysis. 
 
2.   TEST FOR NORMAL DISTRIBUTION OF DATA 

2.1   SHAPIRO-WILK'S TEST

2.1.1   One formal test for normality is the Shapiro-Wilk's Test (Conover, 1980).  The test statistic is obtained by
dividing the square of an appropriate linear combination of the sample order statistics by the usual symmetric
estimate of variance.  The calculated W must be greater than zero and less than or equal to one.  This test is
recommended for a sample size of 50 or less.  If the sample size is greater than 50, the Kolmogorov "D" statistic
(Stephens, 1974) is recommended.  An example of the Shapiro-Wilk's test is provided below. 

2.2   The example uses growth data from the Sheepshead Minnow Larval Survival and Growth Test.  The same data
are used in the discussion of the homogeneity of variance determination in Paragraph 3 and Dunnett's Procedure in
Appendix C.  The data, the mean and variance of the observations at each concentration, including the control, are
listed in Table B.1. 
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TABLE B.2.  EXAMPLE OF SHAPIRO-WILK'S TEST:  CENTERED OBSERVATIONS

   Effluent Concentration (%)   
  

Replicate Control 6.25 12.5 25.0 50.0 

 
1 0.142 0.136 0.061 - 0.009 - 0.174 

 
2 - 0.130 - 0.107 - 0.144 0.053 0.018 

 
3 - 0.013 - 0.029 0.084 - 0.043 0.155 

D � �n
i�1

(Xi�X)
2

2.3   The first step of the test for normality is to center the observations by subtracting the mean of all observations
within a concentration from each observation in that concentration. The centered observations are listed in Table
B.2. 

2.4   Calculate the denominator, D, of the test statistic:

Where:  Xi = the centered observations, X� is the overall mean of the centered observations, and n is  the total
number of the centered observations.  For this set of data, X� = 0, and D = 0.1589.

2.4.1   For this set of data,

n = 15

X̄ = 1/50 (0) = 0.0

D = 0.1589

2.5   Order the centered observations from smallest to largest, 

X(i)  �  X(2) � . . . �  X(n) 

where X(i) denote the ith order statistic.  The ordered observations are listed in Table B.3. 
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     TABLE B.3.  EXAMPLE OF THE SHAPIRO-WILK'S TEST:  ORDERED OBSERVATIONS  

i X(i) 

1 - 0.174 
2 - 0.144 
3 - 0.130 
4 - 0.107 
5 - 0.043 
6 - 0.029 
7 - 0.013 
8 - 0.009 
9 0.018 
10 0.053 
11 0.061 
12 0.084 
13 0.136 
14 0.142 
15 0.155 

W�
1

D
[�k

i�1

ai(X
(n�i�1)�X (i))]

2

2.6   From Table B.4,for the number of observations, n, obtain the coefficients a1, a2, ..., ak, where k is n/2 if n is
even, and (n-1)/2 if n is odd.  For the data in this example, n = 15, k = 7, and the ai values are listed in Table B.5.
The differences, X(n-i+1) - X(i), are listed in Table B.5. 

2.7   Compute the test statistic, W, as follows: 
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TABLE B.4.  COEFFICIENTS FOR THE SHAPIRO-WILK'S TEST (Conover, 1980)

Number of Observations

i�n   2 3 4 5 6 7 8 9 10

 1 0.7071 0.7071 0.6872 0.6646 0.6431 0.6233 0.6052 0.5888 0.5739

 2 - 0.0000 0.1667 0.2413 0.2806 0.3031 0.3164 0.3244 0.3291

 3 - - - 0.0000 0.0875 0.1401 0.1743 0.1976 0.2141

 4 - - - - - 0.0000 0.0561 0.0947 0.1224

 5 - - - - - - - 0.0000 0.0399

Number of Observations  

i�n 11 12 13 14 15 16 17 18 19 20

 1 0.5601 0.5475 0.5359 0.5251 0.5150 0.5056 0.4968 0.4886 0.4808 0.4734

 2 0.3315 0.3325 0.3325 0.3318 0.3306 0.3209 0.3273 0.3253 0.3232 0.3211

 3 0.2260 0.2347 0.2412 0.2460 0.2495 0.2521 0.2540 0.2553 0.2561 0.2565

 4 0.1429 0.1586 0.1707 0.1802 0.1878 0.1939 0.1988 0.2027 0.2059 0.2085

 5 0.0695 0.0922 0.1099 0.1240 0.1353 0.1447 0.1524 0.1587 0.1641 0.1686

 6 0.0000 0.0303 0.0539 0.0727 0.0880 0.1005 0.1109 0.1197 0.1271 0.1334

 7 - - 0.0000 0.0240 0.0433 0.0593 0.0725 0.0837 0.0932 0.1013

 8 - - - - 0.0000 0.0196 0.0359 0.0496 0.0612 0.0711

 9 - - - - - - 0.0000 0.0163 0.0303 0.0422

10 - - - - - - - - 0.0000 0.0140

                                                                                

Number of Observations

i�n 21 22 23 24 25 26 27 28 29 30

 1 0.4643 0.4590 0.4542 0.4493 0.4450 0.4407 0.4366 0.4328 0.4291 0.4254

 2 0.3185 0.3156 0.3126 0.3098 0.3069 0.3043 0.3018 0.2992 0.2968 0.2944

 3 0.2578 0.2571 0.2563 0.2554 0.2543 0.2533 0.2522 0.2510 0.2499 0.2487

 4 0.2119 0.2131 0.2139 0.2145 0.2148 0.2151 0.2152 0.2151 0.2150 0.2148

 5 0.1736 0.1764 0.1787 0.1807 0.1822 0.1836 0.1848 0.1857 0.1864 0.1870

 6 0.1399 0.1443 0.1480 0.1512 0.1539 0.1563 0.1584 0.1601 0.1616 0.1630

 7 0.1092 0.1150 0.1201 0.1245 0.1283 0.1316 0.1346 0.1372 0.1395 0.1415

 8 0.0804 0.0878 0.0941 0.0997 0.1046 0.1089 0.1128 0.1162 0.1192 0.1219

 9 0.0530 0.0618 0.0696 0.0764 0.0923 0.0876 0.0923 0.0965 0.1002 0.1036

10 0.0263 0.0368 0.0459 0.0539 0.0610 0.0672 0.0728 0.0778 0.0822 0.0862

11 0.0000 0.0122 0.0228 0.0321 0.0403 0.0476 0.0540 0.0598 0.0650 0.0697

12 - - 0.0000 0.0107 0.0200 0.0284 0.0358 0.0424 0.0483 0.0537

13 - - - - 0.0000 0.0094 0.0178 0.0253 0.0320 0.0381

14 - - - - - - 0.0000 0.0084 0.0159 0.0227

15 - - - - - - - - 0.0000 0.0076

RB-AR27191



394

TABLE B.4. COEFFICIENTS FOR THE SHAPIRO-WILK'S TEST (CONTINUED)    

Number of Observations

i�n 31 32 33 34 35 36 37 38 39 40    

1 0.4220 0.4188 0.4156 0.4127 0.4096 0.4068 0.4040 0.4015 0.3989 0.3964

2 0.2921 0.2898 0.2876 0.2854 0.2834 0.2813 0.2794 0.2774 0.2755 0.2737

3 0.2475 0.2462 0.2451 0.2439 0.2427 0.2415 0.2403 0.2391 0.2380 0.2368

4 0.2145 0.2141 0.2137 0.2132 0.2127 0.2121 0.2116 0.2110 0.2104 0.2098

5 0.1874 0.1878 0.1880 0.1882 0.1883 0.1883 0.1883 0.1881 0.1880 0.1878

6 0.1641 0.1651 0.1660 0.1667 0.1673 0.1678 0.1683 0.1686 0.1689 0.1691

7 0.1433 0.1449 0.1463 0.1475 0.1487 0.1496 0.1505 0.1513 0.1520 0.1526

8 0.1243 0.1265 0.1284 0.1301 0.1317 0.1331 0.1344 0.1356 0.1366 0.1376

9 0.1066 0.1093 0.1118 0.1140 0.1160 0.1179 0.1196 0.1211 0.1225 0.1237

10 0.0899 0.0931 0.0961 0.0988 0.1013 0.1036 0.1056 0.1075 0.1092 0.1108

11 0.0739 0.0777 0.0812 0.0844 0.0873 0.0900 0.0924 0.0947 0.0967 0.0986

12 0.0585 0.0629 0.0669 0.0706 0.0739 0.0770 0.0798 0.0824 0.0848 0.0870

13 0.0435 0.0485 0.0530 0.0572 0.0610 0.0645 0.0677 0.0706 0.0733 0.0759

14 0.0289 0.0344 0.0395 0.0441 0.0484 0.0523 0.0559 0.0592 0.0622 0.0651

15 0.0144 0.0206 0.0262 0.0314 0.0361 0.0404 0.0444 0.0481 0.0515 0.0546

16 0.0000 0.0068 0.0131 0.0187 0.0239 0.0287 0.0331 0.0372 0.0409 0.0444

17 - - 0.0000 0.0062 0.0119 0.0172 0.0220 0.0264 0.0305 0.0343

18 - - - - 0.0000 0.0057 0.0110 0.0158 0.0203 0.0244

19 - - - - - - 0.0000 0.0053 0.0101 0.0146

20 - - - - - - - - 0.0000 0.0049

Number of Observations

i�n 41 42 43 44 45 46 47 48 49 50    

1 0.3940 0.3917 0.3894 0.3872 0.3850 0.3830 0.3808 0.3789 0.3770 0.3751

2 0.2719 0.2701 0.2684 0.2667 0.2651 0.2635 0.2620 0.2604 0.2589 0.2574

3 0.2357 0.2345 0.2334 0.2323 0.2313 0.2302 0.2291 0.2281 0.2271 0.2260

4 0.2091 0.2085 0.2078 0.2072 0.2065 0.2058 0.2052 0.2045 0.2038 0.2032

5 0.1876 0.1874 0.1871 0.1868 0.1865 0.1862 0.1859 0.1855 0.1851 0.1847

6 0.1693 0.1694 0.1695 0.1695 0.1695 0.1695 0.1695 0.1693 0.1692 0.1691

7 0.1531 0.1535 0.1539 0.1542 0.1545 0.1548 0.1550 0.1551 0.1553 0.1554

8 0.1384 0.1392 0.1398 0.1405 0.1410 0.1415 0.1420 0.1423 0.1427 0.1430

9 0.1249 0.1259 0.1269 0.1278 0.1286 0.1293 0.1300 0.1306 0.1312 0.1317

10 0.1123 0.1136 0.1149 0.1160 0.1170 0.1180 0.1189 0.1197 0.1205 0.1212

11 0.1004 0.1020 0.1035 0.1049 0.1062 0.1073 0.1085 0.1095 0.1105 0.1113

12 0.0891 0.0909 0.0927 0.0943 0.0959 0.0972 0.0986 0.0998 0.1010 0.1020

13 0.0782 0.0804 0.0824 0.0842 0.0860 0.0876 0.0892 0.0906 0.0919 0.0932

14 0.0677 0.0701 0.0724 0.0745 0.0765 0.0783 0.0801 0.0817 0.0832 0.0846

15 0.0575 0.0602 0.0628 0.0651 0.0673 0.0694 0.0713 0.0731 0.0748 0.0764

16 0.0476 0.0506 0.0534 0.0560 0.0584 0.0607 0.0628 0.0648 0.0667 0.0685

17 0.0379 0.0411 0.0442 0.0471 0.0497 0.0522 0.0546 0.0568 0.0588 0.0608

18 0.0283 0.0318 0.0352 0.0383 0.0412 0.0439 0.0465 0.0489 0.0511 0.0532

19 0.0188 0.0227 0.0263 0.0296 0.0328 0.0357 0.0385 0.0411 0.0436 0.0459

20 0.0094 0.0136 0.0175 0.0211 0.0245 0.0277 0.0307 0.0335 0.0361 0.0386

21 0.0000 0.0045 0.0087 0.0126 0.0163 0.0197 0.0229 0.0259 0.0288 0.0314

22 - - 0.0000 0.0042 0.0081 0.0118 0.0153 0.0185 0.0215 0.0244

23 - - - - 0.0000 0.0039 0.0076 0.0111 0.0143 0.0174

24 - - - - - - 0.0000 0.0037 0.0071 0.0104

25 - - - - - - - - 0.0000 0.0035

RB-AR27192



395

TABLE B.5. EXAMPLE OF THE SHAPIRO-WILK'S TEST:  TABLE OF COEFFICIENTS AND
DIFFERENCES

 
i ai X(n-i+1) - X(i) 

1 0.4734 0.181 X(20) - X(1)

2 0.3211 0.128 X(19) - X(2)

3 0.2565 0.105 X(18) - X(3)

4 0.2085 0.097 X(17) - X(4)

5 0.1686 0.076 X(16) - X(5)

6 0.1334 0.048 X(15) - X(6)

7 0.1013 0.034 X(14) - X(7)

8 0.0711 0.025 X(13) - X(8)

9 0.0422 0.008 X(12) - X(9)

10 0.0140 0.005 X(11) - X(10)
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TABLE B.6.  QUANTILES OF THE SHAPIRO WILK'S TEST STATISTIC (Conover, 1980)

n 0.01 0.02 0.05 0.10 0.50 0.90 0.95 0.98 0.99

3 0.753 0.756 0.767 0.789 0.959 0.998 0.999 1.000 1.000
4 0.687 0.707 0.748 0.792 0.935 0.987 0.992 0.996 0.997
5 0.686 0.715 0.762 0.806 0.927 0.979 0.986 0.991 0.993
6 0.713 0.743 0.788 0.826 0.927 0.974 0.981 0.986 0.989
7 0.730 0.760 0.803 0.838 0.928 0.972 0.979 0.985 0.988
8 0.749 0.778 0.818 0.851 0.932 0.972 0.978 0.984 0.987
9 0.764 0.791 0.829 0.859 0.935 0.972 0.978 0.984 0.986
10 0.781 0.806 0.842 0.869 0.938 0.972 0.978 0.983 0.986
11 0.792 0.817 0.850 0.876 0.940 0.973 0.979 0.984 0.986
12 0.805 0.828 0.859 0.883 0.943 0.973 0.979 0.984 0.986
13 0.814 0.837 0.866 0.889 0.945 0.974 0.979 0.984 0.986
14 0.825 0.846 0.874 0.895 0.947 0.975 0.980 0.984 0.986
15 0.835 0.855 0.881 0.901 0.950 0.975 0.980 0.984 0.987
16 0.844 0.863 0.887 0.906 0.952 0.976 0.981 0.985 0.987
17 0.851 0.869 0.892 0.910 0.954 0.977 0.981 0.985 0.987
18 0.858 0.874 0.897 0.914 0.956 0.978 0.982 0.986 0.988
19 0.863 0.879 0.901 0.917 0.957 0.978 0.982 0.986 0.988
20 0.868 0.884 0.905 0.920 0.959 0.979 0.983 0.986 0.988
21 0.873 0.888 0.908 0.923 0.960 0.980 0.983 0.987 0.989
22 0.878 0.892 0.911 0.926 0.961 0.980 0.984 0.987 0.989
23 0.881 0.895 0.914 0.928 0.962 0.981 0.984 0.987 0.989
24 0.884 0.898 0.916 0.930 0.963 0.981 0.984 0.987 0.989
25 0.888 0.901 0.918 0.931 0.964 0.981 0.985 0.988 0.989
26 0.891 0.904 0.920 0.933 0.965 0.982 0.985 0.988 0.989
27 0.894 0.906 0.923 0.935 0.965 0.982 0.985 0.988 0.990
28 0.896 0.908 0.924 0.936 0.966 0.982 0.985 0.988 0.990
29 0.898 0.910 0.926 0.937 0.966 0.982 0.985 0.988 0.990
30 0.900 0.912 0.927 0.939 0.967 0.983 0.985 0.988 0.990
31 0.902 0.914 0.929 0.940 0.967 0.983 0.986 0.988 0.990
32 0.904 0.915 0.930 0.941 0.968 0.983 0.986 0.988 0.990
33 0.906 0.917 0.931 0.942 0.968 0.983 0.986 0.989 0.990
34 0.908 0.919 0.933 0.943 0.969 0.983 0.986 0.989 0.990
35 0.910 0.920 0.934 0.944 0.969 0.984 0.986 0.989 0.990
36 0.912 0.922 0.935 0.945 0.970 0.984 0.986 0.989 0.990
37 0.914 0.924 0.936 0.946 0.970 0.984 0.987 0.989 0.990
38 0.916 0.925 0.938 0.947 0.971 0.984 0.987 0.989 0.990
39 0.917 0.927 0.939 0.948 0.971 0.984 0.987 0.989 0.991
40 0.919 0.928 0.940 0.949 0.972 0.985 0.987 0.989 0.991
41 0.920 0.929 0.941 0.950 0.972 0.985 0.987 0.989 0.991
42 0.922 0.930 0.942 0.951 0.972 0.985 0.987 0.989 0.991
43 0.923 0.932 0.943 0.951 0.973 0.985 0.987 0.990 0.991
44 0.924 0.933 0.944 0.952 0.973 0.985 0.987 0.990 0.991
45 0.926 0.934 0.945 0.953 0.973 0.985 0.988 0.990 0.991
46 0.927 0.935 0.945 0.953 0.974 0.985 0.988 0.990 0.991
47 0.928 0.936 0.946 0.954 0.974 0.985 0.988 0.990 0.991
48 0.929 0.937 0.947 0.954 0.974 0.985 0.988 0.990 0.991
49 0.929 0.937 0.947 0.955 0.974 0.985 0.988 0.990 0.991
50 0.930 0.938 0.947 0.955 0.974 0.985 0.988 0.990 0.991
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2.8   The decision rule for this test is to compare the critical value from Table B.6 to the computed W.  If the
computed value is less than the critical value, conclude that the data are not normally distributed.  For this example,
the critical value at a significance level of 0.01 and 15 observations (n) is 0.835.  The calculated value, 0.9516, is
not less than the critical value.  Therefore conclude that the data are normally distributed.

2.9   In general, if the data fail the test for normality, a transformation such as to log values may normalize the data. 
After transforming the data, repeat the Shapiro Wilk's Test for normality. 

3.   TEST FOR HOMOGENEITY OF VARIANCE 

3.1   For Dunnett's Procedure and the t test with Bonferroni's adjustment, the variances of the data obtained from
each toxicant concentration and the control are assumed to be equal.  Bartlett's Test is a formal test of this
assumption.  In using this test, it is assumed that the data are normally distributed. 
 
3.2   The data used in this example are growth data from a Sheepshead Minnow Larval Survival and Growth Test,
and are the same data used in Appendices C and D.  These data are listed in Table B.7, together with the calculated
variance for the control and each toxicant concentration. 

3.3   The test statistic for Bartlett's Test (Snedecor and Cochran, 1980) is as follows: 

Where: Vi = degrees of freedom for each effluent concentration and control, (Vi = ni - 1)
 

p = number of levels of toxicant concentration including the control

ln = loge 

i = 1, 2, ..., p where p is the number of concentrations  including the control

ni = the number of replicates for concentration i.
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TABLE B.7. SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, LARVAL GROWTH DATA
(WEIGHT IN MG) USED FOR BARTLETT'S TEST FOR HOMOGENEITY OF
VARIANCE 

Effluent Concentration (%)

Replicate Control 6.25 12.5 25.0 50.0 

1 1.017 1.157 0.998 0.873 0.715  
2 0.745 0.914 0.793 0.935 0.907  
3 0.862 0.992 1.021 0.839 1.044 

Mean 0.875 1.021 0.937 0.882 0.889 
Si

2 0.019 0.015 0.016 0.0024 0.027
i 1 2 3 4 5 

B�

2[5( ln 0.0158)��
i

ln (S 2
i )]

1.2

� 2.3103

�
2[5(� 4.1477) � (�22.1247)]

1.2

3.4   Since B is approximately distributed as chi-square with p - 1 degrees of freedom when the variances are equal,
the appropriate critical value is obtained from a table of the chi-square distribution for p - 1 degrees of freedom and
a significance level of 0.01.  If B is less than the critical value then the variances are assumed to be equal.

3.5   For the data in this example, Vi = 2, p = 5, S�2  = 0.0158, and C = 1.2.  The calculated B value is: 

               

3.6   Since B is approximately distributed as chi-square with p - 1 degrees of freedom when the variances are equal,
the appropriate critical value for the test is 13.3 for a significance level of 0.01.  Since B is less than 13.3, the
conclusion is that the variances are not different. 
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4.   TRANSFORMATIONS OF THE DATA

4.1   When the assumptions of normality and/or homogeneity of variance are not met, transformations of the data
may remedy the problem, so that the data can be analyzed by parametric procedures, rather than nonparametric
technique such as Steel's Many-one Rank Test or Wilcoxon's Rank Sum Test.  Examples of transformations include
log, square root, arc sine square root, and reciprocals.  After the data have been transformed, the Shapiro-Wilk's and
Bartlett's tests should be performed on the transformed observations to determine whether the assumptions of
normality and/or homogeneity of variance are met.

4.2   ARC SINE SQUARE ROOT TRANSFORMATION (USEPA, 1993).

4.2.1   For data consisting of proportions from a binomial (response/no response; live/dead) response variable, the
variance within the ith treatment is proportional to Pi (1 - Pi), where Pi is the expected proportion for the treatment. 
This clearly violates the homogeneity of variance assumption required by parametric procedures such as Dunnett's
Procedure or the t test with Bonferroni's adjustment, since the existence of a treatment effect implies different values
of Pi for different treatments, i.  Also, when the observed proportions are based on small samples, or when Pi is
close to zero or one, the normality assumption may be invalid.  The arc sine square root (arc sine � P�)
transformation is commonly used for such data to stabilize the variance and satisfy the normality requirement. 
 
4.2.2   Arc sine transformation consists of determining the angle (in radians) represented by a sine value.  In the
case of arc sine square root transformation of mortality data, the proportion of dead (or affected) organisms is taken
as the sine value, the square root of the sine value is determined, and the angle (in radians) for the square root of the
sine value is determined.  Whenever the proportion dead is 0 or 1, a special modification of the arc sine square root
transformation must be used (Bartlett, 1937).  An explanation of the arc sine square root transformation and the
modification is provided below. 

4.2.3   Calculate the response proportion (RP) at each effluent concentration, where: 

RP = (number of surviving or unaffected organisms)/(number exposed). 

Example:  If 12 of 20 animals in a given treatment replicate survive: 

RP = 12/20 

     = 0.60

4.2.4   Transform each RP to its arc sine square root, as follows: 

4.2.4.1   For RPs greater than zero or less than one:

Angle (radians) = arc sine RP

Example: If RP = 0.60:

Angle    =  arc sine 0.60

= arc sine 0.7746

= 0.8861 radians

4.2.4.2   Modification of the arc sine square root when RP = 0. 
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Angle (in radians) = arc sine 1/4N

Where: N = Number of animals/treatment replicate 

Example: If 20 animals are used: 

Angle   = arc sine 1/80

= arc sine 0.1118 

= 0.1120 radians 
 
4.2.4.3  Modification of the arc sine square root when RP = 1
 

Angle = 1.5708 radians - (radians for RP = 0) 
 

Example: Using above value: 
 

 Angle  = 1.5708 - 0.1120 
 

= 1.4588  radians 
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TABLE C.1. SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, LARVAL GROWTH DATA
(WEIGHT IN MG) USED FOR DUNNETT'S PROCEDURE 

Effluent Replicate Test Vessel Total Mean 
Conc (%)

i 1 2 3 (Ti) (�Yi) 

Control 1 1.017 0.745 0.862 2.624 0.875  
6.25 2 1.157 0.914 0.992 3.063 1.021  
12.5 3 0.998 0.793 1.021 2.812 0.937  
25.0 4 0.873 0.935 0.839 2.647 0.882  
50.0 5 0.715 0.907 1.044 2.666 0.889 

APPENDIX C

DUNNETT'S PROCEDURE

1.   MANUAL CALCULATIONS 
 
1.1   Dunnett's Procedure (Dunnett, 1955; Dunnett, 1964) is used to compare each concentration mean with the
control mean to decide if any of the concentrations differ from the control.  This test has an overall error rate of
alpha, which accounts for the multiple comparisons with the control.  It is based on the assumptions that the
observations are independent and normally distributed and that the variance of the observations is homogeneous
across all concentrations and control.  (See Appendix B for a discussion on validating the assumptions).  Dunnett's
Procedure uses a pooled estimate of the variance, which is equal to the error value calculated in an analysis of
variance.  Dunnett's Procedure can only be used when the same number of replicate test vessels have been used at
each concentration and the control.  When this condition is not met, the t test with Bonferroni's adjustment is used
(see Appendix D). 

1.2   The data used in this example are growth data from a Sheepshead Minnow Larval Survival and Growth Test,
and are the same data used in Appendices B and D.  These data are listed in Table C.1.   

1.3  One way to obtain an estimate of the pooled variance is to construct an ANOVA table including all sums of
squares, using the following formulas: 
 
Where:  p = number of effluent concentrations including the control:

N = the total sample size;  N��
i
ni

ni = the number of replicates for concentration "i" 

  Total Sum of SquaresSST��
ij

Yij
2�G 2/N

RB-AR27199



402

SST��
ij

Yij
2�G 2/N

SSW�SST�SSB

   Between Sum of SquaresSSB��
i
Ti

2/ni�G 2/N

Within Sum of SquaresSSW�SST�SSB

 G = the grand total of all sample observations; G��P
i�1

Ti

 Ti = the total of the replicate measurements for concentration i

 N = the total sample size;  
N��

i
ni

  ni = the number of replicates for concentration i

 Yij = the jth observation for concentration i

1.4   For the data in this example:

n1 = n2 = n 3 = n 4 = n   5 = 3

N = 20

T1 = Y11 + Y12 + Y 13 = 2.624
T2 = Y21 + Y22 + Y 23 = 3.063
T3 = Y31 + Y32 + Y 33 = 2.812
T4 = Y41 + Y42 + Y 43 = 2.647
T5 = Y51 + Y52 + Y 53 = 2.666

G = T1 + T2 + T 3 + T 4 + T 5 = 13.812
    

= 12.922 - (13.812)2/15 

= 0.204 

= 12.763 - (13.812)2/15

= 0.045

   = 0.204 - 0.045   
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             TABLE C.2.  ANOVA TABLE FOR DUNNETT'S PROCEDURE

Source df Sum of Mean Square (MS)
Squares (SS) (SS/df)

               
Between p - 1 SSB SB

2  = SSB/(p-1)

Within N - p SSW SW
2   = SSW/(N-p)

Total N - 1 SST

      TABLE C.3.  COMPLETED ANOVA TABLE FOR DUNNETT'S PROCEDURE

Source df SS Mean Square

Between 5 - 1 = 4 0.045 0.011

Within 15 - 5 = 10 0.159 0.016

Total 14 0.204

ti�
(Y1�Yi)

Sw (1/n1)� (1/ni)

= 0.159 

1.5  Summarize these data in the ANOVA table (Table C.2).

1.6  Summarize data for ANOVA (Table C.3). 

1.7   To perform the individual comparisons, calculate the t statistic for each concentration and control combination,
as follows:

 Where:  �Yi = mean for each concentration i.
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TABLE C.4.  CALCULATED T VALUES 

Effluent
Concentration i  ti

(%) 

 
6.25 2 - 1.414 

 
12.5 3 - 0.600 

 
25.0 4 - 0.068 

 
50.0 5 - 0.136 

MSD�d Sw (1/n1)� (1/n)

�Y1 = mean for the control

 

Sw = square root of the within mean square 

 

n1 = number of replicates in the control. 

 

ni = number of replicates for concentration i.

1.8   Table C.4  includes the calculated t values for each concentration and control combination.

1.9   Since the purpose of the test is only to detect a decrease in growth from the control, a one-sided test is
appropriate.  The critical value for the one-sided comparison (2.47), with an overall alpha level of 0.05, 10 degrees
of freedom and four concentrations excluding the control is read from the table of Dunnett's "T" values (Table C.5;
this table assumes an equal number of replicates in all treatment concentrations and the control).  Comparing each of
the calculated t values in Table C.4 with the critical value, no decreases in growth from the control were detected. 
Thus the NOEC is 50.0%.

1.10   To quantify the sensitivity of the test, the minimum significant  difference (MSD) may be calculated.  The
formula is as follows: 

   Where: d = critical value for the Dunnett's Procedure 

Sw = the square root of the within mean square 

n = the number of replicates at each concentration, assuming an equal number of replicates at all
treatment concentrations 

n1 = number of replicates in the control
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MSD�2.47(0.126)[ (1/3)�(1/3)]�2.47(0.126)( 2/3)

For example:

= 2.47 (0.126)(0.816) 
= 0.254 
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Percent Reduction �
MSDu

Controlu

x 100

1.11   For this set of data, the minimum difference between the control mean and a concentration mean that can be detected
as statistically significant is 0.254 mg.  This represents a decrease in growth of 29% from the control.

1.11.1   If the data have not been transformed, the MSD (and the percent decrease from the control mean that it represents)
can be reported as is.

1.11.2   In the case where the data have been transformed, the MSD would be in transformed units.  In this case carry out
the following conversion to determine the MSD in untransformed units. 
 
1.11.2.1   Subtract the MSD from the transformed control mean.  Call this difference D.  Next, obtain untransformed
values for the control mean and the difference, D. 
 

MSDu =  control u - D u 

Where: MSDu = the minimum significant difference for untransformed data 
 

Controlu = the untransformed control mean 

Du = the untransformed difference 
 
1.11.2.2   Calculate the percent reduction from the control that MSDu represents as: 

 1.11.3   An example of a conversion of the MSD to untransformed units, when the arc sine square root transformation was
used on the data, follows. 
 

Step 1. Subtract the MSD from the transformed control mean.  As an   example, assume the data in Table C.1
were transformed by the arc sine square root transformation.  Thus: 

0.875 - 0.254 = 0.621 

Step 2. Obtain untransformed values for the control mean (0.875) and the difference (0.621) obtained in Step 1,
above. 

[ Sine (0.875)]2  =  0.589 

[ Sine (0.621)]2  =  0.339 

Step 3. The untransformed MSD (MSDu) is determined by subtracting the untransformed values obtained in Step
2. 

 
MSDu  =  0.589 - 0.339  =  0.250 

In this case, the MSD would represent a 42% decrease in survival from the control [(0.250/0.589)(100)]. 

RB-AR27205



408

2.   COMPUTER CALCULATIONS

2.1   This computer program incorporates two analyses:  an analysis of variance (ANOVA), and a multiple comparison of
treatment means with the control mean (Dunnett's Procedure).  The ANOVA is used to obtain the error value.  Dunnett's
Procedure indicates which toxicant concentration means (if any) are statistically different from the control mean at the 5%
level of significance.  The program also provides the minimum difference between the control and treatment means that
could be detected as statistically significant, and tests the validity of the homogeneity of variance assumption by Bartlett's
Test.  The multiple comparison is performed based on procedures described by Dunnett (1955). 

2.2   The source code for the Dunnett's program is structured into a series of subroutines, controlled by a driver routine. 
Each subroutine has a specific function in the Dunnett's Procedure, such as data input, transforming the data, testing for
equality of variances, computing p values, and calculating the one-way analysis of variance. 

2.3   The program compares up to seven toxicant concentrations against the control, and can accommodate up to 50
replicates per concentration. 

2.4   If the number of replicates at each toxicant concentration and control are not equal, a t test with the Bonferroni
adjustment is performed instead of Dunnett's Procedure (see Appendix D). 

2.5   The program was written in IBM-PC FORTRAN by Computer Sciences Corporation, 26 W. Martin Luther King
Drive, Cincinnati, OH 45268.  A compiled version of the program can be obtained from EMSL-Cincinnati by sending a
diskette with a written request.

2.6   DATA INPUT AND OUTPUT

2.6.1   Data on the number of surviving mysids, Mysidopsis bahia, from a survival, growth and fecundity test (Table C.6)
are used to illustrate the data input and output for this program. 

2.6.2   Data Input

2.6.2.1   When the program is entered, the user is asked to select the type of data to be analyzed:

 1. Response proportions, like survival or fertilization proportions data.
 2. Counts and measurements, like offspring counts, cystocarp and algal cell counts, weights, chlorophyll

measurements or turbidity measurements.

2.6.2.2  After the type of analysis for the data is chosen, the user has the following options:

 1. Create a data file 
 2. Edit a data file 
 3. Perform analysis on existing data set 
 4. Stop

2.6.2.3   When Option 1 (Create a data file) is selected for response proportions, the program prompts the user for the
following information:

1.  Number of concentrations, including control
2.  For each concentration and replicate:
 - number of organisms exposed per replicate

- number of organisms responding per replicate (organisms surviving, eggs fertilized, etc.)

2.6.2.4   After the data have been entered, the user may save the file on a disk, and the program returns to the main menu
(see below).
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2.6.2.5   Sample data input is shown in Figure C.1. 

2.6.3.   Program Output

2.6.3.1   When Option 3 (perform analysis on existing data set) is selected from the menu, the user is asked to select the
transformation desired, and indicate whether they expect the means of the test groups to be less or greater than the mean
for the control group (see Figure C.2)

2.6.3.2   Summary statistics (Figure C.3) for the raw and transformed data, if applicable, the ANOVA table, results of
Bartlett's Test, the results of the multiple comparison procedure, and the minimum detectable difference are included in the
program output.
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TABLE C.6. SAMPLE DATA FOR DUNNETT'S PROGRAM FOR SURVIVING MYSIDS,
MYSIDOPSIS BAHIA

Treatment Replicate Total No.
Chamber Mysids Alive

1  Control 1 5 4
    2 5 4

3 5 5
4 5 5
5 5 5
6 5 5
7 5 5
8 5 4

2   50 ppb 1 5 4
2 5 5
3 5 4
4 5 4
5 5 5
6 5 5
7 5 4
8 5 5

3  100 ppg 1 5 3
 2 5 5
 3 5 5
 4 5 5
 5 5 5
 6 5 3
 7 5 4
                       8 4 4

4   210 ppb 1 5 5
2 5 4
3 5 1
4 5 4
5 5 3
6 5 4
7 5 4
8 5 4

5   450 ppb 1 5 0
 2 5 1
 3 5 0

4 5 1
 5 5 0
 6 5 0
 7 5 0

8 5 2
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EMSL Cincinnati Dunnett Software
Version 1.5

1) Create a data file
2) Edit a data file
3) Analyze an existing data set
4) Stop

Your choice ? 3 

Number of concentrations, including control ? 5

Number of replicates for conc. 1 (the control) ? 8

replicate    number of organisms exposed    number of organisms responding                                                  
(organisms surviving, eggs fertilized, etc.)

  1                    5                                 4
  2                  5                                 4
  3                    5                                 5
  4                    5                                 5
  5                    5                                 5
  6                    5                                 5
  7                    5                                 5
  8                    5                                 4
                                                                                
Number of replicates for conc.  2 ? 8                                           
Do you wish to save the data on disk ? y

Disk file for output   ?  mysidsur.dat

Figure C.1. Sample Data Input for Dunnett's Program for Survival Data from Table C.6.
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EMSL Cincinnati:  Dunnett Software
Version 1.5

                                                                               
     1) Create a data file
     2) Edit a data file
     3) Analyze an existing data set
     4) Stop

Your choice ? 3                                                                 
File name   ?  mysidsur.dat

Available Transformations

    1)  no transform
    2)  square root
    3)  log10
    4)  arcsine square root

Your choice ? 4                                                                 
Dunnett's test as implemented in this program is a one-sided test. You must specify the direction the test is to be run;
that is, do you expect the means for the test concentrations to be less than or greater than the mean for the control
concentration.

Direction for Dunnetts test : L=less than, G=greater than ? l                   

Summary Statistics for Raw Data                  

  Conc.      n          Mean         s.d.            cv%

    1 = control  8        .9250        .1035        11.2
    2        8        .9000       .1069          11.9
    3        8         .8500       .1773           20.9
    4       8          .7250        .2375           32.8
    5        8          .1000        .1512                  151.2

Mysid Survival Example with Data in Table C.6

Figure C.2. Example of Choosing Option 3 from the Main Menu of the Dunnett Program.
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Mysid Survival Example with Data in Table C.6

Summary Statistics and ANOVA

Transformation = Arcsine Square Root 

Conc. n Mean s.d. cv%

1 = control  8         1.2560       .1232             9.8
2            8         1.2262          .1273            10.4
3           8         1.1709          .2042            17.4
4*           8         1.0288          .2593            25.2
5*           8          .3424          .1752            51.2

*) the mean for this conc. is significantly less than   
    the control mean at alpha = 0.05 (1-sided) by Dunnett's test

Minimum detectable difference for Dunnett's test =  -.208074
This corresponds to a difference of -.153507 in original units
This difference corresponds to -16.98 percent of control

Between concentrations
sum of squares    =  4.632112 with  4 degrees of freedom.

Error mean square =   .034208 with 35 degrees of freedom.

Bartlett's test p-value for equality of variances =   .257

Do you wish to restart the program ?                                            

Figure C.3.  Example of Program Output for the Dunnett’s Program Using the Survival Data in Table C.6.
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TABLE D.1. SHEEPSHEAD MINNOW, CYPRINODON VARIEGATUS, LARVAL GROWTH DATA
(WEIGHT IN MG) USED FOR THE T TEST WITH BONFERRONI'S ADJUSTMENT 

Effluent Replicate Test Vessel Total Mean  
Conc (%)

i 1 2 3 (Ti) (�Yi)  

Control 1 1.017 0.745 0.862 2.624 0.875  
6.25 2 1.157 0.914 0.992 3.063 1.021  
12.5 3 0.998 0.793 1.021 2.812 0.937  

 25.0 4 0.873 0.935 0.839 2.647 0.882  
 50.0 5 0.715 0.907 (Lost) 1.622 0.811 

APPENDIX D

T TEST WITH BONFERRONI'S ADJUSTMENT

1.   The t test with Bonferroni's adjustment is used as an alternative to Dunnett's Procedure when the number of replicates
is not the same for all concentrations.  This test sets an upper bound of alpha on the overall error rate, in contrast to
Dunnett's Procedure, for which the overall error rate is fixed at alpha.  Thus, Dunnett's Procedure is a more powerful test.

2.   The t test with Bonferroni's adjustment is based on the same assumptions of normality of distribution and homogeneity
of variance as Dunnett's Procedure (See Appendix B for testing these assumptions), and, like Dunnett's Procedure, uses a
pooled estimate of the variance, which is equal to the error value calculated in an analysis of variance. 
 
3.   An example of the use of the t test with Bonferroni's adjustment is provided below.  The data used in the example are
the same as in Appendix C, except that the third replicate from the 50% effluent treatment is presumed to have been lost. 
Thus, Dunnett's Procedure cannot be used.  The weight data are presented in Table D.1. 

3.1   One way to obtain an estimate of the pooled variance is to construct an ANOVA table including all sums of squares,
using the following formulas: 
 
Where: p = number of effluent concentrations including the control

N = the total sample size; N��
i
ni

ni = the number of replicates for concentration i

Total Sum of SquaresSST��
ij

Yij
2�G 2/N
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 Between Sum of SquaresSSB��
i
Ti

2/ni�G 2/N

     Within Sum of SquaresSSW�SST�SSB

Where: G = The grand total of all sample observations; G��P
i�1

Ti

Ti = The total of the replicate measurements for concentration i
            

Yij = The jth observation for concentration i

 3.2   For the data in this example:

n1 = n2 = n3 = n  4 = 3

N = 20

 T1 = Y11 + Y12 + Y 13 = 2.624
T2 = Y21 + Y22 + Y 23 = 3.063
T3 = Y31 + Y32 + Y 33 = 2.812
T4 = Y41 + Y42 + Y 43 = 2.647
T5 = Y51 + Y52 + Y 53 = 1.622

G = T1 + T2 + T3 + T 4 + T 5 = 12.768

    SSB��
i
Ti

2/ni�G 2/N

= 11.709 - (12.768)2/14 

= 0.064 

            SST��
ij

Yij
2�G 2/N

=  11.832 - (12.768)2/14

=  0.188 

   SSW�SST�SSB

=  0.188 - 0.064 

=  0.124 
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      TABLE D.3. COMPLETED ANOVA TABLE FOR THE T-TEST WITH BONFERRONI'S ADJUSTMENT

Source df SS Mean Square

Between 5 - 1 =  4 0.064 0.016

Within 14 - 5 = 9 0.124 0.014

Total 13 0.188

ti�
(Y1�Yi)

Sw (1/n1)� (1/ni)

3.3  Summarize these data in the ANOVA table (Table D.2). 

          TABLE D.2.  ANOVA TABLE FOR BONFERRONI'S ADJUSTMENT

Source df Sum of Mean Square (MS)
Squares (SS) (SS/df)

 
Between p - 1 SSB SB

2 = SSB/(p-1)

Within N - p SSW SW
2 = SSW/(N-p)

Total N - 1 SST
 

3.4  Summarize these calculations in the ANOVA table (Table D.3): 

3.5   To perform the individual comparisons, calculate the t statistic for each concentration and control combination, as
follows: 

Where: �Yi = mean for concentration i 

�Y1 = mean for the control 

Sw = square root of the within mean square

n1 = number of replicates in the control.
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TABLE D.4.  CALCULATED T VALUES 

 
Effluent 
Concentration i ti 
(%) 

 
6.25 2 - 1.511  
12.5 3 - 0.642 
25.0 4 - 0.072  
50.0 5   0.592 

ni = number of replicates for concentration i.
 
3.6   Table D.4  includes the calculated t values for each concentration and control combination. 

3.7   Since the purpose of the test is only to detect a decrease in growth from the control, a one-sided test is appropriate. 
The critical value for the one-sided comparison (2.686), with an overall alpha level of 0.05, nine degrees of freedom and
four concentrations excluding the control, was obtained from Table D.5.  Comparing each of the calculated t values in
Table D.4 with the critical value, no decreases in growth from the control were detected.  Thus the NOEC is 50.0%.
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APPENDIX E

STEEL'S MANY-ONE RANK TEST

1.   Steel's Many-one Rank Test is a nonparametric test for comparing treatments with a control.  This test is an alternative
to Dunnett's Procedure, and may be applied to data when the normality assumption has not been met.  Steel's Test requires
equal variances across the treatments and the control, but it is thought to be fairly insensitive to deviations from this
condition (Steel, 1959).  The tables for Steel's Test require an equal number of replicates at each concentration.  If this is
not the case, use Wilcoxon's Rank Sum Test, with Bonferroni's adjustment (See Appendix F). 

2.   For an analysis using Steel's Test, for each control and concentration combination, combine the data and arrange the
observations in order of size from smallest to largest.  Assign the ranks to the ordered observations (1 to the smallest, 2 to
the next smallest, etc.).  If ties occur in the ranking, assign the average rank to the observation.  (Extensive ties would
invalidate this procedure).  The sum of the ranks within each concentration and within the control is then calculated.  To
determine if the response in a concentration is significantly different from the response in the control, the minimum rank
sum for each concentration and control combination is compared to the significant values of rank sums given later in the
section.  In this table, k equals the number of treatments excluding the control and n equals the number of replicates for
each concentration and the control. 
 
3.   An example of the use of this test is provided below.  The test employs survival data from a mysid 7-day, chronic test. 
The data are listed in Table E.1.  Throughout the test, the control data are taken from the site water control.  Since there is
0% survival for all eight replicates for the 50% concentration, it is not included in this analysis and is considered a
qualitative mortality effect. 

4.   For each control and concentration combination, combine the data and arrange the observations in order of size from
smallest to largest.  Assign the ranks (1, 2, 3, ..., 16) to the ordered observations (1 to the smallest, 2 to the next smallest,
etc.).  If ties occur in the ranking, assign the average rank to each tied observation. 

5.   An example of assigning ranks to the combined data for the control and 3.12% effluent concentration is given in Table
E.2.  This ranking procedure is repeated for each control and concentration combination.  The complete set of rankings is
listed in Table E.3.  The ranks are then summed for each effluent concentration, as shown in Table E.4.

6.   For this set of data, determine if the survival in any of the effluent concentrations is significantly lower than the
survival of the control organisms.  If this occurs, the rank sum at that concentration would be significantly lower than the
rank sum of the control.  Thus, compare the rank sums for the survival at each of the various effluent concentrations with
some "minimum" or critical rank sum, at or below which the survival would be considered to be significantly lower than
the control.  At a probability level of 0.05, the critical rank sum in a test with four concentrations and eight replicates per
concentration, is 47 (see Table E.5).

7.   Of the rank sums in Table E.4, none are less than 47.  Therefore, due to the qualitative effect at the 50% effluent
concentration, the NOEC is 25% effluent and the LOEC is 50% effluent. 
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TABLE E.1. EXAMPLE OF STEEL'S MANY-ONE RANK TEST:  DATA FOR MYSID, MYSIDOPSIS
BAHIA, 7-DAY CHRONIC TEST

Effluent Replicate Number of Number of
Concentration Chamber Mysids at Live Mysids

Start of Test at End of Test

1 5 4
2 5 4
3 5 5

Control 4 5 4
(Site Water) 5 5 5

6 5 4
7 5 4
8 5 5

1 5 3
2 5 5
3 5 3

Control 4 5 3
(Brine & 5 5 4
Dilution Water) 6 5 4

7 5 3
8 5 3

1 5 4
2 5 4
3 5 4

3.12% 4 5 5
5 5 4
6 5 4
7 5 5
8 5 3
1 5 3
2 5 4
3 5 5

6.25% 4 5 4
5 5 4
6 5 4
7 5 5
8 5 5
1 5 5
2 5 4
3 5 5

12.5% 4 5 3
5 5 5
6 5 4
7 5 4
8 5 3
1 5 5
2 5 5
3 5 5

25.0% 4 5 5
5 5 3
6 5 5
7 5 4
8 5 4
1 5 0
2 5 0
3 5 0

50.0% 4 5 0
5 5 0
6 5 0
7 5 0
8 5 0
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TABLE E.2.  EXAMPLE OF STEEL'S MANY-ONE RANK TEST:  ASSIGNING
               RANKS TO THE CONTROL AND 3.12% EFFLUENT CONCENTRATIONS
   

Rank Number of Live Control or % Effluent
Mysids, Mysidopsis bahia

 
1 3 3.12
6.5 4 Control
6.5 4 Control
6.5 4 Control
6.5 4 Control
6.5 4 Control
6.5 4 3.12
6.5 4 3.12
6.5 4 3.12
6.5 4 3.12
6.5 4 3.12
14 5 Control
14 5 Control
14 5 Control
14 5 3.12
14 5 3.12
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TABLE E.3.  TABLE OF RANKS 

Replicate                Effluent Concentration (%)        
Chamber Control1 3.12 6.25 12.5 25.0

1  4 (6.5,6,6.5,5) 4 (6.5) 3 (1) 5 (13.5) 5 (12.5)
  2  4 (6.5,6,6.5,5) 4 (6.5) 4 (6) 4 (6.5) 5 (12.5)

3  5 (14,13.5,13.5,12.5) 4 (6.5) 5 (13.5) 5 (13.5) 5 (12.5)
4  4 (6.5,6,6.5,5) 5 (14) 4 (6) 3 (1.5) 5 (12.5)

 5  5 (14,13.5,13.5,12.5) 4 (6.5) 4 (6) 5 (13.5) 3 (1)
6  4 (6.5,6,6.5,5) 4 (6.5) 4 (6) 4 (6.5) 5 12.5)
7  4 (6.5,6,6.5,5) 5 (14) 5 (13.5) 4 (6.5) 4 (5)  
8  5 (14,13.5,13.5,12.5) 3 (1) 5 (13.5) 3 (1.5) 4 (5)  

1 Control ranks are given in the order of the concentration with which they were ranked.

TABLE E.4.  RANK SUMS

Effluent Rank Sum
Concentration
(%)

3.12 61.5
6.25 65.5
12.50 63.0
25.00 73.5
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TABLE E.5. SIGNIFICANT VALUES OF RANK SUMS: JOINT CONFIDENCE COEFFICIENTS OF 0.95
(UPPER) and 0.99 (LOWER) FOR ONE-SIDED ALTERNATIVES (Steel, 1959)

k = number of treatments (excluding control)

n 2 3 4 5 6 7 8 9
            

4 11 10 10 10 10 -- -- --
-- -- -- -- -- -- -- --

5 18 17 17 16 16 16 16 15
15 -- -- -- -- -- -- --

6 27 26 25 25 24 24 24 23
23 22 21 21 -- -- -- --

7 37 36 35 35 34 34 33 33
32 31 30 30 29 29 29 29

8 49 48 47 46 46 45 45 44
43 42 41 40 40 40 39 39

9 63 62 61 60 59 59 58 58
56 55 54 53 52 52 51 51

10 79 77 76 75 74 74 73 72
71 69 68 67 66 66 65 65

11 97 95 93 92 91 90 90 89
87 85 84 83 82 81 81 80

12 116 114 112 111 110 109 108 108
105 103 102 100 99 99 98 98

13 138 135 133 132 130 129 129 128
125 123 121 120 119 118 117 117

14 161 158 155 154 153 152 151 150
147 144 142 141 140 139 138 137

15 186 182 180 178 177 176 175 174
170 167 165 164 162 161 160 160

16 213 209 206 204 203 201 200 199
196 192 190 188 187 186 185 184

17 241 237 234 232 231 229 228 227
223 219 217 215 213 212 211 210

18 272 267 264 262 260 259 257 256
252 248 245 243 241 240 239 238

19 304 299 296 294 292 290 288 287
282 278 275 273 272 270 268 267

20 339 333 330 327 325 323 322 320
315 310 307 305 303 301 300 299
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APPENDIX F

WILCOXON RANK SUM TEST

1.   Wilcoxon's Rank Sum Test is a nonparametric test, to be used as an alternative to Steel's Many-one Rank Test when
the number of replicates are not the same at each concentration.  A Bonferroni's adjustment of the pairwise error rate for
comparison of each concentration versus the control is used to set an upper bound of alpha on the overall error rate, in
contrast to Steel's Many-one Rank Test, for which the overall error rate is fixed at alpha.  Thus, Steel's Test is a more
powerful test. 

2.   The use of this test may be illustrated with fecundity data from the mysid test in Table F.1. The site water control and
the 12.5% effluent concentration each have seven replicates for the proportion of females bearing eggs, while there are
eight replicates for each of the remaining three concentrations.

3.   For each concentration and control combination, combine the data and arrange the values in order of size, from
smallest to largest.  Assign ranks to the ordered observations (a rank of 1 to the smallest, 2 to the next smallest, etc.).  If
ties in rank occur, assign the average rank to each tied observation. 

4.   An example of assigning ranks to the combined data for the control and effluent concentration 3.12% is given in Table
F.2.  This ranking procedure is repeated for each of the three remaining control versus test concentration combinations. 
The complete set of ranks is listed in Table F.3.  The ranks are then summed for each effluent concentration, as shown in
Table F.4.

5.  For this set of data, determine if the fecundity in any of the test concentrations is significantly lower than the fecundity
in the control.  If this occurs, the rank sum at that concentration would be significantly lower than the rank sum.  Thus,
compare the rank sums for fecundity of each of the various effluent concentrations with some "minimum" or critical rank
sum, at or below which the fecundity would be considered to be significantly lower than the control.  At a probability level
of 0.05, the critical rank in a test with four concentrations and seven replicates in the control is 44 for those concentrations
with eight replicates, and 34 for those concentrations with  seven replicates (see Table F.5, for K = 4).

6.   Comparing the rank sums in Table F.4 to the appropriate critical rank, only the 25% effluent concentration does not
exceed its critical value of 44.  Thus, the NOEC and LOEC for fecundity are 12.5% and 25%, respectively. 
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TABLE F.1. EXAMPLE OF WILCOXON'S RANK SUM TEST:  FECUNDITY DATA FOR MYSID,
MYSIDOPSIS BAHIA, 7-DAY CHRONIC TEST

Effluent Replicate    Number of Number of Proportion
Concentration Chamber Mysids at Live Mysids of Females

Start of Test at End of Test with Eggs

Control 1 5 4 0.50
(Site Water) 2 5 4 ----

3 5 5 0.75
4 5 4 0.67
5 5 5 0.67
6 5 4 0.50
7 5 4 1.00
8 5 5 1.00

Control 1 5 3 1.00
(Brine & 2 5 5 1.00
Dilution Water) 3 5 3 1.00

4 5 3 1.00
5 5 4 1.00
6 5 4 0.50
7 5 3 0.50
8 5 3 0.50

3.12% 1 5 4 1.00
2 5 4 0.50
3 5 4 0.67
4 5 5 1.00
5 5 4 0.50
6 5 4 1.00
7 5 5 1.00
8 5 3 0.00

6.25% 1 5 3 0.50
2 5 4 0.00
3 5 5 0.75
4 5 4 1.00
5 5 4 1.00
6 5 4 1.00
7 5 5 0.67
8 5 5 0.67
1 5 5 0.33

12.5% 2 5 4 0.50
3 5 5 1.00
4 5 3 ----
5 5 5 1.00
6 5 4 0.00
7 5 4 0.33
8 5 3 0.50

25.0% 1 5 5 0.00
2 5 5 0.50
3 5 5 0.13
4 5 5 0.00
5 5 3 0.50
6 5 5 0.00
7 5 4 0.50
8 5 4 0.50

50.0% 1 5 0 ----
2 5 0 ----
3 5 0 ----
4 5 0 ----
5 5 0 ----
6 5 0 ----
7 5 0 ----
8 5 0 ----
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TABLE F.2. EXAMPLE OF WILCOXON'S RANK SUM TEST:  ASSIGNING RANKS TO THE CONTROL
AND 3.12% EFFLUENT CONCENTRATIONS

Rank Proportion of Site Water Control
Females W/Eggs or Effluent %     

 1 0.00 3.12
3.5 0.50 Control
3.5 0.50 Control
3.5 0.50 3.12
3.5 0.50 3.12

      7 0.67 Control
7 0.67 Control
7 0.67 3.12
9 0.75 Control
12.5 1.00 Control
12.5 1.00 Control
12.5 1.00 3.12
12.5 1.00 3.12
12.5 1.00 3.12
12.5 1.00 3.12
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TABLE F.3.  TABLE OF RANKS1

Rep Proportion  Site Water                                    Effluent Concentration (%)         
Control Rank 3.12 6.25 12.5 25.0

1 0.50 (3.5,3,5.5,7.5) 1.00 (12.5) 0.50  (3) 0.33 (2.5) 0.00 (2)
2 - - - - 0.50 (3.5) 0.00  (1) 0.50 (5.5) 0.50 (7.5)
3 0.75 (9,9.5,10,13) 0.67 (7) 0.75 (9.5) 1.00 (12.5) 0.33 (4)
4 0.67 (7,6.5,8.5,11.5) 1.00 (12.5) 1.00 (13) -- 0.00 (2)
5 0.67 (7,6.5,8.5,11.5) 0.50 (3.5) 1.00 (13) 1.00 (12.5) 0.50 (7.5)
6 0.50 (3.5,3,5.5,7.5) 1.00 (12.5) 1.00 (13) 0.00 (1) 0.00 (2)
7 1.00 (12.5,13,12.5,14.5) 1.00 (12.5) 0.67 (6.5) 0.33 (2.5) 0.50 (7.5)
8 1.00 (12.5,13,12.5,12.5) 0.00 (1) 0.67 (6.5) 0.50 (5.5) 0.50 (7.5)

      1Control ranks are given in the order of the concentration with which they were ranked.

TABLE F.4.  RANK SUMS

Effluent Rank Sum No. of Critical
Concentration  Replicates Rank Sum
(%)         

3.12 65 8 44
6.25 65.5 8 44
12.50 42 7 34
25.00 40 8 44
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   TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH
BONFERRONI'S ADJUSTMENT OF ERROR RATE FOR COMPARISON
OF "K" TREATMENTS VERSUS A CONTROL FIVE PERCENT
CRITICAL LEVEL (ONE-SIDED ALTERNATIVE: TREATMENT
CONTROL)

 
K No. Replicates No. of Replicates Per Effluent Concentration

in Control 
3 4 5 6 7 8 9 10 

 
1 3 6 10 16 23 30 39 49 59

4 6 11 17 24 32 41 51 62
5 7 12 19 26 34 44 54 66
6 8 13 20 28 36 46 57 69
7 8 14 21 29 39 49 60 72
8 9 15 23 31 41 51 63 72
9 10 16 24 33 43 54 66 79

10 10 17 26 35 45 56 69 82

 
2 3 -- -- 15 22 29 38 47 58

4 -- 10 16 23 31 40 49 60
5 6 11 17 24 33 42 52 63
6 7 12 18 26 34 44 55 66
7 7 13 20 27 36 46 57 69
8 8 14 21 29 38 49 60 72
9 8 14 22 31 40 51 62 75

10 9 15 23 32 42 53 65 78

 
3 3 -- -- -- 21 29 37 46 57

4 -- 10 16 22 30 39 48 59
5 -- 11 17 24 32 41 51 62
6 6 11 18 25 33 43 53 65
7 7 12 19 26 35 45 56 68
8 7 13 20 28 37 47 58 70
9 7 13 21 29 39 49 61 73

10 8 14 22 31 41 51 63 76

RB-AR27227



430

TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH BONFERRONI'S
ADJUSTMENT OF ERROR RATE FOR COMPARISON OF "K" TREATMENTS VERSUS A
CONTROL FIVE PERCENT CRITICAL LEVEL (ONE-SIDED ALTERNATIVE:  TREATMENT
CONTROL) (CONTINUED)

K No. Replicates No. of Replicates Per Effluent Concentration
in Control 

3 4 5 6 7 8 9 10

4 3 -- -- -- 21 28 37 46 56
4 -- -- 15 22 30 38 48 59
5 -- 10 16 23 31 40 50 61
6 6 11 17 24 33 42 52 64
7 6 12 18 26 34 44 55 67
8 7 12 19 27 36 46 57 69
9 7 13 20 28 38 48 60 72

10 7 14 21 30 40 50 62 75

5 3 -- -- -- -- 28 36 46 56
4 -- -- 15 22 29 38 48 58
5 -- 10 16 23 31 40 50 61
6 -- 11 17 24 32 42 52 63
7 6 11 18 25 34 43 54 66
8 6 12 19 27 35 45 56 68
9 7 13 20 28 37 47 59 71

10 7 13 21 29 39 49 61 74

6 3 -- -- -- -- 28 36 45 56
4 -- -- 15 21 29 38 47 58
5 -- 10 16 22 30 39 49 60
6 -- 11 16 24 32 41 51 63
7 6 11 17 25 33 43 54 65
8 6 12 18 26 35 45 56 68
9 6 12 19 27 37 47 58 70

10 7 13 20 29 38 49 60 73

7 3 -- -- -- -- -- 36 45 56
4 -- -- -- 21 29 37 47 58
5 -- -- 15 22 30 39 49 60
6 -- 10 16 23 32 41 51 62
7 -- 11 17 25 33 43 53 65
8 6 11 18 26 35 44 55 67
9 6 12 19 27 36 46 58 70

10 7 13 20 28 38 48 60 72
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH
BONFERRONI'S ADJUSTMENT OF ERROR RATE FOR COMPARISON OF
"K" TREATMENTS VERSUS A CONTROL FIVE PERCENT CRITICAL
LEVEL (ONE-SIDED ALTERNATIVE:  TREATMENT CONTROL)
(CONTINUED)

K No. Replicates No. of Replicate Per Effluent Concentration
in Control 

3 4 5 6 7 8 9 10 

8 3 -- -- -- -- -- 36 45 55 
4 -- -- -- 21 29 37 47 57 
5 -- -- 15 22 30 39 49 59 
6 -- 10 16 23 31 40 51 62 
7 -- 11 17 24 33 42 53 64 
8 6 11 18 25 34 44 55 67 
9 6 12 19 27 36 46 57 69 

10 6 12 19 28 37 48 59 72 

 
9 3 -- -- -- -- -- -- 45 55 

4 -- -- -- 21 28 37 46 57 
5 -- -- 15 22 30 39 48 59 
6 -- 10 16 23 31 40 50 62 
7 -- 10 17 24 33 42 52 64 
8 -- 11 18 25 34 44 55 66 
9 6 11 18 26 35 46 57 69 

10 6 12 19 28 37 47 59 71 

 
10 3 -- -- -- -- -- -- 45 55 

4 -- -- -- 21 28 37 46 57 
5 -- -- 15 22 29 38 48 59 
6 -- 10 16 23 31 40 50 61 
7 -- 10 16 24 32 42 52 64 
8 -- 11 17 25 34 43 54 66 
9 6 11 18 26 35 45 56 68 

10 6 12 19 27 37 47 58 71 
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 APPENDIX G

SINGLE CONCENTRATION TOXICITY TEST - COMPARISON OF CONTROL

WITH 100% EFFLUENT OR RECEIVING WATER 

1.   To statistically compare a control with one concentration, such as 100% effluent or the instream waste
concentration, a t test is the recommended analysis.  The t test is based on the assumptions that the observations are
independent and normally distributed and that the variances of the observations are equal between the two groups. 
 
2.   Shapiro-Wilk's test may be used to test the normality assumption (See Appendix B for details).  If the data do
not meet the normality assumption, the nonparametric test, Wilcoxon's Rank Sum Test, may be used to analyze the
data.  An example of this test is given in Appendix F.  Since a control and one concentration are being compared,
the K = 1 section of Table F.5 contains the needed critical values. 
 
3.   The F test for equality of variances is used to test the homogeneity of variance assumption.  When conducting
the F test, the alternative hypothesis of interest is that the variances are not equal. 
 
4.   To make the two-tailed F test at the 0.01 level of significance, put the larger of the two variances in the
numerator of F. 

5.   Compare F with the 0.005 level of a tabled F value with n1 - 1 and n2 - 1 degrees of freedom, where n1 and n2 are
the number of replicates for each of the two groups. 

6.   A set of mysid growth data from an effluent (single concentration) test will be used to illustrate the F test.  The
raw data, mean and variance for the control and 100% effluent are given in Table G.1. 

7.   Since the variability of the 100% effluent is greater than the variability of the control, S2 for the 100% effluent
concentration is placed in the numerator of the F statistic and S2 for the control is placed in the denominator. 

8.   There are 8 replicates for the effluent concentration and 8 replicates for the control.  Thus, both numerator and
denominator degrees of freedom are equal to 7.  For a two-tailed test at the 0.01 level of significance, the critical F
value is obtained from a table of the F distribution (Snedecor and Cochran, 1980).  The critical F value for this test
is 8.89.  Since 1.52 is not greater than 8.89, the conclusion is that the variances of the control and 100% effluent are
homogeneous. 
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TABLE G.1. MYSID, MYSIDOPSIS BAHIA, GROWTH DATA FROM AN EFFLUENT (SINGLE
CONCENTRATION) TEST

Replicate 

1 2 3 4 5 6 7 8 S2X̄

Control 0.183 0.148 0.216 0.199 0.176 0.243 0.213 0.180 0.195 0.000861
100%
Effluent 0.153 0.117 0.085 0.153 0.086 0.193 0.137 0.129 0.132 0.00131

9.   Equal Variance T Test. 
 
9.1   To perform the t test, calculate the following test statistic: 

Where: = mean for the controlȲ1

= mean for the effluent concentrationȲ2

 = estimate of the variance for the control S 2
1

= estimate of the variance for the effluent S 2
2

concentration 

n1  = number of replicates for the control 

n2  = number of replicates for the effluent 
concentration 

9.2   Since we are usually concerned with a decreased response from the control, such as a decrease in survival or a
decrease in reproduction, a one-tailed test is appropriate.  Thus, you would compare the calculated t with a critical t,
where the critical t is at the 5% level of significance with n1 + n2 - 2 degrees of freedom.  If the calculated t exceeds
the critical t, the mean responses are declared different. 

9.3   Using the data from Table G.1 to illustrate the t test, the calculation of t is as follows: 
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2

n2
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Where: 

9.4   For an 0.05 level of significance test with 14 degrees of freedom, the critical t is 1.762 (Note:  Table D.5 for 
K = 1 includes the critical t values for comparing two groups).  Since 3.83 is greater than 1.762, the conclusion is
that the growth for the 100% effluent concentration is significantly lower than growth for the control. 

10.   UNEQUAL VARIANCE T TEST. 

10.1   If the F test for equality of variance fails, the t test is still a valid test.  However, the denominator of the t
statistic is adjusted as follows:

Where:  = mean for the controlȲ1

 = mean for the effluent concentrationȲ2

 = estimate of the variance for the controlS 2
1

 = estimate of the variance for the effluent concentration S 2
2

n1 = number of replicates for the control 

n2 = number of replicates for the effluent concentration 

10.2   Additionally, the degrees of freedom for the test are adjusted using the following formula: 

Where:

C �

S 2
1

n1

S 2
1

n1

�
S 2

2

n2
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10.3   The modified degrees of freedom is usually not an integer.  Common practice is to round down to the nearest
integer. 
 
10.4   The t test is then conducted as the equal variance t test.  The calculated t is compared to the critical t at the
0.05 significance level with the modified degrees of freedom.  If the calculated t exceeds the critical t, the mean
responses are found to be statistically different. 
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APPENDIX H

PROBIT ANALYSIS

1.   This program calculates the EC1 and EC50 (or LC1 and LC50), and the associated 95% confidence intervals.

2.   The program is written in IBM PC Basic for the IBM compatible PC by Computer Sciences Corporation, 26 W.
Martin Luther King Drive, Cincinnati, OH 45268.  A compiled, executable version of the program and supporting
documentation can be obtained from EMSL-Cincinnati by sending a written request to EMSL at 3411 Church
Street, Cincinnati, OH  45244.

2.1   Data input is illustrated by a set of mortality data (Figure H.1) from a sheepshead minnow embryo-larval
survival and teratogenicity test.  The program begins with a request for the following information: 

1. Desired output of abbreviated (A) or full (F) output?  (Note: only abbreviated output is shown 
below.)

2. Output designation (P = printer, D = disk file). 
3. Title for the output. 
4. The number of exposure concentrations.
5. Toxicant concentration data.

2.2   The program output for the abbreviated output includes the following:

1. A table of the observed proportion responding and the proportion responding adjusted for the 
controls (see Figure H.2)

2. The calculated chi-square statistic for heterogeneity and the tabular value. This test is one indicator
of how well the data fit the model.  The program will issue a warning when the test indicates that the
data do not fit the model.

3. The estimated LC1 and LC50 values and associated 95% confidence intervals (see Figure H.2). 
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EPA PROBIT ANALYSIS PROGRAM
USED FOR CALCULATING LC/EC VALUES

   Version 1.5

Do you wish abbreviated (A) or full (F) input/output? A
Output to printer (P) or disk file (D)? P
Title ? Example of Probit Analysis

Number responding in the control group = ? 17
Number of animals exposed in the concurrent control group = ? 100
Number of exposure concentrations, exclusive of controls ? 5

Input data starting with the lowest exposure concentration

Concentration = ? 6.25
Number responding = ? 14
Number exposed = ? 100

Concentration = ? 12.5
Number responding = ? 16
Number exposed = ? 102

Concentration = ? 25.0
Number responding = ? 35
Number exposed = ? 100

Concentration = ? 50.0
Number responding = ? 72
Number exposed = ? 99

Concentration = ? 100
Number responding = ? 99
Number exposed = ? 99

Number Number
Number Conc. Resp. Exposed

1 6.2500 14 100
2 12.5000 16 102
3 25.0000 35 100
4 50.0000 72 99
5 100.0000 99 99

Do you wish to modify your data ?  N

The number of control animals which responded =  17
The number of control animals exposed  =  100
Do you wish to modify these values ? N

Figure H.1. Sample Data Input for USEPA Probit Analysis Program, Version 1.5. 
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Example of Probit Analysis

Proportion
Observed Responding

Number Number Proportion Adjusted for
Conc. Exposed Resp. Responding Controls

 
                           Control 100 17 0.1700 0.0000

6.2500 100 14 0.1400 0.0201
12.5000 102 16 0.1569 0.0001
25.0000 100 35 0.3500 0.2290
50.0000 99 72 0.7273 0.6765

100.0000 99 99 1.0000 1.0000
 
 
Chi - Square for Heterogeneity (calculated)    =    3.472
Chi - Square for Heterogeneity 
        (tabular value at 0.05 level)               =    7.815

Example of Probit Analysis

      Estimated LC/EC Values and Confidence Limits

Exposure Lower Upper
Point Conc. 95% Confidence Limits
 
LC/EC 1.00 12.917 8.388 16.888
LC/EC 50.00 37.667 32.898 42.081

Figure H.2.  USEPA Probit Analysis Program used for Calculating LC/EC Values, Version 1.5.
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APPENDIX I

SPEARMAN-KARBER METHOD

1.   The Spearman-Karber Method is a nonparametric statistical procedure for estimating the LC50 and the
associated 95% confidence interval (Finney, 1978).  The Spearman-Karber Method estimates the mean of the
distribution of the log10 of the tolerance.  If the log tolerance distribution is symmetric, this estimate of the mean is
equivalent to an estimate of the median of the log tolerance distribution.

2.   If the response proportions are not monotonically non-decreasing with increasing concentration (constant or
steadily increasing with concentration), the data must be smoothed.  Abbott's procedure is used to "adjust" the
concentration response proportions for mortality occurring in the control replicates.

3.   Use of the Spearman-Karber Method is recommended when partial mortalities occur in the test solutions, but the
data do not fit the Probit model.

4.   To calculate the LC50 using the Spearman-Karber Method, the following must be true:  1) the smoothed
adjusted proportion mortality for the lowest effluent concentration (not including the control) must be zero, and 2)
the smoothed adjusted proportion mortality for the highest effluent concentration must be one.

5.   To calculate the 95% confidence interval for the LC50 estimate, one or more of the smoothed adjusted
proportion mortalities must be between zero and one.

6.   The Spearman-Karber Method is illustrated below using a set of mortality data from a Sheepshead Minnow
Larval Survival and Growth test.  These data are listed in Table I.1.

7.   Let p0, p1, ..., pk denote the observed response proportion mortalities for the control and k effluent
concentrations.  The first step is to smooth the pi if they do not satisfy p 0 � p 1 � ... � p  k.  The smoothing process
replaces any adjacent pi's that do not conform to p 0 � p 1 � ... � p  k with their average.  For example, if pi is less
than pi-1 then:

Where: = the smoothed observed proportion mortality for effluent concentration i.p 2
i

7.1   For the data in this example, because the observed mortality proportions for the control and the 6.25% effluent
concentration are greater than the observed response proportions for the 12.5% and 25.0% effluent concentrations,
the responses for these four groups must be averaged:
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TABLE I.1. EXAMPLE OF SPEARMAN-KARBER METHOD:  MORTALITY DATA FROM A 
SHEEPSHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST (40 ORGANISMS
PER CONCENTRATION)

Effluent Number of Mortality
Concentration Mortalities Proportion

%

Control 2 0.05
6.25 2 0.05
12.5 0 0.00
25.0 0 0.00
50.0 26 0.65
100.0 40 1.00

                                            
              

7.2   Since p4 = 0.65 is larger than , set  = 0.65.  Similarly, p5 = 1.00 is larger than  so set  = 1.00. p s
3 p s

4 p5 p4

Additional smoothing is not necessary.  The smoothed observed proportion mortalities are shown in Table I.2.

TABLE I.2. EXAMPLE OF SPEARMAN-KARBER METHOD:  SMOOTHED, ADJUSTED         
MORTALITY DATA FROM A SHEEPSHEAD MINNOW LARVAL SURVIVAL AND
GROWTH TEST

                                                                                                                                                      
                                                       

Smoothed,
Effluent Smoothed Adjusted
Concentration Mortality Mortality Mortality
% Proportion Proportion Proportion

                                                                                                                                 
Control 0.05 0.025 0.000
6.25 0.05 0.025 0.000
12.5 0.00 0.025 0.000
25.0 0.00 0.025 0.000
50.0 0.65 0.650 0.641
100.0 1.00 1.000 1.000

                                                                                                                                     

8.   Adjust the smoothed observed proportion mortality in each effluent concentration for mortality in the control
group using Abbott's formula (Finney, 1971).  The adjustment takes the form:

 

Where :  = the smoothed observed proportion mortality for the controlp s
o

 = the smoothed observed proportion mortality for effluent concentration i.p s
i
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p a
o �p a

1 �p a
2 �p a

3 �
p s

1 �p s
o

1�p s
o

�
0.025�0.025

1�0.025
�

0.0

0.975
�0.0

p a
5 �

p s
5 �p s

o

1�p s
o

�
1.000�0.025

1�0.025
�

0.975

0.975
�1.000

p a
4 �

p s
4 �p s

o

1�p s
o

�
0.650�0.025

1�0.025
�

0.0625

0.975
�0.641

m � �
k

i�1

�1
(p a

i�1) (Xi�Xi�1)

2

8.1  For the data in this example, the data for each effluent concentration must be adjusted for control mortality
using Abbott's formula, as follows:

The smoothed, adjusted response proportions for the effluent concentrations are shown in Table I.2.  
A plot of the smoothed, adjusted data is shown in Figure I.1.

9.   Calculate the log10 of the estimated LC50, m, as follows:

Where: = the smoothed adjusted proportion mortality at concentration ip a
i

Xi = the log10 of concentration i

k = the number of effluent concentrations tested, not including the control.

9.1   For this example, the log10 of the estimated LC50, m, is calculated as follows:

m =   [(0.000 - 0.000) (0.7959 + 1.0969)]/2 +
[(0.000 - 0.000) (1.0969 + 1.3979)]/2 +
[(0.641 - 0.000) (1.3979 + 1.6990)]/2 +
[(1.000 - 0.641) (1.6990 + 2.0000)]/2

              =  1.656527 
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V(m) � �
k

i�2

�1
p a

i (1�p a
i ) (Xi�1�Xi�1)

2

4(ni�1)

1.656527 ± 2 0.00053477 � (1.610277, 1.702777)

10.   Calculate the estimated variance of m as follows:

Where:  Xi  = the log10 of concentration i

ni = the number of organisms tested at effluent concentration i

= the smoothed adjusted observed proportion mortality at effluent concentration ip a
i

k = the number of effluent concentrations tested, not including the control.

10.1   For this example, the estimated variance of m, V(m), is calculated as follows:

V(m) =  (0.000)(1.000)(1.3979 - 0.7959)2/4(39) +
(0.000)(1.000)(1.6990 - 1.0969)2/4(39) +
(0.641)(0.359)(2.0000 - 1.3979)2/4(39)

         =  0.00053477

11.   Calculate the 95% confidence interval for m:  m ± 2.0 V (m)

11.1   For this example, the 95% confidence interval for m is calculated as follows:

12.   The estimated LC50 and a 95% confidence interval for the estimated LC50 can be found by taking base10

antilogs of the above values.

12.1   For this example, the estimated LC50 is calculated as follows:

             LC50 = antilog(m) = antilog(1.656527) = 45.3%.

12.2   The limits of the 95% confidence interval for the estimated LC50 are calculated by taking the antilogs of the
upper and lower limits of the 95% confidence interval for m as follows:

            lower limit:   antilog(1.610277) = 40.8%

            upper limit:   antilog(1.702777) = 50.4%

RB-AR27241



444

APPENDIX J

TRIMMED SPEARMAN-KARBER METHOD

1.   The Trimmed Spearman-Karber Method is a modification of the Spearman-Karber Method, a nonparametric
statistical procedure for estimating the LC50 and the associated 95% confidence interval (Hamilton, et al, 1977). 
The Trimmed Spearman-Karber Method estimates the trimmed mean of the distribution of the log10 of the tolerance. 
If the log tolerance distribution is symmetric, this estimate of the trimmed mean is equivalent to an estimate of the
median of the log tolerance distribution.

2.   If the response proportions are not monotonically non-decreasing with increasing concentration (constant or
steadily increasing with concentration), the data must be smoothed.  Abbott's procedure is used to "adjust" the
concentration response proportions for mortality occurring in the control replicates.

3.   Use of the Trimmed Spearman-Karber Method is recommended only when the requirements for the Probit
Analysis and the Spearman-Karber Method are not met.

4.   To calculate the LC50 using the Trimmed Spearman-Karber Method, the smoothed, adjusted, observed
proportion mortalities must bracket 0.5.

5.   To calculate the 95% confidence interval for the LC50 estimate, one or more of the smoothed, adjusted,
observed proportion mortalities must be between zero and one.

6.   Let p0, p1, ..., pk denote the observed proportion mortalities for the control and the k effluent concentrations. 
The first step is to smooth the pi if they do not satisfy p 0� p 1� ...� p  k.  The smoothing process replaces any
adjacent pi's that do not conform to p 0 � p 1 � ...� p  k, with their average.  For example, if pi is less than pi-1 then:

Where: pi s�1 s
� p s

i � (pi�pi�1) /2

             = the smoothed observed proportion mortality for effluent concentration i.p s
i

7.   Adjust the smoothed observed proportion mortality in each effluent concentration for mortality in the control
group using Abbott's formula (Finney, 1971).  The adjustment takes the form:
 
Where:  p a

i � (p s
i �p s

o ) / (1�p s
o )

= the smoothed observed proportion mortality for the controlp s
o

= the smoothed observed proportion mortality for effluent concentration i.p s
i

8.   Calculate the amount of trim to use in the estimation of the LC50 as follows:

Where:  Trim = maximum  p a
1 , (1�p a

k )

 = the smoothed, adjusted proportion mortality for the lowest effluent concentration, exclusive ofp a
1

the control

 = the smoothed, adjusted proportion mortality for the highest effluent concentrationp a
k
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k = the number of effluent concentrations, exclusive of the control.

The minimum trim should be calculated for calculated for each data set rather than using a fixed amount of trim for
each data set.

9.   Due to the intensive nature of the calculation for the estimated LC50 and the calculation of the associated 95%
confidence interval using the Trimmed Spearman-Karber Method, it is recommended that the data be analyzed by
computer.

10.   A computer program which estimates the LC50 and associated 95% confidence interval using the Trimmed
Spearman-Karber Method, can be obtained through the EMSL, 3411 Church Street, Cincinnati, OH 45244.  The
program can be obtained from EMSL-Cincinnati by sending a written request to the above address.

11.   The Trimmed Spearman-Karber program automatically performs the following functions:

a. Smoothing.
b. Adjustment for mortality in the control.
c. Calculation of the necessary trim.
d. Calculation of the LC50.
e. Calculation of the associated 95% confidence interval.

12.   To illustrate the Trimmed Spearman-Karber method using the Trimmed Spearman-Karber computer program,
a set of data from a Sheepshead Minnow Larval Survival and Growth test will be used.  The data are listed in
Table J.1.

12.1   The program requests the following input (Figure J.1):

a. Output destination (D = disk file or P = printer).
b. Control data.
c. Data for each toxicant concentration.

12.2   The program output includes the following (Figure J.2):

a. A table of the concentrations tested, number of organisms exposed, and the mortalities.
b. The amount of trim used in the calculation.
c. The estimated LC50 and the associated 95% confidence interval.

TABLE J.1. EXAMPLE OF TRIMMED SPEARMAN-KARBER METHOD:  MORTALITY DATA FROM A
SHEEPSHEAD MINNOW LARVAL SURVIVAL AND GROWTH TEST (40 ORGANISMS PER
CONCENTRATION)

 Effluent Number of Mortality
Concentration Mortalities Proportion
%

Control 2 0.05
6.25 0 0.00
12.5 2 0.05
25.0 0 0.00
50.0 0 0.00
100.0 32 0.80

RB-AR27243



446

A:>TSK
 
TRIMMED SPEARMAN-KARBER METHOD.  VERSION 1.5                                   
ENTER DATE OF TEST:                                                            
1                                                                              
ENTER TEST NUMBER:                                                             
2                                                                               
WHAT IS TO BE ESTIMATED?                                                       
(ENTER "L" FOR LC50 AND "E" FOR EC50)                                           
L                                                                               
ENTER TEST SPECIES NAME:                                                       
Sheepshead minnow
ENTER TOXICANT  NAME:                                                          
effluent                                                                        
ENTER UNITS FOR EXPOSURE CONCENTRATION OF TOXICANT :                           
%                                                                               
ENTER THE NUMBER OF INDIVIDUALS IN THE CONTROL:                                
40                                                                              
ENTER THE NUMBER OF MORTALITIES IN THE CONTROL:                                
2                                                                               
ENTER THE NUMBER OF CONCENTRATIONS                                              
(NOT INCLUDING THE CONTROL;  MAXIMUM = 10):                                        
5                                                                               
ENTER THE  5 EXPOSURE CONCENTRATIONS (IN INCREASING ORDER):                    
6.25  12.5  25  50  100
ARE THE NUMBER OF INDIVIDUALS AT EACH EXPOSURE CONCENTRATION EQUAL(Y/N)?       
y                                                                               
ENTER THE NUMBER OF INDIVIDUALS AT EACH EXPOSURE CONCENTRATION:                 
40                                                                              
ENTER UNITS FOR DURATION OF EXPERIMENT                                          
(ENTER "H" FOR HOURS, "D" FOR DAYS, ETC.):                                     
Days                                                                            
ENTER DURATION OF TEST:                                                        
7                                                                               
ENTER THE NUMBER OF MORTALITIES AT EACH EXPOSURE CONCENTRATION:                
0 2 0 0 32                                                                      
WOULD YOU LIKE THE AUTOMATIC TRIM CALCULATION(Y/N)?                            
y                                                

Figure J.1.  Example input for Trimmed Spearman-Karber Method.
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TRIMMED SPEARMAN-KARBER METHOD.  VERSION 1.5       
 
 
 
 
DATE:   1                                  TEST NUMBER: 2                                      DURATION:    7 Days  TOXICANT: 
effluent                                       
SPECIES:   sheepshead minnow
 
RAW DATA: Concentration Number Mortalities
 --- ---- (%) Exposed 

.00 40 2
6.25 40 0

12.50 40 2
25.00 40 0
50.00 40 0

100.00 40 32
 
SPEARMAN-KARBER TRIM: 20.41% 
 
SPEARMAN-KARBER ESTIMATES: LC50: 77.28 

95% CONFIDENCE LIMITS  
ARE NOT RELIABLE. 

NOTE: MORTALITY PROPORTIONS WERE NOT MONOTONICALLY INCREASING. 
ADJUSTMENTS WERE MADE PRIOR TO SPEARMAN-KARBER ESTIMATION.

---------------------------------------------------------------------------------------------------------------------------------------  

Figure J.2.  Example output for Trimmed Spearman-Karber Method.
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APPENDIX K

GRAPHICAL METHOD

1.   The Graphical Method is used to calculate the LC50.  It is a mathematical procedure which estimates the LC50
by linearly interpolating between points of a plot of observed percent mortality versus the base 10 logarithm (log10)
of percent effluent concentration.  This method does not provide a confidence interval for the LC50 estimate and its
use is only recommended when there are no partial mortalities.  The only requirement for the Graphical Method is
that the observed percent mortalities bracket 50%.

2.   For an analysis using the Graphical Method the data must first be smoothed and adjusted for mortality in the
control replicates.  The procedure for smoothing and adjusting the data is detailed in the following steps.

3.   The Graphical Method is illustrated below using a set of mortality data from an Inland Silverside Larval
Survival and Growth test.  These data are listed in Table K.1.

TABLE K.1. EXAMPLE OF GRAPHICAL METHOD:  MORTALITY DATA FROM AN INLAND 
SILVERSIDE LARVAL SURVIVAL AND GROWTH TEST (40 ORGANISMS PER 
CONCENTRATION)

Effluent Number of Mortality
Concentration Mortalities Proportion
 %

               Control 2 0.05
6.25 0 0.00 

12.5 0 0.00 
25.0 0 0.00
50.0 40 1.00

100.0 40 1.00 

 

4.   Let p0, p1, ..., pk denote the observed proportion mortalities for the control and the k effluent concentrations. 
The first step is to smooth the pi if they do not satisfy p 0 � p 1 � ... � p  k.  The smoothing process replaces any
adjacent pi's that do not conform to p 0 � p 1 � ... � p  k with their average.  For example, if pi is less than pi-1 then:

Where:  p s
s�1 � p s

i � (pi�pi�1) /2

 =   the smoothed observed proportion mortality for effluentp s
i

concentration i.
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p s
o � p s

i � p s
2 � p s

3 �
0.05�0.00�0.00�0.00

4
�

0.05

4
� 0.0125

p a
o � p a

1 � p a
2 � p a

3 �
P s

1 �P s
o

1�p s
o

�
0.0125�0.125

1�0.0125
�

0.0

0.9875
�0.0

p a
4 � p a

5 �
P s

4 �p s
o

1�p s
o

�
1.00�0.0125

1�0.0125
�

0.9875

0.9875
� 1.00

4.1   For the data in this example, because the observed mortality proportions for the 6.25%, 12.5%, and 25.0%
effluent concentrations are less than the observed response proportion for the control, the values for these four
groups must be averaged:

4.2   Since p4 = p5 = 1.00 are larger then 0.0125, set  =  = 1.00.  Additional smoothing is not necessary.  Thep s
4 p s

5

smoothed observed proportion mortalities are shown in Table K.2.

5.   Adjust the smoothed observed proportion mortality in each effluent concentration for mortality in the control
group using Abbott's formula (Finney, 1971).  The adjustment takes the form:

Where: p a
1 � (p s

i �p s
o ) / (1�p s

o )

 =  the smoothed observed proportion mortality for the controlp s
o

 =  the smoothed observed proportion mortality for effluentp s
i

concentration i.

5.1   Because the smoothed observed proportion mortality for the control group is greater than zero, the responses
must be adjusted using Abbott's formula, as follows:

A table of the smoothed, adjusted response proportions for the effluent concentrations are shown in Table K.2.

5.2   Plot the smoothed, adjusted data on 2-cycle semi-log graph paper with the logarithmic axis (the y axis) used for
percent effluent concentration and the linear axis (the x axis) used for observed percent mortality.  A plot of the
smoothed, adjusted data is shown in Figure K.1.
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TABLE K.2. EXAMPLE OF GRAPHICAL METHOD:  SMOOTHED, ADJUSTED MORTALITY DATA 
FROM AN INLAND SILVERSIDE LARVAL SURVIVAL AND GROWTH TEST

Smoothed
      Effluent Smoothed Adjusted
Concentration  Mortality Mortality Mortality
         % Proportion Proportion Proportion

   Control 0.05 0.0125 0.00
6.25 0.00 0.0125 0.00

12.5 0.00 0.0125 0.00
25.0 0.00 0.0125 0.00
50.0 1.00 1.0000 1.00

100.0 1.00 1.0000 1.00

6.   Locate the two points on the graph which bracket 50% mortality and connect them with a straight line.

7.   On the scale for percent effluent concentration, read the value for the point where the plotted line and the 50%
mortality line intersect.  This value is the estimated LC50 expressed as a percent effluent concentration.

7.1   For this example, the two points on the graph which bracket the 50% mortality line (0% mortality at 25%
effluent, and 100% mortality at 50% effluent) are connected with a straight line.  The point at which the plotted line
intersects the 50% mortality line is the estimated LC50.  The estimated LC50 = 35% effluent.
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Figure K.1. Plot of the smoothed adjusted response proportions for inland silverside, Menidia beryllina,
survival data.
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APPENDIX L 

LINEAR INTERPOLATION METHOD

1.   GENERAL PROCEDURE

1.1   The Linear Interpolation Method is used to calculate a point estimate of the effluent or other toxicant
concentration that causes a given percent reduction (e.g., 25%, 50%, etc.) in the reproduction or growth of the test
organisms (Inhibition Concentration, or IC).  The procedure was designed for general applicability in the analysis of
data from short-term chronic toxicity tests, and the generation of an endpoint from a continuous model that allows a
traditional quantitative assessment of the precision of the endpoint, such as confidence limits for the endpoint of a
single test, and a mean and coefficient of variation for the endpoints of multiple tests.

1.2   The Linear Interpolation Method assumes that the responses (1) are monotonically non-increasing, where the
mean response for each higher concentration is less than or equal to the mean response for the previous
concentration, (2) follow a piecewise linear response function, and (3) are from a random, independent, and
representative sample of test data.  If the data are not monotonically non-increasing, they are adjusted by smoothing
(averaging).  In cases where the responses at the low toxicant concentrations are much higher than in the controls,
the smoothing process may result in a large upward adjustment in the control mean.  Also, no assumption is made
about the distribution of the data except that the data within a group being resampled are independent and identically
distributed.

2.   DATA SUMMARY AND PLOTS

2.1   Calculate the mean responses for the control and each toxicant concentration, construct a summary table, and
plot the data.

3.   MONOTONICITY

3.1   If the assumption of monotonicity of test results is met, the observed response means  should stay the same(Ȳi)
or decrease as the toxicant concentration increases.  If the means do not decrease monotonically, the responses are
"smoothed" by averaging (pooling) adjacent means.

3.2   Observed means at each concentration are considered in order of increasing concentration, starting with the
control mean .  If the mean observed response at the lowest toxicant concentration  is equal to or smaller(Ȳ1) (Ȳ2)
than the control mean , it is used as the response.  If it is larger than the control mean, it is averaged with the(Ȳ1)
control, and this average is used for both the control response (M1) and the lowest toxicant concentration response
(M2).  This mean is then compared to the mean observed response for the next higher toxicant concentration . (Ȳ3)
Again, if the mean observed response for the next higher toxicant concentration is smaller than the mean of the
control and the lowest toxicant concentration, it is used as the response.  If it is higher than the mean of the first two,
it is averaged with the first two, and the mean is used as the response for the control and two lowest concentrations
of toxicant.  This process is continued for data from the remaining toxicant concentrations.  A numerical example of
smoothing the data is provided below.  (Note:  Unusual patterns in the deviations from monotonicity may require an
additional step of smoothing).  Where  decrease monotonically, the become Mi without smoothing.Ȳi Ȳi

4.   LINEAR INTERPOLATION METHOD

4.1   The method assumes a linear response from one concentration to the next.  Thus, the ICp is estimated by linear
interpolation between two concentrations whose responses bracket the response of interest, the (p) percent reduction
from the control.
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ICp � CJ � [M1 (1�1p/100)�M �

J]
(CJ�1�CJ)

(MJ�1�MJ)

4.2   To obtain the estimate, determine the concentrations CJ and CJ+1 which bracket the response M1 (1 - p/100),
where M1 is the smoothed control mean response and p is the percent reduction in response relative to the control
response.  These calculations can easily be done by hand or with a computer program as described below.  The linear
interpolation estimate is calculated as follows:

Where: CJ = tested concentration whose observed mean response is greater than M1(1 - p/100).

CJ + 1 = tested concentration whose observed mean response is less than M1(1 - p/100).

M1 = smoothed mean response for the control.

MJ = smoothed mean response for concentration J.

MJ + 1 =  smoothed mean response for concentration J + 1.

p = percent reduction in response relative to the control response.

ICp = estimated concentration at which there is a percent reduction from the smoothed
mean control response.  The ICp is reported for the test, together with
the 95% confidence interval calculated by the ICPIN.EXE program
described below.

4.3   If the CJ is the highest concentration tested, the ICp would be specified as greater than CJ.  If the response at the
lowest concentration tested is used to extrapolate the ICp value, the ICp should be expressed as a less than the lowest
test concentration.

5.   CONFIDENCE INTERVALS

5.1   Due to the use of a linear interpolation technique to calculate an estimate of the ICp, standard statistical
methods for calculating confidence intervals are not applicable for the ICp.  This limitation is avoided by use a
technique known as the bootstrap method as proposed by Efron (1982) for deriving point estimates and confidence
intervals.

5.2   In the Linear Interpolation Method, the smoothed response means are used to obtain the ICp estimate reported
for the test.  The bootstrap method is used to obtain the 95% confidence interval for the true mean.  In the bootstrap
method, the test data Yji is randomly resampled with replacement to produce a new set of data Yji*, that is
statistically equivalent to the original data, but a new and slightly different estimate of the ICp (ICp*) is obtained. 
This process is repeated at least 80 times (Marcus and Holtzman, 1988) resulting in multiple "data" sets, each with
an associate ICp* estimate.  The distribution of the ICp* estimates derived from the sets of resampled data
approximates the sampling distribution of the ICp estimate.  The standard error of the ICp is estimated by the
standard deviation of the individual ICp* estimates.  Empirical confidence intervals are derived from the quantiles of
the ICp* empirical distribution.  For example, if the test data are resampled a minimum of 80 times, the empirical
2.5% and the 97.5% confidence limits are approximately the second smallest and second largest ICp* estimates
(Marcus and Holtzman, 1988).  

5.3   The width of the confidence intervals calculated by the bootstrap method is related to the variability of the data. 
When confidence intervals are wide, the reliability of the IC estimate is in question.  However, narrow intervals do
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not necessarily indicate that the estimate is highly reliable, because of undetected violations of assumptions and the
fact that the confidence limits based on the empirical quantiles of a bootstrap distribution of 80 samples may be
unstable.

5.4   The bootstrapping method of calculating confidence intervals is computationally intensive.  For this reason, all
of the calculations associated with determining the confidence intervals for the ICp estimate have been incorporated
into a computer program.  Computations are most easily done with a computer program such as the revision of the
BOOTSTRP program (USEPA, 1988; USEPA, 1989) which is now called "ICPIN" which is described below in
Subsection 7.

6.   MANUAL CALCULATIONS

6.1   DATA SUMMARY AND PLOTS

6.1.1   The data used in this example are the mysid growth data used in the example in Section 14.  The data is
presented as the mean weight per original number of organisms.  Table L.1 includes the raw data and the mean
growth for each concentration.  A plot of the data is provided in Figure L.1.
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TABLE L.1.  MYSID, MYSIDOPSIS BAHIA, GROWTH DATA

Toxicant Concentration (ppb)                                     
Replicate Control 50 100 210 450

1   0.146 0.154 0.114 0.153 0
2 0.118 0.193 0.172 0.094 0.012
3 0.216 0.190 0.160 0.017 0
4 0.199 0.190 0.199 0.122 0.002
5 0.176 0.256 0.165 0.052 0
6 0.243 0.191 0.145 0.154 0
7 0.213 0.122 0.207 0.110 0
8 0.144 0.177 0.186 0.103 0.081

Mean  0.182 0.184 0.168 0.101 0.012(Ȳi)
i 1 2 3 4 5

6.2   MONOTONICITY

6.2.1   As can be seen from the plot in Figure L.1, the observed means are not monotonically non-increasing with
respect to concentration.  Therefore, the means must be smoothed prior to calculating the IC.

6.2.2   Starting with the control mean = 0.186 and = 0.184, we see that .  Calculate the smoothed means:Ȳ1 Ȳ2 Ȳ1 < Ȳ2

M1 � M2 � (Ȳ1� Ȳ2) /2 � 0.193

6.2.3   Since and  and   Ȳ5�0.025< Ȳ4�0.101< Ȳ3�0.168<M2, set M3�0.168 M4�0.101, M5�0.025.
Table L.2 contains the smoothed means and Figure L.1 gives a plot of the smoothed response curve.

6.3   LINEAR INTERPOLATION

6.3.1   Estimates of the IC25 and IC50 can be calculated using the Linear Interpolation Method.  A 25% reduction in
mean weight, compared to the controls, would result in a mean weight of 0.139, where M1(1-p/100) =
0.185(1-25/100).  A 50% reduction in mean weight, compared to the controls, would result in a mean weight of
0.093 mg.  Examining the smoothed means and their associated concentrations (Table L.2), the two effluent
concentrations bracketing the mean weight per original of 0.139 mg are C3 = 100 ppb and C4 = 210 ppb.  The two
effluent concentrations bracketing a response of 0.093 mg per total original number of organisms are C4 = 210 ppb
and C5 = 450 ppb.
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ICp � Cj � [M1 (1�1p/100)�M �

j ]
(Cj�1�Cj)

(Mj�1�Mj)

IC25�100� [0.93(1�25/100)�0.164]
(210�100)

(0.101�0.164)

ICp � Cj � [M1 (1�1p/100)�M �

j ]
(Cj�1�Cj)

(Mj�1�Mj)

IC50�210� [210� [0.193(1�50/100)�0.101]
(450�210)

(0.028�0.101)

TABLE L.2.  MYSID, MYSIDOPSIS BAHIA, MEAN GROWTH RESPONSE AFTER SMOOTHING

                                                                                                                                  
Toxicant Smoothed
Conc. Mean   
(ppb) i Mi (mg)

                                                                                                                                  

Control 1 0.183
 50 2 0.183
100 3 0.168
210 4 0.101
450 5 0.025

                                                                                                                                  

6.3.2   Using the equation from section 4.2, the estimate of the IC25 is calculated as follows:

= 151 ppb

6.3.3  Using Equation 1 from 4.2, the estimate of the IC50 is calculated as follows:

= 239 ppb

6.4   CONFIDENCE INTERVALS

6.4.1   Confidence intervals for the ICp are derived using the bootstrap method.  As described above, this method
involves randomly resampling the individual observations and recalculating the ICp at least 80 times, and
determining the mean ICp, standard deviation, and empirical 95% confidence intervals.  For this reason, the
confidence intervals are calculated using a computer program called ICPIN.  This program is described below and is
available to carry out all the calculations of both the interpolation estimate (ICp) and the confidence intervals.
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7.   COMPUTER CALCULATIONS

7.1   The computer program, ICPIN, prepared for the Linear Interpolation Methods was written in TURBO PASCAL
for IBM compatible PCS.  The program (version 2.0) has been modified by Computer Science Corporation, Duluth,
MN with funding provided by the Environmental Research Laboratory, Duluth, MN (Norberg-King, 1993).  The
program was originally developed by Battelle Laboratories, Columbus, OH through a government contract supported
by the Environmental Research Laboratory, Duluth, MN (USEPA, 1988).  A compiled, executable version of the
program and supporting documentation can be obtained by sending a written request to EMSL-Cincinnati, 3411
Church Street, Cincinnati, OH  45244.

7.2   The ICPIN.EXE program performs the following functions:   1) it calculates the observed response means (I)
(response means);  2) it calculates the standard deviations;  3) checks the responses for monotonicity; 4) calculates
smoothed means (Mi) (pooled response means) if necessary; 5) uses the means, Mi, to calculate the initial ICp of
choice by linear interpolation; 6) performs a user-specified number of bootstrap resamples between 80 and 1000 (as
multiples of 40); 7) calculates the mean and standard deviation of the bootstrapped ICp estimates; and 8) provides an
original 95% confidence intervals to be used with the initial ICp when the number of replicates per concentration is
over six and provides both original and expanded confidence intervals when the number of replicates per
concentration are less than seven (Norberg-King, 1993).

7.3   For the ICp calculation, up to twelve treatments can be input (which includes the control).  There can be up to
40 replicates per concentration, and the program does not require an equal number of replicates per concentration. 
The value of p can range from 1% to 99%.

7.4   DATA INPUT

7.4.1   Data is entered directly into the program onscreen.  A sample data entry screen in shown in Figure L.2.  The
program documentation provides guidance on the entering and analysis of data for the Linear Interpolation Method. 

7.4.2   The user selects the ICp estimate desired (e.g., IC25 or IC50) and the number of resamples to be taken for the
bootstrap method of calculating the confidence intervals.  The program has the capability of performing any number
of resamples from 80 to 1000 as multiples of 40.  However, Marcus and Holtzman (1988) recommend a minimum of
80 resamples for the bootstrap method be used and at least 250 resamples are better (Norberg-King, 1993).
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ICp Data Entry/Edit Screen Current File:

Conc. ID 1 2 3 4 5 6

Conc. Tested

Response 1

Response 2

Response 3

Response 4

Response 5

Response 6

Response 7

Response 8

Response 9

Response 10

Response 11

Response 12

Response 13

Response 14

Response 15

Response 16

Response 17

Response 18

Response 19

Response 20

F10 for Command Menu Use Arrow Keys to Switch Fields

Figure L.2. ICp data entry/edit screen.  Twelve concentration identifications can be used.  Data for
concentrations are entered in columns 1 through 6.  For concentrations 7 through 12 and responses
21-40 the data is entered in additional fields of the same screen.
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7.5   DATA OUTPUT

7.5.1   The program output includes the following (Figures L.3 and L.4)

1. A table of the concentration identification, the concentration tested and raw data response for each
replicate and concentration.

2. A table of test concentrations, number of replicates, concentration (units), response means (Yi),
standard deviations for each response mean, and the pooled response means (smoothed means;
Mi).

3. The linear interpolation estimate of the ICp using the means (Mi).  Use this value for the ICp
estimate.

4. The mean ICp and standard deviation from the bootstrap resampling.
5. The confidence intervals calculated by the bootstrap method for the ICp.  Provides an original

95% confidence intervals to be used with the initial ICp when the number of replicates per
concentration is over six and provides both original and expanded confidence intervals when the
number of replicates per concentration are less than seven.

7.6   ICPIN program output for the analysis of the mysid growth data in Table L.1 is provided in Figures L.3 and
L.4.

7.6.1   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of the
IC25 was 133.5054 (ppb).  The empirical 95% confidence intervals for the true mean was 96.8623 to 186.6383
(ppb).

7.6.2   When the ICPIN program was used to analyze this set of data, requesting 80 resamples, the estimate of the
IC50 was 234.6761 (ppb).  The empirical 95% confidence intervals for the true mean were 184.8692 to 283.3965
(ppb).
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Conc. ID 1 2 3 4. 5
-------------------------------------------------------------------------------------------------------------------------------------------
Conc. Tested 0 50 100 210 450
-------------------------------------------------------------------------------------------------------------------------------------------
Response  1 .146 .154 .114 .153 0
Response  2 .118 .193 .172 .094 .012
Response  3 .216 .190 .160 .017 0
Response  4 .199 .190 .199 .122 .002
Response  5 .176 .256 .165 .052 0
Response  6 .243 .191 .145 .154 0
Response  7 .213 .122 .207 .110 0
Response  8 .144 .177 .186 .103 .081
-------------------------------------------------------------------------------------------------------------------------------------------
*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent:
Test Start Date:    Test Ending Date: 
Test Species:  MYSID SHRIMP, Mysidopsis bahia
Test Duration: growth test
DATA FILE:  mysidwt.icp
OUTPUT FILE:  mysid.i25
-------------------------------------------------------------------------------------------------------------------------------------------
Conc.   Number Concentration Response Standard.       Pooled
   ID Replicates        μg/l    Means Dev. Response Means
-------------------------------------------------------------------------------------------------------------------------------------------

1 8 0.000 0.182 0.043 0.183
2 8 50.000 0.184 0.038 0.183
3 8 100.000 0.168 0.030 0.168
4 8 210.000 0.101 0.047 0.101
5 8 450.000 0.012 0.028 0.012

-------------------------------------------------------------------------------------------------------------------------------------------
The Linear Interpolation Estimate: 133.5054 Entered P Value: 25
-------------------------------------------------------------------------------------------------------------------------------------------
Number of Resamplings:   80
The Bootstrap Estimates Mean:  147.1702   Standard Deviation:     23.7984
Original Confidence Limits:   Lower:    96.8623   Upper:    186.6383
Resampling time in Seconds:     0.16   Random Seed:  -1623038650

 

Figure L.3.  Example of ICPIN program output for the IC25.
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Conc. ID 1 2 3 4. 5
-------------------------------------------------------------------------------------------------------------------------------------------
Conc. Tested 0 50 100 210 450
-------------------------------------------------------------------------------------------------------------------------------------------
Response  1 .146 .154 .114 .153   0
Response  2 .118 .193 .172 .094 .012
Response  3 .216 .190 .160 .017   0
Response  4 .199 .190 .199 .122 .002
Response  5 .176 .256 .165 .052   0
Response  6 .243 .191 .145 .154   0
Response  7 .213 .122 .207 .110   0
Response  8 .144 .177 .186 .103 .081
-------------------------------------------------------------------------------------------------------------------------------------------
*** Inhibition Concentration Percentage Estimate ***
Toxicant/Effluent: 
Test Start Date:    Test Ending Date: 
Test Species: MYSID SHRIMP, Mysidopsis bahia
Test Duration:     growth test
DATA FILE:  mysidwt.icp
OUTPUT FILE:  mysidwt.i50
-------------------------------------------------------------------------------------------------------------------------------------------
Conc.   Number Concentration Response Standard.        Pooled
 ID Replicates        μg/L   Means Dev. Response Means
-------------------------------------------------------------------------------------------------------------------------------------------
  1 8 0.000 0.182 0.043 0.183
  2 8 50.000 0.184 0.038 0.183
  3 8 100.000 0.168 0.030 0.168
  4 8 210.000 0.101 0.047 0.101
  5 8 450.000 0.012 0.028 0.012
-------------------------------------------------------------------------------------------------------------------------------------------
The Linear Interpolation Estimate:   234.6761   Entered P Value: 50
-------------------------------------------------------------------------------------------------------------------------------------------
Number of Resamplings:   80
The Bootstrap Estimates Mean: 233.3311 Standard Deviation:    28.9594
Original Confidence Limits:   Lower:   184.8692   Upper:   283.3965
Resampling time in Seconds:     0.11  Random Seed: 1103756486

 

Figure L.4.  Example ICPIN program output for the IC50.
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INTRODUCTION 
 
A continuing goal of the southern California Stormwater Monitoring Coalition (SMC) is 
to compile monitoring data from separate programs to make region-wide assessments.  
This task has been difficult, thus far, because the various monitoring programs have 
differing project goals and objectives, differing mandates from regulatory agencies, 
differing sampling designs, and differing laboratory analytical methods.  The goal of this 
document is to provide the basis for ensuring comparability among stormwater chemical 
analytical laboratories.  The comparability issues that revolve around goals, objectives, 
and study designs were addressed through a related, but separate document (Bernstein 
and Schiff, 2003). 
 
There are at least three reasons why laboratory analytical data are not comparable 
including differences in target analytes, reporting levels (detection limits), and laboratory 
methods.  In 2003, a laboratory intercalibration study sponsored by the SMC established 
common reporting levels, target analytes, and iterative round robin exercises that 
surmounted many of these obstacles (Gossett, Renfrew, and Schiff, 2003).  However, 
there are new laboratories, or new staff within existing laboratories, which have not been 
evaluated and periodic intercalibrations are a necessity.  In an effort to improve and 
update laboratory performance, a new intercalibration study was conducted with 14 
laboratories that conduct stormwater analysis in California (Table 1).  Like the previous 
exercise, this study was aimed at developing a consensus-based approach for achieving 
minimal levels of comparability among typically disparate laboratories.  The success of 
the 2003 exercise and this subsequent study was primarily due to three factors including 
communication and commitment among laboratory personnel, setting performance-based 
criteria for establishing standards of success, and round robin testing using locally 
derived reference materials. 
 

Objectives and Goals of this Document 
The objective of this guidance manual is to update and present the performance-based 
guidelines established during the SMC interlaboratory studies of 2003 and 2007.  This 
document sets the minimum standards of sensitivity, precision, and accuracy across 
laboratories so that individual data sets can be combined with estimated levels of 
confidence for making regional assessments of stormwater quality.  The philosophy of 
performance-based guidelines is key to achieving this comparability.  Although every 
laboratory involved in the stormwater intercalibration study was certified by the State of 
California Environmental Laboratory Accreditation Program (ELAP), inventories of 
existing methods demonstrated that most analytes are not analyzed in exactly the same 
manner.  This will continue as new laboratories, or new equipment at existing 
laboratories continues to proliferate.  Rather than mandate specific methods that are 
inflexible and discourages existing laboratories from achieving faster, more sensitive, and 
more cost-effective methods, this document merely sets minimum levels of comparability 
so that data sets can be combined no matter what technology currently exists. These 
procedures are also outlined herein. 
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This guidance manual is a living document.  It should be revisited each time an 
intercalibration exercise is conducted and can be expanded to include additional 
constituents, additional laboratories, or to refine the recommended performance-based 
sensitivity, accuracy, and precision requirements as new information becomes available. 
 
This document and laboratory intercalibration study is not a certification program.  The 
guidelines set by this document merely express the desired needs of the stormwater 
agencies throughout the southern California region.  Therefore, these stormwater 
agencies can use these guidelines in establishing specifications for work assignments or 
requests for proposals to conduct stormwater analyses.  Alternatively, or in combination, 
stormwater regulatory agencies may use these specifications in the development of 
regulatory expectations for laboratory performance by monitoring agencies.   
 
 
Table 1.  Participating Laboratories in the 2007 SMC Intercalibration Study (listed 
alphabetically). 
 
 

Laboratory Name Contact 
Advanced Technology Labs Bing Roura 

Associated Labs Jim McCall 
California Department of Fish and Game Patricia Bucknell 

CalScience Environmental Labs Larry Lem 
Capco Analytical Services Dan Farah 
City of Los Angeles- EMD Mahesh Pujari 

CRG Marine Labs Rich Gossett 
FGL Environmental David Terz 

Los Angeles County- ACWM Wai Leung 
MWH Labs Andrew Eaton 

Soil Control Labs Mike Galloway 
Truesdail Labs Norm Hester 

UC Santa Barbara MSI George Paradis 
Weck Labs Alan Ching 
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GUIDANCE INFORMATION 
 
This document consists of four elements.  First is a list of target analytes and minimum 
levels of sensitivity (reporting levels).  Second are minimum levels of accuracy and 
precision.  Third are recommended protocols for method specific comparability.  Fourth 
are participation requirements for intercalibration studies and the laboratory evaluation 
criteria and results. 
 

Analytes and Reporting Levels 
Target Analytes 
A core group of target analytes was specified for comparability (Table 2).  This list 
includes total suspended solids (TSS), total organic carbon (TOC), nutrients, and trace 
metals.  This list was based on three criteria.  First, these analytes are consistently 
measured by existing monitoring programs throughout the region.  Second, these 
constituents are routinely detected in stormwater samples.  Third, although standard 
methods exist, there is sufficient disparity in protocols among laboratories that 
consistency guidance is warranted.   
 
The list of target analytes is not meant to be an exhaustive list of all constituents that 
could or should be measured in individual programs.  For example, there are no 
pesticides, herbicides, or polynuclear hydrocarbons on the list of target analytes.  Any or 
all of these target analytes may be the focus of individual monitoring programs.  At this 
point in time, however, there has not been an intercalibration study conducted for these 
constituents to make performance-based recommendations for stormwater laboratories.  
 
While the list of target analytes focuses on total trace metals, they can be applied to 
dissolved trace metals.  Since the analytical methodology is similar among both total and 
dissolved metals, the performance-based guidelines may be applied to both.  Bear in 
mind that for dissolved trace metals, the preparation step of filtration is a major source of 
potential contamination and was not evaluated in this study. 
 

Reporting Levels 
Targeted reporting levels (RLs) are provided in Table 2.  This guidance was based on the 
philosophy that analyses should be sufficient to assess if samples are below water quality 
thresholds of concern.  In this instance, the water quality thresholds of concern are 
established in the California Toxics Rule (CTR).  Further, reporting levels should be 
technologically achievable, but far enough below water quality thresholds that 
exceedences cannot be attributable to methodological uncertainty.  Therefore, the 
philosophical approach for setting RLs was to select guidelines that were one-half of the 
lowest water quality threshold concentration.  In the case of the CTR, there are thresholds 
for both marine and fresh waters.  For a participating laboratory to achieve these 
reporting levels, it should include a calibration standard at or below this level (e.g. the 
reporting level is a quantitation level and not an MDL). 
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Table 2.  Target analytes and Reporting Levels for the Stormwater Monitoring Coalition 
Monitoring Program. 
 

Analyte Units SMC Target  
Reporting Level 

California Toxics Rule 
Limit (Freshwater) 

California Toxics Rule 
Limit (Seawater) 

General Constituents     
TSS mg/L 5 - - 

Nitrate+Nitrite as N mg/L 0.2 - - 

Ammonia as N mg/L 0.1 - - 

Total Phosphorus as P mg/L 0.1 - - 

Total Kjeldahl Nitrogen mg/L 0.2 - - 

Total Organic Carbon mg/L 1 - - 
   - - 

Total Metals     

Arsenic µg/L 2 150 36 

Cadmium µg/L 1 2.2 9.3 

Chromium (total) µg/L 5 11 50 

Copper µg/L 2 9 3.1 

Nickel µg/L 4 52 8.2 

Lead µg/L 1 2.5 8.1 

Selenium µg/L 2 5 71 

Silver µg/L 1 3.4 1.9 

Zinc µg/L 10 120 81 
 
 

Accuracy and Precision 
Analysis of spiked samples or reference materials provides a mechanism for assessing 
within laboratory accuracy.  Reproducibility among replicate sample analyses provides a 
determination of within laboratory precision.  General guidance provided by ELAP and the 
US EPA (40 CFR Part 136) are recommended for assessing within laboratory accuracy and 
precision by analyzing two replicate sample matrix spikes per batch of 20 or less samples. 
Matrix spike concentrations of approximately 10 times the lab reporting level are 
recommended for most meaningful spike recovery measurements.  As general guidance, 
matrix spike concentrations should be in the same general range as relevant regulatory limits 
to truly represent accuracy and precision at these concentrations.  It is also recommended 
that a set of laboratory replicate samples are analyzed with each batch of samples to indicate 
precision using actual sample matrices, which is typically larger due to natural variation of 
sample homogeneity.  The relative percent difference (RPD) between replicate spikes for the 
parameters listed in Table 2 should be less than 20%.  Accuracy limits for MS and MSD 
are provided in Table 3.  These accuracy limits mimic ELAP and US EPA guidelines.  
Accuracy limits for Certified Reference Materials are provided by the supplier. 
 
Additional QAQC requirements in the methods referenced by each laboratory should 
conform to the requirements listed within that method by Standard Methods or the US EPA 
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(i.e. Blank Spikes).  Project specific QAQC requirements may also be listed in the Quality 
Assurance Project Plan (QAPP).  Since spiked samples can be complicated by matrix 
interferences, this can confound assessments of accuracy.  Therefore, the analysis of 
Certified Materials, when available, is also a recommended (but not required) option for the 
monitoring agency. 
 
Intercalibration studies evaluate the accuracy and precision of analysis among 
laboratories.  For this document, interlaboratory precision guidelines were developed by 
analyzing each of three matrices by fourteen different laboratories (Table 1) throughout 
southern California.  These matrices included a specially prepared performance 
evaluation (PE) sample, an urban runoff sample, and a rural runoff sample.   
 
 
Table 3.  Laboratory accuracy and precision guidelines for concentrations greater than 10x 
the RL for ongoing analysis of stormwater samples. 
 

Target Analyte 
Precision  

(RPD of Duplicate Samples)
Accuracy  

(Percent Recovery of MS or MSD a) 

General Constituents   

TSS 0 - 20 -b

Ammonia-N 0 – 20 80 – 120 
Nitrate-N+Nitrite-N 0 – 20 80  - 120 

Total Kjeldahl Nitrogen 0 – 20 70 – 130 
Total Phosphorus as P 0 – 20 70 – 130 
Total Organic Carbon 0 – 20 80 – 120 

 
Trace Metals   

Arsenic 0 – 20 80 – 120 
Cadmium 0 – 20 80 – 120 
Chromium 0 – 20 80 – 120 

Copper 0 – 20 80 – 120 
Lead 0 – 20 80 – 120 
Nickel 0 – 20 80 – 120 

Selenium 0 – 20 80 – 120 
Silver 0 – 20 80 – 120 
Zinc 0 – 20 80 – 120 

   
a- For certified reference materials, use supplier recommendations 
b- defined by supplier  
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For each of the 3 matrices, the grand mean and standard deviation were calculated using 
the pooled results from all fourteen laboratories (Table 4).  A Grubb’s test was used to 
identify outliers that were removed along with the “not detected” values from the data set 
prior to calculating the grand means and standard deviations.  It should be noted that not 
all laboratories analyzed every target analyte so that the number of results varied by 
parameter.  Upper and lower “Warning” limits were based on two standard deviations 
within the grand mean and upper and lower “Control” limits were based on three standard 
deviations within the grand mean.  
 
 
Table 4.  Grand mean, warning limits, and control limits of each matrix from the combined 
results of all fourteen laboratories participating in the intercalibration.  Warning limits and 
control limits are indicated as maximum difference from the mean (e.g., TSS for LU control 
limits are 106 to 138 ppm). 
 

  ERAa LUb LRc

Target 
Analyte Units Mean 

Warning 
Limit  

(+2 SD) 

Control 
Limit 

(+3 SD) Mean 

Warning 
Limit  

(+2 SD) 

Control 
Limit 

(+3 SD) Mean 

Warning 
Limit  

(+2 SD) 

Control 
Limit 

(+3 SD) 
General 

Constituents           

TSS mg/L - - - 122 11 16 337 83 124 

Ammonia-N mg/L 0.551 0.51 0.76 1.33 0.45 0.66 0.341 0.166 0.249 
Nitrate-

N+Nitrite-N mg/L 1.88 0.19 0.29 0.675 0.109 0.162 0.755 0.144 0.216 
Total Kjeldahl 

Nitrogen mg/L 0.796 0.554 0.834 2.95 0.89 1.33 3.64 2.13 3.19 
Total 

Phosphorus 
as P mg/L 0.746 0.171 0.258 0.288 0.220 0.330 0.388 0.338 0.507 

Total Organic 
Carbon mg/L - - - 26.5 6.4 9.5 6.63 3.77 5.64 

 
 

Trace Metals           

Arsenic µg/L 7.05 1.59 2.38 3.13 0.81 1.22 2.58 1.14 1.70 

Cadmium µg/L 2.96 0.33 0.49 0.306 0.074 0.111 0.466 0.112 0.168 

Chromium µg/L 30.2 3.4 5.2 5.51 2.08 3.12 13.2 4.2 6.4 

Copper µg/L 12.7 2.3 3.5 116 25 37 19.3 8.8 13.2 

Lead µg/L 7.10 0.71 1.06 8.74 1.30 1.96 8.87 2.53 3.77 

Nickel µg/L 32.1 4.0 6.03 13.1 2.0 2.94 5.08 1.15 1.72 

Selenium µg/L 17.7 4.3 6.6 1.88 0.89 1.33 1.44 0.81 1.21 

Silver µg/L 6.74 1.18 1.77 0.106 0.041 0.063 0.069 0.060 0.09 

Zinc µg/L 79.1 21.7 32.6 153 28 42 468 106 159 
 

 

a certified reference material 
b simulated rainfall runoff from an urban catchment 
c simulated rainfall runoff from a rural catchment 
- no limit 
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Using the same data set as the grand means and standard deviations, the overall relative 
standard deviation (RSD) for each matrix was calculated and is presented in Table 5.  
Precision among laboratories is expected to be less than 30% for those analytes that are 
present at concentrations at least 10 times the MDL.  The RSD for Ammonia and TKN was 
greater than 30% for the ERA sample but within 30% for the LU and LR samples.  Total P 
RSD was greater than 30% for the LU and LR samples, but the concentration was below 10 
times the MDL.  The same was true for Silver in the LR sample. 
 
 
Table 5.  Relative standard deviation results for each matrix for the combined results from 
all fourteen laboratories. 
 

  Relative Standard Deviation 
Target Analyte Units ERAa  LUb LRc

General Constituents     

TSS % - 5 12 
Ammonia-N % 46 17 24 

Nitrate-N+Nitrite-N % 5 8 10 
Total Kjeldahl Nitrogen % 35 15 29 
Total Phosphorus as P % 11 38 43 
Total Organic Carbon % - 12 28 

 
 

Trace Metals     
Arsenic % 11 13 22 

Cadmium % 6 12 12 
Chromium % 6 19 16 

Copper % 9 11 23 
Lead % 5 7 14 
Nickel % 6 7 11 

Selenium % 12 24 28 
Silver % 9 20 44 
Zinc % 14 9 11 

 

 

a certified reference material 
b simulated rainfall runoff from an urban catchment 
c simulated rainfall runoff from a rural catchment 
- no limit 
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Standardization 
Although this document is founded on performance-based guidelines enabling flexibility 
within each laboratory to achieve consistency, the laboratory intercalibration studies have 
identified four protocols whereby recommended standardization can dramatically 
increase comparability.  This standardization includes sub-sampling, Total Phosphorus 
digestion, TKN digestion, and trace metal digestion techniques. 
 

Sub-Sampling Techniques 
Sub-sampling techniques are an important component of both within and among 
laboratory variability.  This was especially true for particle-laden samples, such as those 
from more rural catchments with unlined channels.  Particle-bound constituents have the 
potential to be dramatically biased if sub-sampling techniques selectively target or avoid 
particles within samples.  To this end, standardized laboratory techniques for sub-
sampling were developed for splitting large volume stormwater samples collected in the 
field into smaller bottles for distribution to the laboratory and for subsequent sampling of 
smaller aliquots in the laboratory at the time of analysis. 
 

Sub-sampling of large-volume composite containers 
In order to ensure that sample containers destined for an analytical laboratory all contain 
water that is similar and representative of the original composite sample, it is important to 
maintain a well-mixed composite sample during sub-sampling and to prevent 
stratification and the settling out of heavier particles.  This is accomplished by the use of 
a large-capacity stirrer and a 2 to 3-inch, pre-cleaned, Teflon-coated stir bar; larger stir 
bars can be used for larger volume containers.  Adjustment of stirring speed is important.  
Speeds that are too fast will create a large vortex within the composite bottle that can 
actually concentrate heavier particles and should be avoided.  Speed should be based on a 
visual assessment of the most even mixing throughout the  
composite bottle. 
 
Sub-sampling from the homogenized composite bottle is accomplished using a peristaltic 
pump and pre-cleaned (inside and outside) sub-sampling hose.  Filling sample containers 
by pumping from the composite bottle is best performed by two people.  One person is 
responsible for filling individual sample containers and one person is responsible for 
constantly moving the intake tubing up and down in the water column of the composite 
sample.  Based on experimental evidence, this up and down movement of the intake is a 
procedure that helps obtain a more representative sub-sample.  This is because there can 
still be some stratification of heavier particles in the composite sample despite the mixing 
created by the stirrer.  The up and down movement of the intake tubing should be limited 
to approximately 80-90 percent of the depth of the water column and should never touch 
the bottom of the composite bottle. 
 

Sub-sampling of sample containers for analysis 
The goal of sub-sampling bottles in the laboratory for analysis is similar to field sampling 
techniques, to maintain a homogeneous particle distribution.  Analysis of particle-
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associated constituents will be biased if non-representative particle suspensions are used 
for analysis.  In order to maintain homogeneous particle distributions, we recommend the 
use of sub-sampling techniques described by the US Geological Survey (Charles J. 
Patton, USGS National Water Quality Laboratory, Denver, CO).  Appropriately, a similar 
technique to large composite container sub-sampling is used.  Briefly, a “+” shaped 
magnetic stirring bar is placed into the sample container and the sample is stirred while a 
sub-sample is aspirated and dispensed into the processing container. 
 

Total Kjeldahl Nitrogen 
Total Kjeldahl Nitrogen (TKN) analysis was affected by the digestion technique during 
the laboratory intercalibration exercise.  This was due to the influence caused by particle 
content and size distribution.  Therefore, minimum standardization of the digestion 
procedure for stormwater samples is recommended.  Either micro or macro Kjeldahl 
digestions are acceptable.  However, the length of time of digestion should be set at a 
minimum of 1 hour at 380ºC, until copious fumes are generated and the digestion 
solution turns yellow, and then for an additional 30 minutes (to ensure adequate recovery) 
prior to analysis. 
 

Total Phosphorus 
Total Phosphorus analysis was also affected by the digestion technique during the 
laboratory intercalibration exercise.  Therefore, we are recommending standardization of 
the digestion procedure to the use of an acid persulfate digestion.   
 

Trace Metals 
Trace metal analysis was also affected by the digestion technique during the laboratory 
intercalibration exercise.  This is because trace metal concentration may be influenced by 
particle content and size distribution.  Therefore, minimum standardization of trace metal 
digestion is recommended for stormwater samples.  Trace metals should be digested 
using a nitric/hydrochloric acid digestion at 95ºC for 2-4 hours until the sample has 
evaporated from 50mL down to 10mL. 
 
Dissolved metals analysis should be performed on filtered samples and does not require 
digestion if the turbidity is <1.  Sample spiking for the Matrix Spike should be done after 
filtering.  Filtration is a common source of contamination and when measuring dissolved 
metals. All other criteria for trace metals in this guidance document are applicable to both 
total and dissolved metals. 
 

Participation Requirements 
Proficiency Testing 
Laboratories performing analyses for SMC Stormwater Monitoring Programs should pass 
a SMC performance evaluation (PE) sample and participate successfully in SMC 
intercalibration exercises.  The PE and intercalibration exercises are strongly 
recommended to be performed on an annual basis.  This frequency is recommended 
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because: 1) new laboratories may wish to participate; 2) existing laboratories need to 
evaluate new personnel; and 3) new and existing laboratories with new equipment or 
altered laboratory techniques need to be evaluated.  Intercalibrations should occur within 
the first six months of the calendar year to ensure evaluations prior to the following wet 
season that typically begins on October 15th. 
 
SMC PE samples should be spiked between 1 and 10 times the established reporting limit 
(Table 2) for the analytes of concern for minimum proficiency.  All sample results should 
meet the criteria provided by the commercial supplier of the sample to evaluate accuracy.  
PE samples are to be coordinated through the SMC, or their representatives on a 
Chemistry subcommittee, and can be purchased from private companies such as 
Environmental Resource Associates, Inc. (ERA), Wibby Environmental, APG, or other 
NELAC approved proficiency testing sample providers. 
 
Intercalibration studies require laboratories to analyze one PE sample and three replicates 
of two runoff samples, one from an urban area and one from a rural catchment.  Each 
intercalibration study should be performed with one or more iterations to evaluate 
consistency and allow for laboratory corrective actions if deficient analysis resulted from 
the first iteration.   
 

New Laboratories 
New laboratories that have not participated in previous intercalibration exercises may still 
be able to analyze stormwater samples during the present wet season.  These labs, 
however, will need to provide resources to purchase a PE sample with the same 
requirements used in the intercalibration study in Section 3.1 (i.e. samples will be spiked 
at 1 to 10 times the established reporting limits in Table 2).  These samples should be 
delivered to the new laboratory blind and as whole volume samples. All new laboratories 
are required to participate in the next intercalibration exercise to remain qualified for the 
SMC program.  
 

Laboratory Intercalibration Exercise Evaluation Criteria 
Laboratories participating in the intercalibration exercise will be evaluated to determine if 
their results are within acceptable accuracy and precision insuring comparability of data 
between the different SMC stormwater monitoring programs.  For the present study, a 
scoring system was used to assign a numeric value and letter grade to each laboratory 
indicating the quality of their performance in the exercise.  A grade of “C” or better is 
recommended for a laboratory to be eligible to perform analyses for SMC programs. 
 

Scoring System and Results 
Based on the combined results from all fourteen laboratories participating in the exercise, 
a Grubb’s test was performed to identify outlier data points.  After removal of the outlier 
data, the “not detected” results were removed and the grand mean and standard deviation 
were calculated for each analyte.  Upper and lower warning and control limits were based 
on 2 and 3 times the standard deviation, respectively (see table 4).  The results, upper and 
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lower warning, and upper and lower control limits are presented in graph form in 
Appendix I. 
 
A scoring system was established to rate each laboratory’s performance.  Each replicate 
analysis by a laboratory was given 3 points if the result for that sample-analyte 
combination was within the warning limit and 2 points if the result was within the control 
limit (Figure 1).  Zero points were given if the result was outside the control limit.  For 
example, if a laboratory got all three replicate results within 2 SD, then they received 9 
points for that analyte.  If two results were within 2SD and one was within 3SD, then the 
laboratory was given 3+3+2 or 8 points out of 9.  The Relative Standard Deviation (RSD) 
was also calculated for each parameter and 1 point was given for each analyte/matrix 
with an RSD of < 20%.  The total points awarded to each laboratory were combined for 
the General Constituents (TSS, Ammonia-N, Nitrate-N + Nitrite-N, TKN, TOC, and 
Total P) and then divided by the total possible points, then multiplied by 100 for the final 
score.  Trace metals were all combined as a separate score using the same criteria.   
 
Laboratories that did not analyze a particular analyte were not given a score for that 
parameter so that they were not penalized.  The omitted analyte is listed in the scoring 
results summary so that SMC programs managers have the option of using another 
laboratory for that specific analysis.  A letter grade was assigned based on 90-100% 
being an “A”, 80-89% being a “B”, 70-79% being a “C”, and below 70% being an “F”. 
 
The results from the 2007 laboratory intercalibration exercise are presented in Table 6a 
and b.  Since this is a public document and participation in this exercise is intended to be 
kept anonymous, the laboratories are listed by randomly assigned number.  SMC member 
agencies will be given the key to the laboratory names upon request. 
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Figure 1.  Example of scoring system for SMC intercalibration studies without any specific 
data shown.   
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Table 6a.  Scoring results for General Constituents in the 2007 Laboratory Intercalibration Exercise. 
 

Laboratory Number Analytical Result Score RSD Score Percent Success Letter Grade 

1 93 out of 120 11 out of 12 79 % C 
2 120 out of 120 12 out of 12 100% A 
3 

(did not analyze TKN or TOC) 
79 out of 81 8 out of 8 98 % A 

4 116 out of 120 12 out of 12 97% A 
5 118 out of 120 12 out of 12 98% A 
6 98 out of 120 11 out of 12 83% B 
7 120 out of 120 12 out of 12 100% A 
8 

(did not analyze TOC) 
110 out of 120 11 out of 12 92% A 

 
9 112 out of 120 11 out of 12 93% A 
10 

(did not analyze Nitrate-N + Nitrite-N or TOC) 
11 out of 11 0 out 8 58% F 

11 
(did not analyze TOC) 

91 out of 102 9 out of 10 89% B 
 

12 117 out of 120 12 out of 12 98% A 
13 

(did not analyze TSS, TKN, TOC, or Total P) 
42 out of 42 4 out of 4 100% A 

14 
(did not analyze TKN or TOC) 

79 out of 81 8 out of 8 98% A 
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Table 6b.  Scoring results for Trace Metals in the 2007 Laboratory Intercalibration 
Exercise. 
 

Laboratory Number Analytical Result 
Score 

RSD Score Percent 
Success 

Letter Grade 

1 186 out of 189 18 out of 18 99% A 
2 180 out of 189 18 out of 18 96% A 
3 185 out of 189 18 out of 18 98% A 
4 186 out of 189 18 out of 18 99% A 
5 179 out of 189 18 out of 18 95% A 
6 189 out of 189 18 out of 18 100% A 
7 187 out of 189 16 out of 18 98% A 
8 not analyzed - - - 
9 189 out of 189 17 out of 18 100% A 
10 26 out of 189 16 out of 18 20% F 
11 187 out of 189 78 out of 18 99% A 
12 189 out of 189 18 out of 18 100% A 
13 not analyzed - - - 
14 178 out of 189 18 out of 18 95% A 
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DEFINITIONS  
 

Batch – An analytical batch consists of 20 or fewer client samples.  
 
Method Blank (MB) – Analyte free water that is carried through the entire analytical process.  
The method blank is used to evaluate contamination contributed from the method.  Analyte 
detections in the method blank must be less than 10x the analyte result for a client sample to be 
considered usable without flagging. 
 
Duplicate – A client sample analyzed in duplicate.  Duplicate RPD should be summarized in the 
report. 
 
Blank Spike/Blank Spike Duplicate – A blank spike (laboratory control sample) is a certified 
standard reference material that is spiked into a reagent blank.  It is carried through all steps of 
sample preparation to demonstrate method performance inclusive of sample preparation steps.  The 
blank spike should be spiked near the mid point of the calibration curve. 
 
Matrix Spike/Matrix Spike Duplicate – A matrix spike is a regular sample that is split into three 
sub-samples.  Two of the replicates are spiked with analyte solution at the same concentration and 
are defined as the matrix spike and matrix spike duplicate (MS/MSD).  The MS/MSD samples are 
carried through the sample preparation and analysis procedure with each batch of 20 or less samples.  
The MS/MSD results provide information regarding laboratory precision, sample matrix effects, and 
method efficiency. 
 
RPD- Relative Percent Differnce is calculated using the following formula: 
 RPD=(Results1-Result2)/(Result1+Result2)/2)*100 
 
RSD- Relative Standard Deviation is calculated using the following formula: 
 RSD=(Standard Deviation)/(Mean)*100 
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EXECUTIVE SUMMARY 
 
Storm water runoff and the associated contaminants from urban areas is one of the 

leading sources of water quality degradation in surface waters (US EPA 2000).  Runoff from 
pervious and impervious areas (i.e., streets, parking lots, lawns, golf courses and agricultural 
land) carries accumulated contaminants (i.e., atmospheric dust, trace metals, street dirt, 
hydrocarbons, fertilizers and pesticides) directly into receiving waters (Novotny and Olem 
1994).  Because of the environmental effects of these contaminants, effective storm water 
monitoring and management requires identification and characterization of the sources, patterns, 
and mechanisms that influence pollutant concentrations and loads.  Concentrations and loads of 
pollutants in urban storm water have been documented in some portions of the country (Hoffman 
et al. 1984; Buffleben et al. 2002; Simpson et al. 2002); however, little is known about the 
mechanisms and processes that influence spatial and temporal factors that affect the magnitude 
and patterns of constituent loading from specific land uses.  Specifically, storm water managers 
need to understand how sources vary by land use type, how patterns of loading vary over the 
course of a single storm, how loading varies over the course of a storm season, and how 
applicable national or regional estimates of land use-based loading are to southern California.   

 
To investigate these issues, the Southern California Coastal Water Research Project 

(SCCWRP) conducted a storm water sampling program over five seasons (2000-01 through 
2004-2005).  Constituent concentrations were measured over the entire storm duration from eight 
different land use types over 11 storm events in five watersheds in the greater Los Angeles, CA 
region (Figure ES-1).  In addition, runoff samples were also collected from twelve mass emission 
sites (in-river) during 15 different storm events.  A total of 71 site-events were sampled, 
comprised of 33 land use site-events and 38 mass-emission site events.  These data were 
collected to better characterize contributions of specific land use types to loading of bacteria, 
trace metals, and organic compounds and to provide data for watershed model calibration.  The 
specific goals of this study were (1) to examine constituent event mean concentrations (EMC), 
fluxes, and mass loadings associated with storm water runoff from representative land uses; (2) 
to investigate within storm and within season factors that affect constituent concentrations and 
fluxes; (3) to evaluate how constituent loadings compare to loadings from point sources, and (4) 
to assess how the concentrations of constituents in runoff compare to published data and water-
quality criteria. 

 
To understand the complex spatial and temporal patterns that affect storm water runoff in 

the greater Los Angeles region, runoff and constituent concentrations from a variety of land uses 
and mass emission sites were sampled over a range of different storm sizes and antecedent 
conditions.  Between 10 and 15 discrete grab samples were collected for each site-event and the 
samples analyzed individually to provide time vs. concentration plots (i.e., pollutographs) for 
each site-event.  Samples were analyzed for a broad range of constituents including trace metals, 
organic compounds and bacteria.  Storms were targeted to capture early vs. late season 
conditions and large vs. small rainfall events.  Understanding both intra-storm and inter-storm 
variability provides a more complete assessment of factors that influence constituent loading, 
and will allow us to develop dynamic watershed models that are able to predict pollutant runoff 
from specific land use types and watersheds under a variety of conditions.   
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General Conclusions 
1. Storm water runoff from watershed and land use based sources is a significant contributor 

of pollutant loading and often exceeds water quality standards  

Results of this study indicate that urban storm water is a substantial source of a variety of 
constituents to downstream receiving waters.  Substantially high constituent concentrations were 
observed throughout the study at both mass emission (ME) and land use (LU) sites.  Constituent 
concentrations frequently exceeded water quality criteria.  Storm water concentrations of trace 
metals exceeded California Toxic Rule (USEPA 2000) water quality criteria in more than 80% of 
the wet weather samples collected at ME sites.  This was partly due to industrial land use sites 
where 100% and 87% of runoff samples exceeded water quality criteria for zinc and copper, 
respectively.  Furthermore, fecal indicator bacteria (FIB) at both ME and LU sites consistently 
exceeded California single-sample water quality standards.  In fact levels of FIB at the 
recreational (horse) and agricultural LU sites were as high as those found in primary wastewater 
effluent in the U.S., with densities of 10 6-107 MPN/100mL. 

 
2. All constituents were strongly correlated with total suspended solids 

Land use had a strong influence on constituent concentrations.  Total suspended solids 
(TSS) was strongly correlated with constituent EMCs at most land use sites, although not all 
correlations were statistically significant.  This correlation was primarly influenced by highly 
urbanized land uses and a single undeveloped open space land use.  High TSS loads in rivers 
contribute to water quality impairments, habitat loss and to excessive turbidity resulting in 
impairments in recreational, fish/wildlife, and water supply designated uses of the rivers.  These 
results suggest that controlling TSS at specific land uses may result in reducing other particle-
bound constituents. 

 

3. Storm water EMCs, fluxes and loads were substantially lower from undeveloped open space 

areas when compared to developed urbanized watersheds 

Storms sampled from less developed watersheds (i.e., Santa Monica Canyon and Arroyo 
Sequit) produced constituent EMCs and fluxes that were one to two orders of magnitude lower 
than comparably sized storms in urbanized watersheds (i.e., Los Angeles River and Ballona 
Creek) (Figure ES-2).  Furthermore, the higher fluxes from developed watersheds were 
generated by substantially less rainfall than the lower fluxes from the undeveloped watersheds, 
presumably due to increased impervious surface area in developed watersheds.  Stein and Yoon 
(2007) reported similar wet weather runoff results from undeveloped land uses while 
investigating pollutant contributions from natural sources. The contrasts between the different 
watershed scale mass-emission sites were also apparent at the small, homogeneous land use sites. 

 
4. Land use based sources of pollutant concentrations and fluxes varied by constituent   

No single land use type was responsible for contributing the highest loading for all 
constituents measured.  For example industrial land use sites, contributed higher storm EMCs 
and fluxes of all trace metals than other land use types. (Figure ES-3).  Recreational (horse) land 
use sites contributed significantly higher storm fluxes for E. coli while agricultural land use sites 
contributed the highest TSS fluxes.  Substantially higher TSS fluxes were also observed at the 
industrial sites.  PAHs were not preferentially generated by any one land use type, rather 
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analyses of individual PAHs demonstrated a consistent predominance of high molecular weight 
(HMW) PAH compounds indicative of regional pyrogenic PAHs (i.e., atmospheric deposition) 
as a major source material of the PAHs found in urban storm water. 
 

5. Storm water runoff contributed a similar range of constituent loading to regional point 

sources 

Storm water runoff of trace metals from the urban watersheds in this study produced a 
similar range of annual loads as those from point sources; such as large publicly owned treatment 
plants (Table ES-1).  Nevertheless, when combined with dry estimates of pollutant loading from 
Stein and Tiefenthaler (2005), the total non-point source contribution from all watersheds in the 
greater Los Angeles area far exceeds that of the point sources (Table ES-1). 

 
6. The Los Angeles region contributed a similar range of storm water runoff pollutant loads as 

that of other regions of the United States 

Comparison of constituent concentrations in storm water runoff from land use sites from 
this study reveal median EMCs that are comparable to current U.S. averages reported in the 
National Storm water Quality Database (NSQD; Pitt et al, 2003) (Figure ES-4).  Comparison to 
the NSQD data set provides insight to spatial and temporal patterns in constituent concentrations 
in urban systems.  Similarities between levels reported in the NSQD and this study suggest that 
land-based concentrations in southern California storm water are generally comparable to those 
in other parts of the country.   

 
7. Storm water runoff concentrations improved over time when compared with the Nationwide 

Urban Runoff Program (NURP.  

Results showed an improvement in water quality between constituent concentrations 
reported by NURP in 1983 and those observed in this study (Los Angeles River Watershed 
(LARW).  Long-term overall trends of decreasing median constituent EMCs were observed at all 
land uses with the exception of total zinc, which showed an increase in median EMCs over the 
course of the studies (Figure ES-4).  For example, lead concentrations have exhibited a 10-fold 
reduction over the last 20 years.  Relatively low lead concentrations may reflect fate and 
transport characteristics of the particular systems sampled.  However, a more likely explanation 
is that low concentrations of lead observed in these studies can be attributed to regulations 
banning the use of leaded gasoline. 

 
8. Peak concentrations for all constituents were observed during the early part of the storm  

Constituent concentrations varied with time over the course of storm events.  For all 
storms sampled, the highest constituent concentrations occurred during the early phases of storm 
water runoff with peak concentrations usually preceding peak flow (Figure ES-5).  In all cases, 
constituent concentrations increased rapidly, stayed high for relatively short periods and often 
decreased back to base levels within one to two hours.  In contrast, the developed LU 
(recreational (horse) site; Figure ES 1-5c) had a peak concentration followed by intra-storm 
variable concentrations that mimicked flow.  Although the pattern of an early peak in 
concentration was comparable in both large and small developed watersheds (Ballona Creek; 
Figure ES-5a, Los Angeles River Figure ES-5b), the peak concentration tended to occur later in 
the storm and persist for a longer duration in the smaller developed watersheds.  Therefore 
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monitoring programs must capture the early portion of storms and account for intra-storm 
variability in concentration in order to generate accurate estimates of EMC and contaminant 
loading.  Programs that do not initiate sampling until a flow threshold has been surpassed may 
severely underestimate storm EMCs.   

 
9. The magnitude of a mass first flush effect at land use sites was a function of watershed size 

Storm mass loading is a function of both concentration and magnitude of flow at various 
points during a storm.  Cumulative mass loading of constituents from ME sites generally 
exhibited a weak “first flush” for trace metals and bacteria.  For PAHs, a moderate first flush was 
observed where between 40% and 60% of the load was discharged during the first 25% of storm 
volume.  In contrast to the ME sites, cumulative mass loading plots from small, homogenous 
land use sites exhibited moderate first flush for all constituents sampled.  When all developed 
sites were analyzed together, the magnitude of the first flush effect decreased with increasing 
watershed size (Figure ES-6).  The inverse relationship between first flush and catchment size 
has several potential mechanistic explanations including differences in relative pervious area, 
spatial and temporal patterns in rainfall, and pollutant transport through the catchment.  
Ultimately, the differences in first flush, whether due to imperviousness, travel time, or rainfall 
variability, suggest that management strategies aimed at capturing constituent loads should focus 
on more than just the initial portion of the storm at moderate to large catchments.   

 
10. Highest constituent loading was observed early in the storm season with intra-annual 

variability driven more by antecedent dry period than amount of rainfall 

Seasonal differences in constituent EMCs and loads were consistently observed at both 
ME and LU sites.  In general, early season storms (October – December) produce significantly 
higher constituent EMCs and loads than late season storms (April-May), even when rainfall 
quantity was similar (Figure ES-7).  This suggests that the magnitude of constituent load 
associated with storm water runoff depends, at least in part, on the amount of time available for 
pollutant build-up on land surfaces.  The extended dry period that typically occurs in arid 
climates such as southern California maximizes the time for constituents to build-up on land 
surfaces, resulting in proportionally higher concentrations and loads during initial storms of the 
season.  This seasonal pattern suggests that focusing management actions on early season storms 
may provide relatively greater efficiency than distributing lower intensity management actions 
throughout the season.   
 
Further Research 

This study establishes the relative contributions of land uses and watersheds to 
constituent loading in receiving water bodies.  Having statistically significant data sets at 
regional, seasonal, and land use levels enables modelers to use the information for more sensitive 
calibration of models that may be used for contaminant load allocations.  Similarly, these data 
sets can assist storm water engineers in the design of more effective monitoring programs and 
better performing treatment practices (i.e., BMPs) that address specific rainfall/runoff conditions.  

 
Further research is needed to directly assess the relationship between constituent 

concentrations and particle-size distributions in storm water runoff from mass emission and land 
use sites to better understand the fate, transport and treatment of constituents in urban runoff.  
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Storm water borne metals, PAHs and (to a lesser extent) bacteria are typically associated with 
particulates to varying degrees depending on the constituent and the size distribution of 
suspended solids in the storm water runoff.  Furthermore, the particle size distribution, and 
constituent partitioning can change over the course of a storm event (Furumai et al. 2002, Stein 
and Yoon 2007).  Understanding the dynamic partitioning of constituents to various size particles 
is important to being able to estimate temporal and spatial patterns of constituent deposition in 
estuaries and harbors, and should be an area of future investigation.   

 
Our understanding of the mechanisms of constituent loading from urban land uses could 

also be improved by estimating the percent of directly connected impervious area (DCIA) in 
each land use category (i.e., percent rooftop, sidewalks, paved driveways and streets) and its 
impacts on storm water runoff concentrations and loads.  This could allow identification of 
critical source areas, which in turn could provide for more precise estimates of loading and more 
focused application of best management practices. 
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Table ES-1.  Mean annual (+ 95% confidence intervals) trace metal loading in the Los Angeles coastal region 
from different sources (mt = metric tons). 

 
 Mean Annual Load / Year (mt ± 95% CI) 
Source Total Copper  Total Lead  Total Zinc 
      

Point Source Data1,2 (2000-05)       
Large Publicly Owned Treatment 
Plants (POTWs)  10.9 ± 6.8  0.8 ± 0.8  13.9 ± 7.6 
Low Volume Waste Power 
Generating Stations (PGS)  0.01  0.00  0.09 

      
Wet Weather Runoff (2000-05)       

Los Angeles River  1.6 ± 1.2  1.4 ± 1.5  9.8 ± 9.4 
Ballona Creek 0.7 ± 0.4  0.6 ± 0.3  4.3 ± 2.5 
Dominguez Channel 0.4 ± 2.4  0.2 ± 1.1  2.1 ± 11.0 

      
Total Annual Wet Weather Runoff  2.7 ± 4.0  2.2 ± 2.9  16.2 ± 22.9 

      
2000-02 Dry Weather Urban Runoff 3,4       

Los Angeles River 2.9 ± 19.9  0.1 ± 1.2  10.4 ± 80.6 
Ballona Creek 0.2 ± 0.3  0.1 ± 0.4  0.7 ± 0.6 
      
Total Annual Dry Weather Runoff  3.1 ± 20.2  0.2 ± 1.6  11.1 ± 81.2 

 

1SCCWRP Biennial Report 2004-06 (Lyons G, Stein E). 
2SCCWRP Biennial Report 2003-04 (Steinberger A, Stein E); PGS data represents year 2000 only. 
3American Water Resources Association in Press (Stein E, Ackerman D). 
4Water, Air and Soil Pollution, 2005. Vol. 164 (Stein E, Tiefenthaler L). 
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Figure ES-1.  Map of in-river mass emission and land use sampling sites and watersheds within the greater 
Los Angeles region, California, USA.   
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Figure ES-2.  Average event mean concentrations (EMCs; a) and fluxes b) of total copper and lead loading 
from southern California watersheds during the 2000-2001 to –2004-2005 storm seasons.  A similar pattern of 
higher loadings for the mass emission sites was observed for all other constituents measured in the study 
as well.  Los Angeles River (LAR), San Gabriel River (SGR), and Arroyo Sequit (AS), number of storm events 
(n), and standard deviation (SD). 
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Figure ES-3.  Percent deviation from mean concentration of total PAHs a), total copper b) and E. coli c) in 
storm water runoff from land use sites during the 2001-2005 storm seasons.  The dashed line represents the 
overall mean concentration for each constituent.  Standard deviation (SD).  Not analyzed (NA). 
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Figure ES-4.  Comparison of median lead event mean concentration (EMCs) at specific land use sites during 
the 1983 Nationwide Urban Runoff Program (NURP, U.S. EPA 1983a), to the 1990 National Storm water 
Quality Database (NSDQ, Pitt et al. 2003) monitoring study and the 2001-2005 Los Angeles River Wet Weather 
(LARW) study.  A similar pattern was observed for other constituents with the exception of zinc, which 
showed an increase in median EMCs over the course of the studies. 
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Figure ES-5.  Variation in constituent concentrations with time for a storm event in the developed Ballona 
Creek a) and Los Angeles River watersheds b) and the developed recreational (horse) land use site c). 
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Figure ES-6.  First flush patterns of total zinc (a) in relation to watershed size.  Watershed size data is log 
transformed. 
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Figure ES-7.  Cumulative annual rainfall versus event mean concentration (EMC) for a) polycyclic aromatic 
hydrocarbons and b) E. coli.  Plots show data for mass emission sites only. 
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 1 

SECTION 1.  INTRODUCTION 
 
Urban storm water runoff has been identified as a major cause of degradation of surface 

water quality (Characklis and Wiesner 1997, Davis et al. 2001, Buffleben et al. 2002).  Studies in 
southern California have documented trace metals, polycyclic aromatic hydrocarbons (PAHs) 
and fecal indicator bacteria (FIB) as major constituents of concern in storm water runoff  
(Buffleben et al. 2002, McPherson et al. 2002; Gigliotti 2000; Menzie et al. 2002).  As a result 
numerous stream reaches in the greater Los Angeles Basin are listed as impaired waterbodies 
under Section 303(d) of the Clean Water Act for a range of constituents (LARWQCB 1998a and 
2002). 

 
Past monitoring and assessment efforts have provided important insight into the general 

patterns of storm water loading.  Previous studies have documented that the most prevalent 
metals in urban storm water are zinc, copper, lead, and to a lesser degree nickel and cadmium 
(Sansalone and Buchberger 1997, Davis et al. 2001).  Recent FIB studies using Escherchia coli 
(E. coli), Enterococcus spp. and total coliforms (Noble et al. 2003 and Stein and Tiefenthaler 
2005) have documented freshwater outlets such as storm drains to be especially high contributors 
of bacterial contamination.  Routine storm water monitoring programs focus on quantification of 
average concentration or load at the terminal watershed discharge point.  While important for 
overall status and trends assessment, such monitoring provides little insight into the mechanisms 
and processes that influence constituent levels in storm water. 

 
To effectively manage storm water, managers need to gain a deeper understanding of 

factors that affect storm water quality.   In particular, managers need to understand the sources, 
processes and mechanisms that affect runoff and associated constituent loading.  Specifically, 
managers need to understand how sources vary by land use (LU) type, how patterns of loading 
vary over the course of a single storm, how loading varies over the course of a storm season, and 
how applicable national or regional estimates of LU based loading are to southern California.   
Such information is critical to designing and implementing effective management strategies and 
for calibrating watershed models that can be used to evaluate proposed strategies. 

 
The goal of this study is to quantify the sources, patterns of concentrations, fluxes, and 

loads of trace metals, PAHs and fecal indicator bacteria from representative land use types in the 
greater Los Angeles, California region.  In addition to quantifying differences between land use 
categories, our goal is to investigate within storm and within season patterns in order to identify 
mechanisms that influence patterns of constituent loadings.  Finally, we compare the estimates of 
storm water metals, total suspended solids (TSS) and E. coli loading to data from point and non-
point sources and to existing water quality standards to provide context for the magnitude of 
importance of storm water to overall metals, TSS and E. coli loading for the region.   
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SECTION 2.  METHODS 
Study Areas 

Storm water runoff was sampled from 19 different land use (LU) sites and 12 mass 
emission (ME) sites throughout the greater Los Angeles area (Figure 2-1).  The 19 LU sites 
represented homogeneous distributions of eight land use types including high density residential, 
low-density residential, commercial, industrial, agricultural, recreational (horse), transportation 
or open space.  The LU sites ranged in size from 0.002 to 2.89 km2 (see Appendix A for more 
detailed land use information).  In contrast to the smaller, homogeneous LU sites, ME sites had 
much larger catchments and consisted of heterogeneous land use distributions that commingle 
and ultimately discharge to recreational beaches and harbors along the Pacific Ocean.  There 
were 10 urban ME sites and two nonurban ME sites sampled.  Developed land use ranged from 
49% to 94% of total watershed area in the 10 urban watersheds.  Developed land use comprised 
less than 5% of the watershed area in the two non urban watersheds examined in this study.  The 
12 ME sites ranged in size from 31 to 2,161 km2. 

 
Rainfall  

All of the LU and ME sites were sampled during the 2000–2001 through 2004–2005 
storm seasons.  Winter storms typically occur between October and May, providing 85% to 90% 
of the annual average rainfall (38.4 cm; Ackerman and Weisberg 2003).  Annual precipitation in 
Los Angeles can be highly variable.  For example, the 2004-2005 rainfall season brought 94.6 
cm of precipitation to downtown Los Angeles making it the second wettest season in Los 
Angeles since records began in 1877 (National Weather Service; http://www.wrh.noaa.gov/lox/).  
In contrast, the 2001-2002 rainfall season totaled a mere 11.2 cm, 27 cm below the seasonal 
average.  Consequently, the study period encompassed a wide range of precipitation conditions.  

 
Sampling and Analysis 

Twenty discrete storms were sampled, with each site sampled between one to seven 
individual storm events (Tables 2-1a and 2-1b).  Rainfall amounts ranged from 0.12 to 9.68 cm 
and antecedent conditions ranged from 0 to 142 d without measurable rain.  Rainfall at each site 
was measured using a standard tipping bucket that recorded in 0.025-cm increments.  Antecedent 
dry conditions were determined as the number of days following the cessation of previous 
measurable rain.  Water quality sampling was initiated when flows were greater than base flows 
by 20%, continued through peak flows, and ended when flows subsided to less than 20% of base 
flow.  Because watersheds in southern California have highly variable flows that may increase 
orders of magnitude during storm events, these criteria are considered conservative.  Flow at ME 
sites was estimated at 15-min intervals using existing, county-maintained flow gauges, or stage 
recorders in conjunction with historically derived and calibrated stage-discharge relationships.  
At ungauged ME sites and previously unmonitored LU sites, stream discharge was measured as 
the product of the wetted cross-sectional area and flow velocity. Velocity was measured using an 
acoustic Doppler velocity (AV) meter.  The AV meter was mounted to the invert of the stream 
channel, and velocity, stage, and instantaneous flow data were transmitted to a data 
logger/controller on query commands found in the data logger software.   
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Between 10 and 15 discrete grab samples per storm were collected at approximately 30 to 
60 min intervals for each site-event based on optimal sampling frequencies in southern 
California described by Leecaster et al. (2001).  Samples were collected more frequently when 
flow rates were high or rapidly changing and less frequently during low-flow periods.  All water 
samples were collected by one of three methods: 1) by peristaltic pumps with Teflon  tubing and 
stainless-steel intakes that were fixed at the bottom of the channel or pipe pointed in the 
upstream direction in an area of undisturbed flow, 2) by direct filling of the sample bottle either 
by hand or affixed to a pole, or 3) by indirect filling of intermediate bottles for securing large 
volumes.  After collection, the samples were stored in precleaned glass bottles on ice with 
Teflon -lined caps until they were shipped to the laboratory for analysis.   

 

Chemical Analysis 
Total Suspended Solids (TSS) 

Total suspended solids (TSS) were analyzed by filtering a 10-mL to 100-mL aliquot of 
storm water through a tared 1.2- m Whatman GF/C filter. The filters plus the solids were dried 
at 60°C for 24 h, cooled, and weighed. 

 

Trace Metal Analysis 

Whole samples (particulate plus dissolved) were prepared by nitric acid digestion 
followed by analysis using inductively coupled plasma-mass spectroscopy (ICPMS) according to 
USEPA Method 200.8 (US EPA 1991).  Target analyses included aluminum, antimony, arsenic, 
beryllium, cadmium, chromium, copper, iron, lead, mercury, nickel, selenium, silver, and zinc.  
Quality assurance measurements indicated that all laboratory blanks were below method 
detection limits with duplicate samples within 10% reproducible difference. 

 
Polycyclic Aromatic Hydrocarbon (PAHs) Analysis 

Total PAH ( PAH) was computed as the sum of the 26 individual PAH compounds 
quantified (Table 2-2).  The individual PAHs were divided into low-molecular-weight (LMW) 
PAH compounds (<230, two to three rings) and high-molecular weight (HMW) PAH compounds 
(>230, four to six rings) for source analysis.  The 26 specific PAHs were extracted, separated, 
and quantified by capillary gas chromatography coupled to mass spectrometry according to U.S. 
Environmental Protection Agency (US EPA) method 625 (US EPA 1991). 

 
Fecal Indicator Bacteria Analysis 

Concentrations of E. coli and Enterococcus spp.were measured by defined substrate 
technology using kits supplied by IDEXX Laboratories, Inc. (Westbrook, ME) according to the 
manufacturer’s instructions.  Briefly, 10-fold and 100-fold dilutions of the water samples were 
made with deionized water containing the appropriate media and sodium thiosulfate, mixed to 
dissolve, dispensed into trays (Quanti-Tray/2000), and heat sealed.  E. coli was measured using 
the Colilert-18 reagents, while Enterococcus spp. were measured using Enterolert reagents. 
Samples were incubated overnight according to the manufacturer’s instructions and inspected for 
positive wells. Conversion of positive wells from these tests to a most probable number (MPN) 
was done following Hurley and Roscoe (1983). 
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Data Analysis 

Data analyses was broken into three sections; 1) comparison between LU sites; 2) 
comparison between developed and undeveloped watershed; and 3) assessment of within-season 
and within-storm variability.  Comparison between LU sites focused on event mean 
concentrations (EMCs), load, flux, and principle components analysis (PCA).  Prior to analysis 
constituent concentrations were log-transformed to improve normality.  In all cases, non-
detectable results were assigned a value of 1/2 the minimum detection limit, based on the 
inability to log transform a value of zero. 

 
The EMC was calculated using Equation 1: 
 

n

i
i

n

i
ii

F

FC
EMC

1

1
*

  (Equation 1) 

 
where: EMC = flow-weighted mean for a particular storm; Ci = individual runoff sample 

concentration of ith sample; Fi = instantaneous flow at the time of ith sample; and n = number of 
samples per event.  Constituent concentrations were log-transformed prior to calculations to 
improve normality.  In all cases, non-detectable results were assigned a value of one-half the 
minimum detection limit, based on the inability to log transform a value of zero.  Mass loading 
was calculated as the product of the EMC and the storm volume.  Flux estimates facilitated 
loading comparisons among watersheds of varying sizes.  Flux was calculated as the ratio of the 
mass load per storm and watershed area.  Differences in concentration or flux between LU sites 
were tested using a one-way ANOVA, with a significance level (p) <0.05 , followed by Tukey-
Kramer post-hoc test for multiple comparisons (Sokal and Rohlf 1969).   

 
The PCA was used to identify the most important factors (i.e., groups of parameters, 

storm size and storm season) controlling data variability (Helene et al. 2000, SAS Inc. 2003, 
http://www.sas.com/textbook).  As a multivariate data analysis technique, PCA reduces the 
number of dependent variables without sacrificing critical information (Qian et al. 1994).  The 
number of principal components (PCs) extracted (to explain the underlying data structure) was 
defined by using the Kaiser criterion (Kaiser 1960) where only the PCs with eigenvalues greater 
than unity are retained.  Scores derived from the PCA were plotted along the first two PC axes 
and examined visually for relationships that differentiate constituent concentrations among 
subclasses (e.g., land use types).  PCA and ANOVA were used in a two-step process: The PCA 
was used to identify factors influencing variability and to group data into different sets based on 
the factors identified.  ANOVA was then used to test for significant differences between the 
classes identified by the PCA. 

 
The second analysis that compared developed and undeveloped ME sites followed 

similar approach as the LU sites focusing on EMCs, load, and flux.  Differences between 
watershed types were determined using ANOVA.   
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The third analysis bifurcated into two approaches.  The first compared seasonal patterns 
of total metal loading by plotting mass emissions against storm season (early = October to 
December, mid = January to March, and late = April to May) and cumulative annual rainfall.  
For this analysis, all ME sites were analyzed as a group to examine differences between early- 
and late-season storms across the sampling region.using ANOVA.  The second approach 
compared flow and constituent concentration within-storm events.  This comparison examined 
the time-concentration series relative to the hydrograph plots using a pollutograph.  A first flush 
in concentration from individual ME storm events was defined as a circumstance when the peak 
in concentration preceded the peak in flow.  This was quantified using cumulative loading plots 
in which cumulative mass emission was plotted against cumulative discharge volume during a 
single storm event (Bertrand-Krajewski et al. 1998).  When these curves are close to unity, mass 
emission is a function of flow discharge.  A strong first flush was defined as 75% of the mass 
was discharged in the first 25% of runoff volume.  A moderate first flush was defined as 30% 
and 75% of the mass discharged in the first 25% of runoff volume.  No first flush was assumed 
when 30% of the mass was discharged in the first 25% of runoff volume.   

 

Further Analyses for Individual Constituents 
Total Metal Comparison to The California Toxics Rules (CTR) 

In order to investigate the percent of samples exceeding water quality standards total 
metals concentrations were compared to the California Toxics Rules (CTR) for inland surface 
waters (acute freshwater aquatic life protection standards, US EPA 2000).  The standards for 
total copper, total lead and total zinc are 14.00, 81.65, and 119.82 respectively based on a 
hardness value of 100 mg/L. 

 
The formula for calculating the acute objectives for copper, lead, and zinc in the CTR 

take the form of the following equation: 
 
CMC = WER * ACF * exp[(ma)(ln(hardness)+ba] 
 
Where: WER = Water Effects Ratio (assumed to be 1), ACF = Acute conversion factor 

(to convert from the total to the dissolved fraction), mA = slope factor for acute criteria, and bA = 
y intercept for acute criteria.  

 
The CTR allows for the adjustment of criteria through the use of a water-effect ratio 

(WER) to assure that the metals criteria are appropriate for the site-specific chemical conditions 
under which they are applied. A WER represents the correlation between metals that are 
measured and metals that are biologically available and toxic. A WER is a measure of the 
toxicity of a material in site water divided by the toxicity of the same material in laboratory 
dilution water.  No site-specific WER has been developed for any of the waterbodies in the Los 
Angeles River or San Gabriel River watersheds.  Therefore, a WER default value of 1.0 was 
assumed.  The coefficients needed for the calculation of objectives are provided in the CTR for 
most metals. 

 

RB-AR27541



 7 

PAH Source Identification 

PAHs were also analyzed to examine sources of PAHs.  First, the FWM concentrations 
from the homogenous land use sites were compared. Differences between land use sites were 
investigated using a one-way analysis of variance (ANOVA) with a p <0.05 significance level 
(Sokal and Rohlf 1969).  Next, the relative proportion of individual PAH compounds and their 
ratios were evaluated to determine if the sources of PAHs suggested a pyrogenic (i.e., 
combustion by-products) or petrogenic (i.e., unburnt petroleum) signature.  The ratio of 
fluoranthene (F) to pyrene (P; F/P) and the ratio of phenanthrene (P) to anthracene (A; P/A) were 
used to determine pyrogenic versus petrogenic sources of PAH.  Pyrogenic sources predominate 
when F/P ratios approach 0.9 (Maher and Aislabe 1992). Pyrogenic sources predominate when 
P/A ratios ranged from 3 to 26 (Lake et al. 1979, Gschwend and Hites 1981). 

 
Correlations between TSS, Flow and FIB  

To explore the potential link between storm water runoff, TSS and FIB concentrations 
Spearman Rank correlation coefficients (a nonparametric measure of correlation) were computed 
between FIB, TSS and stream flow (Townsend 2002).  

 
Cumulative Density Frequency Plots (CDFs) - Bacteria 

Fecal indicator bacteria were used to assess whether storm water samples met State of 
California water quality thresholds by examining the relative frequency of exceedence for all 
storms combined at both ME and LU sites.  Fecal indicator bacterial counts were plotted on 
logarithmic scales (a scale that minimizes differences and allows widely varying numbers to be 
shown) and compared to the CA single-sample criterion to estimate percent exceedances.  The 
CA single-sample standard (assembly bill AB411) for ocean beaches has limits of 104 
Enterococcus spp. bacteria in 100 ml of water, 400 E. coli colonies (400 MPN/100ml) and 
10,000 total coliforms colonies (10,000 MPN/100mL).  Cumulative density frequency plots 
(CDFs) were produced to compare observed bacterial concentrations to the CA quantitative 
standards and to calculate accumulated relative exceedance percentages.   

 
An additional data analysis element examined the incidence of exceedences of 

California’s AB411 water quality standards for fecal indicator bacteria compared to the size of 
the watershed.  Watersheds were broken into small (<25 km2), medium (20 km2 - 99 km2), and 
large (>100 km2), with at least three watersheds falling into each category. 

 
Constituent Comparison to Nationwide Results 

Existing data sets provide insight into land use based loading, but do not provide the 
mechanistic understanding needed by storm water managers.  Between 1977 and 1983 the U.S. 
EPA funded The Nationwide Urban Runoff Program (NURP), which compiled discharge data 
from separate storm sewers in different land uses to receiving waters.  This project used 81 sites 
in 28 cities throughout the U.S. and included the monitoring of approximately 2,300 individual 
storm events (US EPA 1983a). The utility of the NURP data set is somewhat limited because it is 
23 years old and only contains data from storm drains (vs. in-river measures). The National 
Storm water Quality Database (NSQD) was created in 2003 by the University of Alabama and 
the Center for Watershed Protection to examine more recent storm water data from a 
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representative number of National Pollutant Discharge Elimination System (NPDES) municipal 
separate storm sewer system (MS4) storm water permit holders (Pitt et al. 2003).  The NSQD 
includes Phase I storm water monitoring data from 369 stations from 17 states and 9 rain zones 
and a total of 3,770 individual storm events between 1992 and 2003.  Unfortunately, the NSQD 
does not contain any samples from the arid west.  Furthermore, neither the NURP nor the NSQD 
provides time variable measurements that provide an understanding of the temporal processes 
that affect storm water loading. 
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Table 2-1a.  Summary of storm events sampled at mass emission sites during 2001-2005 in Los Angeles, CA, 
USA. 

 

Mass Emission Sites Date of Size Rainfall Antecedant Mean Flow Peak Flow 
 Storm Event (km2) (cm) Dry Days (cm/s) (cm/s) 
Los Angeles River  
Developed Watersheds       

LA River above Arroyo 
Seco 

1/26 - 1/27/2001  1.80 1 27.3 114.0 

2/9 - 2/11/2001 1460 1.42 1 22.4 165.2 
2/12 - 2/13/2001  9.68 0 62.6 262.5 

       

LA River at Wardlow 

1/26 - 1/27/2001 

2161 

1.80 1 15.0 50.9 
2/9 - 2/11/2001 1.42 1 1.4 6.0 
5/2 - 5/3/2003 3.56 4 209.9 756.7 
2/2 -2/3/2004 1.14 6 90.4 375.6 

       

Verdugo Wash 

1/26 - 1/27/2001 

65 

1.80 1 15.0 50.9 
2/9 - 2/11/2001 1.42 1 13.9 90.2 

11/12 - 11/13/2001 9.68 0 68.5 368.2 
10/31 - 11/1/2003 1.74 30 56.5 155.0 

       

Arroyo Seco 2/9 - 2/11/2001 130 3.56 12 2.9 13.5 
4/7/2001 1.78 30 7.8 21.8 

       

Ballona Creek 

2/18 - 2/19/2001 

338 

1.50 3 38.1 107.0 
4/7/2001 1.24 31 32.6 100.9 

11/24 - 11/25/2001 1.52 11 53.1 396.2 
5/2 - 5/3/2003 2.03 4 52.8 134.4 

10/31 - 11/1/2003 2.03 30 62.0 148.1 
2/2 -2/3/2004 2.21 29 55.0 213.9 

2/21 -2/22/2004 3.41 18 44.8 95.6 
       

Dominguez Channel 3/17 - 3/18/2002 187 0.28 10 4.8 14.0 
2/21 -2/22/2004 1.52 18 14.7 35.5 

       
Undeveloped  
Watersheds       

Santa Monica Canyon 2/9 - 2/11/2001 41 3.74 1 0.1 1.1 
4/7/2001 3.05 50 0.6 3.0 

       

Open Space Arroyo  
Sequit 

5/2 - 5/3/2003 

31 

5.03 3 0.0 0.0 
2/25 -2/26/2004 4.12 1 3.4 21.9 

12/27 -12/28/2004 5.05 17 0.0 0.2 
1/7/05 5.54 2 0.3 0.9 
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Table 2-1b.  Summary of storm events sampled at land use sites in Los Angeles, California USA during 
2000/01-2004/05 storm seasons.  

 

Land-use Type Date of Size Rainfall Antecedant Mean Flow Peak Flow 
 Storm Event (km2) (cm) Dry Days (cm/s) (cm/s) 

High Density Residential (#1) 2/9 - 2/11/2001  1.93 2 0.082 0.563 
2/18 - 2/19/2001 0.52 0.61 4 0.060 0.233 

       

High Density Residential (#2) 
3/17 - 3/18/2002  0.20 10 0.000 0.003 

2/17/2002 0.02 0.89 19 0.001 0.006 
2/2 -2/3/2004 1.19 29 0.004 0.025 

       

High Density Residential (#3) 12/28/2004 1.0 3.25 0 0.009 0.080 
2/11/2005 1.35 13 0.004 0.016 

       

Low Density Residential (#1) 
2/18 - 2/19/2001  0.61 4 0.068 0.097 

3/4 - 3/5/2001 0.98 1.42 6 0.017 0.071 
2/2 -2/3/2004  2.26 29 0.030 0.143 

       

Low Density Residential (#2) 3/17 - 18/2002 0.18 2.13 19 0.008 0.116 
       

Commercial (#1) 2/17/2002 2.45 0.74 19 0.337 1.340 
Commercial (#2) 2/17/2002 NA 0.89 19 0.002 0.008 
       

Commercial (#3) 
  

2/18 - 2/19/2001  0.81 4 0.003 0.008 
4/7/2001 0.06 2.03 31 0.008 0.018 

3/17 - 18/2002  0.12 9 0.000 0.001 
       

Industrial (#1) 
2/9 - 2/11/2001  0.81 14 0.253 1.801 

2/18 - 2/19/2001 2.77 0.41 3 0.205 0.774 
3/17 - 18/2002  0.25 27 0.000 0.003 

       

Industrial (#2) 2/17/2002 0.001 0.74 19 0.000 0.002 
Industrial (#3) 4/7/2001 0.004 2.06 25 0.008 0.017 
Industrial (#4) 3/15/2003 0.01 4.50 10 0.117 0.375 
       

Agricultural (#1) 

2/18 - 2/19/2001 

0.98 

0.81 5 0.014 0.042 
3/4 - 3/5/2001 8.13 3 0.021 0.053 

3/17 - 3/18/2002 0.23 9 0.012 0.031 
2/2 -2/3/2004 1.17 29 0.023 0.128 

       

Agricultural (#2) 4/7/2001 0.8 2.06 25 1.723 3.801 
       

Recreational (horse) 2/18 - 2/19/2001 0.03 0.61 4 0.015 0.044 
3/4 - 3/5/2001 1.42 6 0.003 0.014 

       

Transportation (#1) 4/7/2001 0.01 3.05 25 0.022 0.057 
Transportation (#2) 2/17/2002 0.002 0.74 19 0.001 0.006 
       

Open Space (#1) 2/24-25/2003 9.49 3.00 11 0.160 0.360 
Open Space (#2) 2/24-25/2003 2.89 2.57 11 0.180 0.680 
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Table 2-2.  List of the 26 individual polycyclic aromatic hydrocarbon compounds measured during the study.  
Compounds were divided into low-molecular-weight (LMW) compounds (<230, two to three rings) and high-
molecular-weight (HMW) compounds (>230, four to six rings) for source analysis. 

 
LMW Compounds Weight No. Rings HMW Compounds Weight No. Rings 
      

1-Methylnaphthalene 156+170 2 Benz[a]anthracene 228 4 

1-Methylphenanthrene 192+206 3 Benzo[a]pyrene 252 5 

2,3,5-Trimethylnaphthalene 155+170 2 Benzo[b]fluoranthene 252 5 

2,6-Dimethylnaphthalene 156+170 2 Benzo[e]pyrene 252 5 

2-Methylnaphthalene 156+170 2 Benzo[g,h,i]perylene 276 6 

2-Methylphenanthrene 192+206 3 Benzo[k]fluoranthene 252 5 

Acenaphthene 154 2 Chrysene 228 5 

Acenaphthylene 152 3 Dibenz[a,h]anthracene 278 5 

Anthracene 178 3 Fluoranthene 202 4 

Biphenyl 154 2 Indeno[1,2,3-c,d]pyrene 276 6 

Fluorene 166 3 Methylanthracene 222 5 

Naphthalene 128 2 Perylene 252 5 

Phenanthrene 178 3 Pyrene 202 4 
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Figure 2-1.  Map of watersheds with land use and mass emission sampling sites within the greater Los 
Angeles region, California USA.  Undeveloped >90% open space. 
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SECTION 3.  TRACE METALS AND TOTAL SUSPENDED SOLIDS 
 

Results 
Comparison Between LU Sites  

Industrial LU sites contributed a substantially higher flux of copper and zinc compared to 
the other LU sites evaluated (Figure 3-1).  For example, mean total copper flux from the 
industrial LU was 1,238.0 g/km2 while mean total copper flux from high density residential and 
recreational (horse) LU was 100.5 g/km2 and 190.1 g/km2, respectively.  Trace metal flux from 
undeveloped LU sites was lower than those observed in developed LUs.  For example, mean 
copper flux at open space LU sites was 23.6 g/km2.  In contrast to copper and zinc, the mean flux 
of total lead was greatest at agriculture, high density residential, and recreational (horse) LU sites 
(Figure 3-1).  The mean flux of total lead at these three LU sites was at least an order of 
magnitude greater than any other LU sampled. 

 
Industrial LU had the greatest mean EMC for copper and zinc relative to all other LU 

sites (Figure 3-2).  For example, zinc EMCs at the industrial LU averaged 599.1 μg/l compared 
to 362.2 μg/l and 207.7 μg/l for commercial and high density residential LU sites, respectively.  
High density residential had the greatest EMC for lead relative to all other LU sites (Figure 3-2).  
For example, lead EMCs at high density residential LU averaged 28.4 μg/l compared to 24.1 μg/l 
and 7.8 μg/l for industrial and agricultural LU sites, respectively.  Mean EMCs for all three 
metals from undeveloped LU sites were lower than those observed in developed LU sites.  For 
example, mean copper, lead, and zinc EMCs from open space LU sites was 7.6 μg/l, 1.2 μg/l, 
and 23.2 μg/l, respectively. 

 
Both industrial and agricultural LU sites contributed substantially higher fluxes of TSS 

compared to the other LU sites evaluated (Figure 3-1).   For example, mean TSS flux from the 
industrial and agricultural LU sites were comparable around 3,150.3 kg/km2 while mean TSS 
flux from recreational (horse) and high density residential LU was 2,211.1 kg/km2 and 91.1 
kg/km2, respectively.  Mean TSS flux from undeveloped LU sites were comparable to the 
remaining developed LU sites. For example mean TSS flux from open space LU sites was 513.8 
kg/km2 compared to 160.8 kg/km2 and 94.0 kg/km2 for low density residential and commercial 
LU sites, respectively.   

 
Recreational (horse) LU had the greatest mean TSS EMC compared to all other LU sites.  

For example, TSS EMCs at the recreational (horse) LU averaged 530.7 mg/l compared to 111.1 
mg/l and 92.0 mg/l for agricultural and industrial LU sites, respectively.  Mean TSS EMCs from 
undeveloped LU sites were comparable to those observed in developed agricultural and 
industrial LU sites.  TSS EMCs from open space LU sites averaged 134.8 mg/l. 

 
Results of the PCA indicated that the land use was a predominate source of variability 

and that land use categories can be grouped based on differences in their intrinsic runoff and 
loading characteristics (Figure 3-3).  Two Principal Components (PCs) had eigenvalues greater 
than one, with PC1 and PC2 accounting for 63% and 17% of the total variance, respectively.  
Factor loadings indicated that PC1 and PC2 described concentrations of copper, cadmium, lead, 
nickel, zinc, and TSS.  The two dimensional plot of scores from PC1 and PC2 revealed that 
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industrial, recreational (horse), and open space LU types were distinct from other LU types based 
on the concentrations of these constituents.  Comparison of the PC scores (or eigenvectors) using 
a one-way ANOVA indicated that both industrial (group D) and recreational (horse) (group F) 
sites were significantly different (p <0.001) than open space (group H) sites.  All other LU types 
were indistinguishable. 

 

Comparison Between Developed and Undeveloped Watersheds 

The contrasts between the different small, homogeneous LU sites were also apparent at 
the watershed scale (Figure 3-4).  Total copper, total lead and total zinc EMCs and fluxes were 
significantly greater at ME sites from developed compared to undeveloped watersheds 
(ANOVA, p = <0.001).  For the 15 storm events measured, the mean flux of total copper, total 
lead and total zinc from developed ME watersheds was 0.6, 0.5 and 3.0 kg/km2 respectively.  The 
mean flux of total copper, total lead and total zinc from undeveloped ME watersheds were 0.06 
kg/km2, 0.01 kg/km2 and 0.1 kg/km2 (Figure 3-1), respectively.  Furthermore, the higher fluxes 
from developed ME watersheds were generated by substantially less rainfall than the lower 
fluxes from the undeveloped ME watersheds (2.8  0.8 cm for storms in developed ME 
watersheds vs. 4.4  0.8 cm for storms in undeveloped ME watersheds), presumably due to 
increased impervious surface area in developed watersheds.  Similarly, total copper, total lead, 
and total zinc mean EMC concentrations from developed ME watersheds significantly exceeded 
those from undeveloped ME watersheds (46.1  14.8 µg/L, 36.3  15.3 µg/L, 251.9  76.9 µg/L 
vs. 12.6  3.0 µg/L, 2.2  0.8 µg/L, and 27.0  8.4 µg/L, respectively; ANOVA, p = <0.001).   

 
The TSS concentrations from less developed ME watersheds were within the same order 

of magnitude as those from more developed ME watersheds.  For example, annual TSS EMCs 
for developed ME watersheds averaged 246.3 mg/L for Los Angeles River compared to 217.0 
mg/L for the undeveloped ME watersheds.  However, TSS fluxes were substantially higher for 
developed ME watersheds.  For the 15 storm events measured, mean TSS flux from the 
developed Los Angeles River and San Gabriel River watersheds were 3,116.8, and 398.8 kg/km2 

respectively, while mean TSS flux from undeveloped watersheds was 62.8 kg/km2.  
 

Within-Season and Within-Storm Variability 

There were significant seasonal differences in total metal loading (p <0.001).  Early 
season storms had significantly higher total metal load than late season storms both within and 
between watersheds, even when rainfall quantity was similar (Figure 3-5).  For example, the two 
early-season storms from Ballona Creek in water years 2001-2002 and 2003-2004 had total 
copper loadings that were approximately four times larger (ranging from 154.7 ± 16.0 to 160.8 ± 
9.4 kg) than the two storms that occurred at the end of the rainy season (42.6 ± 3.8 to 64.2±4.6 
kg), despite the early- and late-season storms resulting from comparable rainfall.  The results for 
total lead and total zinc showed a similar pattern. 

 
Trace metal concentrations varied with time over the course of storm events (Figure 3-6).  

For all storms sampled, both the highest trace metal concentrations and the peak flow occurred in 
the early part of a storm event.  In all cases, metal concentrations increased rapidly, often 
preceding peak flow.  Concentrations stayed high for relatively short periods and often decreased 
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back to base levels within one to two hours.  In contrast, the undeveloped watershed (Arroyo 
Sequit; Figure 3-6a) had appreciably lower peak concentrations than the developed watershed 
(Ballona Creek; Figure 3-6b).  Although the pattern of an early peak in concentration was 
comparable in both undeveloped and developed watersheds, the peak concentration tended to 
occur later in the storm and persist for a longer duration in the undeveloped watersheds.  Due to 
the small number of storms sampled in undeveloped watersheds, consistency of these patterns is 
inconclusive. 

 
Cumulative mass loading of all trace metals from ME sites showed little variation over 

flow implying there was a weak “first flush” effect at these locations (Figure 3-7).  In contrast, 
cumulative mass loading plots for total copper, lead and zinc from LU sites exhibited moderate 
first flush patterns in the residential, commercial, industrial, agricultural and open space LU 
categories.  When all developed catchments were analyzed together, the magnitude of the first 
flush effect decreased with increasing watershed size (Figure 3-8).  For the developed LU sites 
that had catchments generally less than 3 km2 in size, between 30 and 50% of the total copper, 
total lead and total zinc load was discharged during the first 25% of storm volume.  For the ME 
sites, where runoff was integrated across larger and more diverse landscapes, between 15 and 
35% of the total mass of copper, lead, and zinc was discharged during the first 25% of storm 
volume.   

 
Discussion 

Concentrations, flux, and loading in storm water runoff exhibited some key patterns with 
important implications for managers tasked with controlling trace metals.  First, the magnitude of 
trace metal concentrations and loads were higher at industrial land uses than other land use types.  
High pollutant loading from industrial sites observed in this study results, at least in part, from 
intrinsic properties of the industrial land use themselves.  These intrinsic properties include high 
impervious cover (typically greater than 70%) and on-site source generation.  Other authors have 
reported similar results.  Sanger et al. (1999) reported that total metal concentrations in runoff 
from industrial catchments tended to be higher than those from residential and commercial 
catchments.  Park and Stenstrom (2004) used Bayesian networks to estimate pollutant loading 
from various land uses in southern California and concluded that zinc showed higher EMC 
values at commercial and industrial land uses.  Bannerman et al. 1993 identified industrial land 
uses as a critical source area in Wisconsin storm water producing significant zinc loads.  
Bannerman et al. 1993 further suggested that targeting best-management practices to 14% of the 
residential area and 40% of the industrial area could significantly reduce contaminant loads by 
up to 75%.  In this study high density residential sites had considerably higher lead EMCs than 
low density residential sites.  This difference likely results from greater impervious cover and 
higher source generation at high density residential sites.  High density sites typically have 
greater road surface and more vehicular use, resulting in more lead.  In addition, higher 
impervious cover more effectively conveys accumulated pollutants to streams and creeks.    
Substantially higher TSS fluxes were also observed at the industrial sites, which may explain the 
high trace metal concentrations often associated with fine particles.  The City of Austin (City of 
Austin 1990) found lead and zinc EMCs were related to the TSS EMCs.  Consequently, 
controlling TSS at industrial sites may also result in reducing other constituents with the same 
particle sizes.  
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A second key conclusion that may affect storm water management is that seasonal 
flushing was consistently observed at both land use and mass emission sites.  This suggests that 
the magnitude of trace metal loads associated with storm water runoff depends, at least in part, 
on the amount of time available for build-up on land surfaces.  The extended dry period that 
typically occurs in arid climates such as southern California maximizes the time for trace metals 
to build-up on land surfaces, resulting in proportionally higher concentrations and loads during 
initial storms of the season.  Similar seasonal patterns were observed for polycyclic aromatic 
hydrocarbons (PAHs) in the Los Angeles region (Sabin and K. 2004, Stein et al. 2006).  Han et 
al. (2006) also reported that antecedent dry period was the best predictor of the magnitude of 
pollutant runoff from highways.  Other researchers (Anderson and Rounds 2003, Ngoye and 
Machiwa 2004) have reported corresponding temporal trends for other particle-bound 
contaminants.  This seasonal pattern suggests that focusing management actions on early season 
storms may provide relatively greater efficiency than distributing lower intensity management 
actions throughout the season.   

 
A third key conclusion is that trace metal concentrations varied throughout the duration 

of storm hydrographs.  The greatest total metal concentrations occurred at or just before the peak 
in flow of the storm hydrograph for nearly every storm sampled.  This hydrograph/pollutograph 
pattern was also observed for PAHs in the greater Los Angeles area (Stein et al. 2006).  
Tiefenthaler et al. (2001) observed similar pollutographs that showed peak suspended-sediment 
concentrations preceding the peak in discharge for the Santa Ana River.  Similar time vs. 
concentration relationships were observed by Characklis and Wiesner (1997), who reported that 
the maximum concentrations of zinc, organic carbon and solids coincided with early peak storm 
water flows.  The early occurrence of peak concentrations indicates that monitoring programs 
must capture the early portion of storms to generate accurate estimates of EMC and contaminant 
loading.  Programs that do not initiate sampling until a flow threshold has been surpassed may 
severely underestimate storm EMCs.   

 
Despite a strong and consistent pattern of high metal concentrations early in the storm 

hydrograph, cumulative mass loading plots exhibited only a moderate first flush of total copper, 
lead and zinc at the small land use sites and a weak first flush at the larger mass emission sites.  
Lee et al. (2002) also found that the magnitude of first flush varied by constituent, with metals 
generally showing the weakest first flush.  Furthermore, first flush phenomena were strongest for 
small catchments and generally decreased with increasing catchment size.  Han et al. (2006) 
reported that first flush characteristics increased with decreasing drainage area size.  Characklis 
and Wiesner (1997) reported that storm water runoff of trace metals from the urban areas of 
Houston exhibited no discernable first flush effect; however, these measurement were from 
larger mass emission catchments.   

 
The inverse relationship between first flush and catchment size has several potential 

mechanistic explanations including relative pervious area, spatial and temporal patterns in 
rainfall, and pollutant transport through the catchment.  Smaller LU catchments have increased 
impervious area that allows contaminants to be easily washed off relative to larger ME 
watersheds with less impervious area that requires greater rainfall energy to washoff particles 
and associated contaminants.  In our study, industrial, commercial and high-density residential 
LU sites were comprised of 72%, 72% and 33% imperviousness, respectively.  In contrast, the 
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larger ME watersheds (>40 km2) ranged from 32 to 59% impervious area.  The undeveloped ME 
watersheds, which had the least within storm variability, were comprised of only 1% 
imperviousness. Pitt (1987) also found a first flush on relatively small paved areas that he 
associated with washoff of the most available material. 

 
A corollary to the relationship between imperviousness and catchment size is travel time.  

Travel time becomes a factor because contaminants are rapidly delivered to the point of 
discharge within smaller, more impervious catchments relative to larger, less impervious 
catchments.  In our study, the time of travel in the larger ME watersheds like Ballona Creek or 
Los Angeles River was estimated in hours while travel times in the small LU catchments was 
minutes.  As a result, not all first flush in smaller catchments upstream arrive at a ME site at the 
same time, effectively diluting short peaks in concentration.  Hence, the different times of 
concentration (i.e., travel times) from various portions of the watershed may obscure first flush 
patterns at larger mass emission sites. 

 
Spatial and/or temporal differences in rainfall further complicate first flush in large 

watersheds.  Adams and Papa (2000) and Deletic (1998) both concluded that the presence of a 
first flush depends on numerous site and rainfall characteristics.  In smaller catchments, rainfall 
distribution is more uniform compared to larger watersheds.  When rainfall is distributed 
uniformly, then particles and associated pollutants are potentially washed off at the same time.  
In larger catchments, rainfall lags between various parts of the watershed may take hours and 
rainfall quantity and/or duration may not be similar between subwatersheds.  Ackerman and 
Weisberg (2003) quantified rainfall temporal and spatial variability and determined that these 
factors were an important consideration in hydrologic inputs to the coastal ocean of southern 
California.  Ultimately, the differences in first flush, whether they were due to imperviousness, 
travel time, or rainfall variability, suggest that management strategies at most moderate to large 
catchments should focus on more than just the initial portion of the storm if the goal is to capture 
a majority of metals load.  

 
Urban storm water runoff from this study appeared worthy of management concern 

because it represented a large mass emission source that frequently exceeded water quality 
criteria (Table 3-1).  Cumulatively, the annual average loading of total copper, lead, and zinc 
from the Los Angeles River, Ballona Creek, and Dominguez Channel exceeded the mass 
emissions from industrial point sources such as power generating stations and oil refineries by 
orders of magnitude.  Annual storm water loading from these three watersheds also rivaled, or 
exceeded, trace metal emissions from point sources such as publicly owned treatment works.  
One significant difference between these point sources and urban storm water is that southern 
California has a completely separate sanitary sewer collection system and urban storm water 
receives no treatment prior to discharge into estuaries or the coastal ocean.  Assuming a hardness 
of 100 mg/L and that 15% of the total metals in storm water occur in the dissolved fraction 
(Young et al. 1980), storm water concentrations of copper and zinc exceeded California Toxic 
Rule (US EPA 2000) water quality criteria in more than 80% of the wet weather samples 
collected at mass emission sites.  This was partly due to industrial LU sites where 100% and 87% 
of runoff samples exceeded water quality criteria for zinc and copper, respectively.  Commercial 
LU sites exceeded water quality criteria in 79% and 72% of its runoff samples, respectively.  
Only 8% to 9% of the runoff samples exceeded the water quality criterion for lead at commercial 
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or industrial LU sites.  Hall and Anderson (1988) concluded that industrial and commercial land 
use sites were the major source of trace metals most often considered toxic to aquatic 
invertebrates, with runoff from the commercial sites proving most frequently toxic to the test 
organism.   

 
The focus on LU sites in this study enabled the comparison of median EMCs with data 

sets collected from other parts of the nation (Table 3-2).  All of the median EMCs for total 
copper at LU sites from Los Angeles were greater than, or equal to, median EMCs at LU sites 
reported in the NSQD (Pitt et al. 2004).  With the exception of the open LU, all of the median 
EMCs for zinc were greater at LU sites in Los Angeles than median EMCs at LU sites reported 
in the NSQD.  In contrast, all of the median EMCs for lead were lower at LU sites in Los 
Angeles than median EMCs at LU sites reported in the NSQD.  Of the 15 LU – EMC 
combinations, all but one of the median EMCs (industrial zinc) were lower in Los Angeles than 
median EMCs reported by NURP (US EPA 1983; Table 3-2).  Unlike the NSQD that was 
focused on data from the 1990’s, NURP data was collected during the 1970’s.  Therefore, the 
differences between median EMCs from NURP and median EMCs from Los Angeles were also 
a function of time.  Certainly this factor affected median EMCs for lead, which was phased out 
of gasoline in the mid-1980s (Marsh and Siccama 1997, Hunt et al. 2005).   

 
Further research is needed to directly assess the relationship between trace metal 

concentrations and particle-size distributions in storm water runoff from mass emission and land 
use sites to better understand the fate, transport and treatment of trace metals in urban runoff.  
Storm water borne trace metals are typically associated with particulates to varying degrees 
depending on the metal and the size distribution of suspended solids in the storm water runoff.  
Furthermore, the particle size distribution, and metal partitioning can change over the course of a 
storm event (Furumai et al. 2002).  Understanding the dynamic partitioning of trace metals to 
various size particles is important to being able to estimate temporal and spatial patterns of trace 
metal deposition in estuaries and harbors, and should be an area of future investigation.  Our 
understanding of the mechanisms of metal loading from urban land uses could also be improved 
by estimating the percent of directly connected impervious area (DCIA) in each land use 
category (i.e., percent rooftop, sidewalks, paved driveways and streets) and its impacts on storm 
water runoff concentrations and loads.  This could allow identification of critical source areas, 
which in turn could allow for more focused application of best management practices. 
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Table 3-1.  Mean annual (+ 95% confidence intervals) trace metal loading from different sources (mt = metric 
tons). 

 
 Mean Annual Load / Year (mt ± 95% CI) 
 Total Copper  Total Lead  Total Zinc 
Point Source Data1,2 (2000-2005)      

Large Publicly Owned Treatment 
Plants (POTWs)  10.9 ± 6.8  0.8 ± 0.8  13.9 ± 7.6 
Low Volume Waste Power 
Generating Stations (PGS)  0.01  0.00  0.09 

      
Wet Weather Runoff (2000-2005) 3      

Los Angeles River  1.6 ± 1.2  1.4 ± 1.5  9.8 ± 9.4 
Ballona Creek 0.7 ± 0.4  0.6 ± 0.3  4.3 ± 2.5 
Dominguez Channel 0.4 ± 2.4  0.2 ± 1.1  2.1 ± 11.0 

      
Total Annual Wet Weather Runoff  2.7 ± 4.0  2.2 ± 2.9  16.2 ± 22.9 

 

1SCCWRP Biennial Report 2004-06 (Lyons G, Stein E). 
2SCCWRP Biennial Report 2003-04 (Steinberger A, Stein E); PGS data represents year 2000 only. 
3This study 
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Table 3-2.  Comparison of Nationwide Urban Runoff Program (NURP) and National Storm water Quality 
Database to trace metals concentrations from specific land uses in the Los Angeles, California USA region.  
Median event mean concentration (EMCs) are in µg/L .  

 
 Constituent Median EMC (µg/L ) 
Land use Type  Total Copper  Total Lead  Total Zinc 

Overall       

LARW1  20  9  151 

NSQD2  16  16  116 

NURP3  34  144  160 
       
Residential       

LARW1  18  8  103 

NSQD2  12  12  73 

NURP3  33  144  135 
       
Commercial       

LARW1  17  4  156 

NSQD2  17  18  150 

NURP3  29  104  226 
       
Industrial       

LARW1  33  19  550 

NSQD2  22  25  210 

NURP3  27  114  154 
       
Open Space       

LARW1  8  1  23 

NSQD2  5  5  39 

NURP3  NA4  30  195 
        
12001-2005 This Study    
2The National Storm water  Quality Database (NSDQ), Pitt et 
al. (2003) 

 

3Nationwide Urban Runoff Program (USEPA 
1983a) 

 
  

4NA = Not 
analyzed 
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Figure 3-1.  Mean storm flux of total suspended solids (TSS; a), total copper b), total lead (c), and total zinc 
(d) at land use sites during 2000/01-2004/05 storm seasons.  Standard deviation (SD).   
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Figure 3-2.  Mean storm EMCs of total copper and total lead (top) and total zinc (bottom) at specific land use 
sites during the 2000/01-2004/05 storm seasons.  Standard deviation (SD). 
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Figure 3-3.  Plot of two principle components explaining 63% (y axis) and 17% (x axis) of the variation 
between trace metal concentrations at land use sites during 2000/01–2004/05 storm seasons.  High density 
residential-Los Angeles River (A), Low density residential(B), C ommercial (C), Industrial(I) , Agricultural(E), 
Recreation (horse; F), Transportation(G), Open space(H), and High density residential-San Gabriel River (I). 

RB-AR27560



 26 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3-4.  Average event mean concentrations (EMCs; top) and fluxes (bottom) of total copper and lead 
during the 2000/01 to 2004/05 storm seasons.  Los Angeles River (LAR), San Gabriel River (SGR) and Arroyo 
Sequit (AS), number of storm events (n), and standard deviation (SD).   
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Figure 3-5.  Metals loadings from early, mid, and late season storms in Ballona Creek during 2000/01 – 
2004/05 storm seasons for total copper and total lead.    The numbers above the bars in the graph indicate 
total event rainfall. 
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Figure 3-6.  Variation in total copper and lead concentrations with time for a storm event in the undeveloped 
Arroyo Sequit watershed (top) and developed Ballona Creek watershed (bottom).     
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Figure 3-7.  Cumulative load duration curves for total copper (a), total lead (b), and total zinc (c) for seven 
storms in the developed Ballona Creek watershed.  Reference line indicates a 1:1 relationship between 
volume and mass loading.  Portions of the curve above the line indicate proportionately higher mass loading 
per unit volume (i.e., first flush).  Portions below the line indicate the reverse pattern. 
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Figure 3-8.  First flush patterns of total copper (a), total lead (b), and total zinc (c) in relation to watershed 
size.  Dashed reference line indicates 25% of total mass loading in first 25% of total volume.   
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SECTION 4.  POLYCYCLIC AROMATIC HYDROCARBONS (PAHS) 
 

Results 
PAHs from Developed and Undeveloped Watersheds 

In-river total PAH loads, concentrations, and fluxes were higher for developed versus 
undeveloped watersheds. For the 14 storm events measured, mean PAH load from developed 
watersheds was 5.6 ± 5.1 kg/storm, while mean load from undeveloped watersheds was 0.03 ± 
0.02 kg/storm. Similarly, mean total PAH concentration from developed watersheds exceeded 
that from undeveloped watersheds (2,655.0 ± 1,768.1 ng/L vs 452.2 ± 444.9 ng/L; Tables 4-1 
and 4-2). Flux of PAHs from developed watersheds was 46 times greater than that from 
undeveloped watersheds (Table 4-1).  Mean PAH flux from the developed watersheds was 35.6 
± 69.8 g/km2 compared to 0.75 ± 0.77 g/km2 for the undeveloped watersheds.  When the 
anomalously high fluxes from the Dominguez watershed are removed, flux from the developed 
watersheds was 7.8 ± 8.6 g/km2, which is still greater than 10 times that of the undeveloped 
watersheds.  Furthermore, the higher fluxes from developed watersheds were generated by 
substantially less rainfall than the lower fluxes from the undeveloped watersheds (1.85 ± 0.97 cm 
for storms in developed watersheds vs. 6.11 ± 4.32 cm for storms in undeveloped watersheds). 

 

Annual PAH Loading in Storm water Runoff 

The estimated annual output rate of total PAHs in the Los Angeles River watershed 
during the 2002–2003 water year was around 34.9 kg/year (Table 4-1).  During this same period, 
Ballona Creek had an estimated annual output rate of approximately 20.0 kg/year into Santa 
Monica Bay.  The following water year (2003–2004), the storm-water runoff discharge rate from 
Ballona Creek increased by a factor of four (72.9 kg/year).  For comparative purposes, during the 
same time period, the Los Angeles River watershed discharged an estimated 150.6 kg/year of 
total PAHs into Santa Monica Bay.  Annual output rates for undeveloped watersheds could not 
be estimated because those sites are not gauged, and consequently annual storm volumes are not 
available for estimation of annual PAH loads. 

 
Effect of Rainfall Patterns 

Antecedent dry period (expressed as cumulative rainfall) was strongly correlated with 
total PAH concentration, load, and flux in an exponentially nonlinear manner (r2 = 0.54–0.81; 
Figure 4-1).  Early-season storms have significantly higher PAH loads than late-season storms 
both within and between watersheds, even when rainfall quantity is similar.  For example, the 
two early-season storms from Ballona Creek in water years 2002 and 2003 had total PAH 
loadings that were approximately four times larger (ranging from 7.9–8.3 kg) than the two 
storms that occurred at the end of the rainy season (1.1–1.8 kg), despite the early- and late-
season storms resulting from comparable rainfall.  When all watersheds are analyzed together, 
PAH concentration and load decrease with increasing cumulative rainfall until approximately 10 
cm (average annual rainfall is 33 cm), beyond which the effect is markedly less dramatic (Figure 
4-1). 
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PAH Variability Within Storms 

The greatest total PAH concentrations occurred during the rising limb of the storm 
hydrograph for nearly every storm sampled.  For example, peak concentrations (2,761 and 2,276 
ng/L, respectively) occurred before the peak in flow (757 and 101 cms) in both the Los Angeles 
River and Ballona Creek (Figure 4-2).  In the Los Angeles River example, peak total PAH 
concentrations occurred almost 8 h before the peak in storm flow. In the Ballona Creek example, 
a second peak in flow (75 cms) was also preceded by a second peak in total PAH concentration 
(1,015 ng/L). 

 
Despite a strong and consistent pattern of first flush in concentration, cumulative mass 

loading plots exhibited only a moderate first flush of PAHs. Between 40% and 60% of the total 
PAH load was discharged in the first 25% of storm volume for the storms examined in this study. 
The mass loading plots for Ballona Creek (Figure 4-3) illustrate a consistent pattern of higher 
mass loading in the early portions of the storm, with a slightly stronger first flush in late-season 
storms.  Land use sites showed a similar pattern of higher mass loading in the early portions of 
the storm however mid season storms (i.e., January-March) exhibited the strongest first flush. 

 
Potential Sources of PAHs 

Sources of PAHs were investigated by comparing concentrations and loads in runoff 
from homogeneous land uses sites. For all land use sites samples, mean PAH flux was between 
0.33 and 140 g/km2, while FWM concentration was between 4.6E ± 02 and 4.4E ± 03 ng/L 
(Table 4-3). Despite some apparent differences between land uses (e.g., high-density residential 
having higher concentrations and industrial having higher flux), no significant differences were 
observed in either concentration or flux among land use category (p = 0.94 and 0.60, analysis of 
covariance, with rainfall as a covariate). 

 
The relative proportion of individual PAH compounds can be used to determine the 

source of PAHs in storm water. The HMW PAHs dominated LMW PAHs in runoff from all 
storms analyzed, suggesting a pyrogenic source. During the May 2–3, 2003, storm, HMW PAHs 
in runoff from the Los Angeles River and Ballona Creek accounted for 72% of the total PAH 
concentrations from these watersheds (Figure 4-4 and Table 4-2). Similarly, HMW PAHs in 
runoff from the Dominguez channel watershed in Los Angeles County, California, USA, 
accounted for 74% of the total PAH concentrations from its watershed. Even in the undeveloped 
Arroyo Sequit watershed, HMW PAHs accounted for 63% of the total PAH concentrations. In all 
storms and at all sites, the HMW compounds fluoranthene and pyrene were the dominant HMW 
PAHs. Analysis of the distribution of PAHs within each storm event shows that HMW PAHs are 
predominant uniformly throughout each storm regardless of land use (Figure 4-5). The 
exceptions were the industrial oil refinery and the agricultural sites, where the proportions of 
HMW and LMW PAHs were comparable throughout the storm. In all cases (except the oil 
refinery and agricultural sites), the relative contribution of LMW PAH compounds averaged 14 
to 30% of the total PAH mass. Phenanthrene was the most dominant LMW PAH, comprising 7 
to 21% of the total PAH contribution (Table 4-2). 

 
The F/P ratio was between 0.9 and 1.2 for all storms in this study, indicating a strong 

predominance of pyrogenic PAH sources (Table 4-2). Furthermore, the P/A ratio was nearly 
always less than 21, once again indicating a strong predominance of pyrogenic PAH sources 
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(Table 4-2). Only one storm, March 17–18, 2002, at the Dominguez channel site, had a potential 
petrogenic source; the F/P ratio was 0.9, but the P/A ratio was .74. This result is consistent with 
the data from the land use sites, as the Dominguez watershed contains four major oil refineries. 
As with the distribution of HMW versusLMW PAHs, the F/P and P/A ratios indicate a consistent 
pyrogenic source for all lands use and mass emission sites regardless of the point within the 
storm (Figure 4-6). Again, the exception was at the industrial oil refinery, where the P/A ratio is 
low until the peak runoff occurs, at which time it rises to between 17 and 20. For both Ballona 
Creek and the Los Angeles River, a moderate, transient increase in the P/A ratio occurs 
coincident with the time of peak flow (Figure 4-4). 

 
Discussion 

Anthropogenic sources of total PAHS in storm-water runoff from urbanized coastal 
watersheds appears to be a significant source of PAHs to the southern California Bight.  
Estimates from this study based on FWM concentrations and gauged annual discharge volume 
indicate that during the study period approximately 92.8 and 32.7 kg/year of total PAH were 
discharged annually from the Los Angeles River and Ballona Creek watersheds, respectively.  
Over the same time period, the combined treated wastewater discharge from the city and county 
of Los Angeles ( 2.8 x 106 m3/d) discharged an estimated 740 kg of PAHs to the southern 
California Bight (Steinberger et al. 2003).  The main difference between the two types of 
discharges is the delivery of the load to the coastal oceans; the treated wastewater discharge 
occurs in small, steady doses that occur daily, while storm-water loading occurs over the 10 to12 
precipitation events that this region averages annually.  The impact of the total PAHs in storm 
water discharged from urbanized watersheds is also reflected in receiving waterbody impacts. 
Regional monitoring of the southern California Bight revealed that the highest concentrations of 
PAHs were associated within bay and harbor areas that receive inputs from urbanized coastal 
watersheds (Noble et al. 2003).  Bays and harbors only accounted for 5% of the total area of soft-
bottom habitat but contained approximately 40% of the total PAH mass residing in southern 
California Bight surficial sediments.  A second concern is the cost of remediating PAH in 
dredged materials.  Total PAH is one of the most commonly occurring contaminants in dredged 
materials from San Pedro Bay (Steinberger and Schiff 2003).  While some of these contaminants 
likely arise from port and industrial activities, they are colocated at the mouths of the Los 
Angeles River and Dominguez Channel watersheds, which is likely a contributing source. 

 
The impact of PAH contributions on receiving waters from urbanized watersheds are not 

constrained to the southern California Bight.  The National Status and Trends Program, which 
samples sediments and tissues in estuaries and coastal areas nationwide, repeatedly finds 
elevated PAHs near urban centers (Daskalakis and O'Conner 1995).  San Pedro Bay (CA, USA) 
ranked third nationwide in total PAH concentration in mussel tissue during 2002.  The top two 
locations are Elliott Bay (WA, USA) and Puget Sound (WA, USA), both located near urban 
centers.  On the East Coast, Long Island Sound (NY, USA) adjacent to New York City was 
ranked fourth. 

 
The annual watershed loading of PAHs estimated from this study are lower than those 

estimated from two studies in the eastern United States.  Hoffman et al. (1984) estimated 680 
kg/year of PAH loading from the 4,081 km2 Narragansett Bay watershed in Rhode Island, USA. 
Similarly, Menzie et al. (2002) estimated 640 kg/year of PAH loading from the 758 km2 
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Massachusetts Bay, USA, watershed.  This difference may be explained by several factors.  First, 
PAH loading relies on washoff of aerially deposited materials (the process by which airborne 
toxic contaminants enter coastal waters via aerial fallout).  Watersheds in the western United 
States typically experience less than one-third rainfall and runoff volumes than comparably sized 
watersheds in the eastern United States.  The lower volumes of annual runoff likely translate to 
lower loads.  This may seem counter-intuitive; however, if the primary pollutant source to the 
land surface is aerial deposition (vs. being generated by activities within the land use), there is a 
practical limit to the amount of material that can accumulate.  Previous studies have shown that 
physical processes such as wind or turbulence from traffic can limit pollutant accumulation on 
roads and other impervious surfaces (Pitt and Shawley 1981, Asplund et al. 1982, Kerri et al. 
1985).  Chemical processes, such as volatilization or oxidation can also limit the accumulation of 
potential pollutants on impervious surfaces (Hewitt and Rashad 1992).  Because of the 
asymptotic nature of PAH buildup, loading to receiving waters is controlled by the frequency 
and magnitude of runoff events that “cleanse” impervious surfaces and provide subsequent 
opportunity for additional material to accumulate.  A second reason for higher estimated PAH 
loading in the eastern United States is that PAHs are generated predominantly from concentrated 
point sources, such as coal-fired power plants. Southern California does not have coal-fired 
power plants; rather, PAHs are predominantly from mobile sources (cars, trucks, and trains), 
which discharge more diffusely across the region.  

 
Concentrations in runoff from land use sites in this study were between 0.03 and 7.84 

µg/L; these values are similar to those observed in previous studies by others.  For example, 
Mahler et al. (2004) reported PAH concentrations between 5.1 and 8.6 µg/L in parking lot 
runoff, and Menzie et al. (2002) reported concentrations between 1 and 14 µg/L from a broad 
range of land uses.   

 
In contrast to the results of this study, storm-water monitoring by local municipalities in 

southern California consistently report no detectable PAHs in storm water. This discrepancy is 
likely attributable to two factors. First, the practical PAH detection limit used by local 
municipalities is typically between 1 and 5 µg/L, which is acceptable by U.S. EPA regulatory 
guidelines. However, the mean FWM concentrations in storm water during this study were often 
lower than this level. The second factor is the sampling design used for regulatory-based 
monitoring. Most local municipalities are mandated to collect a storm composite sample that do 
not emphasize (and may completely miss) the first flush of total PAH that was observed. We 
almost always observed the greatest peaks in total PAH concentrations during initial storm flows, 
up to 8 h before peak flow. This pronounced first flush suggests that in highly urbanized 
watersheds, particle-bound PAHs may be rapidly mobilized from impervious land surfaces 
during the early portions of storms. Similar first-flush patterns in PAH concentrations during 
storms were observed by Hoffman et al. (1984) and (Smith et al. 2000).  Furthermore, (Buffleben 
et al. 2002; University of California, Los Angeles, Los Angeles, CA, USA, unpublished data) 
also observed that peak PAH concentrations in Ballona Creek occur up to 14 h before peak flow. 

 
Seasonal flushing at mass emissions sites was one phenomenon not previously reported 

by others. Seasonal flushing occurred when early-season storms consistently discharged higher 
PAH loads than storms of a similar size or larger later in the season.  This seasonal effect was 
correlated with the length of antecedent dry condition but not with rainfall quantity.  The lack of 
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a meaningful relationship between rainfall quantity and PAH loading has been reported in 
several other studies (Eaganhouse et al., Hoffman et al. 1984).  Hoffman et al. (1984) suggested 
that the lack of a clear relationship was due to the complex spatial and temporal dynamics 
associated with rain patterns, which may affect runoff patterns more than the total amount of 
rainfall during a given storm. In addition, differential particle wash-off from land surfaces may 
mask any differences associated with total rainfall.  The strong relationship between PAH flux 
and antecedent dry period suggests that storm-event PAH loads are a function primarily of the 
amount of time available for PAHs to build up on the land surfaces between subsequent rain 
events. The PAH loads from land surfaces during later-season storms (i.e., after 10 cm of 
accumulated rainfall) may reflect contributions from wet deposition or from localized 
accumulation; however, we currently lack the data to answer this question definitively. Analysis 
of PAH concentration in wet deposition would help improve our understanding of the sources of 
PAHs during the latter part of the storm season. Environmental managers can use this knowledge 
of temporal patterns of PAH loading to focus efforts on storm capture or treatment during the 
early portions of storms and during the earliest storms of the year. 

 
Sources of PAHs in Storm water 

Several lines of evidence implicate aerial deposition and subsequent wash-off of 
combustion by-products as the main source of PAH loading in storm water. First, the flux of total 
PAHs among large developed watersheds were similar throughout the urbanized region of Los 
Angeles, suggesting a similar regional source of PAHs.  If urban land use distribution strongly 
influenced PAH loadings, then flux would have differed by watershed based on differential 
urban land use practices. In fact, no difference was observed in PAH concentrations in runoff 
between various urban land uses, which differs from the findings of previous studies from the 
eastern United States (Ngabe et al. 2000).  Menzie et al. (2002) concluded that residential and 
commercial land uses generated higher PAH concentrations than other land use types because of 
secondary petrogenic sources that enhanced the regional pyrogenic source of PAHs.  Hoffman et 
al. (1984) found that runoff from industrial and highway sites had higher PAH concentrations 
than residential runoff but accounted for these differences in runoff dynamics as opposed to 
unique sources. 

 
Second, the relative abundance of individual PAHs in runoff indicates a strong pyrogenic 

source indicative of combusted fossil fuels. The typical distribution of PAHs observed from mass 
emission sites (Figure 4-7) was similar to the distribution of PAHs observed in dry deposition 
collected in Los Angeles by Sabin et al. (2004). Furthermore, in this study, HMW PAH 
consistently comprised approximately 73% of the total PAH concentration regardless of land 
use.  Hoffman et al. (1984) reported comparable results in their study of urban runoff in Rhode 
Island’s Narragansett Bay watershed, where HMW PAHs accounted for 71% of the total inputs 
to Narragansett Bay.  A more recent study by Menzie et al. (2002) of PAHs in storm-water 
runoff in coastal Massachusetts identified similar HMW PAH compounds as observed in this 
study (chrysene, fluoranthene, phenanthrene, and pyrene) as the primary PAH compounds in 
storm water. Similarly, (Soclo et al. 2002) found that high PAH loads associated with storm-
water runoff to the Cotonou Lagoon in Benin were characterized by HMW PAHs that appear to 
be derived from atmospheric deposition. The consistent predominance of HMW PAHs 
throughout all storms, even during the period of first flush, further indicates a consistent regional 
source, such as aerial deposition. If specific land uses were generating secondary petrogenic 
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wash-off as suggested by Menzie et al. (2002), the distribution of PAHs would have changed 
during the storm; however, we did not observe any differences within storms.  The exception to 
this pattern was for the industrial oil refinery site, where the signature of petrogenic PAHs was 
more pronounced.  This makes sense given the obvious petrogenic source associated with this 
land use type.  Nevertheless, the pyrogenic signature was still prevalent at this land use, 
especially during the latter portions of the storm. 

 
The PAH sources can also be inferred by examining ratios of particular PAHs in runoff 

samples. We used both the fluoranthene/pyrene (F/P) and phenanthrene/anthracene (P/A) ratios. 
Small F/P ratios close to 0.9 suggest that individual PAHs are associated with combustion 
products (Maher and Aislabie 1992); in contrast, large F/P ratios suggest petrogenic sources of 
PAHs (Colombo et al. 1989;Table 4-4). Both the F/P and the P/A ratios observed in this study 
indicate that aerial deposition of combustion by-products is likely the dominant source of PAHs 
in the watersheds that drain to the greater Los Angeles coastal region, and this source is 
consistent during all portions of storm-water runoff. Several additional ratios have been used to 
assess the different sources of PAHs. Takada et al. (1990) used methylated/parent PAH ratios as 
indicators of PAH sources. Results showed that PAHs in runoff from residential streets had a 
more significant contribution from atmospheric fallout of other combustion products.  Zakaria et 
al. (2002) explained their low ratios of methylphenanthrene to phenanthrene (MP/P; <0.6) to 
mean that combustion- derived PAHs are transported atmospherically for a long distance and 
serve as background contamination. The ratios of methylphenanthrene to phenanthrene in our 
study (0–0.2) also suggest a strong contribution of aged urban aerosols to overall PAH loads 
(Nielsen 1996, Simo et al. 1997, Hwang et al. 2003).  Watersheds in the greater Los Angeles area 
are heavily urbanized; therefore, ample opportunity exists for combustion-derived aerosols that 
generate particulate matter to be deposited on land surfaces. The petrogenic signature seen in the 
Dominguez Channel can be explained by the presence of slightly different sources in this 
watershed.  The Dominguez watershed contains a high density of oil refineries and other 
industrial land uses that drain directly to the Ports of Los Angeles and Long Beach. The presence 
of multiple oil refineries discharging to a single stream explains the concentration of petrogenic 
PAHs in this area. 

 
Conclusions based on ratios of specific PAH compounds should be used with some 

caution, especially because a relatively limited set of PAHs were analyzed in this study. 
Furthermore, if reference (or source) samples were not analyzed, it is always a good idea to use 
these ratios on a relative basis. Nevertheless, the preponderance of evidence from this study, 
combined with the well-documented fact that atmospheric deposition (both wet and dry) is the 
major source of contamination in arid and semiarid climates, such as that existing in southern 
California (Sabin et al. 2004, Gunther et al. 1987), supports the conclusions of this study: The 
predominant source of PAHs in urban storm water in the greater Los Angeles area is from aerial 
deposition and subsequent wash-off of PAHs associated with combustion byproducts. 
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Table 4-1.  Storm-water polycyclic hydrocarbon mass emissions from in-river sampling locations.  Annual loads are based on water year, as indicated 
in the foot notes.  Cubic meters per second(cms);  Standard deviation (SD); Polycyclic aromatic hydrocarbons (PAH); and Event mean 
concentration(EMC). 

 

       Total PAHs  

Mass Emission Sites Size Date of Rainfall Antecedant Mean Flow Peak Flow EMC Flux Mass Emissions 
Annual  

Total PAH 
  km2 Storm Event (cm) Dry Days (cms) (cms) ng/L SD (kg/km2) (kg) SD (kg/year) 

LA River above Arroyo Seco 1460 11/12 - 11/13/2001 1.73 127 62.6 262.5 3,256.80 846.70 0.0049 7.16 0.35 3.74a 
              

LA River at Wardlow 2161 5/2 - 5/3/2003 3.56 4 209.9 756.7 470.70 453.20 0.0023 4.90 0.32 34.9b 
2/2/04 1.14 29 90.4 375.6 3,559.33 1,185.50 0.0 13.93 0.99 150.6c 

           Mean Load: 92.8 ± 81.8 
            

Verdugo Wash 65 11/12 - 11/13/2001 1.83 11 68.5 368.2 4,283.70 2,043.20 0.2236 14.54 0.83 NAd 
10/31 - 11/1/2003 1.74 30 56.5 155.0 4,992.30 1,093.30 0.1529 9.94 0.46 NA 

              

Arroyo Seco 130 2/9 - 2/11/2001 3.56 12 2.9 13.5 788.80 177.80 0.0009 0.11 0.01 2.79e 
4/6 - 4/7/2001 1.78 30 7.8 21.8 816.50 258.50 0.0016 0.20 0.01  

              

Ballona Creek 338 

4/6 - 4/7/2001 1.24 31 32.6 100.9 948.70 379.90 0.0054 1.81 0.13 20.5e 
11/24 - 11/25/2001 1.52 11 53.1 396.2 3,118.90 1,104.80 0.0246 8.30 1.78 17.3a 

5/2 - 5/3/2003 2.03 4 52.8 134.4 981.70 583.00 0.0032 1.08 0.12 20.0b 
10/31 - 11/1/2003 2.03 30 62.0 148.1 5,821.20 1,814.90 0.0233 7.87 0.54 72.9c 

           Mean Load: 32.7 ± 26.8 
             

Dominguez Channel 187 3/17 - 3/18/2002 0.28 10 4.8 14.0 3,293.40 791.80 0.0013 0.24 0.01 NA 
2/21 - 2/22/2004 1.52 18 14.7 35.5 2,182.10 745.20 0.0123 2.31 0.09 NA 

              

Santa Monica Canyon 41 4/6 - 4/7/2001 3.05 50 0.6 3.0 766.8 247.2 0.0002 0.01 0.00 NA 
              

Open Space Arroyo Sequit 31 2/25 - 2/26/2004 9.17 2 3.4 21.9 137.6 0.0 0.0013 0.04 0.00 NA 
 

aWater year 2002 = October 2001-September 2002 
bWater year 2003 = October 2002-September 2003 
cWater year 2004 = October 2003-September 2004 
dNA = annual storm volumes not available; consequently, annual loads could not be estimated 
eWater year 2001 = October 2000-September 2001 
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Table 4-2.  Total polycyclic aromatic hydrocarbons (PAHs) and selected polycyclic aromatic hydrocarbon ratios.  Event mean concentration (EMC);  
High-molecular-weight compounds (HMW). 

 

Mass Emission Sites Date of  
EMC
PAHs

EMC  
Pyrene 

Pyrene/ 
PAHs 

Fluoranthene/
Pyrene 

Phenanthrene/
Anthracene 

EMC 
Phenanthrene 

Phenanthrene/
PAHs HMW 

Dominant 
Sources of 

  Storm Event  (ng/L) (ng/L) (%) Ratio Ratio (ng/L) (%) (%) Origin 

LA River above Arroyo Seco 11/12 - 11/13/2001  3256.8 427.9 13.1 1.1 8.0 291.3 8.9 76.4 Pyrogenic 
             

LA River at Wardlow 5/2 - 5/3/2003  470.7 133.5 28.4 1.1 20.9 97.3 20.7 69.7 Pyrogenic 
  2/2/04  3559.3 401.0 11.3 1.0 7.5 278.1 7.8 71.8 Pyrogenic 
             

Verdugo Wash 11/12 - 11/13/2001  4283.7 593.8 13.9 1.1 7.8 373.0 8.7 83.5 Pyrogenic 
10/31 - 11/1/2003  4992.3 677.9 13.6 0.9 11.6 341.8 6.8 82.0 Pyrogenic 

             

Arroyo Seco 2/9 - 2/11/2001  788.8 131.9 16.7 1.0 8.6 101.2 12.8 81.7 Pyrogenic 
4/6 - 4/7/2001  816.5 135.0 16.5 1.1 7.2 101.9 12.5 84.6 Pyrogenic 

             

Ballona Creek 

4/6 - 4/7/2001  948.7 177.9 18.8 0.9 4.9 89.6 9.4 88.7 Pyrogenic 
11/24 - 11/25/2001  3118.9 428.8 13.8 1.0 8.1 302.9 9.7 71.8 Pyrogenic 

5/2 - 5/3/2003  981.7 237.4 24.2 1.0 4.3 122.3 12.4 74.6 Pyrogenic 
10/31 - 11/1/2003  5821.2 786.2 13.5 1.1 10.2 473.0 8.1 82.7 Pyrogenic 

             

Dominguez Channel 3/17 - 3/18/2002  3293.4 534.6 16.2 0.9 74.9 508.2 15.4 77.5 Petrogenic 
2/21 - 2/22/2004  2182.1 308.8 14.2 1.1 6.4 210.5 9.6 69.7 Pyrogenic 

             

Santa Monica Canyon 4/6 - 4/7/2001  766.8 134.9 17.6 1.0 4.1 73.8 9.6 86.5 Pyrogenic 
             

Open Space Arroyo Sequit 2/25 - 2/26/2004  137.6 14.3 10.4 1.2 10.2 17.2 12.5 63.0 Pyrogenic 
            
  Mean PAHs (ng/L) 2,300.00         
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Table 4-3.  Event mean concentration (EMC) and mass loading of polycyclic aromatic hydrocarbons (PAHs) from land use sites.  Site numbers indicate 
different sites within a given land use category.  SD = standard deviation; NA = watershed size not available. 

 
       Total PAHs 

Land-use Type Size Date of Rainfall Dry Mean Flow Peak Flow Flux EMC 

  (km2) Storm Event (cm) Days (cms) (cms) (kg/km2) (ng/L) SD 

High Density Residential #1 0.02 2/17/02 0.89 21 0.001 0.006 1.8E-03 1.92E+03 7.03E+02 
High Density Residential #1 0.02 2/2/04 1.19 2 0.0042 0.0251 2.0E-02 3.31E+03 1.00E+03 
High Density Residential #2 0.52 3/17 - 3/18/2002 0.20 27 0.000 0.003 1.1E-05 7.84E+03 5.99E+03 
High Density Residential #3 1.0 12/28/04 3.25 0 0.009 0.080 2.45E-06 

 

7.11E+00 2.97E+00 
High Density Residential #3 1.0 2/11/05 1.35 13 0.004 0.016 5.4E-08 5.06E-01 1.28E-01 

Mean High Density Residential #1        7.2E-03 4.4E+03 2.6E+03 

Mean High Density Residential #3       1.2E-06 3.8E+00 1.6E+00 
          

Low Density Residential #1 0.98 3/4 - 3/5/2001 2.67 3 0.017 0.071 7.2E-05 1.55E+02 5.54E+01 
Low Density Residential #1 0.98 2/2/04 2.26 2 0.030 0.143 3.3E-03 3.3E+03 1.6E+03 
Low Density Residential #2 0.18 3/17 - 3/18/2002 2.13 9 0.008 0.116 1.7E-03 8.86E+02 1.82E+02 

Mean Low Density Residential        1.7E-03 1.4E+03 6.0E+02 
          

Commercial #1 NA 2/17/02 0.89 20 0.002 0.008 NA 2.27E+02 1.63E+02 
Commercial #2 2.45 2/17/02 0.74 20 0.337 1.340 7.7E-03 4.43E+03 2.05E+03 
Commercial #3 0.06 4/6 - 4/7/2001 2.03 31 0.008 0.018 8.2E-05 3.00E+01 1.95E+01 
Commercial #3 0.06 3/17 - 3/18/2002 0.12 9 0.000 0.001 2.9E-06 2.08E+02 6.93E+01 

Mean Commercial        2.6E-03 1.2E+03 5.8E+02 
          

Industrial #1 0.004 4/6 - 4/7/2001 2.06 31 0.008 0.017 5.7E-03 1.36E+02 6.85E+01 
Industrial #2 0.001 2/17/02 0.74 20 0.000 0.002 2.9E-03 6.31E+02 3.42E+02 
Industrial #3 2.77 3/17 - 3/18/2002 0.25 9 0.000 0.003 6.6E-06 4.41E+03 2.29E+03 
Industrial #4 0.01 3/15/03 4.50 9 0.117 0.375 5.6E-01 8.89E+02 7.55E+02 

Mean Industrial        1.4E-01 1.5E+03 8.6E+02 

 
 

RB-AR27577



 43 

Table 4-3.  Continued 
 
       Total PAHs 

Land-use Type Size Date of Rainfall Dry Mean Flow Peak Flow Flux EMC 

  (km2) Storm Event  (cm) Days (cms) (cms) (kg/km2) (ng/L) SD 

    3/4 - 3/5/2001 2.74 3 0.021 0.053 4.3E-04 6.83E+02 7.77E+02 
Agricultural #1 0.98 3/17 - 3/18/2002 0.23 10 0.012 0.031 2.0E-05 4.55E+02 1.72E+02 
    2/2/04 1.17 2 0.0228 0.128 5.3E-04 1.43E+03 2.09E+03 

Mean Agricultural        3.3E-04 8.6E+02 1.0E+03 
          

Recreational (horse) 0.03 3/4 - 3/5/2001 1.42 3 0.003 0.014 1.8E-03 4.58E+02 2.97E+02 
Mean Recreational        1.8E-03 4.6E+02 3.0E+02 

          

Transportation #1 0.01 4/6 - 4/7/2001 3.05 31 0.022 0.057 1.4E-02 3.63E+02 2.53E+02 
Transportation #2 0.002 2/17/02 0.89 47 0.001 0.006 3.7E-03 5.95E+02 3.16E+02 

Mean Transportation        8.9E-03 4.8E+02 2.8E+02 
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Table 4-4.  Selected polycyclic aromatic hydrocarbon ratios and their source signature ranges. 
 

Indicator Pyrogenic  Petrogenic   Reference 
      

Fluoranthene / Pyrene Ratio 0.9 - 1  >1  Maher and Aislabie, 1992 
 

Phenanthrene / Anthracene Ratio 3 - 26  >26  Gschwend and Hites, 
1981; Lake et al., 1979 

Methylphenanthrene / 
Phenanthrene Ratio 

<1.0  2 - 6  Hwang et al., 2003 
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Figure 4-1.  Cumulative annual rainfall versus polycyclic aromatic hydrocarbon (PAH) event mean 
concentration (EMC; a), load (b), and flux (c).  Plots show data for mass emission sites only. 
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Figure 4-2.  Variation in polycyclic aromatic hydrocarbon (PAH) concentrations with time for storm events in 
Ballona Creek (top) and Los Angeles River (bottom). 
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Figure 4-3. Cumulative polycyclic aromatic hydrocarbon mass loading for four storms in Ballona Creek. Plots 
show percent of mass washed off for a given fraction of the total runoff. Reference line indicates a 1:1 
relationship between volume and mass loading.  Portions of the curve above the line indicate proportionately 
higher mass loading per unit volume (i.e., first flush). Portions below the line (if any) indicate the reverse 
pattern. 

 

Ballona Creek

Fraction Total Volume

0.0 0.2 0.4 0.6 0.8 1.0

Fr
ac

tio
n 

To
ta

l M
as

s

0.0

0.2

0.4

0.6

0.8

1.0

April 6-7, 2001
November 24-25, 2001
Oct. 31 - Nov. 1, 2003
May 2-3, 2003
Reference Line

 

RB-AR27582



 48 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
Figure 4-4.  Distribution of polycyclic aromatic hydrocarbons (PAHs) within storms for mass emission sites.  
Plots on the left (a–c) show distribution of high- versus low-molecular-weight PAHs throughout individual 
storms. Plots on the right (d–f) show phenanthrene/anthracene (P/A) and fluoranthene/pyrene (F/P) ratios 
throughout individual storms. Peaks in the P/A ratio correspond to peak storm flows. 
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Figure 4-5.  Distribution of polycyclic aromatic hydrocarbons (PAHs) within storms for representative land 
use sites (a–f). Plots show distribution of high- versus low-molecular-weight PAHs throughout individual 
storms. Data are shown for six sites that represent the results observed for the 15 land use sites where data 
were collected. 
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Figure 4-6.  Distribution of polycyclic aromatic hydrocarbons within storms for representative land use sites. 
Plots (a–f) show phenanthrene/anthracene (P/A) and fluoranthene/pyrene (F/P) ratios throughout individual 
storms. Data are shown for six sites that represent the results observed for the 15 land use sites where data 
were collected. 
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Figure 4-7.  Relative distribution of individual polycyclic aromatic hydrocarbon compounds for Ballona Creek 
(a) and Los Angeles River (b) on May 2–3, 2003. 
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SECTION 5.  FECAL INDICATOR BACTERIA (FIB)  
 

Results 
FIB from Developed and Undeveloped Watersheds  

E. coli, Enterococcus spp. and total coliforms occurred at all ME sites at concentrations 
that consistently and uniformly exceeded CA water quality standards (Figure 5-1).  Mean E. coli, 
Enterococcus spp. and total coliforms EMCs and fluxes were significantly greater at ME sites 
from developed compared to undeveloped watersheds (ANOVA, p = 0.006).  For example the 
mean EMC at the developed Ballona Creek watershed was two orders of magnitude higher than 
at the undeveloped Open Space Arroyo Sequit watershed (104 MPN/100 mL vs. 102 MPN/100 
mL, respectively; Fig. 5-1a).  Bacteria EMCs were typically higher in the Los Angeles River 
compared to the other watersheds sampled.   

 
Bacterial flux from ME sites exhibited a similar pattern as that observed for the EMCs.  

For example, E. coli fluxes were two orders of magnitude higher at the developed Ballona Creek 
watershed versus the undeveloped Arroyo Sequit watershed (i.e., 1012 colonies/km2 vs. 1010 
colonies/km2, respectively; ANOVA, p = 0.02, Figure 5-1b).  Similarly, Enterococcus spp., and 
total coliforms fluxes were substantially higher for the developed watersheds versus the 
undeveloped watershed, but these differences were not statistically significant.  Furthermore, the 
higher fluxes from developed watersheds were generated by substantially less rainfall than the 
lower fluxes from the undeveloped watersheds (2.07 1.22 cm for storms in developed 
watersheds vs 6.49 3.79 cm for storms in undeveloped watersheds).  

 
FIB Concentration and Flux from Specific Land-use Types 

Figure 5-2 shows the median FIB concentrations for the storm events sampled for each 
LU category. Mean E. coli, EMCs from the recreational LU site were significantly higher than 
the commercial, high density residential, industrial and transportation LU sites (i.e., 5.3x105 

MPN/100mL ± 1.7x105, p=0.004, Appendix B-15) and were an order of magnitude higher than 
mean EMCs observed at ME sites.  Agricultural LU sites contributed the second highest mean 
indicator bacteria EMCs but were not statistically different from all other LU sites (i.e., 4.0x104 

MPN/100mL ± 1.4x104 E. coli, 1.2x105 MPN/100mL ± 9.6x104 Enterococcus spp. and 6.4x105 

MPN/100mL ± 9.6x104 total coliforms).  
 
Direct comparison of flux showed that storm water from agricultural, recreational and 

industrial LU sites had the highest mean FIB fluxes.   Most of the developed LU types exhibited 
comparable fluxes of 1011 colonies/km2 (Appendix B-15).  In contrast, the agricultural LU 
contributed substantially higher flux of both Enterococcus spp. and total coliforms (e.g. mean 
Enterococcus flux = 1014 colonies/km2 (Appendix B-15).  Mean FIB fluxes at the open space LU 
were comparable to those observed at developed LU sites (e.g. 1012 colonies/km2; Appendix B-
15).  
Correlation between FIB and TSS Concentration 

A simple Spearman’s correlation matrix (Table 5-1) of TSS, stream flow and FIB 
indicates that E. coli was significantly positively correlated (p <0.0001) with TSS from 
agricultural, recreational and open LU sites.  E. coli concentration from low-density residential 
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and industrial LU sites were weakly correlated with TSS.  Enterococcus spp. was significantly 
correlated (p <0.0001) with total suspended solids from low-density residential, agricultural, 
recreational and transportation LU sites and all correlations with the exception of the low-density 
residential site were positive.  Enterococcus spp. counts from commercial and open LU sites 
were weakly and positively correlated with TSS.  Both E. coli and Enterococcus spp. had 
correlation coefficients (Spearman’s rho or ) between 0.5 and 0.8, indicating that similar 
processes may have controlled the effect of TSS on each of these parameters.  FIB 
concentrations were only significantly correlated (p <0.0001) with stream flow at the 
commercial, high-density residential and agricultural LU sites.   

 
California Bacterial Water Quality Standards  

Bacteria concentrations exceeded the California beach water quality single-sample water 
quality standard in almost all of the samples collected during this study.  Concentrations of FIB 
at many LU sites were as high as those found in primary wastewater effluent (10 6-107 
MPN/100ml).  Cumulative density frequency plots showed 98%, 94% and 92% of the in-river 
storm water samples for Enterococcus spp., E. coli and total coliforms bacteria exceeded CA 
ambient water quality standards (Figure 5-3).  Similar results were observed at LU sites.  
Approximately 80% of all samples exceeded water quality thresholds at LU sites for at least one 
indicator (i.e., E. coli exceedence = 83%; Figure 5-3).  The above comparisons are based on 
receiving water quality standards.  If compared to the proposed freshwater standards, which are 
approximately 60% lower than the receiving water standards, the exceedances would be slightly 
higher. 

 
Large-sized watersheds (>100 km2) exhibited the greatest frequency of water quality 

threshold exceedences (Figure 5-4).  More than any other indicator, concentrations of 
Enterococcus spp. were responsible for the majority of water quality threshold exceedences 
across all three watershed size categories, exceeding thresholds 98% of the time for both large 
and medium-sized watersheds (25-100 km2), and 96% of the time for small-sized watersheds.  E. 

coli and total coliform concentrations followed a decreasing frequency of exceedences in terms 
of watershed size (i.e., large > medium > small). 

 
Temporal Patterns in Indicator Bacteria Loading  

Effect of Rainfall Patterns: Indicator bacteria from LU sites showed little variation 
when evaluated for seasonal differences between early- and late- season storms.  In contrast, 
antecedent dry period (expressed as cumulative annual rainfall) was strongly correlated with FIB 
concentrations from ME sites in an exponentially non-linear manner (r2 = 0.67-0.92; Figure 5-5).  
Early-season storms generally had higher Enterococcus spp. and total coliforms EMCs than late-
season storms both within and between watersheds with an inflection point at approximately 10 
cm, even when rainfall quantity was similar.  For example, the early-season storm from Ballona 
Creek in water year 2004 had an Enterococcus spp. EMC two times larger (3.0 x 104 
MPN/100mL) than the storm that occurred at the end of the rainy season in water year 2003 (1.6 
x 104 MPN/100mL), despite the early- and late-season storms resulting from comparable rainfall 
(approx. 3.0 cm).  The results for E. coli EMCs from early- and late- season storms were 
comparable.  When all watersheds are analyzed together E. coli, Enterococcus spp. and total 
coliforms concentrations decrease with increasing cumulative annual rainfall until approximately 
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10 cm (average annual rainfall is 33 cm), beyond which the effect is markedly less dramatic 
(Figure 5-5).    

 

With-in Storm Variability 

FIB concentrations varied with time and as a function of flow over the course of storm 
events.  Figures 5-6 and 5-7 show the pattern of change throughout storm events for E. coli and 
Enterococcus spp..  In all cases, bacterial concentrations increased markedly preceding peak 
flow (compared to base flow level).  Enterococcus spp. concentrations stayed high for a 
relatively short period at the developed Ballona Creek site (2.4 x 105 MPN/100mL) and then 
decreased back to base levels within two hours (Figure 5-6a).  In contrast, E. coli concentrations 
were more variable exhibiting two separate peaks around 2.6 x 104 MPN/100mL and an order of 
magnitude lower than Enterococcus spp. concentrations (Figure 5-6b)1.  Although the pattern of 
an early peak in concentration was comparable in both undeveloped and developed watersheds, 
in the undeveloped watersheds the peak concentration tended to occur later in the storm and 
persist for a longer duration (i.e., three to four hours; Figure 5-7).  Furthermore, flow continued 
above base flow conditions for a longer duration in the undeveloped watersheds however FIB 
concentrations steadily decreased following the early peak in storm.  We cannot make 
conclusions about the consistency of these patterns given the small number of storms sampled at 
undeveloped watersheds.   

 
Discussion 

The relatively higher bacteria concentrations from recreational and agricultural LU sites 
may be due to several sources.   Sources of bacteria include domestic pet and wildlife wastes that 
are deposited, stored, or applied to the land, a fact that may account for the high E. coli and 
Enterococcus spp. EMCs, and overall mean flux of 1.4 x 1013 and 1.1 x 1014 colonies/km2, 
respectively observed at the agricultural sites during this study.  In contrast, land use sites, such 
as industrial areas and built-out residential areas, have proportionately less direct sources of fecal 
material and have lower sediment concentrations in storm water than do mixed LU and 
developing areas (i.e., recreational, Mallin 1998, Burnhart 1991).  This difference in source 
material may be a factor that accounts for why these LU sites had lower indicator bacteria EMCs 
and fluxes. 

 
The association of bacteria with storm water particles may also explain differences in E. 

coli and Enterococcus spp. concentrations from different LU sites.  Correlations of FIB with TSS 
from recreational and agricultural LU sites indicate associations with particulate material, but it 
is unclear if that particulate material resulted from soils transported to the stream from these LU 
sources or from erosion and resuspension of sediment already in the streambed from upland 
sources. Other studies have implicated streambed sediment and its resuspension (Matson et al. 
1978, Francy et al. 2000, Embrey 2001) as sources and principal transport vectors for bacteria.  
The higher indicator bacterial concentrations at the recreational and agricultural land use sites 
indicate that bacteria associated with these areas may be directly associated with sources at those 
sites.  Another possible explanation for the high FIB concentrations at agricultural sites may be 

                                                 
1 Unfortunately FIB samples were not collected prior to 3:30 AM due to failure to be on site when storm 

commenced. 
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due to the regular application of fertilizers, algaecides and fungicides (Niemi 1991, Cook and 
Baker 2001). Assessing particle size distribution over the entire storm duration at these LU sites 
may provide a clearer or consistent particle source association.  Interestingly, indicator bacteria 
concentrations were only significantly correlated ( p<0.0001) with stream flow at the commercial 
and high-density residential LU sites even though bacteria in streams are commonly associated 
with suspended particles (Schillinger and Gannon, 1985, Hunter et al. 1999), either because they 
were transported to the streams attached to the particles, they were bound to streambed sediment 
(Matson et al.1978) that has been resuspended (Grimes 1975, Matson et al.1978, Hunter et al. 
1999) or because of specific bacterial affinities for sediment particles (Scholl and Harvey 1992, 
Bolster et al. 2001) that may occur in the water column.  Although bacterial transport has been 
correlated with stream stage (Hunter et al. 1992) and stream flow during storms and also tends to 
be associated with the transport of suspended sediment (Davis et al. 1977), these associations are 
not always evident (Qureshi and Dutka 1979).  In the Los Angeles River watershed the lack of 
correlations at specific LU sites with stream flow may indicate that contributing sources or 
processes for bacteria were different from storm to storm.   

 
Comparison of FIB concentrations in runoff from LU sites from this study reveal median 

E. coli EMCs that are comparable to current U.S. averages reported in the National Stormwater 
Quality Database (NSQD; Maestre et al. 2003), but lower than concentrations reported in the 
Nationwide Urban Runoff Program (NURP) database (U.S. EPA 1983a; Figure 5-8).  The 
exception is that median total coliform values from all LU sites in Los Angeles, CA are 
substantially higher than those observed in the rest of the U.S. (Table 5-2).  The similarities in 
median event-mean E. coli concentrations from LU sites across the U.S. measured since 1992 
(reported by the NSQD) and those observed 13 years later during this study demonstrate that the 
issue of fecal bacteria contamination in urban watersheds is not improving over time.   

 
Seasonal comparisons of wet weather FIB concentrations to dry weather concentrations 

from the urbanized Ballona Creek watershed during 2002-03 revealed that contributions from 
wet weather far exceeded those from dry weather (Table 5-3).  Freshwater outlets such as storm 
drains are found to be especially high contributors of indicator bacteria contamination (Stein and 
Tiefenthaler 2005, Noble et al. 2000, Bay and Schiff 1998).  Nevertheless, the highest mean dry-
weather E. coli  concentrations (7,457 MPN/100 ml) found in samples from Ballona Creek were 
still an order of magnitude lower than the lowest mean E. coli storm EMC from this study 
(43,305 MPN/100 ml; Table 5-3, p <0.03 E. coli; p <0.04 Enterococcus spp.; p <0.02 total 
coliforms).  Wet versus dry sampling events have been compared by other studies in the southern 
California region (Noble et al. 2006, Schiff et al. 2003, Noble et al. 2003). These studies also 
found a higher number of exceedences of water quality standards during wet weather for all 
indicators, especially at storm water outflows and storm drains.   

 
Consistently higher bacteria levels during early season storms likely reflect bacteria 

buildup during dry periods that "flushes" to rivers during early season storms.  Bacteria 
concentrations in rivers were strongly influenced by the length of antecedent dry condition but 
not with amount of rainfall.  The strong relationship between indicator bacteria EMC and 
antecedent dry period suggests that the magnitude of bacterial load associated with storm water 
runoff depends on the amount of time available for build up on land surfaces, and that storm size 
is a less reliable predictor of the magnitude of bacterial loading.  Since indicator bacteria 
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continue to reproduce in the environment and reproduction is favored in aerobic temperate 
waters, low flow and high temperature conditions that typically occurs in southern California 
between May and October likely allows indicator bacteria concentrations to build-up on land 
surfaces, resulting in proportionally higher bacteria concentrations and loads during the initial 
storms of the season.   A similar seasonal pattern (i.e., 10 cm cumulative annual rainfall 
threshold) was observed for polycyclic aromatic hydrocarbons (PAHs) and trace metals in the 
Los Angeles region (Stein et al. 2006, Sabin et al. 2004, Tiefenthaler et al. in press).  Han et al. 
(2006) also reported that antecedent dry period was the best predictor of the magnitude of 
pollutant runoff from highways.  Other researchers (Anderson and Rounds 2003, Ngoye and 
Machiwa 2004) have reported corresponding temporal trends for other particle-bound 
contaminants.  This seasonal pattern suggests that focusing management actions on early season 
storms may provide relatively greater efficiency than distributing lower intensity management 
actions throughout the season.   

 
FIB concentrations in storm water were highly variable, with concentrations often 

ranging by factors of 10 to 100 during a single storm.  The greatest bacteria concentrations 
occurred at or just before the peak in flow of the storm hydrograph for nearly every storm 
sampled.  This hydrograph/pollutograph pattern was also observed for PAHs (Stein et al. 2006) 
and trace metals (Tiefenthaler et al. in press) in the greater Los Angeles area.  Tiefenthaler et al. 
(2001) observed similar pollutographs that showed peak suspended-sediment concentrations 
preceding the peak in discharge for the Santa Ana River.  Similar time vs. concentration 
relationships were observed by Characklis and Wiesner (1997), who reported that the maximum 
concentrations of zinc, organic carbon and solids coincided with early peak storm water flows.  
Bacterial counts typically vary by up to five orders of magnitude on daily, seasonal, and inter-
annual scales.  The extreme variability in FIB makes storm water bacteria concentrations 
difficult to accurately estimate.  Furthermore, as living organisms, many processes that do not 
influence other constituents, such as re-growth of environmentally adapted strains, die-off, and 
random fluctuations in population size, may affect bacterial counts (Ferguson et al. 2005).  
Therefore, more frequent monitoring over longer time periods and for the entire duration of 
storms is necessary in order to make assessments of “typical” bacterial counts and accurate 
estimates of EMC and FIB loading.   

 
Further research is needed to directly assess the relationship between indicator bacteria 

concentrations and particle-size distributions in storm water runoff from mass emission and LU 
sites to better understand the fate, transport and treatment of indicator bacteria in urban runoff.  
Storm water borne bacteria are typically associated with particulates to varying degrees 
depending on the indicator bacteria and the size distribution of suspended solids in the storm 
water runoff.  Furthermore, the particle size distribution, and bacteria partitioning can change 
over the course of a storm event (Furumai et al. 2002).  Understanding the dynamic partitioning 
of indicator bacteria to various size particles is important to being able to estimate temporal and 
spatial patterns of bacterial deposition in estuaries and harbors, and should be an area of future 
investigation.  Our understanding of the mechanisms of indicator bacteria loading from urban LU 
sites could also be improved by estimating the percent watershed impervious surface coverage in 
each LU category (i.e., percent rooftop, sidewalks, paved driveways and streets) and its impacts 
on storm water runoff concentrations and loads.  This could allow identification of critical source 
areas and allow for more targeted application of best management practices.
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Table 5-1.  Correlations between total suspended solids (TSS) and stream flow with respect to fecal indicator bacteria (FIB) during storm condition.  
Within a table cell, the upper row shows Spearman’s correlation coefficient ( ), the middle row shows probability (p) that the null hypothesis of no 
correlation is true, and the lower row shows number of samples (n).  Numbers in bold indicate correlations that are significant (p <0.04). 

 

  Total Suspended Solids  Stream Flow 
  
  

E. coli  Enterococcus spp.  Total Coliforms  E. coli  Enterococcus spp.  Total Coliforms 

High Density Residential 
-0.0815  0.0226  -0.0196  0.6110  -0.0564  0.0656 
0.6060  0.8860  0.9010  <0.0001  0.7050  0.66 

42  42  42  42  42  42 
            

Low Density Residential 
  

-0.3640  -0.6030  -0.1800  0.2390  0.0400  -0.2690 
0.0268  <0.0001  0.2850  0.1280  0.8000  0.0851 

37  37  37  37  37  37 
            

  0.2460  0.3540  0.4160  0.7720  0.8190  0.7960 
Commercial 0.0958  0.0149  0.0038  <0.0001  <0.0001  <0.0001 
  47  47  47  47  47  47 
            

  -0.3890  -0.3040  -0.1300  -0.2510  -0.2480  -0.1330 
Industrial 0.0035  0.0244  0.3440  0.0421  0.0447  0.285 
  55  55  55  55  55  55 
            

  0.5530  0.6160  0.3560  0.2810  0.4360  0.6880 
Agricultural <0.0001  <0.0001  0.0178  0.0440  0.0015  <0.0001 
  44  44  44  44  44  44 
            

  0.6940  0.7670  0.7320  -0.0162  0.5870  -0.0921 
Recreational (horse) <0.0001  <0.0001  <0.0001  0.9370  0.0027  0.664 
  20  20  20  20  20  20 
            

  0.5190  0.7410  0.6720  -0.7120  0.3920  -0.3470 
Transportation 0.0190  <0.0001  0.0011  0.0080  0.1970  0.253 
  20  20  20  20  20  20 
            

  0.6700  0.4610  0.1740  0.2550  0.2230  -0.1990 
Open <0.0001  0.0106  0.3550  0.0980  0.1490  0.198 
  30  30  30  30  30  30 

RB-AR27596



 62 

Table 5-2.  Comparison of Nationwide Urban Runoff Program (NURP) and National Stormwater Quality 
Database data to fecal indicator bacteria concentrations from specific land uses in the Los Angeles, 
California, USA region.  Median event mean concentration (EMCs) are in (MPN/100mL). NA = not analyzed. 

 
 Land Use Type   Median EMC (MPN/100mL) 
  E. coli  Total Coliform 
Overall     

LARW1  3,922  40,559 

NSQD2  5,091  11,000 

NURP3   20,000  NA 
     
Residential     

LARW1  6,331  55,426 

NSQD2  8,345  5,467 

NURP3   17,000  NA 
     
Commercial     

LARW1  3,939  22,291 

NSQD2  4,300  NA 

NURP3   16,000  NA 
     
Industrial     

LARW1  1,546  39,595 

NSQD2  2,500  12,500 

NURP3   14,000  NA 
     
Open Space     

LARW1  5,374  25,565 

NSQD2  7,200  NA 

NURP3  NA  NA 
 
12001-2005 Los Angeles River Watershed Wet Weather Study 
2The National Stormwater Quality Database (NSDQ), Pitt et al. (2003) 
3Nationwide Urban Runoff Program (U.S. EPA 1983a) 
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Table 5-3.  Comparison of seasonal concentrations of fecal indicator bacteria (FIB) from the Ballona Creek 
watershed.  Event mean concentration (EMCs)  in MPN/100mL. 

 
 Ballona Creek 

Fecal Indicator 
Bacteria 

Dry Weather1 

EMC (MPN/100 mL) 
 Wet Weather  

EMC (MPN/100 mL) 

 Min Max n  Min Max n 

         

E. coli 693 7,457 3  8,304 43,305 6 

Enterococcus spp. 727 2,173 3  14,438 78,368 6 

Total Coliforms 21,763 40,556 3  127,635 678,973 6 
        
 

1Data summarized from Water, Air and Soil Pollution, 2005. Vol. 164 (Stein E, Tiefenthaler L) 
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Figure 5-1.  Mean storm EMCs (a) and fluxes (b) of E. coli, Enterococcus spp. and total coliform 
concentrations at specific southern California watersheds during the 2000/01-2004/05 storm seasons.  Dotted 
lines indicate California beach water quality standards. 

Mass Emission EMC

Lo
s A

ng
ele

s R
ive

r

Ball
on

a C
ree

k

Dom
ing

ue
z C

ha
nn

el

San
ta 

Mon
ica

 C
an

yo
n

San
 G

ab
rie

l R
ive

r

Ope
n S

pa
ce

M
ea

n 
In

di
ca

to
r B

ac
te

ria
 E

M
C

 (M
PN

/1
00

m
L)

0

10

100

1,000

10,000

100,000

1,000,000 E. coli 

Enterococcus 

Total Coliforms 

*

*

a)

b)

*

*

*

* Total Coliforms

E. coli

Enterococcus

Mass Emission Flux

Lo
s A

ng
ele

s R
ive

r

Ball
on

a C
ree

k

Dom
ing

ue
z C

ha
nn

el

San
ta 

Mon
ica

 C
an

yo
n

San
 G

ab
rie

l R
ive

r

Ope
n S

pa
ce

M
ea

n 
In

di
ca

to
r B

ac
te

ria
 F

lu
x

 (c
ol

on
ie

s/
km

2 )

0

10

100

1,000

E. coli 

Enterococcus 

Total Coliforms 

*

*

10
10

10
12

10
14

10
16

*

 

RB-AR27599



 65 

  Will be updated 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5-2.  Distribution of E. coli (a) and Enterococcus spp. (b) concentrations during the 2000-2005 wet 
seasons from land use (LU) sites.  
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Figure 5-3.  Cumulative density frequency plots (CDFs) of mass emission (ME; a) and land use (LU) sites (b) 
relative to beach water quality standards. 

Fecal Indicator Bacteria (MPN/100 mL)

100 101 102 103 104 105 106 107 108

Pe
rc

en
til

e

0

20

40

60

80

100

Fecal Indicator Bacteria (MPN/100 mL)

100 101 102 103 104 105 106 107 108

P
er

ce
nt

ile

0

20

40

60

80

100

E. Coli  6% <= 400 MPN/100 mL  
Enterococcus  2% <= 104 MPN/100 mL 
Total Coliforms 8% <= 10,000 MPN/100 mL

Mass Emission Sites

E. Coli  17% <= 400 MPN/100 mL  
Enterococcus  4% <= 104 MPN/100 mL 
Total Coliforms 20% <= 10,000 MPN/100 mL

Land-use Sites

a)

b)

 

RB-AR27601



 67 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5-4.  Comparison of water quality threshold exceedences at mass emission (ME) and land use (LU) 
sites with watershed size (small: <25 km2, 25-100 km2, >100 km2). 
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Figure 5-5.  Cumulative annual rainfall versus event mean concentration (EMC) for E. coli (a), Enterococcus 
spp. (b), and total coliforms (c) during 2000-2005 storm seasons for mass emission (in-river) sites only. 
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Figure 5-6.  Enterococcus spp. (a) and E. coli (b) concentrations with time for a storm event from the 
developed Ballona Creek watershed.    
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Figure 5-7.  Enterococcus spp. (a) and E. coli (b) concentrations with time for a storm event from the open 
space land use site.   
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Figure 5-8.  Comparison of median E. coli event mean concentration (EMCs) at specific land use (LU) sites 
during the 1983 Nationwide Urban Runoff Program (NURP, U.S. EPA 1983a), to the 1990 National Stormwater 
Quality Database (NSQD, Pitt et al. 2003) monitoring study and the 2001-2005 Los Angeles River Wet Weather 
(LARWW) study.  Median EMCs are in (MPN/100mL).  NA = not analyzed. 
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APPENDIX A: Detailed Description of Land Use Categories 
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From:  Richard Watson <rwatson@rwaplanning.com> 
To: "Renee A. Purdy" <rpurdy@waterboards.ca.gov> 
CC: Sam Unger <sunger@waterboards.ca.gov>, Deborah Smith <Dsmith@waterboards.ca.gov>, Ivar Ridgeway 
<IRidgeway@waterboards.ca.gov> 
Date:  7/12/2012 6:09 PM 
Subject:  Fwd: DPR Acts to Curb Water Pollution from Pyrethroid Insecticides 
 
Renee: 
 
If DPR's new regulations and the new labeling of pyrethroids will be as effective in cutting the amount of pyrethroids in urban runoff as indicated 
in this email, do we really need the pyrethroid study specified in the Tentative Order? 
 
Rich 
 
Richard Watson 
Richard Watson & Associates, Inc. 
Development Services. Stormwater Quality. Strategic Planning. 
21922 Viso Lane 
Mission Viejo, CA 92691-1318 U.S.A. 
949.855.6272 Phone 
949.394.8495 Cell 
949.855.0403 Fax 
www.rwaplanning.com 
 
 
 
 
Begin forwarded message: 
 
> From: Kelly Moran <kmoran@tdcenvironmental.com> 
> Subject: Fwd: DPR Acts to Curb Water Pollution from Pyrethroid Insecticides 
> Date: July 12, 2012 4:45:04 pm PDT 
> To: Richard Watson <rwatson@rwaplanning.com> 
>  
>  
>  
> Begin forwarded message: 
>  
>> From: Kelly Moran <kmoran@tdcenvironmental.com> 
>> Date: July 5, 2012 10:48:09 AM PDT 
>> To: Kelly Moran <kmoran@tdcenvironmental.com> 
>> Subject: DPR Acts to Curb Water Pollution from Pyrethroid Insecticides 
>>  
>> New California Department of Pesticide Regulation (DPR) requirements that become effective July 19 will modify the way that professional 
applicators apply pyrethroid insecticides around buildings.  In parallel, new pyrethroid product labeling being implemented voluntarily by 
manufacturers at DPR's request--including special labels for the most persistent pyrethroid, bifenthrin--will provide further water quality 
protection. Both the regulations and the labeling will reduce treatments of outdoor impervious surfaces, thus reducing the quantity of pyrethroids 
that can be washed directly into gutters and storm drains when it rains or when water like irrigation overflow runs across treated surfaces.  
Together, the regulations and the new labeling will reduce the amount of pyrethroid insecticides in urban stormwater runoff by 80-90%.   
>>  
>> DPR developed the regulations and requested manufacturers modify product labels in response to the finding that pyrethroid insecticides are 
causing water and sediments in California urban creeks to be toxic to sensitive aquatic organisms.  California Water Boards and the California 
Stormwater Quality Association (CASQA), using information assembled by the government-funded Urban Pesticides Pollution Prevention 
Project (UP3 Project), worked with DPR toward development of a solution to this water pollution problem.   
>>  
>> University of California scientific research played a key role in the characterization of the pyrethroid insecticide water pollution problem and 
in identification of application practices that reduce pyrethroid use while continuing to control pests.  California's professional structural pest 
control applicators provided DPR and other agencies invaluable information about pyrethroid application practices and the practical aspects of 
controlling insects around buildings. 
>>  
>> UP3 Project analysis--based on pyrethroid monitoring data, pyrethroid use data, and urban runoff modeling by U.C. Davis-- suggests that the 
regulations will largely--but not completely--end widespread water and sediment toxicity from pyrethroids in California's urban watersheds.  In 
some watersheds, lower levels of toxicity may continue.  In a larger number of watersheds, pyrethroid concentrations will continue to exceed 
aquatic life protection benchmarks such as the water quality criteria developed by UC Davis with funding from the Central Valley Water Board.   
>>  
>> In coming months, some professional pest control operators are likely to switch to other insecticides, some of which may create new water 
pollution problems.  A recent CASQA monitoring data summary suggests that one substitute insecticide, fipronil, may already be washing into 
urban creeks at levels sufficient to harm sensitive aquatic organisms.   
>>  
>> California government agencies will be monitoring urban creeks and working together toward making further adjustments as necessary to 
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protect water quality. 
>>  
>> Businesses and residents can prevent pesticide-related water pollution by employing effective pest control practices that minimize the need to 
use pesticides. Professional applicators certified by Ecowise or Green Pro provide this type of pest control. Do-it-yourselfers can learn how to 
implement these practices from Our Water Our World or University of California's Integrated Pest Management Program.    
>>  
>> DPR's Enforcement Branch will be working with California's Agricultural Commissioners and California professional pest control applicators 
to implement the new regulations.  For implementation questions, DPR recommends contacting George Farnsworth, Chief of DPR's 
Enforcement Branch at gfarnsworth@cdpr.ca.gov 
>>  
>> Kelly Moran 
>> TDC Environmental 
>> UP3 Project 
>  
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NOTICE AND DISCLAIMER 


This document provides the technical basis for the Test of Significant Toxicity (TST) approach 
under the National Pollutant Discharge Elimination System (NPDES) for permitting authorities 
(states and Regions) and persons interested in analyzing valid whole effluent toxicity (WET) test 
data using the traditional hypothesis testing approach as part of the NPDES Program under the 
Clean Water Act (CWA). This document describes what the U.S. Environmental Protection 
Agency (EPA) believes is another statistical option to analyze valid WET test data for NPDES 
WET reasonable potential and permit compliance determinations. The document does not, 
however, substitute for the CWA, an NPDES permit, or EPA or state regulations applicable to 
permits or WET testing; nor is this document a permit or a regulation itself. The TST approach 
does not result in changes to EPA’s WET test methods promulgated at Title 40 of the Code of 
Federal Regulations Part 136. The document does not and cannot impose any legally binding 
requirements on EPA, states, NPDES permittees, or laboratories conducting or using WET 
testing for permittees (or for states in evaluating ambient water quality). EPA could revise this 
document without public notice to reflect changes in EPA policy and guidance. Finally, mention 
of any trade names, products, or services is not and should not be interpreted as conveying 
official EPA approval, endorsement, or recommendation. 
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EXECUTIVE SUMMARY 


The U.S. Environmental Protection Agency (EPA or the Agency) has developed a new statistical 
approach that assesses the whole effluent toxicity (WET) measurement of wastewater effects on 
specific test organisms’ ability to survive, grow, and reproduce. This new approach is called the 
Test of Significant Toxicity (TST) and is a statistical method that uses hypothesis testing 
techniques based on research and peer-reviewed publications. The hypothesis test under the TST 
approach examines whether an effluent, at the critical concentration (e.g., in-stream waste 
concentration or IWC), as recommended in EPA’s Technical Support Document (TSD; USEPA 
1991) and implemented under EPA’s WET National Pollutant Discharge Elimination System 
(NPDES) permits program, and the control within a WET test differ by an unacceptable amount 
(the amount that would have a measured detrimental effect on the ability of aquatic organisms to 
thrive and survive). 

Since the inception of EPA’s NPDES WET program in the mid 1980s, the Agency has striven to 
advance and improve its application and implementation under the NPDES WET Program. The 
TST approach explicitly incorporates test power, which, using the TST approach, is the ability to 
correctly classify the effluent as acceptable under the NPDES WET Program (i.e., non-toxic). 
The TST approach also provides a positive incentive to generate high quality, valid WET data to 
make informed decisions regarding NPDES WET reasonable potential (RP) and permit 
compliance determinations. Once the WET test has been conducted (using multiple effluent 
concentrations and other requirements as specified in the WET test methods), the TST approach 
can be used to analyze valid WET test results to assess whether the effluent discharge is toxic. 
The TST approach is designed to be used for a two concentration data analysis of the IWC or a 
receiving water concentration (RWC) as compared to a control concentration. 

Background 

In the NPDES WET Program, an effluent sample is declared toxic relative to a permitted WET 
limit if the no observed effect concentration (NOEC) is less than the permitted IWC using a 
hypothesis statistical approach. In such an approach, the question being answered is, “Is the 
mean response of the organisms the same or worse in the control than at the IWC?” The 
hypothesis testing approach has four possible outcomes: (1) the IWC is truly toxic and is 
declared toxic, (2) the IWC is truly non-toxic and is declared non-toxic, (3) the IWC is truly 
toxic but is declared non-toxic, and (4) the IWC is truly non-toxic but is declared toxic. The 
latter two possible outcomes represent decision errors that can occur with any hypothesis testing 
approach. In the NPDES WET Program, those two types of errors occur when either test control 
replication is poor (i.e., the within-test variability is high) so that even large differences in 
organism response between the IWC and control are incorrectly classified as non-toxic (outcome 
[3] above) or, test control replication is very good (i.e., the within-test variability is low) so that a 
very small difference between IWC and control is declared toxic (outcome [4] above). That 
former outcome stems from the fact that in the NPDES WET Program, the hypothesis approach 
established and controls the false positive error rate (i.e., Type I or alpha) but not the false 
negative error rate (i.e., Type II or beta). Establishing the beta error rate determines the power of 
the test (power = 1-beta), which is the probability of correctly detecting an actual toxic effect 
using the traditional hypothesis testing approach (i.e., declaring an effluent toxic when, in fact, it 
is toxic). By not establishing an appropriate beta error rate and test power in the NPDES WET 
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Program, the permittee has no incentive to generate more precise data within a test using the 
traditional hypothesis approach, and, in fact, is at a disadvantage for achieving a high level of 
precision. 

What is the Test of Significant Toxicity Approach? 

Organism responses to the effluent and control are unlikely to be exactly the same, even if no 
toxicity is present. They might differ by such a small amount that even if statistically significant, 
it would be considered negligible biologically. A more useful approach could be to rephrase the 
null hypothesis, “Is the mean response in the effluent less than a defined biological amount?” the 
Food and Drug Administration has successfully used that approach for many years to evaluate 
drugs, as have many researchers in other biological fields. In that approach, the null hypothesis is 
stated as the organism response in the effluent is less than or equal to a fixed fraction (b) of the 
control response (e.g., 0.75 of the control mean response): 

Null hypothesis: Treatment mean ≤ b × Control mean 

In the NPDES WET Program, to reject the null hypothesis above means the effluent is 
considered non-toxic. To accept the null hypothesis means the effluent is toxic. That test has 
been adapted for the NPDES WET Program and is referred to as the Test of Significant Toxicity 
(TST). 

Before the TST null hypothesis expression could be used in the NPDES WET Program, certain 
decisions were needed, including what effect level in the effluent is considered unacceptably 
toxic and the desired frequency of declaring a truly negligible effect within a test non-toxic. Such 
decisions are referred to as Regulatory Management Decisions (RMDs). 

What are the RMDs for TST? 

In the TST approach, the b value in the null hypothesis represents the threshold for unacceptable 
toxicity. For chronic testing in EPA’s NPDES WET Program, the b value in the TST analysis is 
set at 0.75, which means that a 25 percent effect (or more) at the IWC is considered evidence of 
unacceptable chronic toxicity. IWC responses substantially less than a 25 percent effect would 
be interpreted to have a lower risk potential. The RMD for acute WET methods is set at 0.80, 
which means that a 20 percent effect (or more) at the IWC is considered evidence of 
unacceptable acute toxicity. The acute RMD toxicity threshold is higher (i.e., more strict) than 
that for chronic WET methods because of the severe environmental implications of acute toxicity 
(lethality or organism death). 

EPA’s RMDs using the TST approach are intended to identify unacceptable toxicity in WET 
tests most of the time when it occurs, while also minimizing the probability that the IWC is 
declared toxic when in fact it is truly acceptable. This objective requires additional RMDs 
regarding acceptable maximum false positive (β using a TST approach) and false negative rates 
(α using a TST approach). In the TST approach, the RMDs are defined as (1) declare a sample 
toxic between 75–95 percent of the time (0.05 ≤ α < 0.25) when there is unacceptable toxicity 
(20 percent effect for acute and 25 percent effect for chronic tests), and (2) declare an effluent 
non-toxic no more than 5 percent of the time (β < 0.05) when the effluent effect at the critical 
effluent concentration is 10 percent. Table ES-1 summarizes the difference in Type I and II error 
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expressions between the TST approach and the traditional hypothesis approach currently used in 
the NPDES WET Program. 

Table ES-1. Definition of the Type I and Type II error under the traditional hypothesis testing 
approach and the TST approach. 

Traditional hypothesis approach TST 
Type I (alpha) Set at 0.05 Set at 0.05 to 0.25 given a b value of 

0.80 or 0.75 depending on whether the 
WET test method is acute or chronic, 
respectively 

Effluent is considered safe but declared 
toxic 

Effluent is considered toxic, but declared 
safe 

Permittee concern Regulatory concern 

Type II (beta) Not established Set at 0.05 
Effluent is considered toxic but declared 
safe 

Effluent is considered safe but declared 
toxic 

Regulatory concern Permittee concern 

How was the TST approach developed? 

EPA used valid WET data from approximately 2,000 WET tests to develop and evaluate the TST 
approach. The TST approach was tested using nine different WET test methods comprising 
twelve biological endpoints (e.g., reproduction, growth, survival) and representing most of the 
different types of WET test designs in use. More than one million computer simulations were 
used to select appropriate alpha error rates for each test method that also achieved EPA’s other 
RMDs for the TST approach. 

Once the alpha error rates were established, the results of the TST approach were compared to 
those obtained using the traditional hypothesis testing approach for a range of test results. The 
alpha values identified in this project build on existing information (such as data sources and 
analyses examining ability to detect toxic effects) on WET published and peer reviewed by EPA, 
including Understanding and Accounting for Method Variability in WET Applications Under the 
NPDES Program (USEPA 2000). 

This document outlines the recommended TST approach and presents the following: 

•	 How an appropriate alpha value was identified for several common WET test methods on 
the basis of desired beta error rates, various effect levels, and within-test control 
variability. 

•	 The degree of protectiveness of TST compared to the traditional hypothesis testing 
approach. In this report, as protective as is defined as an equal ability to declare a sample 
toxic at or above the regulatory management level. 

Because TST is a form of hypothesis testing, analyses in this document focus on comparing 
results of TST to the traditional hypothesis testing approach and not to point estimate techniques 
such as linear interpolation (i.e., IC25). Therefore, this document does not discuss point estimate 
procedures. 
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Data analysis approach 

EPA assembled a comprehensive database to analyze the utility of the TST approach with data 
obtained from EPA Regions, several states, and private laboratories, which represent a 
widespread sampling of typical laboratories and test methods for approximately 2,000 tests. Nine 
commonly tested WET methods were examined. For each test method, control precision 
(coefficient of variation [CV]) was calculated on the basis of valid WET test data compiled in the 
project. Cumulative frequency plots were used to identify percentiles of observed method-
specific CVs (e.g., 25th, 50th, 75th percentiles). The measures were calculated to update previous 
EPA analyses (USEPA 2000) using more recent valid WET test data and to characterize typical, 
achievable test performance in terms of within-test control variability. A similar analysis was 
performed for the control response for each of the nine test methods (e.g., mean offspring per 
female in the Ceriodaphnia dubia test method) to characterize typical achievable test 
performance in terms of control response. 

Monte Carlo simulation analysis was used to estimate the percentage of WET tests that would be 
declared toxic using TST as a function of different α levels, within-test control variability, and 
mean percent effect level. The simulation analysis identified expected beta error rates (i.e., 
declaring an effluent toxic when in fact it is acceptable under TST) for a broad range of possible 
test scenarios. Using the RMDs above, an appropriate α level was then identified for a given 
WET test design that also yielded a β error rate ≤ 0.05 when there was a 10 percent mean effect. 
By simulating thousands of WET tests for a given scenario (mean percent effect and control 
CV), the percentage of tests declared toxic could be calculated and compared among scenarios, 
and between TST and the traditional hypothesis approach. 

Results of the analysis 

Results of all analyses indicate that TST is a suitable alternative to the traditional hypothesis 
approach for analyzing two-concentration WET data (i.e., IWC and control) in the NPDES WET 
Program. A demonstrated benefit of the TST approach is that increasing the precision and power 
of the test increases the chances of declaring an effluent non-toxic when there is ≤ 10 percent 
mean effect in the effluent. Increasing test replication (and thereby the power of the test) results 
in a lower rate of tests declared toxic using TST but a higher rate of tests declared toxic using the 
traditional hypothesis approach (see Figure ES-1). Using TST, a permittee has the ability to 
demonstrate that its effluent is acceptable, by improving the quality of test data (e.g., decreasing 
within-test variability, and/or increasing replication), if indeed the mean effect at the IWC is less 
than the regulatory management decision (25 percent [chronic] or 20 percent [acute]). 

On the basis of EPA’s analyses, the alpha levels shown in Table ES-2 are recommended for the 
nine EPA WET test methods examined using the TST approach. An important feature of the TST 
approach is that the TST’s alpha is analogous to beta under the traditional hypothesis testing 
approach, which had not been established by EPA previously for the NPDES WET Program. 
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Table ES-2. Summary of alpha (α) levels or false negative rates recommended for different EPA WET 
test methods using the TST approach. 

EPA WET test method b value 

Probability of declaring a 
toxic effluent non-toxic 
False negative (α) errora 

Chronic Freshwater and East Coast Methods 
Ceriodaphnia dubia (water flea) survival and 

reproduction 
0.75 0.20 

Pimephales promelas (fathead minnow) survival 
and growth 

0.75 0.25 

Selenastrum capricornutum (green algae) growth 0.75 0.25 
Americamysis bahia (mysid shrimp) survival and 

growth 
0.75 0.15 

Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 
Cyprinodon variegatus (Sheepshead minnow) and 
Menidia beryllina (inland silverside) survival and   
growth 

0.75 0.25 

Chronic West Coast Marine Methods 
Dendraster excentricus and Strongylocentrotus 

purpuratus (Echinoderm) fertilization 
0.75 0.05 

Atherinops affinis (topsmelt) survival and growth 0.75 0.25 
Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 

0.75 0.05 

Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 

0.75 0.05 

Acute Methods 
Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt),  Menidia beryllina 
(inland silverside) acute survivalb 

0.80 0.10 

Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survivalb 

0.80 0.10 

Notes: 
a. α levels shown are the probability of declaring an effluent toxic when the mean effluent effect = 25% for chronic 
tests or 20% for acute tests and the false positive rate (β) is < 0.05 (5%) when mean effluent effect = 10%. 
b. Based on a four replicate test design 

Results obtained from the TST analyses using the nine EPA WET test methods should be 
applicable to other EPA WET methods not examined. For example, results generated under this 
project for the fish Pimephales promelas survival and growth test is extrapolated to other EPA 
fish survival and growth tests (e.g., Menidia sp., Cyprinus variegatus, Atherinops affinis) 
because the test methods use a similar test design (e.g., number of replicates, number of 
organisms tested) and measure the same endpoints. 

Figure ES-1 illustrates that conducting tests with more replicates (a priori) can assist a permittee 
to demonstrate that the effluent is acceptable. Conversely, increasing the number of replicates in 
a test does not assist a permittee using the current hypothesis testing approach. 
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Figure ES-1. Percent of chronic fathead minnow WET tests declared toxic using 
TST having a mean effluent effect of 10 percent, above average control 
variability (CV = 0.11 or 11 percent) and an α = 0.25, as a function of the number 
of within-test replicates. Results using the traditional hypothesis test are shown 
as well. 

Summary 

Results of nearly 2,000 valid WET tests and thousands of simulations were conducted to develop 
the technical basis for the TST approach. That approach builds on the strengths of the traditional 
hypothesis testing approach, including use of robust statistical analyses, to determine whether an 
effluent sample is acceptable in WET testing. Specific benefits of using TST in WET analysis 
include the following: 

•	 Provides transparent RMDs, which are incorporated into the data analysis process 

•	 Incorporates statistical power directly into the statistical process by controlling for both 
alpha and beta errors, thereby, increasing the confidence in the WET test result 

•	 Provides a positive incentive for the permittee to generate valid, high quality WET data 

•	 Applicable to both NPDES WET permitting and 303(d) watershed assessment programs 

Results of this project indicate that the TST is a viable additional statistical approach for 
analyzing valid acute and chronic WET test data. Using the explicit RMD and test method-
specific alpha values, TST provides similar protection as the traditional hypothesis testing 
approach when there is unacceptable toxicity while also providing a transparent methodology for 
demonstrating whether an effluent is acceptable under the NPDES WET Program. 

In summary, the TST approach provides another option for permitting authorities and permittees 
to use for analyzing WET test data. The TST approach provides a positive incentive to generate 
valid, high quality WET data to make informed decisions regarding NPDES WET reasonable 
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potential (RP) and permit compliance determinations. Using TST, permitting authorities will be 
better able to identify toxic or acceptable samples. 

xvii 

RB-AR27636



 

NPDES Test of Significant Toxicity Technical Document June, 2010 

xviii
 

RB-AR27637



 

 
  

 

 

 

 

 

 
 

 

  

 

 

NPDES Test of Significant Toxicity Technical Document June, 2010 

ACRONYMS AND ABBREVIATIONS 

CETIS® Comprehensive Environmental Toxicity Information System 

CFR Code of Federal Regulations 

CV coefficient of variation 

WDNR Wisconsin Department of Natural Resources 

EPA U.S. Environmental Protection Agency 

IC25 25 percent inhibition concentration 

IWC in-stream waste concentration 

LOEC lowest observed effect concentration 
LC50 50 percent lethal concentration 

MSD minimum significant difference 

NOEC no observed effect concentration 

NPDES National Pollutant Discharge Elimination System 

QA/QC quality assurance/quality control 

RMD regulatory management decision 

RP reasonable potential 

RWC receiving water concentration 
SWAMP Surface Water Ambient Monitoring Program (California) 

TAC Test acceptability criteria 

TMDL total maximum daily load 

TSD Technical Support Document for Water Quality-Based Toxics Control 

TST Test of Significant Toxicity 

WET whole effluent toxicity 
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GLOSSARY 


Acute Toxicity Test is a test to determine the concentration of effluent or ambient waters that 
causes an adverse effect (usually mortality) on a group of test organisms during a short-term 
exposure (e.g., 24, 48, or 96 hours). Acute toxicity is determined using statistical procedures 
(e.g., point estimate techniques or a t-test). 

Ambient Toxicity is measured by a toxicity test on a sample collected from a receiving 
waterbody. 

Chronic Toxicity Test is a short-term test in which sublethal effects (e.g., reduced growth or 
reproduction) are usually measured in addition to lethality. 

Coefficient of Variation (CV) is a standard statistical measure of the relative variation of a 
distribution or set of data, defined as the standard deviation divided by the mean. The CV can be 
used as a measure of precision within and between laboratories, or among replicates for each 
treatment concentration. 

Effect Concentration (EC) is a point estimate of the toxicant concentration that would cause an 
observable adverse effect (e.g., mortality, fertilization). EC25 is a point estimate of the toxicant 
concentration that would cause observable 25% adverse effect as compared to the control test 
organisms. 

False Negative is when the in-stream waste concentration is declared non-toxic but in fact is 
truly toxic. In the traditional hypothesis approach, false negative error rate is denoted by Beta 
(β). In the TST approach, false negative error rate is denoted as Alpha (α), which applies when 
the percent effect in the critical effluent concentration is > 25% for a given test. 

False Positive is when the in-stream waste concentration is declared toxic but in fact is truly 
non-toxic. In the traditional hypothesis approach, false positive error rate is denoted by Alpha 
(α). In the TST approach, false positive error rate is denoted as Beta (β), which applies when the 
percent effect in the critical effluent concentration is < 10% for a given test. 

Hypothesis Testing is a statistical approach (e.g., Dunnett’s procedure) for determining whether 
a test concentration is statistically different from the control. Endpoints determined from 
hypothesis testing are no observed effect concentration (NOEC) and lowest observed effect 
concentration (LOEC). The two hypotheses commonly tested in WET are 

• Null hypothesis (Ho): The effluent is non-toxic. 

• Alternative hypothesis (Ha): The effluent is toxic. 

Inhibition Concentration (IC) is a point estimate of the toxicant concentration that would cause 
a given, percent reduction in a non-lethal biological measurement (e.g., reproduction or growth), 
calculated from a continuous model (i.e., Interpolation Method). E.g., IC25 is a point estimate of 
the toxicant concentration that would cause a 25 percent reduction in a non-lethal biological 
measurement. 
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In-stream Waste Concentration (IWC) is the concentration of a toxicant or effluent in the 
receiving water after mixing. The IWC is the inverse of the dilution factor. It is sometimes 
referred to as the receiving water concentration (RWC). 

LC50 (lethal concentration, 50 percent) is the toxicant or effluent concentration that would cause 
death to 50 percent of the test organisms. 

Lowest Observed Effect Concentration (LOEC) is the lowest concentration of an effluent or 
toxicant that results in statistically significant adverse effects on the test organisms (i.e., where 
the values for the observed endpoints are statistically different from the control). 

Minimum Significant Difference (MSD) is the magnitude of difference from control where the 
null hypothesis is rejected in a statistical test comparing a treatment with a control. MSD is based 
on the number of replicates, control performance, and power of the test. 

No Observed Effect Concentration (NOEC) is the highest tested concentration of an effluent 
or toxicant that causes no observable adverse effect on the test organisms (i.e., the highest 
concentration of toxicant at which the values for the observed responses are not statistically 
different from the control). 

National Pollutant Discharge Elimination System (NPDES) is the national program for 
issuing, modifying, revoking and reissuing, terminating, monitoring and enforcing permits, and 
imposing and enforcing pretreatment requirements, under sections 307, 318, 402, and 405 of 
Clean Water Act. 

Power is the probability of correctly rejecting the null hypothesis (i.e., declaring an effluent 
toxic when, in fact, it is toxic using the traditional hypothesis test approach). 

Precision is a measure of reproducibility within a data set. Precision can be measured both 
within a laboratory (within-laboratory) and between laboratories (between-laboratory) using the 
same test method and toxicant. 

Quality Assurance (QA) is a practice in toxicity testing that addresses all activities affecting the 
quality of the final effluent toxicity data. QA includes practices such as effluent sampling and 
handling, source and condition of test organisms, equipment condition, test conditions, 
instrument calibration, replication, use of reference toxicants, recordkeeping, and data 
evaluation. 

Quality Control (QC) is the set of more focused, routine, day-to-day activities carried out as 
part of the overall QA program. 

Reasonable Potential (RP) is where an effluent is projected or calculated to cause an excursion 
above a water quality standard on the basis of a number of factors including the four factors 
listed in Title 40 of the Code of Federal Regulations (CFR) 122.44(d)(1)(ii). 

Reference Toxicant Test is a check of the sensitivity of the test organisms and the suitability of 
the test methodology. Reference toxicant data are part of a routine QA/QC program to evaluate 
the performance of laboratory personnel and the robustness and sensitivity of the test organisms. 
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Regulatory Management Decision (RMD) is the decision that represents the maximum 
allowable error rates and thresholds for toxicity and non-toxicity that would result in an 
acceptable risk to aquatic life. 

Replicate is two or more independent organism exposures of the same treatment (i.e., effluent 
concentration) within a whole effluent toxicity test. Replicates are typically separate test 
chambers with organisms, each having the same effluent concentration. 

Sample is a representative portion of a specific environmental matrix that is used in toxicity 
testing. For this document, environmental matrices could include effluents, surface waters, 
groundwater, stormwater, and sediment. 

Significant Difference is a statistically significant difference (e.g., 95 percent confidence level) 
in the means of two distributions of sampling results. 

Statistic is a computed or estimated quantity such as the mean, standard deviation, or Coefficient 
of Variation. 

Test Acceptability Criteria (TAC) are test method-specific criteria for determining whether 
toxicity test results are acceptable. The effluent and reference toxicant must meet specific criteria 
as defined in the test method (e.g., for the Ceriodaphnia dubia survival and reproduction test, the 
criteria are as follows: the test must achieve at least 80 percent survival and an average of 15 
young per surviving female in the control and at least 60% of surviving organisms must have 
three broods). 

t-test (formally Student’s t-Test) is a statistical analysis comparing two sets of replicate 
observations, in the case of WET, only two test concentrations (e.g., a control and IWC). The 
purpose of this test is to determine if the means of the two sets of observations are different (e.g., 
if the 100-percent effluent or ambient concentration differs from the control [i.e., the test passes 
or fails]). 

Type I Error (alpha α) is the error of rejecting the null hypothesis (Ho) that should have been 
accepted. 

Type II Error (beta β) is the error of accepting the null hypothesis (Ho) that should have been 
rejected. 

Toxicity Test is a procedure to determine the toxicity of a chemical or an effluent using living 
organisms. A toxicity test measures the degree of effect on exposed test organisms of a specific 
chemical or effluent. 

Welch’s t-test is an adaptation of Student’s t-test intended for use with two samples having 
unequal variances. 

Whole Effluent Toxicity (WET) is the total toxic effect of an effluent measured directly with a 
toxicity test. 
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1.0 	INTRODUCTION 

1.1 	 Summary of Current EPA Recommended WET Analysis Approaches 

Within the National Pollutant Discharge Elimination System (NPDES) Program, freshwater and 
marine acute and chronic whole effluent toxicity (WET) tests are used in conjunction with other 
analyses to evaluate and assess compliance of wastewater and surface waters with water quality 
standards of the Clean Water Act. In the NPDES WET Program, WET tests examine organism 
responses to effluent, typically along a dilution series (USEPA 1995, 2002a, 2002b). Acute WET 
test methods measure the lethal response of test organisms exposed to effluent (USEPA 2002c). 
The principal response endpoints for such methods are the effluent concentration that is lethal to 
50 percent of the test organisms (LC50) or the effluent concentration at which survival is 
significantly lower than the control (e.g., t-test). Chronic WET test methods often measure both 
lethal and sublethal responses of test organisms. The statistical endpoints that are used in chronic 
WET testing in the NPDES WET Program are the no observed effect concentration (NOEC), and 
the 25 percent inhibition concentration (IC25). The NOEC endpoint is determined using a 
traditional hypothesis testing approach that identifies the maximum effluent concentration tested 
at which the response of test organisms is not significantly worse from the control. From a 
regulatory perspective, an effluent sample is declared toxic relative to a permitted WET limit if 
the NOEC is less than the permitted in-stream waste concentration (IWC), as recommended in 
EPA’s Technical Support Document (TSD) (USEPA 1991) and implemented under EPA’s WET 
NPDES permits program. The IC25, by contrast, is a point-estimation approach. It identifies the 
concentration at which the response of test organisms is 25 percent below that observed in the 
control concentration and interpolates the effluent concentration at which this magnitude of 
response is expected to occur. From a regulatory perspective, an effluent sample is declared toxic 
relative to a permitted WET limit if the IC25 is less than the permitted IWC. This document 
focuses on another statistical option with respect to the traditional hypothesis testing approach 
for analyzing and interpreting valid WET data. 

1.2 	 Advantages and Disadvantages of Recommended Traditional Hypothesis 
Testing Approach 

The hypotheses traditionally used in WET statistical comparisons of a biological measure 
(survival, growth, reproduction) in control water versus a particular effluent sample are the 
following: 

Null Hypothesis : μT ≥ μC
 

Alternative Hypothesis : μT < μC
 

where μC refers to the true mean for the biological measure in the control water and μT refers to 
the true mean for this measure in the effluent sample. True mean here refers to the mean for a 
theoretical statistical population of results from indefinite repetition of toxicity tests on the same 
control water and effluent sample. In contrast, the mean for the biological measure for a single 
toxicity test would be referred to as the sample mean, and random variation among organisms 
might cause a sample mean for an effluent to be less than the control even if the effluent is 
actually non-toxic. The traditional WET hypothesis thus assumes that the effluent sample is non
toxic. For an individual test, there must be a statistical test to determine if the null hypothesis is 
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rejected in favor of the alternative hypothesis; i.e., that any apparent toxicity based on the sample 
means is real and not simply reflective of random variation. Such a statistical test is part of 
current recommended practice in WET testing. 

Table 1-1 summarizes the correctness of results from such statistical testing, contrasting the true 
condition of whether the effluent sample is toxic to the result of the statistical test. Two types of 
errors can occur in the statistical test result. A false positive occurs when the effluent is actually 
non-toxic, but the statistical test infers that it is toxic. For the statistical hypotheses here, that is a 
Type I error (the null hypothesis is rejected when it is true) and the probability of this error is 
typically designated by the variable α, so that the correct decision occurs with probability 1 - α. 
The other type of error, a false negative, occurs when the effluent truly is toxic, but the statistical 
test infers that it is non-toxic. For the statistical hypotheses here, that is a Type II error (the null 
hypothesis is accepted when it is false) and the probability of the error is typically designated by 
the variable β, so that the probability of the correct decision is 1 - β, which is also referred to as 
the test power. 

Table 1-1. Error terminology for traditional WET hypothesis methodology 

Statistical test result True condition 

μT ≥ μC 

(sample is non-toxic) 
μT < μC 

(sample is toxic) 
μT ≥ μC 

(Sample is non-
toxic) 

Correct Decision 
(probability=1–α) 

False Negative 
Type II Error (probability=β) 

μT < μC 

(Sample is toxic) 
False Positive 
Type I Error (probability=α) 

Correct decision 
Test Power (1-β) 

It is important to note that β does not have a single value but rather is a function of how toxic the 
sample actually is (i.e., there is a greater chance of incorrectly saying an effluent is non-toxic if it 
is only slightly toxic than if it is highly toxic). Similarly, given that the null hypothesis is an 
inequality, α also does not have a single value, because if effluent characteristics actually 
improve the biological measure, the probability with which a non-toxic effluent is called toxic 
will be a function of the extent of this beneficial effect. Although there is a designated single 
value for α in the statistical test calculations (e.g., 0.05), this error probability applies only when 
the true condition is exactly at μT = μC. 

This variation of α and β can be better understood using Figure 1-1, which depicts the 
probability of declaring an effluent toxic versus the true toxicity of the effluent, expressed as the 
ratio of the true biological measure in the effluent to the true biological measure in the control 
(μT / μC). The curves on this figure are for a hypothetical statistical analysis of hypothetical 
toxicity tests, but exemplify performance curves that could be drawn for any statistical analysis 
of any toxicity test under the traditional WET hypotheses provided above. The solid line is for a 
toxicity test with large variability so that it is less likely that the statistical test will detect 
toxicity, and the dashed line is for a toxicity test with low variability. Such curves provide a 
useful and complete summary of the basic information desired from WET testing. How 
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effectively will the testing detect toxicity for different levels of true toxicity? How often will 
non-toxic effluents mistakenly be declared toxic? Although test performance can be appreciated 
from such curves without addressing specific types of statistical errors, the behavior of those 
errors can be illustrated using the curves. The portion of the curve with μT / μC ≥ 1 gives values 
for α (i.e., the effluent is truly non-toxic so that calling it toxic, a false positive, is a Type I error 
under the traditional null hypothesis). In accordance with WET hypothesis test procedures, the 
example curves have α = 0.05 when μT / μC is exactly at 1.0. The portion of the curve with μT / 
μC < 1 is the power curve for the test (i.e., 1–β, the probability of calling an effluent toxic when it 
truly is toxic). This illustrates how test power is very low (approaching 0.05) when the effluent is 
only slightly toxic, but it increases as the true toxicity increases. The two different curves 
illustrate how this increase in test power depends on test uncertainty—i.e., higher within-test 
variability in the toxicity test results in less power for the statistical analysis. 
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Figure 1-1. Example test performance curves for traditional WET hypothesis tests. 
The dotted line marks where the true mean biological measure in the effluent equals 
that in the control. The solid curve is for a high variability test, while the dashed 
curve is for a low variability test. 

Various researchers have reported several advantages and disadvantages of the traditional 
hypothesis testing approach as currently used in the NPDES WET Program (Grothe et al. 1996). 
Two common limitations cited are (1) if the test control replication is very good (i.e., test is very 
precise), an effluent might be considered toxic when in fact its toxicity is low enough to be 
considered acceptable, and (2) if test control replication is poor (i.e., the test is very imprecise), a 
highly toxic effluent might be incorrectly classified as non-toxic. For example, the more precise 
test in Figure 1-1 would declare an effluent with only 5 percent toxicity to be toxic about 60 
percent of the time, whereas the less precise test in Figure 1-1 would declare 20 percent toxicity 
to be non-toxic about 40 percent of the time. The first limitation arises because the null 
hypothesis is defined around μT = μC, so the goal is to call an effluent toxic if μT < μC, no matter 
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how small the difference. The second limitation arises from the fact that the NPDES WET 
Program hypothesis testing approach does not address the false negative error rate (i.e., Type II 
error, β) and thus does not address requirements regarding the power of the test to detect 
substantial levels of toxicity. By not establishing an appropriate β and test power in the NPDES 
WET Program, the permittee has no incentive to increase the precision of a WET test when using 
the traditional hypothesis approach. As illustrated in Figure 1-1, greater precision simply results 
in more samples being declared toxic and can lead to high rejection rates for effluents with low 
levels of toxicity that might be considered acceptable. Although EPA has made improvements in 
statistical procedures, such as including a test review step of the percent minimum significant 
differences (i.e., to minimize within-test variability), it is desirable to further improve the 
hypothesis testing approach. Such improvement is the focus of this report and a general approach 
for this, the Test of Significant Toxicity (TST), is discussed next. 

1.3 Test of Significant Toxicity 

The TST is an alternative statistical approach for analyzing and interpreting valid WET test data 
that also uses a hypothesis testing approach but in a different way, building on previous work 
conducted by EPA in the NPDES WET Program (USEPA 2000) as well as other researchers 
(Erickson and McDonald 1995; Shukla et al. 2000; Berger and Hsu 1996). The TST approach is 
based on a type of hypothesis testing referred to as bioequivalence testing. Bioequivalence is a 
statistical approach that has long been used in evaluating clinical trials of pharmaceutical 
products (Anderson and Hauck 1983) and by the Food and Drug Administration (Hatch 1996; 
Aras 2001; Streiner 2003). The approach has also been used to evaluate the attainment of soil 
cleanup standards for contaminated sites (USEPA 1988, 1989) and to evaluate effects of 
pesticides in experimental ponds (Stunkard 1990). 

For the NPDES WET Program, the TST approach changes the hypotheses to the following: 

Null Hypothesis: μT ≤ b × μC 

Alternative Hypothesis: μT > b × μC 

The TST hypotheses thus incorporate two important differences from the traditional WET 
hypotheses. First, a specific value for the ratio μT / μC, designated b, is included to delineate 
unacceptable and acceptable levels of toxicity, allowing a risk management decision about what 
level of toxicity should be allowed if the true means were known, other than the absence of any 
toxicity as specified by the traditional hypothesis. Second, the inequalities are reversed so that it 
is assumed that the effluent sample has an unacceptable level of toxicity until demonstrated 
otherwise. As a result of this reversal of the inequalities, the meanings of α and β under the TST 
hypotheses (Table 1-2) are reversed from those under the traditional hypothesis approach (Table 
1-1). Under the TST approach, α is associated with false negatives, β is associated with false 
positives, and statistical test power using the TST approach in the NPDES WET Program is the 
ability to correctly conclude that true toxicity levels are acceptable. In addition, an effluent 
sample would be considered acceptable under the TST approach when the null hypothesis is 
rejected; in contrast, a sample is considered unacceptable under the traditional hypothesis 
approach when the null hypothesis is rejected. 
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Table 1-2. Error terminology for TST WET hypothesis methodology 

Statistical test result True condition 

μT ≤ b × μC 
(Toxicity is unacceptable) 

μT > b × μC 
(Toxicity is acceptable) 

μT ≤ b × μC 

(Toxicity is 
unacceptable) 

Correct Decision 
(1–α) 

False Positive 
Type II Error (β) 

μT > b × μC 

(Toxicity is acceptable) 
False Negative 
Type I Error (α) 

Correct Decision 
Test Power (1–β) 

Figure 1-2 provides illustrative examples of test performance under the TST approach and 
illustrates advantages of this approach over the traditional hypotheses. This figure shows the 
same basic type of performance curve as in Figure 1-1: the probability of calling an effluent 
unacceptably toxic versus the true toxicity in the effluent. Incorporating b in the hypotheses 
explicitly recognizes that the true mean for the organism response in an effluent can be less than 
that in the control by a certain amount and still be considered acceptable, and it keeps the false 
negative rate for this amount of toxicity constant regardless of test variability (Figure 1-2). As 
mentioned previously, the current NPDES WET Program does not control the false negative rate, 
which varies markedly at any given level of toxicity as test precision varies (Figure 1-1). By 
reversing the inequalities and referencing them to b, the TST approach also results in more 
precise tests having lower false positive errors (Figure 1-2); i.e., effluents with true levels of 
toxicity that are acceptably low are declared toxic with less frequency as precision increases, a 
desirable attribute for the method. That provides permittees with a clear incentive to improve the 
precision of test results. Thus, using the TST approach, a permittee has to demonstrate with some 
confidence that their effluent has toxicity in an acceptable range, but can also improve testing 
procedures as needed to do so (i.e., increase replicates or decrease within-test variability or both). 

1.4 Regulatory Management Decisions for TST 

Regulatory management decisions (RMDs) are incorporated into the TST methodology by 
selecting values for b, the dividing point between acceptable and unacceptable toxicity, and α, 
the false negative error rate when μT = b × μC. 

The selection of b should reflect what is considered acceptable if the true biological response 
means for the effluent and control were actually known, especially because precise tests might 
have performances closely approaching this ideal. For all chronic WET test methods, the RMD is 
to set b to 0.75. This b value (25 percent toxic effect) is consistent with EPA’s use of the IC25 in 
point estimation methods for examining chronic WET data. Chronic effects less than 25 percent 
would be considered to have an acceptably low risk potential. Because of the more severe 
environmental implications of acute toxicity (organism death), the RMD for acute WET test 
methods is to set b higher than that for chronic WET test methods, at 0.80. 
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Figure 1-2. Example test performance curves for TST WET hypothesis tests. 
For this example, b is set to 0.8 (denoted by dotted line), with α = 0.05. The two 
curves represent test performance for tests with high (solid line) and low 
(dashed line) variability. 

For a given test precision and value for b, selecting a value for α completely determines both 
false negative and false positive error rates at all toxicity levels, such as the curves in Figure 1-2. 
However, the value selected for α does not have to be based just on consideration of the desired 
error rate when μT = b × μC. Rather, α can be selected on the basis of balancing goals regarding 
this false negative error rate with goals for false positive error rates at lower levels of toxicity. 
Therefore, a different α can be assigned for different types of WET toxicity tests based on test 
precision and on specific goals regarding false positive and false negative rates. 

With regard to false negative rates, EPA’s general goal is to identify unacceptable toxicity in 
WET tests most of the time when it occurs. It would be preferred to set α at the typical 0.05 level 
(i.e., if μT=b × μC, the effluent will be declared unacceptable 95 percent of the time). However, 
for tests with low precision, this could result in a high rate of false positives (declaring effluents 
unacceptable) when toxicity is low or absent (e.g., Figure 1-2). Therefore, values of α up to 0.25 
will be allowed, as needed to meet the goal regarding false positive rates discussed in the next 
paragraph. Thus, the false negative rate RMD is 0.05 < α < 0.25, so that there is at least a 0.75 
probability that an effluent with unacceptable toxicity (μT ≤ b × μC) will be declared toxic. 

With regard to false positive error probabilities, EPA’s general goal is that they be low when 
toxicity is negligible. It is necessary to define negligible as a second, smaller level of effect than 
acceptable because the latter includes toxicity as high as that represented by b, at which point the 
false positive error rate always will approach 1 – α, so cannot be low. With regard to this, EPA 
defines negligible as 10 percent toxicity or less, and specifies that the false positive error 
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probability be no higher than 0.05 at 10 percent toxicity. Thus, the false positive RMD is β < 
0.05 at μT/μC=0.90, provided this is achievable with α < 0.25 (if α is at this maximum, this false 
positive RMD no longer applies). It should be emphasized that this RMD relates to only one 
point in the range of toxicity considered acceptable, and that false positives will vary widely 
within this range (e.g. Figure 1-2). False positive rates will be lower when toxicity is lower than 
10 percent, dropping to near zero when toxicity is absent, and will be higher when toxicity values 
are greater than negligible but still acceptable, rising to 1-α as the toxicity approaches the 
unacceptable level. 

Therefore, the overall RMD for α (the false negative rate when μT / μC = b) is to set it to the 
lowest value that results in β ≤ 0.05 (the false positive rate) when the true toxicity is at μT / μC = 
0.90, but that α will be no lower than 0.05 and no higher than 0.25. This selection will be 
primarily a function of test method within-test variability (e.g., control coefficient of variation or 
CV), but cannot and should not be done on an individual test basis. Rather, TST alphas are 
assigned for different types of WET tests on the basis of simulations that address how TST 
method performance is affected by the test design and types of endpoints measured, and the 
associated CVs. 

1.5 Document Objectives 

This document presents TST as a useful alternative data analysis approach for valid WET test 
data that may be used in addition to the approaches currently recommended in EPA’s Technical 
Support Document (USEPA 1991) and EPA’s WET test method manuals. In adapting the TST 
for use in evaluating WET test data, analyses were conducted to identify an appropriate Type I 
error rate (α) for several common EPA WET methods given certain RMDs. Once alpha error 
rates were established, results of the TST approach were compared to those obtained using the 
traditional hypothesis testing approach and a range of test results. 

This document outlines the recommended TST approach and presents the following: 

•	 How an appropriate alpha value was identified for several common EPA WET test 
methods on the basis of desired alpha and beta error rates using explicit RMDs (i.e., 
effect levels) and considering a range of within-test control variability observed in valid 
WET tests. 

•	 The degree of protectiveness of TST compared to the traditional hypothesis testing 
approach. In this report, as protective as is defined as an equal ability to declare a sample 
toxic at or above the regulatory management decision. 

In this project, emphasis was placed on comparing results of TST to traditional hypothesis 
testing approaches and not to point estimate techniques such as linear interpolation (i.e., IC25). 
Therefore, this document does not discuss linear interpolation techniques. In addition, this 
document discusses the TST approach only with regard to comparing individual effluent samples 
to a control, and does not evaluate extensions of the TST approach to simultaneous multiple 
comparisons such as in Erickson and McDonald (1995). 

The focus of this document is on chronic WET test methods and sublethal endpoints because 
many different types of alternative analysis procedures have been proposed for these tests. 
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Applying the TST methodology to the acute fish and Ceriodaphnia WET test method is also 
included. This document provides a summary of the recommended TST method, α values for 
several common WET methods, and results of comprehensive analyses supporting EPA 
recommendations. 
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2.0 METHODS 
Methods used to evaluate the TST approach and determine how it should be applied for WET 
test analysis in the NPDES WET Program proceeded using several general steps as follows: 

Step 1: WET test methods and endpoints were selected for analysis in the TST evaluation. A 
range of the more common EPA WET test methods were identified in this step. 

Step 2: WET data were compiled from several state and EPA sources to determine current 
WET test method performance in terms of control response and within-test control 
variability. 

Step 3: Simulation analyses were conducted using data characteristics obtained from Step 2 
to guide the types of simulated data analyzed in this project and to set test method-specific α 
levels. 

The following sections describe in more detail each of the steps. 

2.1 Test Methods and Endpoints Evaluated 
Table 2-1 summarizes the nine EPA WET test methods evaluated in this project. Preference was 
given to valid WET data generated using the EPA 1995 WET test methods for the EPA West 
Coast marine species (USEPA 1995) and for all other species the 2002 EPA WET test methods 
(USEPA 2002a, 2002b). Examining the inter-laboratory reference toxicant data for C. dubia by 
year indicated significantly more precise data from 1996 on as compared to pre-1995 (Figure 2
1). Similar results were observed for the fathead minnow and chronic mysid test methods as 
well. This result is not unexpected because the EPA chronic WET test methods were 
substantially refined as of 1995 and laboratories had more experience with the chronic test 
methods by this time. Within-test control 90th percentile CVs were not significantly different 
among years following 1995. Therefore, only post-1995 data were used in analyses for all EPA 
WET test methods. 

All of the WET test methods listed in Table 2-1 are commonly used by regulatory authorities in 
making regulatory decisions such as determining WET reasonable potential (RP) or to determine 
compliance with acute and chronic WET limits or monitoring triggers. These nine test methods 
are representative of the range of EPA WET test methods commonly required of permittees in 
terms of types of toxicity endpoints written into NPDES permits and test designs followed by 
permittee’s testing laboratories. Results obtained using these nine EPA test methods should be 
applicable to other EPA WET test methods not examined. For example, results of this project for 
the fish Pimephales promelas survival and growth test is extrapolated to other EPA fish survival 
and growth tests (e.g., Menidia sp., Cyprinus variegatus, Atherinops affinis) because those test 
methods use a similar test design (e.g., number of replicates, number of organisms tested) and 
measure the same endpoints. Previous analyses conducted by EPA (Denton and Norberg-King 
1996; Denton et al. 2003) found comparable effect sizes for a given power among similar 
experimental designs and test endpoints. Similarly, the acute freshwater fish WET test analyzed 
in this project can be extrapolated to other fish acute test methods because they use a similar test 
design and measure mortality or immobility. The use of both EPA saltwater and freshwater WET 
tests ensured that there was adequate representation of different types of discharge situations and 
laboratories. 
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Table 2-1. Summary of test condition requirements and test acceptability criteria for each EPA WET test method evaluated in TST 
analyses 

EPA 
method 

Organism with 
scientific name 

Endpoint 
type 

Test 
type 

Minimum # 
per test 
chamber 

Minimum 
# of rep 

per conc. 

Minimum 
# effluent 

conc. 
Test 

duration Test acceptance criteria (TAC) 
2000.0 Fathead minnow 

(Pimephales 
promelas) 

Survival Acute 10 2 5 48–96 
hours 

> 90% survival in controls 

1000.0 Fathead minnow 
(Pimephales 
promelas) 

Survival and 
growth 
(larval) 

Chronic 10 4 5 7 days > 80% survival in controls; average dry 
weight per surviving organism in control 
chambers equals or exceeds 0.25 mg 

1002.0 Water flea 
(Ceriodaphnia 
dubia) 

Survival and 
reproduction 

Chronic 1 10 5 Until 60% of 
surviving 
control 
organisms 
have 3 
broods (6–8 
days) 

> 80% survival and an average of 15 or more 
young per surviving female in the control 
solutions. 60% of surviving control organisms 
must produce three broods 

1007.0 Mysid shrimp 
(Americamysis 
bahia) 

Survival and 
growth  

Chronic 5 8 5 7 days > 80% survival; average dry weight > 0.20 
mg in controls 

1016.0 Purple urchin 
(Strongylocentro
tus purpuratus) 
or 
Sand dollar 
(Dendraster 
excentricus) 

Fertilization Chronic 100 4 4 40 min (20 
min plus 20 
min) 

> 70% egg fertilization in controls; %MSD < 
25%; and appropriate sperm counts 

1017.0 Giant kelp 
(Macrocystis 
pyrifera 

Germination 
and germ-
tube length 

Chronic 100 for 
germination 
10 for germ-
tube length 

5 4 48 hours ≥ 70% germination in controls; 
≥ 10 μm germ-tube lengths in controls; 
%MSD of < 20% for both germination and 
germ-tube length 
NOEC must be below 35 μg/L in reference 
toxicant test 

1014.0 Red abalone 
(Haliotis 
rufescens) 

Larval 
development 

Chronic 100 5 4 48 hours ≥ 80% normal larval development in controls 
Statistical significance @ 56 μg/L zinc 
% MSD < 20% 
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Table 2-1. continued. 

EPA 
method 

Organism with 
scientific name 

Endpoint 
type 

Test 
type 

Minimum # 
per test 
chamber 

Minimum 
# of rep 

per conc. 

Minimum 
# effluent 

conc. 
Test 

duration Test acceptance criteria (TAC) 
2002.0 Water flea 

(Ceriodaphnia 
dubia) 

Survival Acute 5 4 5 24, 48, or 
96 hours 

> 90% survival in controls 

1003.0 Green algae 
(Selenastrum 
capricornutum) 

Growth (cell 
counts, 
chlorophyll 
fluorescence, 
absorbance, 
or biomass) 

Chronic 10,000cells/ 
mL 

4 5 96 hour Mean cell density of at least 1 X 106 cells/mL 
in the controls; variability (CV%) among 
control replicates less than or equal to 20% 
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Figure 2-1. Summary of test variability (expressed as the control 90th percentile coefficient 
of variation or CV) observed between 1989 and 2000 for the chronic Ceriodaphnia dubia 
EPA WET test. This figure illustrates and supports the basis for using test data post 1995, 
as test precision improved from an average 90th percentile CV of 0.47 to 0.30. 

2.2 Data Compilation 

Data Sources 
WET data were received from several reliable sources to identify baseline test method statistics 
(e.g., control CV percentiles, mean response percentiles) that were used in simulation analyses 
(see Section 2.4) and to help identify appropriate α values for each test method. The sources 
included Washington State Department of Ecology, EPA’s Office of Science and Technology, 
North Carolina Department of the Environment and Natural Resources, California State Water 
Resources Control Board, and Virginia Department of Environmental Quality. Data acceptance 
criteria and types of WET test data desired were identified and documented in the Data 
Management Plan and the Quality Assurance Project Plan for this project. Nearly 2,000 valid 
WET tests of interest were incorporated, representing many permittees and laboratories (Table 2
2). Only data from WET tests meeting EPA’s test acceptability criteria were used in the analyses. 

For each set of test data received, additional metadata information was required including the 
following: 

•	 Permittee name and NPDES permit number (coded for anonymity) 
•	 Laboratory name and location (coded for anonymity) 
•	 Design effluent concentration in the receiving water (expressed as percent effluent upon 

complete mix) used by the regulatory authority 
•	 EPA test method version used (cited EPA number) 
•	 Information indicating that all EPA test method’s test acceptability criteria were met 
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In addition to the above effluent test data and metadata, two other sources of toxicity data were 
compiled in this project, which were used to help calculate the range of control organism 
response by endpoint for each EPA WET test method in Table 2-1. The first source of data was 
reference toxicant test data previously compiled for the EPA document, Understanding and 
Accounting for Method Variability in Whole Effluent Toxicity Application Under the NPDES 
Program (USEPA 2000). A second source of additional WET test data used in this project was 
data generated in ambient toxicity tests by the California State Water Resources Control Board. 
These data were useful in supplying information on control responses for the freshwater test 
methods in Table 2-1. Many states routinely conduct ambient toxicity tests as part of 305(b) 
monitoring; Total Maximum Daily Loads (TMDLs), and other programs (e.g., California’s 
Surface Water Ambient Monitoring program (SWAMP), Washington Department of Ecology’s 
ambient program, Wisconsin Department of Natural Resources’ (WDNR) ambient monitoring 
program). 

Table 2-2. Summary of WET test data analyzed 

EPA WET test method 
Number of tests Number of 

laboratories 
Number of 
permittees Effluent Ref Tox 

Ceriodaphnia dubia (water flea) 
Survival and Reproductiona 

554 238 44 68 

Pimephales promelas (fathead minnow) 
Acute Survivalb 

347 0 15 101 

Pimephales promelas (fathead minnow) 
Survival and Growthb 

275 197 28 50 

Americamysis bahia (mysid shrimp) 
Survival and Growthc 

74 136 20 6 

Dendraster excentricus and 
Strongylocentrotus purpuratus 
(Echinoderm) Fertilizationc 

83 94 11 10 

Macrocystis pyrifera (giant kelp) 
Germination and Germ-tube lengthd 

0 135 11 --

Haliotis rufescens (red abalone) 
Larval Developmentc 

0 136 10 --

Ceriodaphnia dubia (water flea) 
Survival 

7 232 27 2 

Selenastrum capricomutum (green algae) 139 84 14 44 
Notes: 
a. Freshwater invertebrate 
b. Freshwater vertebrate 
c. Saltwater invertebrate 
d. Saltwater algae 

Representativeness of WET Data 
The usefulness of the results obtained in this project depended on having valid, representative 
WET test data for each of the EPA WET test methods examined. Representativeness was 
characterized in this project as having data that met the following: 

•	 Cover a range of NPDES permitted facility types, including both industrial and municipal 
permittees 
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•	 Represent many facilities for a given EPA WET test method (i.e., no one facility 

dominates the data for a given WET test method) 


•	 Cover a range of target (design) effluent dilutions upon which WET RP and compliance 
are based, ranging from perhaps 10 percent to 100 percent effluent 

•	 Generated by several laboratories for a given EPA WET test method 
•	 Cover a range of observed effluent toxicity for each EPA WET test method (e.g., NOECs 

range from < 10 percent to 100 percent effluent) 

Efforts were made to ensure that no one laboratory or permittee had > 10 percent of the test data 
for a given test type. The summary information presented in Table 2-2 demonstrates that WET 
test data were received from numerous laboratories and facilities for all EPA WET test methods 
analyzed under this project. 

Data Processing 
Processing of raw WET test data began with identifying the contents of each data package and 
recording the data source, test type, and related information as described in the previous section. 
Each valid WET test was assigned a unique code, and each laboratory was uniquely coded. A 
tracking system was used to help evaluate whether WET test data were needed for certain types 
of EPA WET test methods and to help increase representativeness of laboratories or types of 
facilities for a method. 

Data were received in a variety of formats and compiled by test type in the database program 
CETIS® (Comprehensive Environmental Toxicity Information System; Tidepool Software, v. 
1.0). The CETIS program is designed to analyze, store, and manage WET test data. WET test 
data received in either ToxCalc® or CETIS were imported directly into the CETIS database 
dedicated to this project. WET test data received in Excel or other spreadsheet formats were also 
directly imported into CETIS. In cases where the source organizations had not yet entered its 
WET test data electronically, they were supplied with a template so the data could be readily 
transferred to CETIS to minimize transcription errors. Data in CETIS were checked on 10 
percent of the tests received from each source to document proper data transfer. 

WET test data received as copies of bench sheets were first checked to ensure that all EPA WET 
method test acceptance criteria were met, as well as several other requirements discussed in the 
previous section. Those tests meeting all requirements were input into the CETIS database 
directly using the double entry mode and a comparison of entries to ensure accuracy of data 
input. All WET test data used in analyses originated from tests conducted with the minimum 
number of treatment replicates as required according to the specific EPA WET test methods 
(e.g., 10 replicates in chronic Ceriodaphnia tests). Tests using a different number of replicates 
per treatment were not used in analyses to generate percentiles of CV or mean response. 

2.3 Setting the Test Method-Specific α Level 

Monte Carlo simulation analysis was used to estimate the percentage of WET tests that would be 
declared toxic using TST as a function of different α levels, within-test control variability, and 
mean percent effect level. This analysis identified probable beta error rates (i.e., declaring an 
effluent toxic when in fact it is acceptable) as a function of α, mean effect at the IWC, and 
control CV. Using the RMDs discussed in Section 1.4, the lowest α level (with 0.05 being the 
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lowest α level used) was then identified for a given WET test design that also resulted in a β = 
0.05 at a 10 percent mean effect in the effluent sample. 

For each of the nine test methods examined, control CV was calculated on the basis of WET test 
data compiled as described in Section 2.2. Cumulative frequency plots were used to identify 
various percentiles of observed method-specific CVs (e.g., 25th, 50th, 75th percentiles). These 
measures were calculated to characterize typical achievable test performance in terms of control 
variability. A similar analysis was performed for the control endpoint responses for each of the 
nine test methods (e.g., mean offspring per female in the chronic Ceriodaphnia dubia test 
method) to characterize typical achievable test performance in terms of control response. The 
following describes the simulation analysis used to help identify appropriate alpha levels for 
each WET test method examined. 

2.3.1 Simulation Analyses 
In simulation analyses, sets of effluent and control WET test data were constructed having 
known properties with respect to different mean effect percentages and control CV as described 
below. Control CVs examined were based on CV percentiles observed in actual WET test data 
for a given WET test method. All simulation analyses were based on normally distributed WET 
test data and equal variances between the effluent and control for each scenario examined. These 
data were then analyzed using the one-tailed t-test published by Erickson and McDonald (1995) 
for bioequivalence testing (and mathematically defended in Erickson 1992 for normally 
distributed equal variance data) and the one-tailed traditional hypothesis t-test formulation (see 
Equations 1 and 2 below) to determine whether a given effluent was declared toxic using each 
approach at a specified α value. By simulating thousands of WET tests for a given scenario 
(mean percent effect and control CV and α level), the percentage of tests declared toxic could be 
calculated and compared among scenarios, and between the TST and the traditional hypothesis 
testing approach. 

Equation 1: TST t-test assuming equal variances 
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It is understood that using normally distributed data and equal variances is a simplification for 
some WET test methods that are prone to non-normally distributed data and heterogeneous 
variances (e.g., acute fathead minnow test method). Additional analyses suggested that the 
bioequivalence t-test of Erickson and McDonald (1995) results in a very small (< 0.01) departure 
of the nominal α error rate using TST with data that have even a nine-fold difference between 
control and effluent variances (which is greater than most variance ratios observed in nearly 
2,000 WET tests) and with data that were non-normally distributed (Appendix A). Thus, results 
of simulation analyses should be applicable to the types of non-normality and variance 
heterogeneity encountered in WET tests. This was further supported by additional research 
showing that WET test data distributions are typically not highly skewed or long-tailed because 
of the way in which the tests are designed and because there are boundaries on test acceptability 
criteria that truncate the data within a test and the difference in variance one observes between 
control and an effluent treatment. A review of the statistical literature as well as additional 
analyses in developing the TST approach confirmed that Welch’s t-test is appropriate for the 
types of non-normal data distributions encountered in actual effluent WET tests as well as for 
normally distributed data (see Appendix A). 

Probabilities of accepting the null hypothesis for the traditional and TST approaches will differ 
according to different settings for a number of parameters, including population variances, test 
sample size, and effect size (i.e., fraction of the control response). Each of these factors was 
varied in simulation analysis as follows: 

Population Variances: Population variances were defined by test method (control CVs in a 
large number of actual WET tests for a given method). The population mean was set to the 
median value of observed control mean values from actual effluent tests, and the CV value 
ranged from approximately the 10th to 90th percentile of the observed control CV range. N 
samples (representing the minimum number of replicates required in the test method) from the 
control population were selected for each simulation. 

Effect Size: Population mean for the treatment group was defined by a specified effect size. Five 
different effect sizes (from 10 percent to 30 percent of the control mean) were evaluated for each 
treatment group. For example, when the control mean = 25 and the effect size = 10 percent, N 
samples (corresponding to the minimum number of replicates required in the test method) were 
picked at random from a population with mean = 25 × ([100 – 10] percent). 

Sample Size (N): For certain WET test methods, sample size for each test method was increased 
up to double the minimum number of replicates required for a given test method. For example, 
number of replicates for the chronic C. dubia test ranged from 10 to 20 in simulation analyses. 
This analysis provided useful information indicating potential benefits to a permittee if they 
conducted a WET test method with additional replicates, given a specified mean percent effect 
level and control CV observed, and a specified α level. 

Alpha Error: The maximum allowable Type I error (α) in TST was specified at different levels 
ranging from 0.05 to 0.30 (6 values). Results of these analyses indicated potential β error rates 
(probability of declaring a sample toxic when it is acceptable) given a specified mean percent 
effect in the effluent and control CV. These results were also compared with results using the 
traditional hypothesis testing approach and an α = 0.05 (the EPA-recommended α level using the 
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traditional hypothesis testing approach) to compare β error rates using both approaches. While 
comparison of results between TST and the traditional approach were not used to set test method 
α levels, this analysis was useful in documenting whether the TST approach was as protective as 
the traditional approach using a given α level. 

After N samples of control and effluent were randomly selected from specified populations, the 
traditional hypothesis testing approach and TST were conducted as specified in equations 1 and 2 
above. The one tail probabilities of declaring the test toxic using the traditional hypothesis 
testing approach and the TST approach were calculated and saved. This simulation was repeated 
10,000 times for each combination of effect levels, CV, and alpha level. The percent of tests 
declared toxic was then calculated for each simulation setting. 

Once β error rates were identified for a WET method given different α levels, control CVs, and 
percent mean effect levels, bivariate plots were used to compare the percentage of tests declared 
toxic as a function of α and the ratio of effluent mean: control mean at various within-test 
variability percentiles (e.g., 25th, 50th, 75th) and the RMD effect thresholds identified as either 
toxic (25 percent effect for chronic and 20 percent for acute) or negligible (10 percent mean 
effect). The results were then used to identify an appropriate α error rate for a test method given 
the RMDs noted in Section 1.4. 

Finally, where there was sufficient effluent test data available, an analysis of actual effluent data 
was conducted using TST and the α level identified for the test method, and using the traditional 
hypothesis testing approach. Results of that analysis were used to estimate potential results if 
TST was used in the NPDES WET Program and to compare those results with those using the 
traditional hypothesis testing approach. 
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3.0 RESULTS 

3.1 Chronic Ceriodaphnia dubia Reproduction Test 

On the basis of actual WET data (N = 792 tests), the mean control reproduction ranged from 15.0 
to 51.7, with a median mean value of 25.5 (Table 3-1). Control CVs ranged from 0.04 to 1.22 
with a median value of 0.15 (Table 3-1). Using these data, simulation analyses were conducted to 
evaluate the percentages of tests declared toxic (i.e., failure to reject the null hypothesis) by TST 
at various alpha error rates (between 0.05 and 0.30), CVs, and percent mean effect in 
reproduction between the control and effluent concentration. 

Table 3-1. Summary of mean control reproduction and control CV 
derived from analyses of 792 chronic Ceriodaphnia dubia WET tests 

Percentile 
Mean control 
reproduction Control CV Control SD 

10th 17.7 0.08 2.07 
25th 21.2 0.10 2.64 
50th 25.5 0.15 3.79 
70th 28.4 0.22 5.27 
75th 29.4 0.24 5.82 
85th 31.6 0.31 7.24 
90th 33.3 0.35 8.41 
95th 35.6 0.40 10.25 

Identifying Test Method-Specific α 

A summary of the simulation results is shown graphically in Figure 3-1. An alpha level of 0.20 
satisfies both RMDs of (1) ensuring at least a 75 percent probability of declaring a 25 percent 
mean effect as toxic regardless of within-test control variability (denoted as effluent mean: 
control mean value of 0.75 on the x-axis of each graph in Figure 3-1), and (2) ensuring that a 
negligible effect (10 percent mean effect denoted as effluent mean: control mean value of 0.90) 
is declared toxic < 5 percent of the time. Lower α levels (e.g., α = 0.10) resulted in > 5 percent 
tests declared toxic when there was a 10 percent effect under average within-test CV values (i.e., 
β > 0.05). Note that using an α = 0.20, a Ceriodaphnia test having a 20 percent mean effect at 
the IWC (effluent mean:control mean = 0.8) and median control variability (control CV = 0.15) 
will be declared toxic approximately 50 percent of the time using TST (Figure 3-1). Thus, as 
discussed in Section 1.3 and shown in Figure 1.2, some percentage of tests having an effluent 
mean effect less than the RMD threshold of 25 percent will be declared toxic using TST, even 
when the test control responds acceptably. Likewise, at an α = 0.20, a Ceriodaphnia test 
exhibiting a 10 percent mean effect in the effluent (0.9 on the x-axis in Figure 3-1) and relatively 
high control variability (control CV = 0.25, 75th percentile for this WET test method) will have 
approximately a 25 percent probability of being declared toxic (Figure 3-1), even though a 10 
percent mean effect is considered acceptable using TST. 
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Figure 3-1. Power curves showing the percentage of tests declared toxic as a function of the ratio of 
effluent mean to control mean response and α level categorized by the level of control within-test 
variability. CVs of 0.1, 0.15, 0.2, and 0.25 correspond to the approximate 25th, 50th, 70th, and 75th 

percentiles for the chronic Ceriodaphnia WET method. The dashed line indicates the 75 percent mean 
effect level, which is the decision threshold for chronic tests. 

The above results illustrate two features of the TST approach that should be understood: (1) At 
mean effect levels < the RMD toxicity threshold, there are differing probabilities of an effluent 
being declared toxic (i.e., different actual α error rates) depending on within-test variability and 
the difference in mean responses observed between control and IWC (see Figure 1-2). An 
effluent with a mean effect substantially lower than the RMD threshold of 25 percent will have 
some probability of being declared toxic. (2) For this WET test method and some others 
examined in this project, there is some probability of declaring a test non-toxic when the mean 
effect in the effluent exceeds the RMD threshold of 25 percent; e.g., at an α = 0.20 and relatively 
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high within-test variability, a 30 percent mean effect in the effluent might not be declared toxic 
as much as 10 percent of the time. 

The following examples give representative results of the simulation analysis, illustrating the 
effect of different alpha levels in terms of meeting RMDs for TST. 

In the first example, there is a 10 percent mean effect in the effluent and a median level of 
within-test control precision (50th percentile CV of 0.15). Use of alpha levels ranging from 0.05 
to 0.30 resulted in failure to reject the null hypothesis in ~20 percent to ~5 percent of tests, 
respectively, with α levels ≥ 0.20 meeting the RMD of β ≤ 0.05 at a 10 percent mean effect level 
(Figure 3-2). 

Figure 3-2. Percent of chronic Ceriodaphnia tests declared toxic using TST having 
a mean effluent effect of 10 percent and average control variability as a function of 
α error rate. Result using the traditional hypothesis approach (α = 0.05) is shown 
as well. 

In a second example, the effluent has a mean effect of 25 percent and above average control CV 
(75th percentile). At α levels < 0.25, the percentage of tests declared toxic is ≥ 75 percent, 
meeting the RMD for false negative rate (α). 

The rate at which tests were declared toxic was evaluated using both the traditional hypothesis 
testing approach with an alpha error rate of 0.05 (as recommended in the EPA WET test 
methods) and the TST approach with different alpha error rates. At a 50th percentile CV (0.15) 
and a mean effect of 10 percent, use of the TST approach results in fewer declared toxic tests 
relative to the traditional hypothesis approach at all alpha error rates examined (Figure 3-2). For 
tests with the same mean effect (10 percent) but higher control variability (CV = 0.25), TST 
yields a higher rate of tests declared toxic at alpha error rates of 0.05, 0.10, and 0.15 and 
approximately equivalent percent toxic tests at alpha error rates of 0.20 and 0.25 (Figure 3-2). 
Those results are in keeping with the RMD that tests with negligible (10 percent) mean effect in 
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the effluent are declared non-toxic most of the time but are declared to be toxic more frequently 
as test precision is poorer. 

Tests with a mean effect of 25 percent and above average precision (CV = 0.25) result in a 
higher rate of tests declared toxic using TST than using the traditional hypothesis approach 
(Figure 3-3). This result is a direct consequence of the RMDs defined for TST but illustrate 
disincentives to collect more precise data using the traditional hypothesis approach currently 
used. 

Figure 3-3. Percent of chronic Ceriodaphnia tests declared toxic using TST having 
a mean effluent effect of 25 percent and high control variability as a function of α 
error rate. Result using the traditional hypothesis approach (α = 0.05) is shown as 
well. 

Effect of Increased Number of Within-Test Replicates 
One of the intended benefits of the TST approach is that increasing the precision and power of 
the test increases the chances of rejecting the null hypothesis and declaring a sample non-toxic 
when it meets the RMD for acceptability. This increases the ability of the permittee to prove the 
negative that a sample is acceptable. To demonstrate this benefit, the effect of increasing test 
replication on the TST β error rate (declaring a sample toxic when it is not) was explored using 
simulated data. 

Increasing test replication with this method (and thereby the power of the test) results in a higher 
rate of tests declared toxic using the traditional hypothesis testing approach and a lower rate of 
tests declared toxic using the TST approach (e.g., Figure 3-4). For tests with a mean effect of 10 
percent and a control CV of 0.25 (approximately 75th percentile for this method), slightly more 
tests will be declared toxic using the TST approach as compared to the traditional hypothesis 
testing approach when the minimum test design of 10 replicates is used for this WET method. If 
the number of within-test replicates is increased, the TST approach demonstrates an improved 
ability to declare such a test as acceptable. As the mean effect at the effluent approaches 25 
percent, the percentage of tests declared toxic is less affected by increased replication using TST 
because the b value and α value were selected to identify a 25 percent mean effect in the IWC as 
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toxic ≥ 75 percent of the time. However, the percentage of tests declared toxic continues to 
increase using the traditional hypothesis approach even when there is a negligible effect (10 
percent effect) of the effluent as defined by TST (Figure 3-5). Thus, increasing test replication 
increases TST’s ability to confirm that an effluent is acceptable in tests with mean effect less 
than 25 percent. 

Figure 3-4. Percent of chronic Ceriodaphnia tests declared toxic using TST having 
a mean effluent effect of 10 percent and above average control variability and α = 
0.20, as a function of the number of test replicates. Result using the traditional 
hypothesis approach (α = 0.05) is shown as well. 

Effluent Data Results 
Results from actual effluent tests were compared between TST and the traditional hypothesis 
testing approach for those tests having control CV between 0.15–0.24 (Table 3-2). At a mean 
effect of 10–15 percent at the IWC (N = 48), TST declared a lower percentage of tests toxic than 
the traditional hypothesis testing approach. This result is consistent with the RMD that a 10 
percent mean effect should be declared acceptable much (95 percent) of the time. However, 
when the mean effect was greater than 25 percent (N = 303), TST declared 100 percent of the 
tests toxic while the traditional hypothesis testing approach did not. This result is also consistent 
with the TST goal that as the mean effect approaches 25 percent at least 75 percent of the tests 
should be declared toxic. This result also indicates that given the effluent data available, TST is 
at least as protective as the traditional hypothesis approach currently used. 
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Figure 3-5. Percent of Ceriodaphnia tests declared toxic using TST having a 
mean effluent effect of 25 percent and above average control variability (α = 0.20) 
as a function of the number of test replicates. Result using the traditional 
hypothesis approach (α = 0.05) is shown as well. 

Table 3-2. Comparison of the percentage of chronic effluent Ceriodaphnia 
tests declared toxic using TST versus the traditional hypothesis testing 
approach 

% Mean effect N 
% tests toxic 

using TST 
% Tests toxic using traditional 
hypothesis testing approach 

10–15 48 6.2 18.7 
20–30 48 100 87.5 
> 25 303 100 95.2 

3.2 Chronic Pimephales promelas Growth Test 
On the basis of actual WET data (N = 472 tests), the mean control growth ranged from 0.31 to 
1.30, with a median mean value of 0.62 (Table 3-3). Control CVs ranged from 0.03 to 0.50 with 
a median value of 0.09 (Table 3-3). Using these data, simulation analyses were conducted to 
evaluate the percentages of tests declared toxic (i.e., failure to reject the null hypothesis) by TST 
at various alpha error rates (between 0.05 and 0.30), CVs, and percent mean effect in growth 
between the control and effluent concentration. 

Identifying Test Method-Specific α 

On the basis of all simulation results (Figure 3-6), an alpha error rate of 0.25 is appropriate for 
use in applying the TST approach to analysis of two concentration chronic P. promelas data 
because using that alpha error rate satisfies both RMDs of (1) ensuring at least an 75 percent 
probability of declaring a 25 percent mean effect as toxic and (2) ensuring that a negligible effect 
(< 10 percent mean effect) is declared toxic < 5 percent of the time. 
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Table 3-3. Summary of mean control growth and control CV derived from 
analyses of 472 chronic Pimephales promelas WET tests 

Percentile 
Mean control 

growth Control CV Control SD 
10th 0.34 0.04 0.02 
25th 0.43 0.06 0.03 
50th 0.62 0.09 0.05 
70th 0.76 0.12 0.07 
75th 0.79 0.13 0.08 
85th 0.86 0.16 0.10 
90th 0.89 0.17 0.11 
95th 0.94 0.21 0.13 

As noted for the Ceriodaphnia chronic test in Section 3.1, the Type I error rate will vary from the 
RMD Type I error rate of 0.25 depending on the level of toxicity observed in the effluent and 
control variability within a test. When toxicity is > 25 percent mean effect in the effluent, the 
Type I error rate is lower. However, as noted in Section 1.3, there is some probability (< 10 
percent) that a mean effect > 25 percent in the IWC will be declared non-toxic depending on 
within-test variability. Likewise, a reasonable percentage (as much as 50 percent) of tests having 
a mean effect = 15 percent in the effluent will be declared toxic using the TST approach, again 
depending on within-test variability: the greater the within-test variability the greater the 
probability of declaring toxicity at mean effect levels below the toxicity decision threshold of 25 
percent. 

For example, at a 10 percent mean effect in the effluent and above average within-test control 
variability (between the 50th and 75th percentile, CV of 0.11), use of an alpha level of 0.25 results 
in failure to reject the null hypothesis ~5 percent of the time (Figure 3-7). Lower alpha levels 
resulted in a higher percentage of tests declared toxic at that mean effect level and CV range 
(Figure 3-6). That indicates that using an alpha = 0.25 for this test method, TST achieves the 
RMD of correctly identifying an acceptable sample (based on the RMD that a 10 percent mean 
effect is negligible). However, less precise tests (but still well within normal test method 
performance) result in less ability to reject the null hypothesis that the sample is toxic and the 
rate of tests declared toxic increases even at a percent mean effect of 10 percent (Figure 3-6). For 
tests with a mean effect of 25 percent (the RMD toxicity threshold) and alpha error rate of 0.25, 
75 percent of the tests are declared toxic as expected (Figure 3-8). 

Effect of Increased Number of Within-Test Replicates 
As expected, increasing test replication (and thereby the power of the test) results in a higher rate 
of tests declared toxic using the traditional hypothesis testing approach and a lower rate of tests 
declared toxic using the TST approach and chronic P. promelas test data (e.g., Figure 3-9). For 
tests with a mean effect of 10 percent in the effluent and a control CV of 0.15 (slightly greater 
than the 75th percentile for this method), slightly more tests are declared toxic using the TST 
approach as compared to the traditional hypothesis testing approach when the minimum test 
design of four replicates is used for this WET endpoint. If replicates are added to the test design, 
the TST approach demonstrates an increased ability to declare the results acceptable. As the 
mean effect approaches 25 percent, the percentage of tests declared toxic is less affected by 
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increased replication using TST because a 25 percent effect is the RMD used to define b and the 
null hypothesis. However, the percentage of tests declared toxic continues to increase using the 
traditional hypothesis testing approach even when there is a 10 percent effect of the effluent. 
Thus, increasing test replication increases TST’s ability to confirm an acceptable effluent when 
the mean effect is less than 25 percent in the effluent. 

Figure 3-6. Power curves showing the percentage of tests declared toxic as a function of the ratio of 
effluent mean to control mean response and α level categorized by the level of control within-test 
variability. CVs correspond to the 25th, 50th, 75th, and 90th percentiles for the chronic fathead minnow WET 
method. The dashed line indicates the 75 percent mean effect level, which is the decision threshold for 
chronic tests. 
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Figure 3-7. Percent of chronic fathead minnow tests declared toxic using TST 
having a mean effluent effect of 10 percent and average control variability as a 
function of α error rate. Result using the traditional approach (α = 0.05) is shown 
as well. 

Figure 3-8. Percent of chronic fathead minnow tests declared toxic using TST 
having a mean effluent effect of 25 percent and above average control variability 
as a function of α error rate. Result using the traditional approach (α = 0.05) is 
shown as well. 
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Figure 3-9. Percent of chronic fathead minnow tests declared toxic using TST 
having a mean effluent effect of 10 percent and average control variability and an 
α = 0.25, as a function of the number of test replicates. Result using the traditional 
approach (α = 0.05) is shown as well. 

Effluent Data Results 
Results from actual effluent tests were compared between TST and the traditional hypothesis 
testing approach for those tests having control CV between 0.09–0.13 (Table 3-4). At a mean 
effect of 10–15 percent (N = 58), TST declared none of the tests toxic while the traditional 
hypothesis testing approach declared nearly all of the tests toxic. However, if the mean effect is 
greater than 25 percent (N = 136), both approaches declared 100 percent of the tests toxic. Those 
results indicate that TST is as protective as the current hypothesis testing approach for those tests 
when the TST RMD threshold for toxicity is exceeded. 

Table 3-4. Comparison of the percentage of chronic effluent fathead 
minnow tests declared toxic using TST versus the traditional hypothesis 
testing approach 

% Mean effect N 
% tests toxic 

using TST 

% tests toxic using 
traditional hypothesis 

testing approach 
10–15 58 0 98 
> 25 136 100 100 

3.3 Chronic Americamysis bahia Growth Test 

On the basis of actual WET data (N = 210 tests), the mean control growth ranged from 0.20 to 
0.66, with a median value of 0.30 (Table 3-5). Control CVs ranged from 0.07 to 0.87 with a 
median value of 0.14 (Table 3-5). Using those data, simulation analyses were conducted to 
evaluate the percentages of tests declared toxic (i.e., failure to reject the null hypothesis) by TST 
at various alpha error rates (between 0.05 and 0.30), CVs, and percent mean effect in growth 
between the control and effluent concentration. 
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Table 3-5. Summary of mean control growth and control CV derived from 
analyses of 210 chronic Americamysis bahia WET tests 

Percentile 
Mean control 

growth Control CV Control SD 
10th 0.22 0.08 0.02 
25th 0.25 0.10 0.03 
50th 0.30 0.14 0.04 
70th 0.36 0.17 0.06 
75th 0.38 0.18 0.06 
85th 0.41 0.22 0.07 
90th 0.43 0.27 0.08 
95th 0.47 0.35 0.11 

Identifying Test Method-Specific α 

On the basis of all simulation results (Figure 3-10), an alpha error rate of 0.15 is appropriate for 
use in applying the TST approach to analysis of chronic mysid data because using this alpha 
error rate satisfies both RMDs of (1) ensuring at least an 75 percent probability of declaring a 25 
percent mean effect as toxic and (2) ensuring that a negligible effect (< 10 percent mean effect) 
is declared toxic < 5 percent of the time under average or better than average test performance. 

For example, at a 10 percent mean effect in effluent and an approximate median level of 
precision (50th percentile CV of 0.14), an alpha level of 0.15 or greater resulted in failure to 
reject the null hypothesis in ≤ 5 percent of tests (Figure 3-11). For tests with a mean effect of 25 
percent, the rate of tests declared toxic > 75 percent is achieved for alpha values ≤ 0.25 (Figure 
3-12). 

At a ~50th percentile CV (0.13) and a mean effect of 10 percent, use of the TST approach results 
in significantly fewer toxic tests relative to the traditional hypothesis testing approach at all alpha 
error rates (Figure 3-11). For tests with the same mean effect (10 percent) but lower control 
precision (CV = 0.18), TST yields a higher rate of tests declared toxic at an alpha error rate of 
0.05 and approximately equivalent percent toxic tests at a alpha error rate of 0.10. 

Tests with a mean effect of 25 percent and above average precision (CV = 0.18) result in a high 
rate of tests declared toxic (Figure 3-12). The results are in agreement with the RMDs of the 
TST: As the mean effect approaches 25 percent, a greater proportion of the tests are determined 
to be toxic. Further, the less precise the test control data, the greater the rate of tests declared 
toxic (i.e., fail to reject the null hypothesis). 

Effect of Increased Number of Within-Test Replicates 
As expected, increasing test replication (and thereby the power of the test) results in a higher rate 
of tests declared toxic using the traditional hypothesis testing approach and a lower rate of tests 
declared toxic using the TST approach at a negligible effect of 10 percent, as shown in the 
example using chronic A. bahia test data (e.g., Figure 3-13). If replicates are added to the test 
design, the TST approach demonstrates an increased ability to declare such a test as non-toxic. 
As the mean effect approaches 25 percent, the percentage of tests declared toxic is less affected 
by increased replication using TST because a 25 percent effect is the RMD toxicity threshold 
identified in TST. However, the percentage of tests declared toxic continues to increase using the 
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traditional hypothesis testing approach even when there is a negligible effect (10 percent effect 
as defined by TST) of the effluent. Thus, increasing test replication increases TST’s ability to 
confirm an acceptable level of toxicity in tests with mean effect less than 25 percent. 

Figure 3-10. Power curves showing the percentage of tests declared toxic as a 
function of the ratio of effluent mean to control mean response and α level 
categorized by the level of control within-test variability. CVs correspond to the 
25th, 50th, 70th, and 90th percentiles for the chronic mysid WET method. The 
dashed line indicates the 75 percent mean effect level, which is the decision 
threshold for chronic tests. 
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Figure 3-11. Percent of chronic mysid tests declared toxic using TST having a 
mean effluent effect of 10 percent and average control variability as a function of 
the α error rate. Result using the traditional hypothesis approach (α = 0.05) is 
shown as well. 

Figure 3-12. Percent of chronic mysid tests declared toxic using TST having a 
mean effluent effect of 25 percent and average control variability as a function of 
the α error rate. Result using the traditional hypothesis approach (α = 0.05) is 
shown as well. 
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Figure 3-13. Percent of chronic mysid tests having a mean effluent effect of 10 
percent and above average control variability declared toxic using TST and an α = 
0.15, as a function of the number of test replicates. Results using the traditional 
hypothesis approach (α = 0.05) are shown as well. 

Effluent Data Results 
Results from actual effluent tests were compared between TST and the traditional hypothesis 
testing approach for those tests having control CV between 0.14–0.26 (75th – 90th percentile; 
Table 3-6). At a mean effect of 5–15 percent (N = 52), TST declared a lower percentage of tests 
toxic than the traditional hypothesis approach. That is expected because 10 percent mean effect 
in the effluent is considered negligible. However, when the mean effect in the effluent is greater 
than 25 percent (N = 95), both approaches declared 100 percent of the tests toxic. 

Table 3-6. Comparison of percentage of chronic effluent mysid shrimp tests 
declared toxic using TST versus the traditional hypothesis testing approach 

% Mean effect N 
% tests toxic 

using TST 
% tests toxic using traditional 
hypothesis testing approach 

5-15 52 1.9 11.5 
> 25 95 100 100 

3.4 Chronic Haliotis rufescens Larval Development Test 

From actual WET data (N = 136 reference toxicant tests), mean control larval development 
ranged from 0.800 to 1.000, with a median mean value of 0.938 (Table 3-7). Control CVs ranged 
from 0.000 to 0.333 with a median value of 0.03 (Table 3-7). Using those data, simulation 
analyses were conducted to evaluate the percentages of tests declared toxic (i.e., failure to reject 
the null hypothesis) by TST at various alpha error rates (between 0.05 and 0.30), CVs, and 
percent mean effect in larval development between the control and effluent concentration. 
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Identifying Test Method-Specific α 

On the basis of simulation results and power analyses (Figure 3-14), an alpha error rate of 0.05 is 
appropriate for use in applying the TST approach to analysis of chronic H. rufescens data 
because using this alpha error rate satisfies both RMDs of (1) ensuring at least an 75 percent 
probability of declaring a 25 percent mean effect as toxic and (2) ensuring that a negligible effect 
(< 10 percent mean effect) is declared toxic < 5 percent of the time (Figure 3-14). Note that 
higher alpha levels would also satisfy the above RMDs; however, as noted in Section 1.4, the 
Type I error rate is set as close to 0.05 as practicable given routine control performance. 

Table 3-7. Summary of mean control larval development and control CV 
derived from analyses of 136 chronic red abalone WET tests 

Percentile 
Mean control larval 

development Control CV Control SD 
10th 0.839 0.02 0.01 
25th 0.900 0.02 0.02 
50th 0.938 0.03 0.03 
70th 0.961 0.04 0.04 
75th 0.968 0.05 0.04 
85th 0.977 0.06 0.05 
90th 0.982 0.06 0.06 
95th 0.988 0.07 0.07 

At a 10 percent mean effect in the effluent, for example, and ~80th percentile CV of 0.05, alpha 
levels ranging from 0.05 to 0.30 result in failure to reject the null hypothesis in none of the tests 
(Figure 3-15). The rate of rejection of the null hypothesis using TST decreases only slightly with 
increasing CV. This result is indicative of the low within-test control variability routinely 
achieved using this WET test method. 

For tests with a mean effect of 25 percent, the rate of tests declared toxic ranges from ~95 to ~70 
percent, at approximately the 80th percentile CV value for alpha levels ranging from 0.05 to 0.30, 
respectively (Figure 3-16). Thus, at an alpha = 0.05, the rate of tests declared toxic at a 25 
percent mean effect in the effluent meets the RMD. 

At ~80th percentile CV (0.05) and a mean effect of 10 percent, use of the TST approach results in 
significantly fewer toxic tests relative to the traditional hypothesis approach at all alpha error 
rates (Figure 3-15). Those results are in keeping with the RMD of the TST approach; tests with a 
negligible (10 percent) mean effect of the effluent are declared non-toxic 95 percent of the time 
when test control data have average precision. 

Tests with a mean effect of 25 percent and above average precision (CV = 0.05) resulted in an 
equivalent rate of tests declared toxic as the traditional hypothesis approach when the TST α = 
0.05 (Figure 3-16). The results further support the selection of TST α = 0.05 for this test method. 
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Figure 3-14. Power curves showing the percentage of tests declared toxic as a 
function of the ratio of effluent mean to control mean response and α level 
categorized by the level of control within-test variability. CVs correspond to the 
25th, 50th, 75th, and 98th percentiles for the chronic red abalone WET method. 
The dashed line indicates the 75 percent mean effect level, which is the 
decision threshold for chronic tests. 
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Figure 3-15. Percent of chronic red abalone tests declared toxic using TST 
having a mean effluent effect of 10 percent and average control variability as 
a function of the α error rate. Result using the traditional hypothesis approach 
(α = 0.05) is shown as well. 

Figure 3-16. Percent of chronic red abalone tests declared toxic using TST 
having a mean effluent effect of 25 percent and average control variability as a 
function of the α error rate. Result using the traditional hypothesis approach (α 
= 0.05) is shown as well. 

3.5 Chronic Macrocystis pyrifera Germination Test 

On the basis of actual WET data (N = 135 reference toxicant tests), mean control germination 
ranged from 0.700 to 0.985, with a median mean value of 0.908 (Table 3-8). Control CVs ranged 
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from 0.006 to 0.560 with a median value of 0.04 (Table 3-8). Using that data, simulation 
analyses were conducted to evaluate the percentages of tests declared toxic (i.e., failure to reject 
the null hypothesis) by TST at various alpha error rates (between 0.05 and 0.30), CVs, and 
percent mean effect in germination between the control and effluent concentrations. 

Table 3-8. Summary of mean control germination and control CV 
derived from analyses of 135 chronic giant kelp WET tests 

Percentile 
Mean control 
germination Control CV Control SD 

10th 0.783 0.02 0.02 
25th 0.859 0.03 0.02 
50th 0.908 0.04 0.03 
70th 0.936 0.05 0.04 
75th 0.940 0.05 0.05 
85th 0.958 0.07 0.06 
90th 0.965 0.07 0.06 
95th 0.973 0.10 0.09 

Identifying Test Method-Specific α 

On the basis of all simulation results (Figure 3-17), an alpha error rate of 0.05 is appropriate for 
use in applying the TST approach to analysis of chronic M. pyrifera germination data because 
using this alpha error rate satisfies both RMDs of (1) ensuring at least an 75 percent probability 
of declaring a 25 percent mean effect as toxic and (2) ensuring that a negligible effect (< 10 
percent mean effect) is declared toxic < 5 percent of the time under average test performance. As 
noted above for the Abalone test method, higher alpha levels also satisfy the above RMDs; 
however, an alpha level of 0.05 is selected because it is more protective at effect levels > 25 
percent. 

At a 10 percent mean effect in the effluent for example, and routine, achievable control precision 
(~75th percentile CV of 0.05), alpha levels ranging from 0.05 to 0.30 resulted in failure to reject 
the null hypothesis in none of tests (Figure 3-18). Thus, for this test endpoint, low within-test 
control variability is routinely achieved. 

For tests with a mean effect of 25 percent, the rate of tests declared toxic ranges from ~95 
percent to ~70 percent, at alpha levels ranging from 0.05 to 0.30, respectively, and 
approximately the 75th percentile CV level (Figure 3-19). All alpha levels < 0.25 achieved the 
RMD that a 25 percent mean effect is declared toxic at least 75 percent of the time. 

At ~75th percentile CV (0.05) and a mean effect of 10 percent, use of the TST approach results in 
significantly fewer tests declared toxic relative to the traditional hypothesis approach at all alpha 
error rates (Figure 3-18). Those results are because the RMD for effluent acceptability (10 
percent mean effect) is designed to be met ≥ 95 percent of the time. 

36
 

RB-AR27679



 

 

 

NPDES Test of Significant Toxicity Technical Document  June, 2010 

Tests with a mean effect of 25 percent and above average precision (CV = 0.05) result in a 
similar rate of tests declared toxic (Figure 3-19) as the traditional hypothesis approach when the 
TST α = 0.05. The results further support the selection of TST α = 0.05 for this test endpoint. 

Figure 3-17. Power curves showing the percentage of tests declared toxic as a 
function of the ratio of effluent mean to control mean response and α level 
categorized by the level of control within-test variability. CVs correspond to the 
25th, 50th, 75th, and 95th percentiles for the chronic giant kelp germination WET 
method. The dashed line indicates the 75 percent mean effect level, which is 
the decision threshold for chronic tests. 
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Figure 3-18. Percent of chronic giant kelp germination tests declared toxic using 
TST having a mean effluent effect of 10 percent and average control variability as 
a function of the α error rate. Result using the traditional hypothesis approach (α = 
0.05) is shown as well. 

Figure 3-19. Percent of chronic giant kelp germination tests declared toxic using 
TST having a mean effluent effect of 25 percent and average control variability as 
a function of the α error rate. Result using the traditional hypothesis approach (α = 
0.05) is shown as well. 
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3.6 Chronic Macrocystis pyrifera Germ-tube Length Test 

On the basis of actual WET data (N = 135 reference toxicant tests), the mean control germ-tube 
length ranged from 10.200 to 20.778, with a median mean value of 14.014 (Table 3-9). Control 
CVs ranged from 0.009 to 0.189 with a median value of 0.073 (Table 3-9). Using that data, 
simulation analyses were conducted to evaluate the percentages of tests declared toxic (i.e., 
failure to reject the null hypothesis) by TST at various alpha error rates (between 0.05 and 0.30), 
CVs, and percent mean effect in germ-tube length between the control and effluent 
concentration. 

Table 3-9. Summary of mean control germ-tube length and control CV 
derived from analyses of 135 chronic Macrocystis pyrifera WET tests 

Percentile 
Mean control 

germ-tube length Control CV Control SD 
10th 11.965 0.03 0.46 
25th 12.704 0.05 0.71 
50th 14.014 0.07 1.04 
70th 15.210 0.09 1.22 
75th 15.554 0.09 1.29 
85th 16.848 0.11 1.54 
90th 17.568 0.12 1.74 
95th 18.694 0.14 1.89 

Identifying Test Method-Specific α 

On the basis of all simulation results (Figure 3-20), an alpha error rate of 0.05 is appropriate for 
use in applying the TST approach to analysis of chronic M. pyrifera tube-length data because 
using that alpha error rate satisfies both RMDs of (1) ensuring at least a 75 percent probability of 
declaring a 25 percent mean effect as toxic and (2) ensuring that a negligible effect (< 10 percent 
mean effect) is declared toxic < 5 percent of the time under average test performance. As noted 
for the germination endpoint of this species above, higher alpha levels would also satisfy these 
RMDs; however, in such cases, the lowest alpha ≥ 0.05 is selected. 

At a 10 percent mean effect in the effluent for example and ~50th percentile CV of 0.07, alpha 
levels ranging from 0.05 to 0.30 resulted in failure to reject the null hypothesis in almost none of 
the tests (Figure 3-21). For tests with a mean effect of 25 percent, the rate of tests declared toxic 
ranged from ~95 to ~70 percent, at alpha error rates ranging from 0.05 to 0.30, respectively, and 
the 75th percentile CV value (Figure 3-22). Thus, alpha levels < 0.25 achieved the RMD that a 25 
percent mean effect is declared toxic at least 75 percent of the time. 

At ~50th percentile CV (0.07) and a mean effect of 10 percent, use of the TST approach results in 
significantly fewer tests declared toxic relative to the traditional hypothesis approach at all alpha 
error rates examined (Figure 3-21). These results are because of the RMDs of the TST approach; 
tests with a small (10 percent) mean effect of the effluent are declared non-toxic most of the time 
when test control data are average or better. 
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Figure 3-20. Power curves showing the percentage of tests declared toxic as a 
function of the ratio of effluent mean to control mean response and α level 
categorized by the level of control within-test variability. CVs correspond to the 
25th, 50th, 75th, and 90th percentiles for the chronic giant kelp germ-tube length 
WET method. The dashed line indicates the 75 percent mean effect level, 
which is the decision threshold for chronic tests. 
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Figure 3-21. Percent of chronic giant kelp germ-tube length tests declared toxic 
using TST having a mean effluent effect of 10 percent and average control 
variability as a function of the α error rate. Result using the traditional hypothesis 
approach (α = 0.05) is shown as well. 

Figure 3-22. Percent of chronic giant kelp germ-tube length tests declared toxic 
using TST having a mean effluent effect of 25 percent and above average control 
variability as a function of the α error rate. Result using the traditional hypothesis 
approach (α = 0.05) is shown as well. 

Tests with a mean effect of 25 percent and above average precision (CV = 0.09) result in a 
similar rate of tests declared toxic as the traditional approach when alpha = 0.05 (Figure 3-22). 
These results further support the selection of 0.05 as the alpha value under TST for this WET 
endpoint. 
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3.7 Chronic Echinoderm Fertilization Test 

On the basis of actual WET data (N = 177 tests), mean control fertilization ranged from 0.538 to 
1.000, with a median mean value of 0.953 (Table 3-10). Control CVs ranged from 0.000 to 0.667 
with a median value of approximately 0.03 (Table 3-10). Using that data, simulation analyses 
were conducted to evaluate the percentages of tests declared toxic (i.e., failure to reject the null 
hypothesis) by TST at various alpha error rates (between 0.05 and 0.3), CVs, and percent mean 
effect in reproduction between the control and effluent concentration of concern. 

Table 3-10. Summary of mean control fertilization and control CV 
derived from analyses of 177 chronic Dendraster excentricus and 
Strongylocentrotus purpuratus WET tests 

Percentile 
Mean control 
fertilization Control CV Control SD 

10th 0.826 0.01 0.58 
25th 0.875 0.01 1.16 
50th 0.953 0.03 2.45 
70th 0.975 0.05 4.32 
75th 0.978 0.07 5.97 
85th 0.990 0.09 7.44 
90th 0.993 0.11 9.32 
95th 0.996 0.14 11.00 

Identifying Test Method-Specific α 

On the basis of all simulation results (Figure 3-23), an alpha error rate of 0.05 is appropriate for 
use in applying the TST approach to analysis of chronic D. excentricus and S. purpuratus data 
because using this alpha error rate satisfies both RMDs of (1) ensuring at least an 75 percent 
probability of declaring a 25 percent mean effect as toxic and (2) ensuring that a negligible effect 
(< 10 percent mean effect) is declared toxic < 5 percent of the time under average test 
performance. As with the other West Coast chronic WET test methods, higher alpha values also 
satisfy the above RMDs. In these cases, the alpha value ≥ 0.05 that satisfies the RMDs is used. 

At a 10 percent mean effect in the effluent for example, and ~50th percentile CV of 0.03, alpha 
levels ranging from 0.05 to 0.30 result in failure to reject the null hypothesis in none of the tests 
(Figure 3-24). For tests with a mean effect of 25 percent, the rate of tests declared toxic ranged 
from ~95 to ~70 percent, at alpha error rates ranging from 0.05 to 0.30, respectively, and 
approximately the 80th percentile CV value (Figure 3-25). Thus, alpha levels < 0.25 achieved the 
RMD that a 25 percent mean effect in the effluent is declared toxic at least 75 percent of the time 
regardless of within-test variability. 

At ~50th percentile CV for this test endpoint (0.03) and a mean effect of 10 percent in the 
effluent, TST resulted in significantly fewer tests declared toxic relative to the traditional 
hypothesis approach at all alpha error rates (Figure 3-24). This results from the fact that the 
RMD is that tests with a negligible (10 percent) mean effect in the effluent are declared non
toxic most of the time when test control data are average or better. 
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Figure 3-23. Power curves showing the percentage of tests declared toxic as a 
function of the ratio of effluent mean to control mean response and α level 
categorized by the level of control within-test variability. CVs correspond to the 
25th, 50th, 75th, and 90th percentiles for the chronic echinoderm fertilization WET 
method. The dashed line indicates the 75 percent mean effect level, which is the 
decision threshold for chronic tests. 

43
 

RB-AR27686



 

 

 
 

 
 

 

 
 

NPDES Test of Significant Toxicity Technical Document  June, 2010 

Figure 3-24. Percent of chronic echinoderm tests declared toxic using TST having 
a mean effluent effect of 10 percent and average control variability as a function of 
the α error rate. Result using the traditional hypothesis approach (α = 0.05) is 
shown as well. 

Figure 3-25. Percent of chronic echinoderm tests declared toxic using TST having 
a mean effluent effect of 25 percent and above average control variability as a 
function of α error rate. Result using the traditional hypothesis approach (α = 0.05) 
is shown as well. 

Tests with a mean effect of 25 percent and above average precision (CV = 0.07) result in a 
similar rate of tests declared toxic as the traditional hypothesis approach when alpha = 0.05 
(Figure 3-25). The results further support the selection of alpha = 0.05 for this WET test 
endpoint. 
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3.8 Acute Pimephales promelas Survival Test 

As noted in the RMD discussion in Section 2.1, acute toxicity (i.e., mortality or immobility of 
organisms) needs to be tightly controlled because of the potential environmental implications of 
acute toxicity. Therefore, the RMD toxicity threshold for acute WET methods is set higher than 
that for the chronic WET methods, with the acute WET method b value = 0.80, rather than 0.75 
as in the chronic methods. Consequently, the following analyses and results incorporated a b 
value of 0.80. 

On the basis of actual WET data (N = 347 tests), mean control survival ranged from 0.900 to 
1.000, with a median mean value of 1.000 (Table 3-11). Control CVs ranged from 0.000 to 0.185 
with a median value of 0.00 (Table 3-11). The very low control variability observed is expected 
because of the strength and repeatability of the test endpoint (survival) and the fact that test 
acceptability criteria for acute WET methods require no less than 90 percent survival in controls. 
Using that data, simulation analyses were conducted to evaluate the percentages of tests declared 
toxic (i.e., failure to reject the null hypothesis) by TST at various alpha error rates (between 0.05 
and 0.20), a range of CVs corresponding to between the 75th to the 90th percentiles, and percent 
mean effect in reproduction between the control and effluent concentration. 

Table 3-11. Summary of mean control survival and control CV derived 
from analyses of 347 acute Pimephales promelas WET tests 

Percentile 
Mean control 

survival Control CV Control SD 
10th 0.95 0.00 0.00 
25th 1.00 0.00 0.00 
50th 1.00 0.00 0.00 
70th 1.00 0.00 0.00 
75th 1.00 0.00 0.00 
85th 1.00 0.09 0.15 
90th 1.00 0.12 0.18 
95th 1.00 0.19 0.23 

Identifying Test Method-Specific α 

On the basis of all simulation results (Figure 3-26), an alpha error rate of 0.10 is appropriate for 
use in applying the TST approach to analysis of acute P. promelas data because using this alpha 
error rate satisfies both RMDs of (1) ensuring at least a 75 percent probability of declaring a 20 
percent mean effect as toxic and (2) ensuring that a negligible effect (< 10 percent mean effect) 
is declared toxic < 5 percent of the time under average control performance. 
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Figure 3-26. Power curves showing the percentage of tests declared toxic as a function of 
the ratio of effluent mean to control mean response and α level categorized by the level of 
control within-test variability. CVs correspond to the 75th, 80th, 85th, and 88th percentiles for 
the acute fathead minnow WET method. The dashed line indicates the 80 percent mean 
effect level, which is the decision threshold for acute tests. 

At a 10 percent mean effect in the effluent and a CV of 0.001 (slightly higher than the 75th 

percentile), alpha levels ranging from 0.05 to 0.20 resulted in failure to reject the null hypothesis 
in none of the tests (Figure 3-27). At the 88th percentile CV of 0.10 and a mean effect of 10 
percent, alpha levels ranging from 0.05 to 0.20 resulted in declaring between 60 and 25 percent 
of the tests toxic, respectively. At more moderate CVs (85th percentile), an alpha of 0.10 results 
in 5 percent of the tests declared toxic. A lower alpha has a higher percentage of tests declared 
toxic. 

For tests with a mean effect of 20 percent, the rate of tests declared toxic ranged from ~100 
percent to ~80 percent, at alpha levels ranging from 0.05 to 0.20, respectively, and above average 
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CV values (Figure 3-28). The rates of tests declared toxic are consistent with the RMD that a 20 
percent mean effect in the effluent is declared toxic at least 75 percent of the time. With more 
routine test performance, an alpha = 0.10 results in 95 percent of the tests declared toxic at a 
mean effect of 20 percent. 

Figure 3-27. Percent of acute fathead minnow tests declared toxic using TST 
having a mean effluent effect of 10 percent and average control variability as a 
function of α error rate. Result using the traditional hypothesis approach (α = 0.05) 
is shown as well. 

Figure 3-28. Percent of acute fathead minnow tests declared toxic using TST 
having a mean effluent effect of 20 percent and above average control variability 
as a function of α error rate. Result using the traditional hypothesis approach (α 
= 0.05) is shown as well. 
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At a CV of 0.001 and a mean effect of 10 percent, use of the TST approach results in 
significantly fewer toxic tests relative to the traditional hypothesis approach at all alpha levels 
(Figure 3-27). These results are due to the RMD that tests with a 10 percent mean effect at the 
IWC are declared non-toxic most of the time. 

Tests with a mean effect of 20 percent and a CV of 0.05 (85th percentile) result in a similar rate 
of tests declared toxic at alpha = 0.05 and 10 percent fewer tests declared toxic (90 percent of 
tests) at alpha = 0.10 (Figure 3-28). Because all the results noted above, an alpha = 0.10 is 
considered appropriately protective for this WET test method. 

Effect of Increased Number of Within-Test Replicates 
As expected, increasing test replication from two (the minimum allowed in the EPA WET test 
methods for acute fish tests) to four replicates results in a higher rate of tests declared toxic using 
the traditional hypothesis testing approach and a lower rate of tests declared toxic using the TST 
approach at a 10 percent effect using P. promelas acute test data. For tests with a mean effect of 
10 percent and a control CV of 0.05 (corresponding to between the 75th and 90th percentile), if 
replicates are added to the test design, the TST approach demonstrates an increased ability to 
declare such a test as non-toxic (Table 3-12). As the mean effect approaches 20 percent, the 
percentage of tests declared toxic is less affected by increased replication using TST because a 
20 percent effect in the effluent is the toxicity threshold using TST. However, the percentage of 
tests declared toxic continues to increase with increased replication using the traditional 
hypothesis approach, even when there is a negligible effect (10 percent effect as defined by TST) 
of the effluent. Thus, increasing test replication increases TST’s ability to confirm an acceptable 
effluent test with mean effect less than 20 percent. 

Table 3-12. Percent of fathead minnow acute tests declared toxic using TST and 
a b value = 0.8 as a function of percent mean effect, number of replicates (2 or 4 
replicates), and different alpha or Type I error levels 

B value CV 
% 

effect # reps 
Alpha 

0.05 0.1 0.15 0.2 
0.8 0.05 0.10 2 57 33 21 13 
0.8 0.05 0.20 2 95 91 85 80 
0.8 0.05 0.10 4 14 5 3 1 
0.8 0.05 0.20 4 95 90 85 80 

3.9 Chronic Selenastrum capricornutum Growth Test 

On the basis of actual WET data (N = 223 tests), the mean control growth ranged from 1,019,250 
cells to 14,109,450 cells, with a median value of 3,331,250 cells (Table 3-13). Control CVs 
ranged from 0.00 to 0.20 with a median value of 0.06 (Table 3-13). Using those data, simulation 
analyses were conducted to evaluate the percentages of tests declared toxic (i.e., failure to reject 
the null hypothesis) by TST at various alpha error rates (between 0.05 and 0.25), CVs, and 
percent mean effect in growth between the control and effluent concentration. In addition, WET 
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test data (N = 173), in which EDTA was added to the controls, as required in the 2002 
Selenastrum method, were evaluated independently and compared to the simulation results. For 
those tests the mean control growth ranged from 1,019,250 cells to 14,109,450 cells, with a 
median value of 3,430,000 cells (Table 3-13). Control CVs from those tests ranged from 0.00 to 
0.20 with a median value of 0.06, similar to the results observed for all 223 tests (Table 3-13).   

Table 3-13. Summary of mean control growth, CV and standard deviation derived from the 
analyses of all chronic Selenastrum capricornutum WET test data and compared with the 
analysis of only the chronic Selenastrum capricornutum WET test in which it was assumed that 
EDTA was added to the controls. 

Percentile 

All Tests (N = 223) 
Mean Cell 
Density 

Control 
CV 

Control 
SD 

Only Tests With EDTA Addition (N = 173) 

Percentile 
Mean Cell 
Density 

Control 
CV 

Control 
SD 

10th 1233050.0 0.02 44928.62 10th 1554500.0 0.02 43664.06 
25th 2245833.5 0.04 108449.85 25th 2502500.0 0.03 135154.20 
50th 3331250.0 0.06 277653.90 50th 3430000.0 0.06 309232.90 
70th 4869000.0 0.10 407505.12 70th  5581650.0 0.10 417361.66 
75th 6179667.0 0.11 444887.25 75th 8220000.0 0.11 447446.50 
85th 9265500.0 0.13 545764.05 85th 9785000.0 0.14 543717.8 
90th 9888000.0 0.16 599644.32 90th 10048000.0 0.16 583299.40 
95th 10149500.0 0.18 751884.62 95th 10279000.0 0.18 669780.04 

Identifying Test Method-Specific α 

On the basis of all simulation results (Figure 3-29), an alpha error rate of 0.25 is appropriate, for 
both tests with EDTA addition and tests with no EDTA addition, for use in applying the TST 
approach to analysis of chronic Selenastrum data. Using this alpha error rate addresses both 
RMDs of (1) ensuring at least a 75 percent probability of declaring a 25 percent mean effect as 
toxic and (2) ensuring that a negligible effect (< 10 percent mean effect) is declared toxic < 5 
percent of the time under average or better than average test performance. 

For example, at a 10 percent mean effect and a low level of precision (~70th percentile for all 
tests, CV of 0.10), an alpha level of 0.25 resulted in failure to reject the null hypothesis in ≤ 5 
percent of tests with or without EDTA addition (Figure 3-29). For all tests with a mean effect of 
25 percent, and a similar precision, the rate of tests declared toxic is 75 percent at an alpha value 
of 0.25, consistent with RMDs (Figure 3-29). 

At ~70th percentile CV (0.10) and a mean effect of 10 percent, for both tests with and without 
EDTA addition, use of the TST approach results in fewer toxic tests relative to the traditional 
hypothesis testing approach at all alpha error rates, including the alpha error rate of 0.25 which 
declared less than 5 percent of the tests toxic (Figure 3-30). 

Tests with a mean effect of 25 percent, regardless of precision (CV = 0.10 or 0.15), result in a 75 
percent or greater rate of tests declared toxic, which is significantly more than that using the 
traditional hypothesis testing approach using any alpha value between 0.05 and 0.25 (Figure 3
31). The percent of tests found to be toxic using the TST approach with a mean effect of 25 
percent was not significantly affected by the change in CV values. 
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Figure 3-29. Power curves showing the percentage of tests declared toxic as a function of 
the ratio of effluent mean to control mean response and α level categorized by the level of 
control within-test variability. CVs correspond to the 10th, 40th, 70th, and 85th percentiles for 
the chronic Selenastrum WET method. The dashed line indicates the 75 percent mean 
effect level, which is the decision threshold for chronic tests. 
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Figure 3-30. Percent of Selenastrum tests declared toxic using TST having a 
mean effluent effect of 10 percent and average control variability as a function of α 
error rate. Result using the traditional hypothesis approach (α = 0.05) is shown as 
well. 

Figure 3-31. Percent of Selenastrum tests declared toxic using TST having a 
mean effluent effect of 25 percent and above average control variability as a 
function of α error rate. Result using the traditional hypothesis approach (α = 0.05) 
is shown as well. 

Effluent Data Results 
Results from actual effluent tests were compared between TST and the traditional hypothesis 
testing approach for all control CV’s (Table 3-14). At a mean effect of 10–15 percent (N = 25), 
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TST declared none of the tests toxic while the traditional hypothesis testing approach declared 67 
percent of the tests toxic. However, if the mean effect is greater than 25 percent (N = 97), TST 
declared 100 percent of the tests toxic, while the traditional hypothesis testing approach declared 
98 percent of the tests toxic. These results indicate that TST is as protective as the current 
hypothesis testing approach for those tests when the TST RMD threshold for toxicity is 
exceeded. 

Table 3-14. Comparison of the percentage of chronic Selenastrum tests 
declared toxic using TST versus the traditional hypothesis testing 
approach 

% Mean effect N 
% tests toxic 

using TST 

% tests toxic using 
traditional hypothesis 

testing approach 
10–15 25 0 67 
> 25 97 100 98 

3.10 Acute Ceriodaphnia dubia Survival Test 

Acute toxicity (i.e., mortality or immobility of organisms) needs to be tightly controlled because 
of the potential environmental implications of acute toxicity. Therefore, the RMD toxicity 
threshold for acute WET methods is set higher than that for the chronic WET methods, with the 
acute WET method b value = 0.80, rather than 0.75 as in the chronic methods. Consequently, the 
following analyses and results incorporated a b value of 0.80. 

On the basis of actual WET data (N = 239 tests), mean control survival ranged from 0.900 to 
1.000, with a median mean value of 1.000 (Table 3-15). Control CVs ranged from 0.00 to 0.22 
(the minimum and maximum levels obtainable using the test acceptability criteria) with a median 
value of 0.00 (Table 3-15). The very low control variability observed is expected because of the 
strength and repeatability of the test endpoint (survival) and the fact that test acceptability criteria 
for acute WET methods stipulate no less than 90 percent survival in the controls. Using that data, 
simulation analyses were conducted to evaluate the percentages of tests declared toxic (i.e., 
failure to reject the null hypothesis) by TST at various alpha error rates (between 0.05 and 0.30), 
a range of CVs, and percent mean effect in survival between the control and effluent 
concentration. 

Table 3-15. Summary of mean control growth, CV and standard 
deviation derived from analyses of 239 acute Ceriodaphnia dubia WET 
tests. 

Percentile 
Mean Survival 

(%) Control CV Control SD 
10th 0.95 0.00 0.00 
25th 1.00 0.00 0.00 
50th 1.00 0.00 0.00 
70th 1.00 0.00 0.00 
75th 1.00 0.00 0.00 
85th 1.00 0.00 0.00 
90th 1.00 0.11 0.10 
95th 1.00 0.11 0.10 
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Identifying Test Method-Specific α 

On the basis of all simulation results (Figure 3-32), an alpha error rate of 0.10 is appropriate for 
use in applying the TST approach to analysis of acute Ceriodaphnia dubia data because using 
this alpha error rate best satisfies both RMDs of (1) ensuring at least a 75 percent probability of 
declaring a 20 percent mean effect as toxic and (2) ensuring that a negligible effect (< 10 percent 
mean effect) is declared toxic < 5 percent of the time under average control performance. 

Figure 3-32. Power curves showing the percentage of tests declared toxic as a function 
of the ratio of effluent mean to control mean response and α level categorized by the 
level of control within-test variability. The first two CVs correspond to the 85th percentile, 
and the following two correspond to the 95th and ~98th, respectively for the acute 
Ceriodaphnia dubia WET method. The dashed line indicates the 80 percent mean effect 
level, which is the decision threshold for acute tests. 

For example, at a 10 percent mean effect in the effluent and a CV of 0.02 (slightly higher than 
the 85th percentile), alpha levels ranging from 0.05 to 0.25 resulted in failure to reject the null 
hypothesis in < 5 percent of the tests (Figure 3-32). However, at the 90th and 95th percentile CVs 
of 0.10 and a mean effect of 10 percent, the alpha level of 0.25 resulted in 19 percent of the tests 
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found toxic. For tests with a mean effect of 20 percent, and ~85th percentile precision (CV of 
0.02), 75 percent of the tests are declared toxic,  achieving the RMD using an alpha value of 0.25 
(Figure 3-32). 

For tests with a mean effect of 20 percent, the rate of tests declared toxic ranged from ~95 
percent to ~75 percent, at alpha levels ranging from 0.05 to 0.25, respectively, using all CV 
values that correspond to < 95th percentile. (Figure 3-32). The rates of tests declared toxic are 
consistent with the RMD that a 20 percent mean effect in the effluent is declared toxic at least 75 
percent of the time. With more routine test performance, an alpha of 0.10 results in 90 percent of 
the tests declared toxic at a mean effect of 20 percent. 

At a CV of 0.02 (~85th percentile) and a mean effect of 10 percent, use of the TST approach 
results in no toxic tests, while the traditional hypothesis approach results in 100 percent toxic 
tests at all alpha levels (Figure 3-33).  

Tests with a mean effect of 20 percent and a range of within-test control precision values (CV of 
0.02 to 0.15) result in at least 75 percent of the tests declared toxic using an alpha = 0.10 (Figure 
3-34). In contrast fewer tests are declared toxic at a 20% effect when using the traditional 
hypothesis testing approach and any alpha value between 0.05 and 0.25 (Figure 3-34). Thus, the 
percent of tests found to be toxic using the TST approach with a mean effect of 20 percent was 
not significantly affected by the change in CV values. 

Figure 3-33. Percent of acute C. dubia tests declared toxic using TST having a 
mean effluent effect of 10 percent and average control variability as a function of α 
error rate. Result using the traditional hypothesis approach (α = 0.05) is shown as 
well. 
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Figure 3-34. Percent of acute C. dubia tests declared toxic using TST having a 
mean effluent effect of 20 percent and above average control variability as a 
function of α error rate. Result using the traditional hypothesis approach (α = 0.05) 
is shown as well. 

Effect of Increased Number of Within-Test Replicates 
As with the fathead minnow acute method, increasing test replication from four (the minimum 
allowed in the EPA WET test methods for acute Ceriodaphnia dubia tests) to six replicates 
results in a higher rate of tests declared toxic using the traditional hypothesis testing approach 
and a lower rate of tests declared toxic using the TST approach at a 10 percent mean effect using 
C. dubia acute test data. For tests with a mean effect of 10 percent and a control CV of 0.06 
(corresponding to between the 85th and 90th percentile), if replicates are added to the test design, 
the TST approach demonstrates an increased ability to declare such a test as non-toxic (Table 
3-16). As the mean effect approaches 20 percent, the percentage of tests declared toxic is less 
affected by increased replication using TST because a 20 percent effect in the effluent is the 
RMD using TST. However, the percentage of tests declared toxic continues to increase with 
increased replication using the traditional hypothesis approach, even when there is a negligible 
effect (10 percent effect as defined by TST) of the effluent. Thus, increasing test replication 
increases TST’s ability to confirm an acceptable effluent test with mean effect less than 20 
percent. 

Table 3-16. Percent of Ceriodaphnia dubia acute tests declared toxic using TST 
and a b value = 0.8 as a function of percent mean effect, number of replicates (4 
or 6 replicates), and different alpha or Type I error levels 

B value CV 
% 

effect # reps 
Alpha 

0.05 0.1 0.15 0.2 
0.8 0.06 0.10 4 23 12 7 5 
0.8 0.06 0.20 4 95 90 85 80 
0.8 0.06 0.10 6 8 4 3 2 
0.8 0.06 0.20 6 95 90 85 80 
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4.0 SUMMARY OF RESULTS AND IMPLEMENTING TST 

4.1 Summary of Test Method-Specific Alpha Values 

On the basis of all the analyses conducted in this project, the test method-specific alpha levels 
summarized in Table 4-1 are used with the TST approach. The method-specific alpha values 
apply to all test endpoints for a given EPA WET test method (e.g., survival and reproduction for 
the Ceriodaphnia chronic WET test method). As noted in Section 2.3.1, alpha values were 
selected on the basis of simulation analyses using normally distributed data and equal variances 
in the control and the effluent. While additional analyses indicate that the alpha levels identified 
are robust to the type of heterogeneous variances and non-normal data observed in WET test data 
(see Appendix A), this issue is still acknowledged as a potential uncertainty. 

The alpha values identified above provide as much protection under most circumstances as the 
current approved WET test analysis methods when the mean effect at the IWC exceeds the 
toxicity threshold of the TST approach. 

At the chronic toxicity regulatory management threshold of 25 percent mean effect of the 
effluent and lower within-test control CVs (< 50th percentile), TST declares a greater percentage 
of tests non-toxic than the traditional hypothesis approach for some of the chronic WET test 
methods examined (e.g., fathead minnow chronic WET test) because of the higher alpha levels 
assigned to those test methods. At either higher within-test CVs or higher mean effect levels, 
results are more similar between the two approaches, as explained in Section 1.4 of this 
document. With more extreme within-test variability (≥ 80th percentile CV), results tend to be 
reversed with TST declaring a higher percentage of tests toxic at 25 percent mean effect of the 
effluent as compared to the traditional hypothesis approach; e.g., for the Ceriodaphnia 
reproduction endpoint, at the 80th percentile CV, TST declares ~20 percent of the tests non-toxic 
at a 25 percent mean effect, while the traditional approach declares 24 percent of the tests non
toxic. If test data are non-normal (a somewhat frequent condition for some WET endpoints such 
as acute and chronic survival, or when a high level of toxicity is observed in certain effluent 
concentrations within a test), additional research has indicated that use of Welch’s t-test results 
in a lower rejection rate (i.e., is more conservative) using the TST approach, resulting in a higher 
percentage of tests declared toxic when the effluent effect > b × control mean (Appendix A). For 
the acute fathead minnow test method, at the acute toxicity regulatory management threshold of 
20 percent mean effect of the effluent, both approaches had a similarly low percentage of tests 
declared non-toxic over all within-test CVs. Results of this comparison also demonstrate that for 
all WET test methods, the TST approach declares a lower percentage of tests as toxic at a 10 
percent mean effect in the effluent, for most WET tests (i.e., within-test CV ≤ 75th percentile for 
a given WET test method). If within-test variability is lower (control data has greater precision), 
the result is further accentuated; i.e., an even greater percentage of tests are declared toxic at a 10 
percent effect using the traditional hypothesis approach and an even lower percentage of tests 
declared toxic using TST. 
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Table 4-1. Summary of alpha (α) levels or false negative rates recommended for different EPA 
WET test methods using the TST. 

EPA WET test method b value 

Probability of declaring a 
toxic effluent non-toxic 
False negative (α) errora 

Chronic Freshwater and East Coast Methods 
Ceriodaphnia dubia (water flea) survival and 

reproduction 
0.75 0.20 

Pimephales promelas (fathead minnow) survival 
and growth 

0.75 0.25 

Selenastrum capricornutum (green algae) growth 0.75 0.25 
Americamysis bahia (mysid shrimp) survival and 

growth 
0.75 0.15 

Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 
Cyprinodon variegatus (Sheepshead minnow) and 
Menidia beryllina (inland silverside) survival and   
growth 

0.75 0.25 

Chronic West Coast Marine Methods 
Dendraster excentricus and Strongylocentrotus 

purpuratus (Echinoderm) fertilization 
0.75 0.05 

Atherinops affinis (topsmelt) survival and growth 0.75 0.25 
Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 

0.75 0.05 

Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 

0.75 0.05 

Acute Methods 
Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt),  Menidia beryllina 
(inland silverside) acute survivalb 

0.80 0.10 

Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survivalb 

0.80 0.10 

Notes:
 
a α levels shown are the probability of declaring an effluent toxic when the mean effluent effect = 25% for chronic 

tests or 20% for acute tests and the false positive rate (β) is < 0.05 (5%) when mean effluent effect = 10%. 

b. Based on a four replicate test design 

4.2 Calculating Statistics for Valid WET Data Using the TST Approach 

Appendix B includes a step-by-step guide for using the TST approach to analyze valid WET 
data. The appendix also includes a statistical flowchart. Note that the WET test method should 
follow the test condition requirements as specified in EPA’s approved WET methods (USEPA 
1995, 2002a, 2002b, 2002c). 

The TST approach is used to statistically compare organism responses from two treatments of 
the WET test, the IWC and the control. Percent data (quantal data), such as percent survival or 
percent germination from a WET test, is first transformed as recommended in the EPA WET test 
manuals. Other types of WET data (e.g., growth or reproduction data) are not transformed (for 
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the rationale, see Appendix A). Data are then analyzed using Welch’s t-test, a well-known 
modification of the traditional t-test (Zar 1996), which is appropriate for the TST approach (see 
Appendix A). 

Appendix C lists the critical t values that apply to WET testing using the TST approach given the 
number of degrees of freedom and the α level that applies for a given WET test method from 
Table 4-1 of this document. If the calculated t value for the WET test is greater than the critical 
t value (given in Appendix C), the null hypothesis is rejected, i.e., the test result is a pass and the 
effluent is declared non-toxic. If the calculated t value is less than the critical t value in 
Appendix C, the null hypothesis is not rejected, i.e., the test result is a fail and the effluent is 
declared toxic. 

4.3 Benefits of Increased Replication Using TST 

One of the intended benefits of the TST approach is that increasing the precision and power of 
the test increases the chances of rejecting the null hypothesis and declaring a truly acceptable 
sample as non-toxic. This increases the permittee’s ability to demonstrate that a sample is 
acceptable. Results for the Ceriodaphnia, fathead minnow, and mysid chronic test methods 
presented in Section 3 indicate the benefits of increased replication within a test, especially when 
the mean effect of the sample is below about 20 percent in the case of chronic tests and about 15 
percent for acute tests. As expected, increasing test replication (and thereby the power of the test) 
results in a higher rate of tests declared toxic using the traditional hypothesis testing approach 
but a lower rate of tests declared toxic using the TST approach. 

Conducting tests with more replicates can help a permittee demonstrate that the effluent is 
acceptable if the mean effect at the IWC is truly less than the RMDs as defined by TST (25 
percent effect for chronic and 20 percent for acute). Conversely, increasing replicates does 
not assist a permittee using the traditional hypothesis testing approach. 

4.4 Applying TST to Ambient Toxicity Programs 

In ambient and stormwater toxicity testing, a laboratory control and a single concentration (i.e., 
100 percent ambient water or stormwater) are often tested. In those two-concentration WET 
tests, the objective is to determine if a sample or site water is toxic, as indicated by a 
significantly worse organism response compared to the control. In this WET testing design, the 
determination of pass or fail (i.e., toxic or non-toxic) is ascertained using a traditional t-test 
(USEPA 2002c). EPA WET test methods recommend that the statistical significance (i.e., 
pass/fail) of a two-sample test design for ambient and stormwater toxicity testing be determined 
by using only a modified t-test (if homogeneity of variance is not achieved) or a traditional t-test 
(if homogeneity of variance is achieved). 

To demonstrate the value of the TST approach in ambient toxicity programs, ambient toxicity 
test data from California’s SWAMP was used for 409 chronic tests for Ceriodaphnia dubia and 
256 chronic tests for Pimephales promelas using EPA’s 2002 WET test methods (USEPA 
2002a). WET test data for each WET test method were subjected to the same statistical analyses 
as described in Section 2 of this document. 
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Chronic Ceriodaphnia dubia Ambient Toxicity Tests 
Table 4-2 summarizes results from the 409 Ceriodaphnia dubia ambient toxicity tests analyzed 
and a α = 0.20 for this test method. Although the majority of the tests examined resulted in the 
same decision using either the TST or the traditional t-test approach, approximately 6 percent of 
the tests (24 tests) would have been declared non-toxic using the traditional t-test approach with 
mean effect levels > 25 percent. In addition, 2 percent of the tests (7 tests) would have been 
declared toxic at mean effect levels < 15 percent and as low as 7 percent. 

Table 4-2. Comparison of results of chronic Ceriodaphnia ambient toxicity tests using the TST 
approach and the traditional t-test analysis. α = 0.2 and b value = 0.75 for the TST approach. α 
= 0.05 for the traditional hypothesis testing approach 

Both approaches 
declare toxic 

Only TST declares 
toxic 

Only traditional 
approach declares 

toxic 
Both approaches 
declare non-toxic 

19.8% 5.9% 1.7% 72.6% 

Figure 4-1 shows ranges of CV values observed in Ceriodaphnia dubia ambient toxicity tests for 
those samples declared toxic using either the TST approach or the traditional t-test but not both 
approaches. As expected, within-test variability was relatively high (higher CVs) for those tests 
found non-toxic using a t-test but toxic using the TST approach. The results again demonstrate a 
limitation of the traditional hypothesis testing approach when control variability is relatively 
high. Under those conditions, the t-test did not have the power to detect toxicity when it was 
present. Figure 4-1 also demonstrates that the TST approach is superior to the traditional t-test 
when within-test variability is relatively low and the mean percent effect is well below the risk 
management level of 25 percent. Under such conditions, the traditional t-test declared some 
samples toxic using this WET test method, even when the mean effect was as little as 7 percent. 
The TST approach, however, declared all such samples non-toxic using the recommended α = 
0.20. Thus, the TST approach reduces the number of tests classified as toxic when effects are 
actually well below risk management levels of concern. 

Similar to the Ceriodaphnia ambient test data, within-test variability was higher in those chronic 
fathead minnow ambient tests found non-toxic using a t-test but toxic using the TST approach 
(Figure 4-2). Similarly, those tests declared non-toxic by the TST approach but toxic using t-test 
had lower within-test variability and mean effect levels < 25 percent (Figure 4-2). Thus, as with 
the chronic Ceriodaphnia ambient tests, data from chronic fathead minnow ambient tests 
demonstrate that the TST approach provides better protection than the traditional t-test approach 
while also identifying those samples that are truly acceptable from a regulatory management 
perspective. 

4.5 Implementing TST in WET Permitting under NPDES 

The TST approach is an alternative statistical approach for analyzing and interpreting valid WET 
data; it is not an alternative approach to developing NPDES permit WET limitations. Using the 
TST approach does not result in any changes to EPA’s WET test methods. 
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Chronic Ceriodaphnia ambient WET tests that are identified as non-toxic (pass) using the 
traditional hypothesis approach (t-test) generally have poor test sensitivity (high control 
CVs), masking effects, as compared to using the TST approach. 
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Figure 4-1. Range of CV values observed in chronic C. dubia ambient toxicity 
tests for samples that were found to be non-toxic using the traditional t-test but 
toxic using the TST approach (NOEC Pass) and for those samples declared toxic 
using t-test but not the TST approach (TST Pass). California’s SWAMP WET test 
data. 

Fish ambient WET tests that are identified as non-toxic using the traditional hypothesis 
approach (t-test) generally have poor test sensitivity (high control CVs), masking effects, as 
compared to using the TST approach. 
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Figure 4-2. Range of CV values observed in chronic P. promelas ambient toxicity tests for 
samples that were declared to be non-toxic using the traditional t-test but toxic using the TST 
approach (NOEC Pass) and for those samples declared toxic using t-test but not the TST 
approach (TST Pass). California’s SWAMP WET test data. 
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4.6 Reasonable Potential (RP) WET Analysis 

NPDES permitting authorities conducting an RP analysis must follow 40 CFR 122.44(d)(1) to 
determine whether a discharge will, “cause, have the reasonable potential to cause, or contribute 
to” an excursion of a numeric criterion or a narrative WET criterion.  Some states have state-
specific WET RP approaches in their water quality control plan or other NPDES policy or 
guidance. 

For RP calculations using the TST approach, EPA recommends that permitting authorities use all 
valid WET test data generated during the current permit term and any additional valid data that 
are submitted as part of the permit renewal application.  The TST RP approach necessitates 
having at least a minimum of four valid WET tests to address effluent representativeness (see 
EPA’s TSD, Chapter 3, pg. 57, under Step 2 in the section Steps in Whole Effluent 
Characterization Process). EPA also recommends that states request that their permittees 
provide the actual test endpoint responses for the control (i.e., control mean) and IWC 
concentration (i.e., IWC mean) for each WET test conducted to make it easier for permit writers 
to find the necessary WET test results when determining WET RP.  WET test data are then 
analyzed according to the TST approach using the IWC and control test concentrations for all the 
valid WET test data available. If fewer than four valid WET test data points are available, 
permitting authorities should follow EPA’s TSD RP approach because it addresses small WET 
data sets by incorporating an RP multiplying factor (see section 3.3.2 of the TSD, pg. 54) to 
account for effluent variability in small WET data sets. If sufficient, valid WET test data are 
available and the TST statistical approach indicates that the IWC is toxic in any WET test, RP 
has been demonstrated (40 CFR 122.44(d)(1)(i)). To address concerns regarding the “potential to 
cause or contribute to toxicity,” an analysis of the mean effect at the IWC is also conducted to 
determine whether the effluent has RP, even if all test results are declared a pass using the TST 
approach (for more details, see EPA’s TST Implementation Document EPA 833-R-10-003). 

Note that using the TST approach might be to the permittee’s advantage. If the permittee decides 
to incorporate additional test replicates for the control and the IWC when conducting the WET 
test, above the minimum required in the EPA WET test methods, the test power is increased. 
More test replicates increases test power, which means a lower probability of a false positive 
using the TST approach if the effluent is truly non-toxic based on the RMDs in the TST approach. 
Thus, using the TST approach, a permittee has a greater ability to prove the negative (i.e., its 
effluent does not have RP). 

In those cases where the WET RP outcome is yes, a WET limit is expressed in the permit. In 
situations where the RP outcome is no, WET monitoring requirements should still be 
incorporated in the permit. A fail test result during monitoring could trigger additional steps if 
described in the permit. In either of those situations, if toxicity is demonstrated, states should 
specify an approach to address toxicity in the permit. This often includes initially accelerated 
toxicity tests (i.e., increased frequency of testing) and permit requirements to perform a toxicity 
reduction evaluation. 

4.7 NPDES WET Permit Limits 

Using the TST approach, WET NPDES permit limits would be expressed as no significant 
toxicity of the effluent at the IWC using the TST analysis approach. A test result of Pass is when 
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the calculated t value is greater than the critical t value. A test result of Fail is when the 
calculated t value is less than the critical t value. 

Beyond assessing WET data for the NPDES Program, WET tests are used to assess toxicity of 
receiving water (watershed assessment for CWA section 303(d) determinations) and stormwater 
samples. Often as a first assessment of receiving or stormwater toxicity, researchers test a control 
and a single concentration (e.g., 100 percent receiving water or stormwater). In such cases, the 
TST approach can be used in the same way a t-test is used. Such analysis is used to determine 
whether organism response in a specified ambient concentration is significantly different than the 
control organism response. 

63
 

RB-AR27706



 

NPDES Test of Significant Toxicity Technical Document  June, 2010 

64
 

RB-AR27707



 

 

 
 

 

 

NPDES Test of Significant Toxicity Technical Document  	 June, 2010 

5.0 CONCLUSIONS 
Results of this project indicate that the TST is a viable additional option for analyzing valid acute 
and chronic WET test data. Given the RMDs and test-method specific alpha values specified in 
the TST approach, TST provides a transparent methodology for demonstrating whether an 
effluent truly is acceptable under the NPDES WET Program. The advantage of the TST 
approach is that it provides a structure in which it is easier to express, understand, and implement 
regulatory management goals. The alpha values identified in this project build on existing 
statistical information (such as data sources and analysis examining ability to detect toxic 
effects) on WET previously published by EPA, including Understanding and Accounting for 
Method Variability in WET Applications Under the NPDES Program (USEPA 2000). 

More than 2,000 valid WET test results and thousands of simulations were conducted to develop 
the technical basis for the TST approach. This approach builds on the strengths of the traditional 
hypothesis testing approach, including using robust statistical analyses to determine whether an 
effluent is toxic (i.e., Welch’s t-test), as well as published EPA documents regarding WET 
analysis and interpretation and the statistical literature. The TST approach yields a rigorous 
statistical interpretation of valid WET data by incorporating the transparent RMDs, established 
alpha and beta error rates, and thereby test power. Because this approach incorporates statistical 
test power, using TST will result in greater confidence in WET regulatory decisions. Additional 
benefits of using TST in WET analysis include the following: 

•	 It provides a positive incentive for the permittee to generate high quality WET data to the 
permitting authority. 

•	 It provides the ability to analyze a two-concentration test design (e.g., IWC versus 
control; stormwater and watershed assessments) using a streamlined statistical analysis 
flowchart. It is applicable to both NPDES WET permitting and section 303(d) watershed 
assessment programs. 

In summary, the TST approach provides another option for permitting authorities and permittees 
to use in analyzing valid WET test data. The TST provides a positive incentive to generate high 
quality WET data to make informed decisions regarding NPDES WET RP and permit 
compliance determinations. By using TST, permitting authorities will be better able to identify 
toxic or non-toxic samples. 
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APPENDIX A 


RATIONALE FOR USING WELCH’S T-TEST IN TST ANALYSIS OF WET DATA FOR 

TWO-SAMPLE COMPARISONS 

This appendix demonstrates that the Welch modification of the t-test is suitable for WET test 
data and applicable to the TST approach. It also provides the evaluation and justification for 
certain WET test data that do not strictly adhere to the assumptions of the Welch t-test. 

The Welch t-test accounts for different variances in two groups and assumes data are normally 
distributed (Welch 1938, 1947; Moser et al. 1989; Coombs et al. 1996; Zar 1996). For non-
normal data that have skewed, long-tailed distributions, the Welch’s t-test is known to have poor 
coverage (Zimmerman 2006). (By poor coverage, EPA means that the realized error rate, alpha, 
under the null hypothesis, is greater than the intended, nominal value of alpha). It is 
demonstrated below that WET data to which the TST will be applied typically have moderately 
unequal variances in the control and the IWC. That fact motivates use of the Welch t-test rather 
than the t-test (which assumes equal variances). It is also demonstrated that WET test data are 
typically non-normal but in a way that does not substantially compromise coverage of the Welch 
test—the data are leptokurtic and typically held within some range by the test design of the EPA 
WET test methods. Such data are known to have little effect on coverage for the Welch t-test 
(Zimmerman 2006; Zar 1996). 

So as not to rely on previous literature alone, simulations were conducted to demonstrate that the 
Welch t-test applied to the TST is suitable for WET test data. Simulated data were generated, 
having variances and non-normal distributions similar to WET test data for control and IWC 
groups. It is demonstrated that (a) moderately unequal variances (similar to WET data) have little 
effect on coverage of the t-test or Welch t-test (for normally-distributed data), and (b) for non-
normally distributed data (similar in distribution to WET data) representing control and IWC 
groups, the TST using the Welch t-test has close to nominal coverage, on the basis of simulations 
with up to a nine-fold difference in variance between IWC and control (a relatively high 
difference in variances on the basis of observed WET test data). 

Therefore, published studies provide ample evidence, the analysis of WET data and simulations 
described here, that the Welch t-test can be applied with confidence using the TST approach. 

Characterization of WET Data 
Because various WET test methods have a different experimental design, and thus could 
represent different distribution functions, a range of WET test methods (six) was examined to 
determine the frequency and magnitude of unequal variances between control and IWC as well 
as the frequency and type of non-normality in these methods. In addition, standard data 
transformations were used for tests when data were non-normal to see whether transformed data 
would meet assumptions of normality.

 Unequal Variances 
Standard F-tests (p = 0.01) were conducted for each valid WET test (IWC and control) to 
determine whether variances were unequal. Some WET test methods and endpoints 
demonstrated a higher frequency of unequal variances than other test methods (Table A-1). 
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Table A-1. Number (and percent) of tests with non-normal distribution and unequal variances for different types of WET tests, as well as the effect 
of data transformation on distribution, including skew and kurtosis 

Test name 
Number 
of tests 

Data 
transformation 

# (%) of 
non-

normal 
tests 

(p <  0.01) 

# (%) tests 
failing f-
test for 
unequal 

variances
 (p < 0.01) 

Range of 
skewness 

statistic for 
non-normal 

tests 

# (%) tests 
failing 

D’Agostino 
test for 

skewness 
(p < 0.01) 

Range of 
kurtosis 
statistic 

for non-normal 
tests 

# (%) tests 
failing 

Anscombe 
test for 
kurtosis 
(p < 0.01) 

C. dubia 
reproduction 

1,382 Raw 285 (20.6) 390 (28.2) -1.529 – -0.26 33 (2.4) 3.821 – 6.571 159 (11.5) 
Sqrt trans 418 (30.2) 545 (39.4) -1.790 – -0.385 89 (6.4) 4.013 – 7.45 268 (19.4) 
Log +1 525 (37.9) 630 (45.6) -2.058 – -0.564 143 (10.3) 4.06 – 8.43 343 (24.9) 

Fish growth 108 Raw 2 (1.9) 18 (16.7) -1.253 – 1.250 0 (0) 3.261 – 4.213 0 (0) 
Mysid growth 907 Raw 10 (1.1) 37 (4.0) -0.423 – 1.443 1 (0.1) 2.52 – 4.912 7 (0.77) 
Kelp growth 100 Raw 9 (9.0) 22 (22) -1.478 – 1.548 0 (0) 4.025 – 5.456 6 (6) 

Log+1 8 (8.0) 30 (30) -1.571 – 1.234 0 (0) 4.25 – 6.080 8 (8) 
sqrt 9 (9.0) 29 (29) -1.625 – 1.381 0 (0) 4.238 – 6.068 8 (8) 

Kelp 
germination 

100 Raw 3 (3.0) 15 (15) -0.9 – 1.281 0 (0) 3.465 – 4.697 3 (3) 
arcsin(sqrt) 1 (1.0) 9 (9) -0.872 – 1.04 0 (0) 3.465 – 4.698 0 (0) 

Fish survival 108 percent 44 (40.7) 61 (56.5) -1.633 – 0.654 0 (0) 2 – 4.67 3 (2.8) 
arcsin(sqrt) 42 (38.9) 61 (56.5) -1.633 – 0 0 (0) 2 – 4.67 3 (2.8) 
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For example, over half of the P. promelas (fish) acute survival tests had unequal variances. That 
result is expected because control acute survival typically has little or no variance (i.e., all 
control replicates display 100 percent survival). Ceriodaphnia reproduction had the next highest 
frequency of tests with unequal variances (28.2 percent). The giant kelp growth or germination, 
and P. promelas (fish) chronic growth WET endpoints each had a lower frequency of tests with 
unequal variances (15–22 percent) while the mysid growth endpoint had the lowest frequency of 
unequal variances of the six test endpoints evaluated (4 percent). Using the Ceriodaphnia test 
method as an example of a WET method having a higher frequency of heterogeneous variances, 
the variance ratio between IWC and control was generally < 9:1 (95th percentile ratio) with a 
median variance ratio of 2.5. Examination of data using other growth/reproduction methods 
indicates that most tests have a variance ratio < 10:1 (95th percentile) and median variance ratio < 
3.0. Percent data (germination) are subject to higher variance ratios (20~30:1); however, the fish 
acute test method has a variance ratio generally < 6.2:1 (95th percentile).

 Non-Normality 
Shapiro’s normality test was used to evaluate if WET test data were normally distributed. A 
measure of skewness was then used and Pearson’s measure of kurtosis (R moments package) to 
examine if skewness or kurtosis or both are the major sources of non-normality. The critical 
values of those moments for a normal distribution are shown in Table A-2. A skewness measure 
significantly less than 0 indicates that the sample comes from a population that is skewed to the 
left, and a skewness measure significantly larger than 0 indicates that the distribution is skewed 
to the right. A kurtosis measure significantly larger than the median value (50th percentile) for a 
given test design in Table A-2 indicates an underlying leptokurtic distribution. EPA also used the 
D’Agostino test of skewness (D’Agostino 1970) and Anscombe–Glynn test of kurtosis 
(Anscombe and Glynn 1983) for hypothesis testing. 

Table A-2. Distribution of critical skewness and kurtosis ranges for different sample size (N) based on 
1,000,000 simulation runs. N = 20 corresponds to C. dubia reproduction test (10 replicates in IWC and 
control); N = 16 corresponds to the Mysid chronic test (8 replicates per treatment); N = 10 corresponds to 
the two giant kelp chronic test endpoints (5 replicates per treatment); N = 8 corresponds to fathead 
minnow acute and chronic tests (four replicates per treatment) 

N Statistic 
Percentiles 

1% 5% 10% 50% 90% 95% 99% 

20 
Skewness  -1.152 -0.771 -0.587 0 0.588 0.772 1.155 
Kurtosis 1.645 1.831 1.951 2.551 3.667 4.151 5.361 

16 
Skewness -1.244 -0.834 -0.635 0 0.635 0.833 1.247 
Kurtosis 1.562 1.746 1.866 2.477 3.629 4.126 5.351 

10 
Skewness -1.407 -0.956 -0.729 0 0.726 0.953 1.404 
Kurtosis 1.387 1.563 1.679 2.289 3.463 3.940 4.972 

8 
Skewness -1.453 -0.998 -0.766 0 0.766 0.997 1.450 
Kurtosis 1.318 1.470 1.583 2.173 3.319 3.731 4.567 

The number of tests failing the hypothesis tests at 1 percent probability is reported in Table A-1. 
About 21 percent of the Ceriodaphnia reproduction tests (285 out of 1,382 cases) failed 
Shapiro’s normality test (Table A-1). Both square root transformation and logarithm 
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transformation did not correct the non-normal distribution problem and instead increased the 
total number of tests failing the normality test (Table A-1). The D’Agostino test of skewness 
indicated that 33 tests (< 3 percent) were highly skewed. A test of kurtosis found 11 percent of 
tests (160) had significantly leptokurtic distribution (Table A-1). Apparently, most of the 
Ceriodaphnia test data failed the normality test because of kurtosis (leptokurtic distribution) and 
that occasional asymmetric distribution was mostly from outliers (Figure A-1). In general, most 
WET test growth data (i.e., Pimephales promelas growth, mysid growth, or kelp growth) were 
normally distributed. Both fish and mysid growth data exhibited non-normal distribution in only 
a very few cases (< 2 percent) and those were generally related to leptokurtic distributions that 
were short-tailed. Almost half of the acute fish survival tests had non-normally distributed data. 
Zero variance in many tests for either the control (34 cases) or IWC (26 cases) were the main 
cause of failing the normality test. Non-normality in acute fish survival data was because of 
leptokurtic data distribution (Table A-1). 

The above analyses indicate that WET data in general do not have the distribution characteristics 
indicative of when Welch’s t-test would be inappropriate (long-tail, highly skewed distribution). 

Figure A-1. Probability plots and histograms of examples of Ceriodaphinia chronic reproduction test data 
showing non-normal distribution and especially leptokurtic distribution. 
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Simulations 
Unequal Variances 

Various simulations were conducted using the chronic Ceriodaphnia test method as an example, 
to examine alpha error rate using either the traditional hypothesis t-test or Welch’s t-test with 
data having different relationships between control and effluent variance. From analyses of more 
than 2,000 WET tests presented in Table A-1, a variance ratio (IWC/control) of 9:1 (95th 

percentile of variance ratio) is a reasonable upper limit. Therefore, simulation scenarios 
examined included (1) equal variances and no mean difference between control and effluent; (2) 
IWC with 9 times the control variance and no mean difference; (3) equal variance and a 25 
percent mean effect of the IWC; and (4) IWC with 9 times the control variance and a 25 percent 
mean effect. Equal sample size (N = 10 using Ceriodaphnia chronic test method as the example) 
was assumed for both control and treatment group which is most often the case in WET analyses. 
Results are shown in Table A-3. 

Table A-3. Results of Monte Carlo simulations evaluating alpha error rate using either the traditional t-test 
or Welch’s t-test with data having different relationships between control and effluent variances. Sc

2 = 
control variance, St

2 = IWC variance, µc = control mean, and µt = IWC mean. Results are based on 
1,000,000 simulation runs per scenario. 

Sc 
2 = St 

2 

Alpha 
0.010 
0.050 

0.100

 0.150 
0.200 
0.250

µc = µt 

T-test Welch t-test 
0.0098 0.0093 
0.0498 0.0490 

0.0996 0.0988 

0.1493 0.1486 
0.1996 0.1991 
0.2498 0.2493 

µt = 0.75 µc 

T-test Welch t-test
0.0099 0.0095
0.0497 0.0491 

0.1000 0.0992

0.1501 0.1506
0.2000 0.1997 
0.2502 0.2498 

Sc 
2 = 

St 
2/9 

0.010 
0.050 

0.100

 0.150 
0.200 
0.250

0.0132 0.0105 
0.0550 0.0503 

0.1050 0.1001 

0.1543 0.1501 
0.2037 0.2003 
0.2526 0.2499 

0.0204 0.0103
0.0725 0.0503 

0.1269 0.1002

0.1774 0.1499
0.2260 0.1999 
0.2732 0.2499 

When there are equal variances and the true difference is equal to 0, the observed error rates 
from both the traditional t-test and Welch’s t-test are very close to the expected error rates. When 
control and treatment groups have unequal variance, (effluent variance = 9 times the control 
variance), the traditional t-test has a slightly higher Type I error rate, but Welch’s t-test has a 
Type I error rate similar to the expected value. When the true response at the IWC is 0.75 × 
control mean, and both populations have equal variances, alpha error rates are very similar to 
expected using both the traditional t-test and Welch’s t-test. When the true response at the IWC 
is 0.75 × control mean and population variances are not equal (i.e., effluent variance is 9 times 

A-7 


RB-AR27718



 

 

 

  

 

 

 

 

NPDES Test of Significant Toxicity Technical Document June, 2010 

the control variance), the error rates are about 2–3 percent higher than expected using the 
traditional t-test but are similar to expected alphas using Welch’s t-test. 

While the specific results pertain to the Ceriodaphnia reproduction endpoint, the general 
conclusions of this analysis would apply to all WET methods and endpoints. Such results 
confirm that Welch’s t-test has better coverage than the traditional t-test using the TST approach 
when variances are unequal. 

Non-Normality 
The objective of the simulations was to confirm that the alpha error rate is relatively stable 
against deviations from non-normal distribution when variances are unequal as well for both the 
traditional hypothesis test and Welch’s t-test. 

EPA examined the distribution of control and effluent reproduction data from 281 C. dubia 
multiple concentration tests (Figure A-2). While most tests indicate that control reproduction 
follows a normal distribution (mean = 24.5, standard deviation = 5.56), effluent data tend to 
deviate from a normal distribution: effluents with low toxicity have less skewed data, while 
effluents with data that have high toxicity are more likely to deviate from normal distribution. To 
address this observation, two populations were simulated on the basis of the shape of the 
frequency distribution in the highest effluent concentration in each C. dubia test (Figure A-3). 
The first simulated effluent population had a mean = 25 (equal to the population mean for the 
control group) and a standard deviation = 7.7, while the second one had a population mean of b × 
25 (where b = 0.75 for chronic test methods), resulting in an effluent mean of 18.75. The 
variance of those two effluent populations was the same. Random samples taken from these two 
populations were used to compare with the control population data (mean = 25, standard 
deviation = 5.56). 

Simulation results (Table A-4) indicate that when the two populations had the same mean but 
had a different distribution shape as compared to a normal distribution (control population), the 
alpha error rate using the traditional t-test was about 1 percent higher than expected. Welch’s 
modified t-test slightly corrected the error rate (Table A-4). When the true population mean 
difference between control and effluent is 25 percent of the control mean and when the effluent 
population is not normally distributed, the alpha error rate is almost identical to the expected 
value using traditional t-test (Table A-4). Welch’s t-test resulted in a decrease in the nominal 
alpha error rate by 2–3 percent using the TST approach. That is, when data are extremely non-
normal (for WET test data) and variances are heterogeneous between control and effluent, 
Welch’s t-test is less likely to reject the null hypothesis and slightly more likely to declare a 
sample toxic than expected (i.e., the analysis will be more conservative). As data approach a 
normal distribution, α error rates using Welch’s t-test will be closer to nominal values. 
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Figure A-2. Histogram of observed Ceriodaphnia reproduction at different level of effluent concentrations 
based on 281 multiple concentration tests. 
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Figure A-3. Simulated frequency distributions of Ceriodaphnia reproduction data with two populations 
having non-normal data and different means. Both populations have a standard deviation of 7.7. 

Table A-4. Results of Monte Carlo simulation analyses (100,000 simulations per scenario) indicating 
alpha error rates based on comparisons between two non-normally distributed populations and a normal 
distribution (control population, mean = 25, standard deviation = 5.65). The population means are 25 and 
18.75, respectively, and the standard deviation is 7.7 in both populations. 

Alpha 
Welch’s 
(μ = 25) 

Traditional t 
(μ = 25) 

TST t-test 
(μ = 18.75, b = 

0.75) 

TST Welch’s 
(μ = 18.75, b = 

0.75) 
0.05 0.053 0.059 0.043 0.031 
0.10 0.104 0.108 0.090 0.074 
0.15 0.151 0.155 0.140 0.122 
0.20 0.199 0.203 0.191 0.173 

Although the simulated population does not necessarily represent the true population of effluent 
groups, EPA’s examination of sample distribution indicates that effluent populations with low 
toxicity are less likely to deviate from normal distribution. The simulation also indicates that the 
alpha error rate using Welch’s t-test under severely non-normal distributions and heterogeneous 
variances is less than the expected/critical values. That is, Welch’s t-test is more conservative 
when toxicity is high (a desirable attribute for WET analysis) than when effluent toxicity is low. 
When effluent toxicity is low, results of analyses using Ceriodaphnia reproduction WET test 
data indicate that the effluent data are less likely to be non-normally distributed, and the 
observed alpha error rate approaches the expected error rate. On the basis of the foregoing 
results, the type of non-normal distribution observed in WET tests should not affect the overall 
performance of simulation analyses used to derive test method alpha values for the TST 
approach. 
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Rationale/Conclusions 

When population variances are not equal or test samples are non-normally distributed (or both), 
concerns could be raised in using the two concentration t-test or the bioequivalence t-test 
(Erickson and McDonald 1995) because statistical assumptions might not be met. EPA WET test 
methods specify that if the data fail Shapiro-Wilks’s normality test or Bartlett’s homoscedasticity 
test (or both), a non-parametric test such as Wilcoxon Rank sum test should be used in such 
situations. Extension of such nonparametric tests to TST is, however, complicated because the 
null hypothesis for those tests is that results from control and effluent are from same population. 
This is stated as the null hypothesis of no difference among treatments. Because an effect size 1– 
(b × µ0) is specified in the TST approach that is related to the control population mean, a non-
parametric equivalent to a t-test approach using a bioequivalence formulation (such as with the 
TST approach), has been difficult to demonstrate (Zimmerman and Zumbo 1993; Manly 2004). 

Data compiled from more than 2,000 valid WET tests in this project confirmed that the type of 
distributions exhibited by most test data do not seriously compromise the use of a t-test. The data 
can be dealt with appropriately using Welch’s t-tests for unequal variances, as shown in 
simulation analyses. Use of Welch’s t-test for TST analysis is supported on the basis of analysis 
of actual WET test data, which indicate that the majority of WET test data are normally 
distributed or have a leptokurtic distribution with short tails such that the use of Welch’s t-test 
produces Type I error rates very close to expected error rates. Statistical literature indicates that 
actual power of the t-test (and by extension Welch’s t-test) is greater when populations are 
leptokurtic, especially for small sample sizes (Zar 1996). 

WET test data are biologically expected to have short-tailed distributions supporting the use of 
Welch’s t-test because of the test method’s required test acceptability criteria and test 
termination times, which constrain the range of endpoint responses encountered. For example, a 
chronic Ceriodaphnia dubia test must have 80 percent or greater survival and an average of 15 or 
more young per surviving female in the control for the test to meet the required test acceptability 
criteria (i.e., a valid test). Additionally, test termination is prescribed in the method as the time at 
which at least 60 percent or more of the surviving control females generate at least three broods, 
which can be 6–8 days (maximum is 8 days), also a test requirement. That results in a lower 
distribution bound (e.g., reproduction responses in controls start at 15). In addition, the upper 
part of the distribution cannot go to infinity, even if populations were to survive and reproduce 
beyond the prescribed test requirements because of biological constraints. Similar test method 
and biological constraints apply to all other WET test endpoints (e.g., growth, survival). 

Furthermore, Welch’s t-test is robust to non-normal distributions when the underlying 
distribution is symmetric and skewness is low, especially with sample sizes > 10 (Tiku 1971; 
Lee and D’Agostino 1976; Tiku and Akkaya 2004). For the West Coast WET methods examined 
and the Ceriodaphnia and Mysid chronic WET method evaluated, those conditions are met. 
Therefore, at least for those WET methods and others with similarly large sample sizes, Welch’s 
t-test should not result in a substantial underestimation of the Type I error rate. 

In addition, the Type I error rate using TST for several WET methods is set ≥ 0.05. The higher α 
levels include WET test methods that have smaller sample sizes such as the fathead minnow 
acute test. For those methods, the slight overestimation of the nominal Type I error rate that can 
occur using Welch’s t-test when WET test data are not normally distributed is insignificant given 
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the higher nominal α levels established. For the West Coast WET test methods that have α levels 
set at 0.05, effect size examined in those test methods is large and, in many cases, data are 
normally distributed even without data transformation (e.g., giant kelp germination and tube-
length endpoints, Table A-1). 

The observed sample distribution from 281 C. dubia multiple concentration tests indicates that 
test populations at low effluent concentrations are less likely to deviate from normal distribution. 
A similar trend is expected for other WET endpoints such as growth. The simulation based on 
the distribution shape of the high effluent concentration population also indicates that the alpha 
error rate using Welch’s t-test is less than expected. That is, Welch’s t-test is more conservative 
when toxicity is high. Therefore, the type of non-normal distribution observed in WET tests 
should not negatively affect the outcome of TST analyses. 

Analyses used to develop the TST analysis approach indicate that data transformation (log or 
square root) does not help the non-normality issue for WET test data (Table A-1). That is usually 
because of the leptokurtic distribution observed rather than because of skewness of data (Table 
A-2). Therefore, data transformation before TST analysis is not recommended except for percent 
data, which should be arcsine square root transformed before TST analysis (consistent with 
current EPA analysis recommendations). This precaution is suggested because percent data 
(especially acute percent survival) is most prone to non-normality. 

In conclusion, given the leptokurtic and short-tailed distribution of most WET test data, as well 
as the other factors noted above, Welch’s t-test is appropriate to use for one-tailed, two-sample 
comparisons using TST. Furthermore, because Welch’s t-test performs as effectively as the t-test 
in terms of Type I error when data are normally distributed and variances are equal (Moser et al. 
1989; Coombs et al. 1996), Welch’s t-test should be used for all WET test data analysis using 
TST. Furthermore, many researchers have shown that the combination of using a preliminary 
variance test (e.g., F-test) plus a t-test does not control Type I error rates as well as simply 
always performing an unequal variance t-test such as Welch’s t-test (Gans 1992; Moser and 
Stevens 1992). That is one reason why it is generally unwise to decide whether to perform one 
statistical test on the basis of the outcome of another (Smith 1936; Markowski and Markowski 
1990; Zimmerman 2004). 
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APPENDIX B 


STEP-BY-STEP PROCEDURES FOR ANALYZING VALID WET DATA USING THE 

TST APPROACH 


The following is a step-by-step guide for using the TST approach to analyze valid WET data for 
the NPDES WET Program. This guide is applicable for a two-concentration data analysis of an 
IWC or a receiving water concentration compared to a control concentration. For further 
information regarding conducting WET tests and proper quality assurance/quality control 
needed, see the EPA WET method manuals. As you proceed through this guide, refer to the 
flowchart shown in Figure B-1 of this appendix. 

Step 1: Conduct WET test following procedures in the appropriate EPA WET test method 
manual. This includes following all test requirements specified in the method (USEPA 1995 for 
chronic West Coast marine methods, USEPA 2002a for chronic freshwater WET methods, 
USEPA 2002b for chronic East Coast marine WET methods, and USEPA 2002c for acute 
freshwater and marine methods). 

Step 2: For each test endpoint specified in the WET test method manual (e.g., survival and 
reproduction for the Ceriodaphnia chronic WET test method), follow Steps 3–7 below. Note that 
the guide refers to an effluent concentration tested, which is assumed to be the IWC as specified 
in the permit or a receiving water concentration for ambient testing. For example, if no mixing 
zone is allocated, the IWC is 100 percent effluent. 

Note: If there is no variance (i.e., zero variance) in the endpoint in both concentrations being 
compared (i.e., all replicates in each concentration have the same exact response), then skip the 
remaining steps in the flowchart and do the following. Compute the percent difference between 
the control and the other concentration (e.g., IWC) and compare the percent difference against 
the RMD values of 25% for chronic and 20% for acute endpoints.  Percent mean effect is 
calculated as: 

Mean Control Response − Mean Response at IWC% Effect at IWC = ×100
Mean Control Response 

If the percent mean response is > the RMD, the sample is declared toxic and the test is “Fail”. If 
the percent mean response is < the RMD, the sample is declared non-toxic and the test is “Pass”. 

Step 3: For data consisting of proportions from a binomial (response/no response; live/dead) 
response variable, the variance within the ith treatment is proportional to Pi (1 – Pi), where Pi is 
the expected proportion for the treatment. That clearly violates the homogeneity of variance 
assumption required by parametric procedures such as the TST procedure because the existence 
of a treatment effect implies different values of Pi for different treatments, i. Also, when the 
observed proportions are based on small samples, or when Pi is close to zero or one, the 
normality assumption might be invalid. The arcsine square root (arcsine ) transformation is 
used for such data to stabilize the variance and satisfy the normality requirement. The square root 
of percent data (e.g., percent survival, percent fertilization), expressed as a decimal fraction 
(where 1.00 = 100 percent) for each treatment, is first calculated. The square root value is then 
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arcsine transformed before analysis in Step 4. Note: Excel and most statistical software packages 
can calculate arcsine values. 

Step 4: Conduct Welch’s t-test (Zar 1996) using Equation 1: 

Yt − b ×YcEquation 1 t = 
St 

2 b2 Sc 
2 

+ 
n nt c 

where 
Yc  = Mean for the control 
Yt  = Mean for the IWC 
Sc

2 
= Estimate of the variance for the control 

St
2 

= Estimate of the variance for the IWC 
nc  = Number of replicates for the control 
nt  = Number of replicates for the IWC 

b = 0.75 for chronic tests; 0.80 for acute tests 

Note on the use of Welch’s t-test: Welch’s t-test is appropriate to use when there are an unequal 
number of replicates between control and the IWC.  When sample sizes of the control and 
treatment are the same (i.e., nt = nc), Welch’s t-test is equivalent to the usual Student’s t-test (Zar 
1996). 

Step 5: Adjust the degrees of freedom (df) using Equation 2: 

2 2 2S b St c 2( + )
n n

Equation 2 = t c 
2υ 2 2St 2 b Sc 2( ) ( )

nt + 
nc 

nt −1 nc −1 

Using Welch’s t-test, df is the value obtained for v in Equation 2 above. Because v is most likely 
a non-integer, round v to the next smallest integer, and that number is the df. 

Step 6: Using the calculated t value from Step 4, compare that t value with the critical t value 
table in Appendix C using the test method-specific alpha values shown in Table 4-1. To obtain 
the correct t value, look across the table for the alpha value that corresponds to the WET test 
method (for the appropriate alpha value, see Table 4-1 of this document) and then look down the 
table for the appropriate df. 
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Step 7: If the calculated t value is less than the critical t value, the IWC is declared toxic, and the 
test result is Fail. If the calculated t value is greater than the critical t value, the IWC is not 
declared toxic and the test result is Pass. 

Conduct WET test 

Apply arcsine square root transformation for percent data 
(e.g., survival); do not transform other types of WET data 

(e.g., growth or reproduction) 

Calculate t value using 

TST Welch’s t-test 


Calculated t value > critical t value? 

YES NO 

“Pass” “Fail” 
IWC is NOT Toxic IWC IS Toxic 

Figure B-1. Statistical flowchart for analyzing valid WET data using the TST approach for control and the 
IWC, receiving water, or stormwater. 
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Table C-1. Critical values of the t distribution. One tail probability is assumed.

 Alpha 

Degrees of freedom 0.25 0.20 0.15 0.10 0.05 

1 1 1.3764 1.9626 3.0777 6.3138 

2 0.8165 1.0607 1.3862 1.8856 2.92 

3 0.7649 0.9785 1.2498 1.6377 2.3534 

4 0.7407 0.941 1.1896 1.5332 2.1318 

5 0.7267 0.9195 1.1558 1.4759 2.015 

6 0.7176 0.9057 1.1342 1.4398 1.9432 

7 0.7111 0.896 1.1192 1.4149 1.8946 

8 0.7064 0.8889 1.1081 1.3968 1.8595 

9 0.7027 0.8834 1.0997 1.383 1.8331 

10 0.6998 0.8791 1.0931 1.3722 1.8125 

11 0.6974 0.8755 1.0877 1.3634 1.7959 

12 0.6955 0.8726 1.0832 1.3562 1.7823 

13 0.6938 0.8702 1.0795 1.3502 1.7709 

14 0.6924 0.8681 1.0763 1.345 1.7613 

15 0.6912 0.8662 1.0735 1.3406 1.7531 

16 0.6901 0.8647 1.0711 1.3368 1.7459 

17 0.6892 0.8633 1.069 1.3334 1.7396 

18 0.6884 0.862 1.0672 1.3304 1.7341 

19 0.6876 0.861 1.0655 1.3277 1.7291 

20 0.687 0.86 1.064 1.3253 1.7247 

21 0.6864 0.8591 1.0627 1.3232 1.7207 

22 0.6858 0.8583 1.0614 1.3212 1.7171 

23 0.6853 0.8575 1.0603 1.3195 1.7139 

24 0.6849 0.8569 1.0593 1.3178 1.7109 

25 0.6844 0.8562 1.0584 1.3163 1.7081 

26 0.684 0.8557 1.0575 1.315 1.7056 

27 0.6837 0.8551 1.0567 1.3137 1.7033 

28 0.6834 0.8546 1.056 1.3125 1.7011 

29 0.683 0.8542 1.0553 1.3114 1.6991 

30 0.6828 0.8538 1.0547 1.3104 1.6973 

inf 0.6745 0.8416 1.0364 1.2816 1.6449 
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NOTICE AND DISCLAIMER 

This document provides the basis for implementing the Test of Significant Toxicity (TST) 
approach under the National Pollutant Discharge Elimination System (NPDES) for permitting 
authorities (states and Regions) and persons interested in analyzing whole effluent toxicity 
(WET) test data using the traditional hypothesis testing approach as part of the NPDES Program 
under the Clean Water Act (CWA). This document describes what the U.S. Environmental 
Protection Agency (EPA) believes is another statistical option to analyze valid WET test data for 
NPDES WET reasonable potential and permit compliance determinations. The document does 
not, however, substitute for the CWA, an NPDES permit, or EPA or state regulations applicable 
to permits or WET testing; nor is this document a permit or a regulation itself. The TST approach 
does not result in changes to EPA’s WET test methods promulgated at Title 40 of the Code of 
Federal Regulations Part 136. The document does not and cannot impose any legally binding 
requirements on EPA, states, NPDES permittees, or laboratories conducting or using WET 
testing for permittees (or for states in evaluating ambient water quality). EPA could revise this 
document without public notice to reflect changes in EPA policy and guidance. Finally, mention 
of any trade names, products, or services is not and should not be interpreted as conveying 
official EPA approval, endorsement, or recommendation. 
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EXECUTIVE SUMMARY 
The U.S. Environmental Protection Agency (EPA or the Agency) has developed a new statistical 
approach that assesses the whole effluent toxicity (WET) measurement of wastewater effects on 
specific test organisms’ ability to survive, grow, and reproduce. The new approach is called the 
Test of Significant Toxicity (TST) and is a statistical method that uses hypothesis testing 
techniques based on research and peer-reviewed publications. The TST approach examines 
whether an effluent, at the critical concentration (e.g., in-stream waste concentration or IWC, as 
recommended in EPA’s Technical Support Document (TSD) (USEPA 1991) and implemented 
under EPA’s WET National Pollutant Discharge Elimination System (NPDES) permits program 
and the control within a WET test differ by an unacceptable amount (the amount that would have 
a measured detrimental effect on the ability of aquatic organisms to thrive and survive). EPA 
Regions and their NPDES states can still use EPA’s TSD approaches. The TST approach is 
another statistical option to analyze valid WET test data. 

Since the inception of EPA’s NPDES WET Program in the mid 1980s, the Agency has striven to 
advance and improve its application and implementation under the NPDES Program. The TST 
approach explicitly incorporates test power (the ability to correctly classify the effluent as non-
toxic, also see reference in the glossary under power) and provides a positive incentive to 
generate valid, high quality WET data to make informed decisions regarding NPDES WET 
reasonable potential (RP) and permit compliance determinations. Once the WET test has been 
conducted (using multiple effluent concentrations and other requirements as specified in the EPA 
WET test methods), the TST approach can be used to analyze the WET test results to assess 
whether the effluent discharge is toxic at the critical concentration. Performing the EPA WET 
test where the minimum five required test concentrations (pursuant to the EPA WET test 
methods) can establish a concentration-response curve. The TST approach is designed to be used 
for a two concentration data analysis of the IWC or a receiving water concentration (RWC) 
compared to a control concentration. Using the TST approach, permitting authorities will have 
more confidence when making NPDES determinations as to whether a permittee’s effluent 
discharge is toxic or non-toxic. Use of the TST approach does not result in any changes to EPA’s 
WET test methods; however, a facility might desire to modify its future WET tests by increasing 
the number of replicates over the minimum required (USEPA 1995, 2002a, 2002b, 2002c) by the 
approved EPA WET test method to increase test power, which is the probability of declaring an 
effluent non-toxic if the organism response at the IWC is truly acceptable. If WET tests have 
already been performed, the WET data generated cannot be modified to increase the number of 
test replicates because the TST analysis is done on valid WET data generated within a WET test. 

The TST approach was developed on the basis of extensive analyses and detailed research. EPA 
used valid WET data from more than 2,000 WET tests to develop and evaluate the TST 
approach. The TST approach was tested using nine different WET test methods comprising 
twelve biological endpoints (e.g., reproduction, growth, survival) and representing most of the 
different types of WET test designs currently in use. More than one million computer 
simulations were also used to select error rates achieving EPA’s regulatory management 
decisions for the TST approach. 
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Background 
In the NPDES Program, an effluent sample is declared toxic relative to a permitted WET limit if 
the no observed effect concentration (NOEC) is less than the permitted IWC using a hypothesis 
statistical approach. In that traditional hypothesis approach, the question being answered is, ―Is 
the mean response of the organisms the same in the control and at the IWC?‖ The hypothesis 
testing approach has four possible outcomes: (1) the IWC is truly toxic and is declared toxic, (2) 
the IWC is truly non-toxic and is declared non-toxic, (3) the IWC is truly toxic but is declared 
non-toxic, and (4) the IWC is truly non-toxic but is declared toxic. The latter two possible 
outcomes represent decision errors that can occur with any hypothesis testing approach. In the 
NPDES WET Program, those two types of errors can occur when test control replication is very 
good (i.e., test is very precise) so that a very small difference between IWC and control is 
declared toxic (outcome [4] above), and when test control replication is poor (i.e., the test is very 
imprecise) so that even large differences in organism response between the IWC and control 
cannot be distinguished as statistically different, and the effluent is incorrectly classified as non-
toxic (outcome [3] above). 

Organism responses to the IWC and control are unlikely to be exactly the same. The difference 
might be so small that even if statistically significant, it would be considered biologically 
negligible. Another approach for assessing an effluent’s toxicity on the basis of collected WET 
data might be to rephrase the question, ―Does the mean WET test response in the control and the 
IWC differ by a defined biological amount?‖ That approach is known as the test of 
bioequivalence, which the Food and Drug Administration has successfully used to evaluate 
drugs, as have many researchers in other biological fields. Using the TST approach, the question 
is, ―Is the organism response at the IWC less than or equal to a fixed fraction of the control 
response (e.g., 75 percent of the control mean response)?‖ That fixed fraction, expressed as a 
decimal between 0.00 and 1.00, is termed ―b” in the TST approach. Thus, the hypothesis being 
tested is written as follows: mean response [IWC]  b × mean response [control]. 

The TST approach requires defining what is considered toxic. For chronic testing (i.e., for both 
lethal and sublethal toxicity test endpoints) in EPA’s NPDES WET Program, the b value in the 
TST analysis is set at 0.75, which means that a 25 percent effect (or more) is considered 
evidence of unacceptable chronic toxicity. IWC responses substantially less than a 25 percent 
effect would be interpreted to have a lower risk potential. The regulatory management decision 
(RMD) for acute WET methods is set at 0.80, which means that a 20 percent effect (or more) is 
considered evidence of unacceptable acute toxicity. The acute RMD toxicity threshold is higher 
than that for chronic WET methods because of the severe environmental implications of acute 
toxicity (lethality or organism death). For more discussion on the b values of 0.75 (chronic 
toxicity) and 0.80 (acute toxicity), see Section 2.1 of this document. 

EPA’s RMDs using the TST approach identify true toxicity in WET tests most of the time when 
it occurs, while also minimizing the probability that the IWC is declared toxic when in fact it is 
not. That objective requires additional RMDs regarding acceptable maximum false positive (  or 
beta using a TST approach) and false negative rates (  or alpha using a TST approach). In the 
TST approach, the RMDs are defined as (1) declare a sample toxic at least 75 percent of the time 
(alpha,  < 0.25) when there is unacceptable toxicity (20 percent effect for acute and 25 percent 
effect for chronic test methods), and (2) declare an effluent non-toxic no more than 5 percent 
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(beta,  < 0.05) of the time when the mean effect at the critical effluent concentration is  10 
percent for both acute and chronic WET tests (including for sublethal endpoints). For more 
discussion on the RMDs, see Section 2.1 of this document. 

On the basis of EPA’s analyses, the alpha levels shown in Table ES-1 are recommended for the 
nine WET test methods examined using the TST approach. An important feature of the TST 
approach is that the false negative error rate (rate of declaring a toxic effluent to be non-toxic) is 
established, which, under the traditional hypothesis testing approach, had not been established by 
EPA previously. For more discussion on the inclusion of the beta error rate in the TST approach, 
see Section 1.2 of this document and Section 1.1 on the current approach in EPA’s 1991 TSD. A 
demonstrated benefit of the TST approach is that increasing within-test replication (the test 
power) results in a lower rate of WET tests being declared toxic using the TST approach when 
the IWC is truly non-toxic. 

Results obtained from the TST analyses using the nine EPA test methods should be applicable to 
other EPA WET methods not examined. For example, results generated under this project for the 
fish Pimephales promelas survival and growth test is extrapolated to other EPA fish survival and 
growth tests (e.g., Menidia sp., Cyprinus variegatus, Atherinops affinis) because those test 
methods use a similar test design (e.g., number of replicates, number of organisms tested) and 
measure the same endpoints. 

Summary 
More than 2,000 WET test results and more than one million simulations were conducted to 
develop the technical basis for the TST approach. The approach builds on the strengths of the 
traditional hypothesis testing approach, including use of robust statistical analyses and published 
EPA documents regarding WET data analysis and interpretation. The TST approach yields a 
rigorous statistical interpretation of valid WET data by incorporating transparent RMDs and 
established alpha and beta error rates, which can provide incentives to generate test results 
having greater test power. Because the approach considers statistical test power, its use will 
result in greater confidence in WET regulatory decisions. In addition, the TST approach provides 
a positive incentive for the permittee to generate valid, high quality WET data by either 
increasing the number of test replicates for the IWC and the control within a test and/or 
achieving better precision within a test through improved WET test method performance (e.g., a 
high level of quality assurance and quality control). 

Permitting authorities should consider the practical programmatic shift from the traditional 
hypothesis testing approach to the TST approach by opening a dialogue with their regulated 
community. In addition, they might want to begin to identify what changes might be needed to 
assimilate the TST approach into any regulations, policy, guidance, and training in their 
respective NPDES WET Programs. Again, the traditional hypothesis testing approach under 
EPA’s TSD is still considered valid as applied; however, that approach can now be advanced 
through the TST approach by providing new incentives to permittees to provide valid, high 
quality WET data. 
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Table ES-1. Summary of alpha ( ) levels or false negative rates recommended for different WET test 
methods using the TST approach  

EPA WET test method b value 

Probability of declaring a 
toxic effluent non-toxic 

False negative ( ) errora 

Chronic Freshwater and East Coast Methods 
Ceriodaphnia dubia (water flea) survival and 
reproduction 

0.75 0.20 

Pimephales promelas (fathead minnow) survival 
and growth 

0.75 0.25 

Selenastrum capricornutum (green algae) growth 0.75 0.25 
Americamysis bahia (mysid shrimp) survival and 
growth 

0.75 0.15 

Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 
Cyprinodon variegatus (Sheepshead minnow) and 
Menidia beryllina (inland silverside) survival and 
growth 

0.75 0.25 

Chronic West Coast Marine Methods 

Dendraster excentricus and Strongylocentrotus 
purpuratus (Echinoderm) fertilization 

0.75 0.05 

Atherinops affinis (topsmelt) survival and growth 0.75 0.25 
Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 

0.75 0.05 

Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 

0.75 0.05 

Acute Methods 

Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt), Menidia beryllina 
(inland silverside) acute survivalb  

0.80 

 

0.10 

 

Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survivalb 

0.80 0.10 

Notes: 
a. (1) declare a sample toxic at least 75 percent of the time (alpha < 0.25) when there is unacceptable toxicity (20 
percent effect for acute and 25 percent effect for chronic test methods) and (2) declare an effluent non-toxic no more 
than 5 percent of the time (beta < 0.05) when the mean effect at the critical effluent concentration is 10 percent for 
both acute and chronic WET tests (including sublethal endpoints). For more discussion on the RMDs, see Section 2.1 
of this document. 
b. Based on four replicate test design 

 

In addition, EPA recommends the following: 
 Permitting authorities should decide up front which approach (the EPA’s 1991 TSD 

approach, the TST approach, or another scientifically defensible approach that is sufficient 
to meet the statutory and regulatory requirements) they will follow (including for their RP 
procedures) and use the selected approach consistently in all their state NPDES permits. 
Permitting authorities should ensure that the most environmentally protective approach is 
consistently used across all permits when assessing valid WET data (e.g., WET RP) for 
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NPDES permit requirements (e.g., WET limits, monitoring frequencies, toxicity 
identification evaluation/toxicity reduction evaluation) and avoid selecting the approach 
that underestimates the true toxicity of the permitted effluent discharge. 

 Where a small data set exists (fewer than four valid WET tests performed and reported in 
the previous 5 years), permitting authorities should use the TSD approach for determining 
RP. With small WET data sets, the TSD’s RP multiplying factor is more conservative for 
environmental water quality protection purposes than the TST. The TST approach is 
intended for larger data sets (four or more) because it does not use an RP multiplying 
factor. 

 If WET tests have already been performed, the WET data generated cannot be modified to 
increase the number of test replicates within a test. The decision to increase the number of 
within test replicates is a decision that needs to be made before conducting the WET tests. 

 Where a permittee has concerns about WET data quality, EPA recommends increasing the 
number of replicates in tests, even if the permitting authority has not yet adopted the TST 
approach. 
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ACRONYMS AND ABBREVIATIONS 

CFR Code of Federal Regulations 
CV coefficient of variation 
CWA 
DMR 

Clean Water Act 
discharge monitoring report 

EC effect concentration 
EPA U.S. Environmental Protection Agency 
IC25 25 percent inhibition concentration 
IWC in-stream waste concentration 
LC50 50 percent lethal concentration  
LOEC lowest observed effect concentration 
MDL 
NOEC 

maximum daily limit 
no observed effect concentration 

NPDES National Pollutant Discharge Elimination System 
QA/QC quality assurance/quality control 
RMD 
RP 
RPMF 
RWC 
SWAMP 

regulatory management decision 
reasonable potential 
reasonable potential multiplying factor 
receiving water concentration 
Surface Water Ambient Monitoring Program (California) 

TAC 
TIE 
TRE 

test acceptability criteria 
toxicity identification evaluation 
toxicity reduction evaluation 

TSD Technical Support Document for Water Quality-Based Toxics Control 
TST Test of Significant Toxicity 
TU 
WET 

toxicity unit 
whole effluent toxicity 
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GLOSSARY 
Acute Toxicity Test is a test to determine the concentration of effluent or ambient waters that 
causes an adverse effect (usually mortality) on a group of test organisms during a short-term 
exposure (e.g., 24, 48, or 96 hours). Acute toxicity is determined using statistical procedures 
(e.g., point estimate techniques or a t-test). 

Ambient Toxicity is measured using a toxicity test on a sample collected from a receiving 
waterbody. 

Chronic Toxicity Test is a short-term test in which sublethal effects (e.g., reduced growth or 
reproduction) are usually measured in addition to lethality. 

Coefficient of Variation (CV) is a standard statistical measure of the relative variation of a 
distribution or set of data, defined as the standard deviation divided by the mean. The CV can be 
used as a measure of precision within and between laboratories, or among replicates for each 
treatment concentration. 

Confidence Interval is the numerical interval constructed around a point estimate of a 
population parameter. 

Effect Concentration (EC) is a point estimate of the toxicant concentration that would cause an 
observable adverse effect (e.g., mortality, fertilization). EC25 is a point estimate of the toxicant 
concentration that would cause an observable adverse effect in 25 percent of the test organisms. 

False Negative is when the in-stream waste concentration is declared non-toxic but in fact is 
truly toxic. In the traditional hypothesis approach, false negative error rate is denoted by Beta 
( ). In the TST approach, false negative error rate is denoted as Alpha ( ), which applies when 
the percent effect in the critical effluent concentration is > 25% for a given test. 

False Positive is when the in-stream waste concentration is declared toxic but in fact is truly 
non-toxic. In the traditional hypothesis approach, false positive error rate is denoted by Alpha 
( ). In the TST approach, false positive error rate is denoted as Beta ( ), which applies when the 
percent effect in the critical effluent concentration is < 10% for a given test. 

Hypothesis Testing is a statistical approach (e.g., Dunnett’s procedure) for determining whether 
a test concentration is statistically different from the control. Endpoints determined from 
hypothesis testing are no observed effect concentration and lowest observed effect concentration 
(LOEC). The two hypotheses commonly tested in WET are: 

Null hypothesis (Ho): The effluent is non-toxic. 

Alternative hypothesis (Ha): The effluent is toxic. 

Inhibition Concentration (IC) is a point estimate of the toxicant concentration that would cause 
a given percent reduction in a nonlethal biological measurement (e.g., reproduction or growth), 
calculated from a continuous model (i.e., Interpolation Method). IC25 is a point estimate of the 
toxicant concentration that would cause a 25 percent reduction in a nonlethal biological 
measurement. 
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In-stream Waste Concentration (IWC) is the concentration of a toxicant or effluent in the 
receiving water after mixing. The IWC is the inverse of the dilution factor. It is sometimes 
referred to as the receiving water concentration (RWC). 

Lethal Concentration, 50 percent (LC50) is the toxicant or effluent concentration that would 
cause death to 50 percent of the test organisms. 

Lowest Observed Effect Concentration (LOEC) is the lowest concentration of an effluent or 
toxicant that results in statistically significant adverse effects on the test organisms (i.e., where 
the values for the observed endpoints are statistically different from the control). 

No Observed Effect Concentration (NOEC) is the highest tested concentration of an effluent 
or toxicant that causes no observable adverse effect on the test organisms (i.e., the highest 
concentration of toxicant at which the values for the observed responses are not statistically 
different from the control). 

National Pollutant Discharge Elimination System (NPDES) is the national program for 
issuing, modifying, revoking and reissuing, terminating, monitoring and enforcing permits, and 
imposing and enforcing pretreatment requirements, under the Clean Water Act sections 307, 318, 
402, and 405. 

Power (or test power) in the context of the Test of Significant Toxicity approach, is the 
probability of correctly declaring an effluent non-toxic when, in fact, it has an acceptably low 
level of toxicity. 

Precision is a measure of reproducibility (which is a statistical term about the ability to 
reproduce similar results across test replicates with in a test treatment) within a data set. 
Precision can be measured both within a laboratory (within-laboratory) and between laboratories 
(between-laboratory) using the same test method and toxicant. 

Quality Assurance (QA) is a practice in toxicity testing that addresses all activities affecting the 
quality of the final effluent toxicity data. QA includes practices such as effluent sampling and 
handling, source and condition of test organisms, equipment condition, test conditions, 
instrument calibration, and replication, use of reference toxicants, recordkeeping, and data 
evaluation. 

Quality Control (QC) is the set of more focused, routine, day-to-day activities carried out as 
part of the overall QA program. 

Reasonable Potential (RP) is where an effluent is projected or calculated to cause an excursion 
above a water quality standard based on a number of factors including the four factors listed in 
Title 40 of the Code of Federal Regulations Part 122.44(d)(1)(ii). 

Reference Toxicant Test is a check of the sensitivity of the test organisms and suitability of the 
test methodology using the reference toxicant required by the EPA WET test methods. Reference 
toxicant data are part of a routine QA/QC program to evaluate the performance of laboratory 
personnel and the robustness and sensitivity of the test organisms. 
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Regulatory Management Decision (RMD) is the decision that represents the maximum 
allowable error rates and thresholds for toxicity and non-toxicity that would result in an 
acceptable risk to aquatic life. 

Replicate is two or more independent organism exposures of the same treatment (i.e., effluent 
concentration) within a WET test. Replicates are typically separate test chambers with 
organisms, each having the same effluent concentration. 

Sample is defined as a representative portion of a specific environmental matrix that is used in 
toxicity testing. For this document, environmental matrices could include effluents, surface 
waters, groundwater, stormwater, and sediment. 

Significant Difference is defined as a statistically significant difference (e.g., 95 percent 
confidence level) in the means of two distributions of sampling results. 

Statistic is a computed or estimated quantity such as the mean, standard deviation, or coefficient 
of variation. 

Test Acceptability Criteria (TAC) are test method-specific criteria for determining whether 
toxicity test results are acceptable. The effluent and reference toxicant must meet specific criteria 
as defined in the test method (e.g., for the Ceriodaphnia dubia survival and reproduction test, the 
criteria are as follows: the test must achieve at least 80 percent survival and an average of 15 
young per surviving female in the control and at least 60% of surviving organisms must have 
three broods). 

t-test (formally Student’s t-Test) is a statistical analysis comparing two sets of replicate 
observations—in the case of WET, only two test concentrations (e.g., a control and IWC). The 
purpose of this test is to determine if the means of the two sets of observations are different (e.g., 
if the IWC or ambient concentration differs from the control [i.e., the test result is pass or fail]). 

Type I Error (alpha ) is the error of rejecting the null hypothesis (Ho) that should have been 
accepted. 

Type II Error (beta ) is the error of accepting the null hypothesis (Ho) that should have been 
rejected. 

Toxicity Test is a procedure to determine the toxicity of a chemical or an effluent using living 
organisms. A toxicity test measures the degree of effect on exposed test organisms of a specific 
chemical or effluent. 

Welch’s t-test is an adaptation of Student’s t-test intended for use with two samples having 
unequal variances. 

Whole Effluent Toxicity (WET) is the total toxic effect of an effluent measured directly with a 
toxicity test. 

RB-AR27750



NPDES Test of Significant Toxicity Implementation Document  June, 2010 

xvi 

RB-AR27751



NPDES Test of Significant Toxicity Implementation Document  June, 2010 

1 

1.0 INTRODUCTION 
Whole effluent toxicity (WET) test methods are laboratory procedures that measure biological 
effects (e.g., survival, growth, reproduction) on aquatic organisms exposed to effluents or storm 
water discharged to receiving waters in implementing the National Pollutant Discharge 
Elimination System (NPDES) Program under the Clean Water Act (CWA) section 402. Since the 
publication of EPA’s Technical Support Document for Water Quality-based Toxics Control 
(TSD) (USEPA 1991), permitting authorities have requested alternative approaches for 
analyzing WET test data that would provide increased confidence in the data assessment and 
simplify the NPDES permit decision-making process with respect to WET. In response to those 
requests, EPA developed the TST approach as another statistical option to analyze valid WET 
test data. This document presents the NPDES programmatic features of the TST statistical 
approach for analyzing valid WET data and how it can be used to support permitting authorities 
and permittees when analyzing and interpreting WET test data. Use of the TST approach does 
not result in any changes to EPA’s WET test methods, nor does it preclude the use of EPA’s 
TSD approaches for analyzing valid WET data, or another scientifically defensible approach that 
is sufficient to meet the statutory and regulatory requirements. 

1.1 Terminology and Concepts 
This section briefly summarizes the major statistical concepts and terminology involved in WET 
analysis so as to give the reader a context with which to understand the TST approach and how it 
differs from current statistical approaches used to analyze valid WET data. This TST 
implementation document is not intended to provide a detailed discussion of WET test methods, 
data interpretation, or statistics, and it is assumed that the reader will consult EPA’s TSD, WET 
test method documents, and other WET-related documents (e.g., Understanding and Accounting 
for Method Variability in Whole Effluent Toxicity Applications, USEPA 2000). 

In the NPDES Program, WET tests examine organism responses to effluent, typically along a 
dilution series (USEPA 1995, 2002a, 2002b, 2002c). Acute WET methods measure the lethal 
response of test organisms exposed to effluent (USEPA 2002c). The principal response 
endpoints for those methods are the effluent concentration that is lethal to 50 percent of the test 
organisms (LC50) or the effluent concentration at which survival is significantly lower than the 
control. Chronic WET methods often measure both lethal and sublethal responses of test 
organisms. The statistical endpoints used in chronic WET testing are the no observed effect 
concentration (NOEC) and the 25 percent inhibition concentration (IC25). The NOEC endpoint 
is determined using a hypothesis testing approach that identifies the maximum effluent 
concentration at which the response of test organisms is not significantly different from the 
control. From a regulatory perspective, an effluent sample is declared toxic if the NOEC is less 
than the in-stream waste concentration (IWC) specified through the WET limitations in the 
permit. The IC25, by contrast, is a point estimation approach. It identifies the concentration at 
which the response of test organisms is 25 percent below that observed in the control 
concentration, and it interpolates the effluent concentration at which this magnitude of response 
is expected to occur. From a regulatory perspective, an effluent sample is declared toxic if the 
IC25 is less than the IWC specified through the WET limitations in the permit. This document 
focuses only on the hypothesis testing approach and not on point estimation approaches for 
analyzing and interpreting WET data. 
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In any hypothesis testing approach, two hypotheses are stated: the null hypothesis and the 
alternative hypothesis. The statistical concepts associated with the traditional hypothesis testing 
approach currently used in WET analysis are summarized in Table 1. Using that approach, the 
null hypothesis is that the IWC is non-toxic (i.e., the organism response at the IWC is equal to or 
better than the response in the test control). The alternative hypothesis is that the IWC is toxic 
(i.e., the organism response is worse in the IWC than in the control). With any hypothesis testing 
approach, two types of decision errors occur: (1) conclude that the null hypothesis is correct 
when in fact it is not or (2) conclude that the null hypothesis is incorrect (i.e., reject the null 
hypothesis) and thereby declare that the alternative hypothesis is correct, when in fact the null 
hypothesis is correct. In WET testing, the first type of error above is referred to as a false 
negative, meaning that the IWC is declared non-toxic when in fact it is toxic. The second type of 
error above is referred to as a false positive in WET testing, meaning that the IWC is declared 
toxic when in fact it is not. 

In the traditional hypothesis testing approach summarized in Table 1, statisticians have assigned 
Greek letters to the two types of errors identified above. Alpha (or ) refers to the false positive 
error rate. Beta (or ) refers to the rate of false negatives. In the EPA WET test methods 
supporting the NPDES WET Program (USEPA 1995, 2002a, 2002b),  was established but  
was not. Therefore, the application of  from the EPA test methods and implemented under 
EPA’s TSD, recommended that the maximum rate of false positives that should be observed 
should be low (no more than 5 percent or  = 0.05), but the rate of false negatives was not 
similarly controlled and is not currently evaluated in WET testing. As a result, the rate of false 
negatives in the NPDES WET Program has not been controlled. Put another way, the statistical 
power of these tests, the ability to correctly classify the IWC as toxic (where power is defined as 
1- , Table 1) has not been controlled. 

As noted previously in this section, a hypothesis testing approach determines whether the 
organism response at the IWC is significantly worse than that in the control. In practice, this 
statistical approach relies on two properties of the data: the average values in the control and the 
IWC (e.g., average fish weight in each test concentration), and the variability observed among 
replicates (i.e., organisms’ responses from multiple replicates) within the IWC and the control. 
Whether the IWC is considered toxic depends on both of those data properties, which in many 
cases results in a well-established, statistically rigorous way to evaluate WET data. However, 
there are two types of situations in which the traditional hypothesis testing approach can yield 
equivocal results in WET testing: (1) in tests where within-test variability is high and (2) in tests 
where within-test variability is exceptionally low. In the first case, because within-test variability 
is high, it will be difficult to determine statistically whether the organism response to the IWC is 
worse than the control. That could result in more false negatives than would otherwise be the 
case. In the second case above, because within-test variability is very low, it will be relatively 
easy to show statistically significant differences in organism response between the IWC and the 
control. That could result in more false positives (as defined in the TST approach) than would 
otherwise be the case. 
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Table 1. Expression of null and alternative hypotheses used in traditional hypothesis testing and 
relationships between error rates and resulting decisions based on this approach. Entries correspond to 
the probability decision given in parentheses. The probability of a false positive (i.e., rejecting a null 
hypothesis that should not have been rejected) is represented by α and the probability a false negative 
(i.e., failing to reject the null hypothesis when it should have been rejected) is represented by β. 

Decision 

True condition 
Null hypothesis 

Treatment mean ≥ Control mean 
Sample is non-toxic 

Alternative hypothesis 
Treatment mean < Control mean 

Sample is toxic 
Treatment mean ≥ Control 
mean 
Sample is non-toxic 

Correct decision (1- ) False negative ( ) 

Treatment mean < Control 
mean 
Sample is toxic 

False positive ( ) Correct decision 
(1 – ) (power) 

 

1.2 Background on the TST Approach 
The TST is an alternative statistical approach for analyzing and interpreting valid WET data that 
also uses a hypothesis testing approach but in a different way, building on previous work 
conducted by EPA in the NPDES WET Program (USEPA 2000) and other researchers (Erickson 
and McDonald 1995; Shukla et al. 2000; Berger and Hsu 1996). The TST approach is based on a 
type of hypothesis testing referred to as bioequivalence testing. Bioequivalence is a statistical 
approach that has long been used in evaluating clinical trials of pharmaceutical products 
(Anderson and Hauck 1983) and by the Food and Drug Administration (Hatch 1996; Aras 2001; 
Streiner 2003). The approach has also been used to evaluate the attainment of soil cleanup 
standards for contaminated sites (USEPA 1989) and to evaluate effects of pesticides in 
experimental ponds (Stunkard 1990). In the context of the NPDES WET Program, the TST 
approach assesses whether the response of test organisms at the IWC (e.g., fish weight or number 
of neonates per female) is less than a predetermined proportion of the control response that is 
considered unacceptably toxic. Once the WET test has been conducted (using multiple effluent 
concentrations and other requirements have been met as specified in the EPA methods), the TST 
approach is designed to be used for a two concentration data analysis of the in-stream waste 
concentration (IWC) or a receiving water concentration (RWC) compared to a control 
concentration. 

The null hypothesis using the TST approach is that the IWC is significantly more toxic (i.e., 
results in a worse organism response) compared to the control (see Table 2). The alternative 
hypothesis using the TST approach is that the IWC is non-toxic. Thus, the null and alternative 
hypotheses using the TST approach are opposite of what they are under the traditional hypothesis 
testing approach described in Section 1.1. In addition, the meaning of  and  are also opposite 
from what they represent in the traditional hypothesis approach. Under the TST approach,  is 
associated with false negatives, and  is associated with false positives. Statistical power using 
the TST approach is the ability to correctly classify the IWC as non-toxic (Table 2). The 
proportion or fraction of the control response that represents the toxicity threshold is denoted as 
b in the equations in Table 2 and is expressed as a decimal between 0.00 and 1.00. For example, 
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a b value set at 0.85 would mean that a response at the IWC that is at least 85 percent of the 
control response in the test (i.e., no more than a 15 percent effect) would be considered a lower 
risk for environmental impacts. 

Using the TST hypothesis approach in the NPDES WET Program has several benefits. By 
incorporating b in the hypothesis equation, using the TST approach, there is explicit 
acknowledgement of the fact that the organism response at the IWC can be less than the control 
organism response by a certain amount and still be considered acceptable (i.e., non-toxic). In that 
way, truly non-toxic samples (as defined in the TST approach) can be addressed in a clearer 
manner than is possible with the traditional hypothesis testing approach as practiced in the 
NPDES WET Program. A low false positive rate in the TST approach is further addressed by 
having a low  (   0.05), which means more statistical power to identify an acceptable effluent 
(as defined by EPA’s regulatory management decisions [RMDs]) as non-toxic in the NPDES 
WET Program. In addition, because the null hypothesis in the TST approach is opposite to what 
is used in the traditional hypothesis testing approach, false negatives are explicitly addressed (  
in the TST approach addresses the false negative rate). As mentioned previously, the current 
NPDES WET Program does not control for false negatives. Thus, the TST approach allows 
permitting authorities to minimize the occurrence of false negatives (i.e., declaring the IWC non-
toxic when it is actually exhibiting unacceptable toxicity), while also minimizing the occurrence 
of false positives (i.e., declaring the IWC toxic when it is actually acceptable). The TST 
approach has the added advantage of providing permittees with a clear incentive to improve the 
precision of test results (e.g., decrease within-test variability and/or use more replicates within a 
WET test than the minimum required in the EPA WET test method) to reach a definitive 
conclusion as to whether unacceptable toxicity is observed in a test. Thus, using the TST 
approach, a permittee can in fact prove a negative, i.e., that their effluent is acceptable (non-
toxic). 

Table 2. Expression of null and alternative hypotheses using the TST approach and relationships 
between error rates and resulting decisions based on this approach. Entries correspond to the probability 
decision given in parentheses. The probability of a false positive (i.e., rejecting a null hypothesis that 
should not have been rejected) is represented by α and the probability a false negative (i.e., failing to 
reject the null hypothesis when it should have been rejected) is represented by β. 

Decision 

True condition 
Null hypothesis 

Treatment mean ≤ b × Control mean 
Sample is toxic 

Alternative hypothesis 
Treatment mean > b × Control mean 

Sample is non-toxic 
Treatment mean ≤ b × 
Control mean 
Sample is toxic 

Correct decision (1- )  False positive ( ) 

Treatment mean > b × 
Control mean 
Sample is non-toxic 

False negative ( ) Correct decision 
(1- ) (power) 
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2.0 TST METHODOLOGY 

2.1 Regulatory Management Decisions for the TST Approach 
Toxicity is not an absolute quantity but rather an effect that is determined relative to a control or 
reference sample using a given WET test method. In the TST approach, what is considered 
unacceptable or acceptable toxicity are explicit RMDs. For chronic testing in EPA’s NPDES 
WET Program, the b value in the TST null hypothesis is set at 0.75, which means that a 25 
percent effect (or more) is considered a demonstration of unacceptable toxicity in a given WET 
test. Using a 25 percent effect threshold as the b coefficient is consistent with EPA’s use of a 25 
percent inhibition concentration (IC25) as an acceptable WET endpoint for examining chronic 
WET data. Responses substantially less than a 25 percent effect would be interpreted as a lower 
risk potential. The unacceptable toxicity RMD threshold for acute WET methods is set higher 
than that for chronic WET methods because of the severe environmental implications of acute 
toxicity (lethality or organism death). Therefore, for acute WET tests, the b value in the TST 
approach is set at 0.80 (i.e.,  20 percent effect in the effluent in acute WET tests is considered 
unacceptable). 

For both acute and chronic WET test methods, the low-risk RMD threshold is set at a 10 percent 
mean effect at the IWC within a WET test. Thus, one can prove the negative (i.e., an effluent is 
acceptable or considered non-toxic under NPDES) if that condition is met in a WET test. For 
mean effect levels greater than 10 percent but less than the unacceptable toxicity RMD threshold 
(20 percent for acute and 25 percent for chronic WET tests), the TST approach will still declare 
the IWC non-toxic depending on within-test variability: the lower the variability in the WET test, 
the more likely the sample will be declared non-toxic on the basis of the mean responses 
observed under these test conditions. 

EPA’s RMDs using the TST approach are used to specify unacceptable toxicity in WET tests 
most of the time when it occurs (i.e., a low false negative rate). As mentioned previously, under 
the traditional hypothesis testing approach currently used in the NPDES WET Program, the false 
negative rate was not controlled. Using the TST approach, the false negative rate RMD is 0.05  

 < 0.25, which translates to at least 75 percent probability that an effluent causing unacceptable 
toxicity will be declared toxic. As noted in the previous paragraph, the unacceptable toxicity 
RMD threshold is defined as  20 percent effect of the IWC in acute WET tests and  25 percent 
effect of the IWC in chronic WET tests. 

EPA also desires to minimize the probability that the IWC is declared toxic when in fact it is 
acceptable (i.e., low false positive rate). Under the traditional hypothesis testing approach 
currently used in the NPDES WET Program, the false positive rate is set at 0.05 or 5 percent. 
Therefore, in the TST approach, the desired false positive rate is also set at 0.05 or 5 percent (  < 
0.05). A  = 0.05 in the TST approach means that 95 percent of the time, a truly acceptable 
effluent (  10 percent mean effect at the IWC) will be declared non-toxic in the NPDES WET 
Program. Depending on the minimum WET test design required in the EPA methods (e.g., 
number of replicates and number of organisms per test concentration) and achievable laboratory 
control precision for a WET test method,  will be set between 0.05 and 0.25 while still 
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maintaining a   0.05. Extensive analyses were used to identify the lowest  for a given WET 
test method for which  = 0.05 and all other RMDs are met. 

The RMD thresholds above represent boundaries in terms of desired  and  rates. An  = 0.20 
for a chronic test method, for example, means that the Type I error rate will be approximately 20 
percent at a mean effect of 25 percent. At higher levels of effect in the IWC, actual Type I error 
rates would be lower; at lower mean effect levels in the IWC, Type I error rate would be 
somewhat higher, depending on the test method. Therefore, at mean effect levels between the 10 
percent non-toxic RMD boundary and the unacceptable toxicity RMD boundary (20 percent for 
acute and 25 percent for chronic WET test methods), there are differing probabilities of an 
effluent being declared toxic depending on within-test variability and the difference in mean 
responses observed between control and IWC. As a result, there will be some instances in which 
TST will declare a test toxic, whereas the traditional hypothesis approach would declare that test 
non-toxic (particularly when within-test variability is high or the mean effect at the IWC is near 
25 percent, as explained in Section 1.1). Similarly, there will be some instances in which TST 
will declare an effluent non-toxic but the traditional hypothesis approach would declare that test 
toxic (when within-test variability is low and the mean effect at the IWC is less than the 20 
percent toxicity RMD threshold for acute test methods or 25 percent for chronic toxicity test 
methods, as explained in Section 1.1). 

WET test design and the types of WET endpoints measured influence test sensitivity (e.g., 
control coefficient of variation or CV). Therefore, TST  error rates are identified for different 
types of test designs. For example, all fish chronic WET test methods that use a similar test 
design and have the same type of test endpoints (e.g., growth and survival) would have the same 

 value. Varying  by WET test design is appropriate for the TST approach. Given the way that 
the hypotheses are formulated in the TST approach (see Table 2),  represents what is 
considered  in the traditional hypothesis testing approach, and an acceptable  error was not 
identified in the current EPA TSD’s approach to the EPA NPDES WET Program. Setting  as 
well as  in the TST approach addresses both false positives and false negatives. 

2.2 Setting the Test Method-Specific Alpha Level 
Several types of analyses were conducted to determine the appropriate  level for each WET test 
method. First, representative effluent and reference toxicant data meeting EPA WET test 
method’s test acceptability criteria (TAC) were obtained from several state databases, which 
included multiple laboratories and wastewater effluents. Valid effluent WET data that met the 
following data selection requirements were considered to be a representative sample. 

 Cover a range of NPDES permitted facility types, including both industrial and municipal 
permittees 

 Represent many facilities for a given EPA WET test method (i.e., no one facility 
dominates the data for a given WET test method) 

 Cover a range of target (design) effluent dilutions on which WET reasonable potential 
(RP) and NPDES permit compliance are based, ranging from 10 percent to 100 percent 
effluent concentrations 

 Generated by several laboratories for a given EPA WET test method 
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 Cover a range of observed effluent toxicity for each EPA WET test method (e.g., NOECs 
range from < 10 percent to 100 percent effluent) 

 
For each of the nine EPA WET test methods examined, control precision was calculated on the 
basis of valid WET data compiled in this project. A similar analysis was performed for the 
control response for each of the nine test methods (e.g., mean number of offspring per female in 
the chronic Ceriodaphnia dubia test method) to characterize typical achievable test performance 
in terms of control response. 

A Monte Carlo simulation analysis (a statistical method) was used to estimate the percentage of 
WET tests that would be declared toxic using the TST approach as a function of different  
levels, within-test variability (control and effluent variability), and different effect levels. That 
analysis identified probable false positive error rates (i.e., declaring an effluent toxic when in fact 
it is not) under all WET test scenarios encountered. Using the RMDs defined above, an 
appropriate  level was then identified for each WET test design given a desired  error of < 5 
percent (0.05) when there is a 10 percent mean effect at the IWC. By simulating thousands of 
WET tests for a given scenario (mean percent effect and control CV), the percentage of tests 
declared toxic under a given effluent assessment scenario could be calculated and compared with 
other scenarios. 
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3.0 USING THE TST APPROACH IN WET DATA ANALYSES 

3.1 Summary of Test Method-Specific Alpha Values 
On the basis of all the analyses conducted in this project, EPA recommends the following alpha 
levels when using the TST approach in a two concentration (i.e., two treatments) data analysis 
comparison (e.g., IWC and control) (see Table 3). 

Table 3. Summary of alpha ( ) levels or false negative rates recommended for different WET test 
methods using the TST approach 

EPA WET test method b value 

Probability of declaring a 
toxic effluent non-toxic 

False negative ( ) errora 

Chronic Freshwater and East Coast Methods 
Ceriodaphnia dubia (water flea) survival and 
reproduction 

0.75 0.20 

Pimephales promelas (fathead minnow) survival 
and growth 

0.75 0.25 

Selenastrum capricornutum (green algae) growth 0.75 0.25 
Americamysis bahia (mysid shrimp) survival and 
growth 

0.75 0.15 

Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 
Cyprinodon variegatus (Sheepshead minnow) and  
Menidia beryllina (inland silverside) survival and 
growth 

0.75 0.25 

Chronic West Coast Marine Methods 

Dendraster excentricus and Strongylocentrotus 
purpuratus (Echinoderm) fertilization 

0.75 0.05 

Atherinops affinis (topsmelt) survival and growth 0.75 0.25 
Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 

0.75 0.05 

Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 

0.75 0.05 

Acute Methods 

Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt), Menidia beryllina 
(inland silverside) acute survivalb  

0.80 

 

0.10 

 

Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survivalb 

0.80 0.10 

Notes: 
a. (1) declare a sample toxic at least 75 percent of the time (alpha < 0.25) when there is unacceptable toxicity (20 
percent effect for acute and 25 percent effect for chronic test methods) and (2) declare an effluent non-toxic no more 
than 5 percent of the time (beta < 0.05) when the mean effect at the critical effluent concentration is 10 percent for 
both acute and chronic WET tests (including sublethal endpoints). For more discussion on the RMDs, see Section 2.1 
of this document. 
b. Based on four replicate test design 
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3.2 Calculating Statistics for Valid WET Data Using the TST Approach 
Appendix A includes a step-by-step guide for using the TST approach to analyzing WET test 
data. The appendix also includes a statistical flowchart and several examples. Note that the WET 
test method should follow the test condition requirements as specified in EPA’s approved WET 
methods (USEPA 1995, 2002a, 2002b, 2002c). 

The TST approach is used to statistically compare organism responses from two concentrations 
(i.e., treatments) of the WET test, the IWC and the control. Percent data (quantal data), such as 
percent survival or percent germination from a WET test, is first transformed as required in the 
EPA WET test manuals. Other types of WET data (e.g., growth or reproduction data) are not 
transformed. Data are then analyzed using Welch’s t-test, a well-known modification of the 
standard t-test (Zar 1996), which is appropriate for the TST approach (see Appendix A). 

Appendix B lists the critical t values that apply to WET testing using the TST approach given the 
number of degrees of freedom and the  level that applies for a given WET test method from 
Table 3 of this document. If the calculated t value for the WET test is greater than the critical t 
value (see Table B-1), the null hypothesis is rejected, i.e., the test result is Pass and the effluent 
is declared non-toxic. If the calculated t value is less than the critical t value in Appendix B, the 
null hypothesis is not rejected, i.e., the test result is Fail and the effluent is declared toxic. 
Appendix A contains examples that demonstrate the formulae used in the TST approach and are 
designed to illustrate how the outcome is influenced by within-test variability and the mean 
effect of the IWC using the TST approach. Four different case examples are presented, three of 
which have equal variances between control and IWC: (1) Ceriodaphnia reproduction data 
having relatively high within-test variability, (2) Ceriodaphnia reproduction data having 
relatively low within-test variability and the same effect as in Example 1, (3) growth data from 
two fathead minnow chronic WET tests, both with relatively high within-test variability but 
small mean effect at the IWC; one test was conducted with the minimum number of replicates 
required in the EPA WET test method (four replicates) and the other test was conducted a priori 
with six replicates per concentration; and (4) calculations using the TST approach for an acute 
fathead minnow WET test. 

Case Example #1 in Appendix A: Demonstrates a benefit of the TST approach by addressing 

false negatives. A WET test that has relatively high within-test variability for a given WET test 
method and has an effect at the IWC approaching the RMD threshold (25 percent in this case 
because it is a chronic WET test) is declared toxic using the TST approach. Using the traditional 
hypothesis testing approach as recommended in the TSD, such test data typically lead to a 
conclusion that the effluent is not toxic (i.e., a false negative). 

Case Example #3 in Appendix A: Demonstrates the benefits of increased within-test 

replication using the TST approach. Increasing the replication before conducting the test, which 
thereby improves the precision and power of the WET test, increases the chances of rejecting the 
null hypothesis and declaring a truly acceptable effluent as non-toxic using the TST approach. 
That increases the ability to prove the negative, i.e., that an effluent is declared not toxic. 
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The TST approach can also be used for ambient toxicity (i.e., receiving water) tests and 
stormwater toxicity testing programs because the TST approach compares two treatments (for 
application of the TST approach to ambient toxicity testing, see Appendix C). 
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4.0 IMPLEMENTING THE TST APPROACH IN WET NPDES PERMITS 
The TST approach is an alternative approach for analyzing and interpreting valid WET data. Use 
of the TST approach does not result in any changes to EPA’s WET test methods. WET limits are 
simpler to communicate and understand (for example permit language for acute and chronic 
WET monitoring using the TST statistical analysis approach, see Appendix D) than the TSD 
approach. EPA recommends that permitting authorities decide up front which approach (the 
1991 TSD approach, the TST approach, or another scientifically defensible approach that is 
sufficient to meet the statutory and regulatory requirements) they will incorporate and 
consistently use in their state’s NPDES implementation procedures, including their RP 
procedures. The permitting authority should use the selected WET statistical approach 
consistently in all of their state NPDES permits. 

4.1 Reasonable Potential (RP) WET Analysis 
NPDES permitting authorities conducting an RP analysis must follow Title 40 of the Code of 
Federal Regulations (CFR) section 122.44(d)(1) to determine whether a discharge will ―cause, 
have the [RP] to cause, or contribute to‖ an excursion of a numeric criterion or a narrative WET 
criterion. Some states have state-specific WET RP approaches in their water quality control plan 
or other NPDES policy or guidance. 

For RP calculations using the TST approach, EPA recommends that permitting authorities use all 
valid WET test data generated during the current permit term and any additional valid data that 
are submitted as part of the permit renewal application. The TST RP approach necessitates 
having at least a minimum of four valid WET tests to address effluent representativeness (see 
EPA’s TSD, Chapter 3, p. 57, under Step 2 in the section Steps in Whole Effluent 
Characterization Process). EPA also recommends that states request that their permittees 
provide the actual test endpoint responses for the control (i.e., control mean) and IWC 
concentration (i.e., IWC mean) for each WET test conducted to make it easier for permit writers 
to find the necessary WET test results when determining WET RP. WET test data are then 
analyzed according to the TST approach using the IWC and control test concentrations for all the 
valid WET test data available. For data sets with fewer than four valid WET data points, RP 
should be assessed using EPA’s TSD RP approach because it addresses small WET data sets by 
incorporating an RP multiplying factor (see Section 3.3.2 of the TSD, p. 54) to account for 
effluent variability in small WET data sets. If WET test data are available and the TST statistical 
approach indicates that the IWC is toxic in any WET test, RP has been demonstrated (40 CFR 
122.44(d)(1)(i)). Similar to the TSD approach, the TST approach can establish the existence of 
RP for WET even when no tests have been declared toxic using the TST to address concerns 
regarding the ―potential to cause or contribute to toxicity.‖ Appendix E presents the approach 
used to determine RP using the TST approach. 

Note that using the TST approach might be to the permittee’s advantage. If the permittee decides 
to incorporate additional replicates for the control and the IWC within a WET test, beyond the 
minimum required in the WET test method, the test power is increased. More test replicates 
increases test power, which means a higher probability of declaring a sample as non-toxic using 
the TST approach if the effluent is truly non-toxic. A demonstration is provided in Appendix A 
(Case Example #3), which illustrates that as an intended consequence of the TST approach 
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methodology. Thus, using the TST approach, a permittee has a greater ability to prove the 
negative (i.e., their effluent does not have RP). 

In those cases where the WET RP outcome is yes, a WET limit is expressed in the permit. In 
those situations where the RP outcome is no, WET monitoring requirements should still be 
incorporated in the permit. Also in the permit, a test result of Fail (i.e., sample declared toxic) 
during monitoring, would trigger additional steps in the permit. In either of those situations—
either a WET limit or a WET monitoring requirement, if toxicity is demonstrated—states should 
specify an approach to address toxicity in the permit. Doing so often includes increased 
frequency of WET testing and additional permit requirements to perform a toxicity reduction 
evaluation. 

4.2 NPDES WET Permit Limits 
Using the TST approach, WET NPDES permit limits would be expressed as no significant 
toxicity of the effluent at the IWC using the TST analysis approach. A test result of Pass is when 
the calculated t value is greater than the critical t value. A test result of Fail is when the 
calculated t value is less than the critical t value. 

Beyond assessing WET data for the NPDES Program, WET tests are used to assess toxicity of 
receiving water (watershed assessment for CWA section 303(d) determinations) and stormwater 
samples. Often as a first assessment of receiving or stormwater toxicity, researchers test a control 
and a single concentration (e.g., 100 percent receiving water or stormwater). In such cases, the 
TST approach can be used in the same way a t-test is used. Such analysis is used to determine 
whether organism response in a specified ambient concentration is significantly different than the 
control organism response (for further information, see Appendix C). 
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5.0 RECOMMENDATIONS FOR NPDES IMPLEMENTATION OF THE 
TST APPROACH 

5.1 EPA Regions and NPDES States (Permitting Authorities) 
Permitting authorities should consider adding the TST approach to their implementation 
procedures for analyzing valid WET data for their current NPDES WET Program. Permitting 
authorities should consider the practical programmatic shift from the traditional hypothesis 
testing approach to the TST approach by opening a dialogue with their regulated community. In 
addition, they might want to begin to identify what changes might be needed to assimilate the 
TST approach into any regulations, policy, guidance, and training within their respective NPDES 
WET Programs. EPA also recommends that permitting authorities decide up front which RP 
approach (the 1991 TSD approach, the TST approach, or another scientifically defensible 
approach that is sufficient to meet the statutory and regulatory requirements) the permitting 
authority will incorporate and consistently use in their state’s NPDES implementation 
procedures. The permitting authority should then use the WET statistical approach (either the 
TSD approaches or the TST data analysis approach) selected throughout all its state NPDES 
permits. Again, the traditional hypothesis testing approach recommended in EPA’s TSD is still 
considered valid as applied; however, that approach can now be advanced through the TST 
approach by providing new incentives to permittees to generate valid, high quality WET data. 

The RMDs incorporated into the TST approach were selected on the basis of considerable 
research and analysis involving several of the EPA WET test methods. Lower b values (i.e., for 
chronic test methods using a 0.70 instead of 0.75 b is unacceptable) are not recommended 
because it would mean that a lower fraction of test control response (i.e., greater effect at the 
IWC) is considered acceptable. EPA chose the acute and chronic b values to minimize effects on 
aquatic ecosystems. Likewise, the alpha values identified by EPA using the TST approach were 
determined on the basis of the predetermined b values and therefore should not be altered. 

The permitting authority should consider carefully how the TST approach will be implemented 
in NPDES permits. Example permit language is shown in Appendix D. In consideration of 
maintaining NPDES WET Program implementation consistency, the TST approach should be 
used in place of, and not in addition to, the traditional hypothesis testing (NOEC) approach for 
WET analysis. 

5.2 NPDES Permittees 
One of the intended benefits of the TST approach is that increasing the precision and power of 
the WET test increases the chances of declaring a truly acceptable effluent as non-toxic. The 
permittee has greater control over the interpretation of WET test results using the TST approach 
because the RMDs are transparent, and the level of WET data quality needed to obtain 
unequivocal results can be determined beforehand. For example, conducting tests with more test 
replicates improves the power of the WET test, which can then support and provide a defensible 
basis for a permittee’s demonstration that its effluent is acceptable (i.e., in compliance with the 
permit) if the mean effect is truly within the RMDs as defined in the TST approach. Using the 
TST approach, there is a lower rate of WET tests declared toxic for tests that are truly acceptable 
because of the increased power of the WET test when the permittee increases its number of 
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replicates in a WET test or achieves better replication within a test through improved test method 
performance. Thus, the TST approach increases the ability of the permittee to prove the negative, 
that the effluent is non-toxic if it is truly acceptable. Where a permittee has concerns about WET 
data quality, EPA recommends increasing the number of replicates in tests, even if the permitting 
authority has not yet adopted the TST approach. 
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6.0 SUMMARY OF THE TST APPROACH 
EPA’s TSD approaches are valid and can still be used by EPA Regions and their NPDES states. 
The TST approach is another statistical option for analyzing valid WET test data. The TST 
approach can be applied to acute (survival) and chronic (sublethal) endpoints and is appropriate 
to use for both freshwater and marine EPA WET test methods. The TST approach requires no 
more time or expertise than is presently expended when using the TSD hypothesis testing 
statistical approach and can be used with a well-recognized statistical test. Below is a brief 
outline of both the TST and TSD hypothesis testing approaches relevant to the information in 
this document and a short list of the benefits derived when using the TST approach. 

TST Approach 
 Considered additional guidance only—TST is a statistical approach for analyzing WET 

test data as an alternative option to the traditional hypothesis testing approach provided in 
EPA’s TSD 

 Expresses NPDES WET permit limit ―as no significant toxicity of the effluent at the in-
stream waste concentration‖ using the TST analysis approach 

 Provides a positive incentive to NPDES permittees to generate valid, high quality WET 
data to the permitting authority by improving test performance or increasing the number 
of replicates within a WET test (which increases statistical power of WET test) 

 Addresses both false negative (declared non-toxic when actually toxic) and false positive 
(declared toxic when actually non-toxic) error rates in a WET test 

Traditional Hypothesis Test (EPA TSD) 
 Existing approaches remain valid and can still be used by NPDES permitting authorities 
 In existing guidance, WET permit limits are expressed as no observed effect 

concentration (NOEC) at the IWC 

 Provides relatively less incentive to permittees to generate high quality valid, WET data 
or to increase the number of replicates within a WET test to increase statistical power of a 
WET test 

 False negative error rate in a WET test is not addressed 

Benefits When Using the TST Approach in WET Data Analysis 
 The TST approach is similar to statistical concepts used in other EPA programs and at 

other federal agencies 
 Transparent RMDs. RMDs are transparent because they are incorporated into the WET 

data analysis process, e.g., what effect level is considered toxic and what effect level is 
considered acceptable. 

 WET test method-specific alpha and beta error rates. Both error rates are directly 
incorporated into the TST statistical approach, thereby increasing confidence in WET test 
interpretation. 

 High quality WET test data incentive. Provides a positive incentive for the permittee to 
generate valid, high quality WET data; better test performance (lower within-test 
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variability) helps ensure appropriate WET decisions using the TST approach (e.g., a truly 
acceptable effluent will be declared non-toxic). 

 Streamlined, simpler statistical analysis. Flowchart for analyzing valid WET data under 
the TST approach is much simpler because fewer statistical tests are needed. 

 RP analysis is simpler. Because the calculation of the individual test result, using the 
TST statistical approach, incorporates both error rates in the analysis, the RP 
determinations can rely on a direct calculation of the percent effect at the IWC.  Thus, the 
RP procedures are much simpler to use than the RP statistical procedures recommended 
in the TSD. 
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APPENDIX A 

STEP-BY-STEP PROCEDURES FOR ANALYZING VALID WHOLE 
EFFLUENT TOXICITY DATA USING THE TEST OF SIGNIFICANT 

TOXICITY APPROACH 
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APPENDIX A: STEP-BY-STEP PROCEDURES FOR ANALYZING VALID 
WET DATA USING THE TST APPROACH 

The following is a step-by-step guide for using the TST approach to analyze valid WET data for 
the NPDES Program. This guide is applicable for a two-concentration valid WET data analysis 
of an in-stream waste concentration (IWC) or a receiving water concentration (RWC) compared 
to a control concentration. For further information regarding conducting WET tests and proper 
quality assurance/quality control needed, see the EPA WET test method manuals. Refer to the 
flowchart shown in Figure A-1 in this appendix as you proceed through this guide. 

Step 1:  Conduct WET test following procedures in the appropriate EPA WET test method 
manual. That includes following all test requirements specified in the method (USEPA 1995 for 
chronic west coast marine methods, USEPA 2002a for chronic freshwater test methods, USEPA 
2002b for chronic east coast marine test methods, and USEPA 2002c for acute freshwater and 
marine WET test methods). 

Step 2:  For each test endpoint specified in the WET test method manual (e.g., survival and 
reproduction for the Ceriodaphnia chronic WET test method), follow Steps 3–7 below. Note that 
the guide refers to an effluent concentration tested, which is assumed to be the IWC as specified 
in the permit or a receiving water concentration for ambient testing. For example, if no mixing 
zone is allocated, the IWC is 100 percent effluent. 

Note: If there is no variance (i.e., zero variance) in the endpoint in both concentrations being 
compared (i.e., all replicates in each concentration have the same exact response), then skip the 
remaining steps in the flowchart and do the following. Compute the percent difference between 
the control and the other concentration (e.g., IWC) and compare the percent difference against 
the RMD values of 25% for chronic and 20% for acute endpoints.  Percent mean effect is 
calculated as: 

100
ResponseControlMean

IWCat ResponseMeanResponseControlMeanIWCatEffect%  

If the percent mean response is > the RMD, the sample is declared toxic and the test is ―Fail‖.  If 
the percent mean response is < the RMD, the sample is declared non-toxic and the test is ―Pass‖. 

Step 3: For data consisting of proportions from a binomial (response/no response; live/dead) 
response variable, the variance within the ith treatment is proportional to Pi (1 – Pi), where Pi is 
the expected proportion for the treatment. That clearly violates the homogeneity of variance 
assumption required by parametric procedures such as the TST procedure because the existence 
of a treatment effect implies different values of Pi for different treatments, i. Also, when the 
observed proportions are based on small samples, or when Pi is close to zero or one, the 
normality assumption might be invalid. The arcsine square root (arcsine ) transformation is 
used for such data to stabilize the variance and satisfy the normality requirement. The square root 
of percent data (e.g., percent survival, percent fertilization), expressed as a decimal fraction 
(where 1.00 = 100 percent) for each treatment, is first calculated. The square root value is then 
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arcsine transformed before analysis in Step 4. Note: Excel and most statistical software packages 
can calculate arcsine values. 

Step 4: Conduct Welch’s t-test (Zar 1996) using Equation 1: 

Equation 1    
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where 
cY  = Mean for the control 

tY  = Mean for the IWC 
2

cS  = Estimate of the variance for the control 
2

tS  = Estimate of the variance for the IWC 

cn  = Number of replicates for the control 

tn  = Number of replicates for the IWC 

b = 0.75 for chronic test methods; 0.80 for acute test methods 
 

Note on the use of Welch’s t-test: Welch’s t-test is appropriate to use when there are an unequal 
number of replicates between control and the IWC.  When sample sizes of the control and 
treatment are the same (i.e., nt = nc), Welch’s t-test is equivalent to the usual Student’s t-test (Zar 
1996). 

Step 5: Adjust the degrees of freedom (df) using Equation 2: 

Equation 2   
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For tests using Welch’s t-test, df is the value obtained for v in Equation 2 above. Because v is 
most likely a non-integer, round v to the next smallest integer, and that number is the df. 

Step 6: Using the calculated t value from Step 4, compare that t value with the critical t value 
table in Appendix B using the test method-specific alpha values shown in Table A-1. To obtain 
the correct critical t value, look across the table for the alpha value that corresponds to the WET 
test method (for the alpha value, see Appendix A, Table A-1) and then look down the table for 
the appropriate df. 

Step 7: If the calculated t value is less than the critical t value, the IWC is declared toxic and the 
test result is Fail. If the calculated t value is greater than the critical t value, the IWC is not 
declared toxic and the test result is Pass. 
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Figure A-1. Statistical flowchart for analyzing valid WET data using the TST approach for control and  the 
IWC, receiving water, or stormwater. 

 

Pass 

IWC is NOT Toxic 

Fail 

IWC IS Toxic 

Conduct WET test 

Apply arcsine square root transformation for percent data 
(e.g., survival); do not transform other types of WET data 

(e.g., growth or reproduction) 

Calculate t value using 
TST Welch’s t-test 

Calculated t value > critical t value? 

YES NO ―Pass‖ 

IWC is NOT Toxic 

―Fail‖ 

IWC IS Toxic 
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Table A-1. Summary of alpha ( ) levels or false negative rates recommended for different WET test 
methods using the TST approach 

EPA WET test method b value 

Probability of declaring a 
toxic effluent non-toxic 

False negative ( ) errora 

Chronic Freshwater and East Coast Methods 
Ceriodaphnia dubia (water flea) survival and 
reproduction 

0.75 0.20 

Pimephales promelas (fathead minnow) survival 
and growth 

0.75 0.25 

Selenastrum capricornutum (green algae) growth 0.75 0.25 
Americamysis bahia (mysid shrimp) survival and 
growth 

0.75 0.15 

Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 
Cyprinodon variegatus (Sheepshead minnow) and 
Menidia beryllina (inland silverside) survival and 
growth 

0.75 0.25 

Chronic West Coast Marine Methods 

Dendraster excentricus and Strongylocentrotus 
purpuratus (Echinoderm) fertilization 

0.75 0.05 

Atherinops affinis (topsmelt) survival and growth 0.75 0.25 
Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 

0.75 0.05 

Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 

0.75 0.05 

Acute Methods 

Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt), Menidia beryllina 
(inland silverside) acute survivalb  

0.80 

 

0.10 

 

Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survivalb 

0.80 0.10 

Notes: 
a. (1) declare a sample toxic at least 75 percent of the time (alpha < 0.25) when there is unacceptable toxicity (20 
percent effect for acute and 25 percent effect for chronic test methods) and (2) declare an effluent non-toxic no more 
than 5 percent of the time (beta < 0.05) when the mean effect at the critical effluent concentration is 10 percent for 
both acute and chronic WET tests (including sublethal endpoints). For more discussion on the RMDs, see Section 2.1 
of this document. 
b. Based on four replicate test design 
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Step 1: Conduct WET test 
Replicate/statistic Control Treatment 
1 27 32 
2 38 28 
3 27 25 
4 34 28 
5 37 20 
6 35 15 
7 30 27 
8 31 31 
9 36 31 
10 39 30 
Mean 33.4 26.7 
Std. deviation 4.402 5.417 
N (# of replicates) 10 10 

 
Step 2: Follow Steps 3–7 for each endpoint required in the test method 
 The following example is for chronic Ceriodaphnia dubia reproduction endpoint only. 
Step 3: Transform data using an arcsine square root transformation, if necessary 
 Not necessary because reproduction is not percent data. 
Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 15 df and test method alpha = 0.20 (Table A-1) 
 Critical t value = 0.87 
 0.82 < 0.87 
Step 7: Declare effluent toxic or not 
 Calculated t < critical t value. Therefore, effluent is declared toxic; test result is FAIL.

Case Example 1:  Chronic Ceriodaphnia Reproduction 
Test with High Within-Test Variability 
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Step 1: Conduct WET test 
Replicate/statistic Control Treatment 
1 29 31 
2 38 28 
3 31 25 
4 34 28 
5 36 22 
6 35 21 
7 30 27 
8 31 26 
9 36 29 
10 34 30 
Mean 33.4 26.7 
Std. deviation 2.989 3.268 
N (# of replicates) 10 10 

Step 2: Follow Steps 3–7 for each endpoint required in the test method 
 The following example is for chronic Ceriodaphnia dubia reproduction endpoint only. 
Step 3: Transform data using an arcsine square root transformation, if necessary 
 Not necessary because reproduction is not percent data. 
Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 16 df and test method alpha = 0.20 (Table A-1) 
 Critical t value = 0.86 
 1.32 > 0.86 
Step 7: Declare effluent toxic or not 
 Calculated t > critical t value. Therefore, effluent is declared Non-Toxic; test result is 

PASS.

Case Example 2:  Chronic Ceriodaphnia Reproduction 
Test with Low Within-Test Variability 
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Step 1: Conduct WET test 

Replicate/statistic Control Treatment 
1 0.366 0.303 
2 0.399 0.379 
3 0.354 0.311 
4 0.422 0.236 
Mean 0.385 0.307 
Std. deviation 0.031 0.058 
N (# of replicates) 4 4 

Step 2: Follow Steps 3–7 for each endpoint 
required in the test method 
Step 3: Transform data using an arcsine square 
root transformation, if necessary 
Not necessary because growth is not percent data. 
Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 4 df, 
alpha = 0.25 (Table A-1); Critical t value = 0.74 
0.58 < 0.74 

Step 7: Effluent is declared toxic, test result is 

FAIL. 

Step 1: Conduct WET test 

Replicate/statistic Control Treatment 
1 0.366 0.303 
2 0.399 0.379 
3 0.354 0.311 
4 0.422 0.236 
5 0.343 0.364 
6 0.407 0.247 
Mean 0.382 0.307 
Std. deviation 0.032 0.058 
N (# of replicates) 6 6 

Step 2: Follow Steps 3–7 for each endpoint 
required in the test method 

Step 3: Transform data using an arcsine square 
root transformation, if necessary 
Not necessary because growth is not percent data. 
Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 7 df, 
alpha = 0.25 (Table A-1); Critical t value = 0.71       
0.79 > 0.71 

Step 7: Effluent is declared Non-Toxic; test result 

is PASS. 

Case Example 3:  Benefit of Increased Replication in Chronic Fish 
Growth Test with Low Mean Effect and High Within-Test Variability 

 

RB-AR27780



NPDES Test of Significant Toxicity Implementation Document  June, 2010 

A-10 

 

 
Step 1: Conduct WET test 

Replicate/statistic Control Treatment 
1 10 10 
2 10 8 
3 10 9 
4 10 8 
Mean 10 8.75 
Variance 0.000 0.917 
N (# of replicates) 4 4 

Step 2: Follow Steps 3–7 for each endpoint required in the test method 
 The following example is for acute Pimephales promelas survival endpoint only. 
Step 3: Transform data using an arcsine square root transformation 

Replicate/statistic Control Treatment 
1 1.412 1.412 
2 1.412 1.107 
3 1.412 1.249 
4 1.571 1.107 
Mean 1.412 1.218 
Variance 0.000 0.021 
N (# of replicates) 4 4 

Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 

11

22222

2222

c

c

c

t

t

t

c

c

t

t

n

n

Sb

n

n

S

n

Sb

n

S

v 3

14
4

)000.0()80.0(

14
4
021.0

4
)000.0()80.0(

4
021.0

222

22

 

Step 6: Calculated t value > critical t value? 3 df, alpha = 0.10 (Table A-1) 
 Critical t value = 1.64 
 1.229 < 1.64 
Step 7: Declare effluent toxic or not 

Therefore, effluent is declared toxic; test result is FAIL. 

Case Example 4: Fish Acute Toxicity Test Example 
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APPENDIX B 

CRITICAL t VALUES FOR THE TEST OF SIGNIFICANT TOXICITY 
APPROACH 
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Table B-1. Critical values of the t distribution. One tail probability is assumed. 

Degrees of 
freedom 

 Alpha 

0.25 0.20 0.15 0.10 0.05 

1 1 1.3764 1.9626 3.0777 6.3138 

2 0.8165 1.0607 1.3862 1.8856 2.92 

3 0.7649 0.9785 1.2498 1.6377 2.3534 

4 0.7407 0.941 1.1896 1.5332 2.1318 

5 0.7267 0.9195 1.1558 1.4759 2.015 

6 0.7176 0.9057 1.1342 1.4398 1.9432 

7 0.7111 0.896 1.1192 1.4149 1.8946 

8 0.7064 0.8889 1.1081 1.3968 1.8595 

9 0.7027 0.8834 1.0997 1.383 1.8331 

10 0.6998 0.8791 1.0931 1.3722 1.8125 

11 0.6974 0.8755 1.0877 1.3634 1.7959 

12 0.6955 0.8726 1.0832 1.3562 1.7823 

13 0.6938 0.8702 1.0795 1.3502 1.7709 

14 0.6924 0.8681 1.0763 1.345 1.7613 

15 0.6912 0.8662 1.0735 1.3406 1.7531 

16 0.6901 0.8647 1.0711 1.3368 1.7459 

17 0.6892 0.8633 1.069 1.3334 1.7396 

18 0.6884 0.862 1.0672 1.3304 1.7341 

19 0.6876 0.861 1.0655 1.3277 1.7291 

20 0.687 0.86 1.064 1.3253 1.7247 

21 0.6864 0.8591 1.0627 1.3232 1.7207 

22 0.6858 0.8583 1.0614 1.3212 1.7171 

23 0.6853 0.8575 1.0603 1.3195 1.7139 

24 0.6849 0.8569 1.0593 1.3178 1.7109 

25 0.6844 0.8562 1.0584 1.3163 1.7081 

26 0.684 0.8557 1.0575 1.315 1.7056 

27 0.6837 0.8551 1.0567 1.3137 1.7033 

28 0.6834 0.8546 1.056 1.3125 1.7011 

29 0.683 0.8542 1.0553 1.3114 1.6991 

30 0.6828 0.8538 1.0547 1.3104 1.6973 

inf 0.6745 0.8416 1.0364 1.2816 1.6449 
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APPENDIX C 

APPLICATION OF THE TEST OF SIGNIFICANT TOXICITY APPROACH 
TO AMBIENT TOXICITY PROGRAMS 
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APPENDIX C: APPLICATION OF THE TST APPROACH TO AMBIENT 
TOXICITY PROGRAMS 

In ambient and stormwater toxicity testing, a laboratory control and a single concentration (i.e., 
100 percent ambient water or stormwater) are often tested. In these two-concentration WET 
tests, the objective is to determine if a given sample or site water is toxic, as indicated by a 
significantly different organism response compared to the control. In the WET testing design, the 
determination of Pass or Fail (i.e., non-toxic or toxic) is ascertained using a traditional t-test 
(USEPA 2002c). EPA test methods recommend (USEPA 1995, 2002a, 2002b, 2002c) that the 
statistical significance (i.e., Pass/Fail) of a two-sample test design for ambient and stormwater 
toxicity testing be determined only using either a modified t-test (if homogeneity of variance is 
not achieved) or a traditional t-test (if homogeneity of variance is achieved). 

To demonstrate the value of the TST approach in ambient toxicity programs, ambient toxicity 
test data from California’s Surface Water Ambient Monitoring Program (SWAMP) was used for 
409 chronic tests for Ceriodaphnia dubia and 256 chronic tests for Pimephales promelas using 
EPA’s 2002 WET test methods (USEPA 2002a). Valid WET data for each EPA WET test 
method were subjected to the same statistical analyses as described in Section 2 of this 
document. 

Chronic Ceriodaphnia dubia Ambient Toxicity Tests 

Table C-1 summarizes results of the 409 Ceriodaphnia dubia ambient toxicity tests analyzed and 
an  = 0.20 for this test method. Although the majority of the tests examined resulted in the same 
decision using either the TST or the traditional t-test approach, approximately 6 percent of the 
tests (24 tests) would have been declared non-toxic using the traditional t-test approach with 
mean effect levels > 25 percent. In addition, 2 percent of the tests (7 tests) would have been 
declared toxic using the traditional t-test approach at mean effect levels < 15 percent and as low 
as 7 percent. 

Table C-1. Comparison of results of chronic Ceriodaphnia ambient toxicity tests using the TST approach 
and the traditional t-test analysis.  = 0.20 and b value = 0.75 for the TST approach.  = 0.05 for the 
traditional hypothesis testing approach 

Both approaches 
declare toxic 

Only TST declares 
toxic 

Only traditional 
approach declares 

toxic 
Both approaches 
declare non-toxic 

19.8% 5.9% 1.7% 72.6% 
 

Figure C-1 shows ranges of CV values observed in Ceriodaphnia dubia ambient toxicity tests for 
those samples declared toxic using either the TST approach or the traditional t-test, but not both 
approaches. As expected, within-test variability was relatively high (higher CVs) for those tests 
found non-toxic using a t-test but toxic using the TST approach. The results demonstrate the lack 
of control of false negative rates using the traditional hypothesis testing approach when control 
variability is relatively high. Under those conditions, the traditional t-test did not have the power 
to detect toxicity when it was present. Figure C-1 also demonstrates that the TST approach 
recognizes a negligible effect as non-toxic when within-test variability is relatively low and the 
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mean percent effect is well below the risk management level of 25 percent. Under such 
conditions, the traditional t-test declared some samples toxic using this WET test method, even 
when the mean effect was as little as 7 percent. The TST approach, however, declared all such 
samples non-toxic using the recommended  = 0.20. Thus, the TST approach reduces the 
number of tests declared as toxic when effects are actually well below the risk management 
decision. 

Chronic Ceriodaphnia ambient WET tests that are identified as non-toxic (Pass) using the 
traditional hypothesis approach (NOEC) generally have high within-test variability (high 
control CVs) as compared to using the TST approach. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

NOEC Pass TST Pass 

C
V 

Va
lu

e

25th %ile

MIN

Median

MAX

75th %ile

 

Figure C-1. Range of CV values observed in chronic C. dubia ambient toxicity tests for samples that were 
found to be non-toxic using the standard t-test but toxic using the TST approach (NOEC Pass) and for 
those samples declared toxic using t-test but not the TST approach (TST Pass). California’s SWAMP 
WET test data. 

Similar to the Ceriodaphnia ambient test data, within-test variability was higher in those chronic 
fathead minnow ambient tests found non-toxic using a t-test but toxic using the TST approach 
(Figure C-2). Similarly, those tests declared non-toxic by the TST approach but toxic using t-test 
had lower within-test variability and mean effect levels < 25 percent (Figure C-2). Thus, similar 
to the chronic Ceriodaphnia ambient tests, data from chronic fathead minnow ambient tests 
demonstrate that the TST approach can provide as much protection as the traditional t-test 
approach while also identifying those samples that are truly acceptable from a regulatory 
management decision. 

 

RB-AR27791



NPDES Test of Significant Toxicity Implementation Document  June, 2010 

C-5 

Fish ambient WET tests that are identified as non-toxic using the traditional hypothesis 
approach (NOEC) generally have high within-test variability (high control CVs) as 
compared to using the TST approach. 
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Figure C-2. Range of CV values observed in chronic P. promelas ambient toxicity tests for samples that 
were declared to be non-toxic using the standard t-test but toxic using the TST approach (NOEC Pass) 
and for those samples declared toxic using t-test but not the TST approach (TST Pass). California’s 
SWAMP WET test data. 
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APPENDIX D 

EXAMPLE NATIONAL POLLUTANT DISCHARGE ELIMINATION 
SYSTEM PERMIT LANGUAGE USING THE TEST OF SIGNIFICANT 

TOXICITY APPROACH 
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APPENDIX D: EXAMPLE NPDES PERMIT LANGUAGE USING THE TST 
APPROACH 

ACUTE WHOLE EFFLUENT TOXICITY (WET) NPDES PERMIT LANGUAGE 

xx. Acute Whole Effluent Toxicity (WET) Requirements 

1. Monitoring Frequency 

The permittee must conduct monthly/quarterly/semiannual acute toxicity tests on 24-
hour composite effluent samples. Once each calendar year, at a different time of year 
from the previous years, the permittee must split a 24-hour composite effluent sample and 
concurrently conduct two toxicity tests using a fish and an invertebrate species; the 
permittee must then continue to conduct routine monthly/quarterly/semiannual toxicity 
testing using the single, most sensitive species. 

Acute toxicity test samples must be collected for each point of discharge at the designated 
NPDES sampling station for the effluent (i.e., downstream from the last treatment 
process and any in-plant return flows where a representative effluent sample can be 
obtained). During years 1, 2, 3, 4, and 5 of the permit, a split of each sample must be 
analyzed for all other monitored parameters at the minimum frequency of analysis 
specified by the effluent monitoring program. 

2. Freshwater Species and WET Test Methods 

Species and short-term WET test methods for estimating the acute toxicity of NPDES 
effluents are in the fifth edition of Methods for Measuring the Acute Toxicity of Effluents 
and Receiving Waters to Freshwater and Marine Organisms (EPA/821/R-02/012, 2002; 
Table IA, 40 CFR Part 136). The permittee must conduct 96-hour static renewal toxicity 
tests with the following vertebrate and invertebrate species, respectively: 

 Vertebrate: The fathead minnow, Pimephales promelas (Acute Toxicity Test Method 
2000.0) 

 Invertebrate: The daphnid, Ceriodaphnia dubia (Acute Toxicity Test Method 2002.0) 

3. Acute WET Permit Triggers 

a. There are no acute toxicity effluent limits for this discharge. For this permit, the 
determination of Pass or Fail from a multiple-effluent concentration acute toxicity test 
at the IWC is determined using the Test of Significant Toxicity (TST) approach that 
is described in the National Pollutant Discharge Elimination System Test of 
Significant Toxicity Implementation Document (EPA/833/R-10-003). The acute WET 
permit trigger is any one WET test where a test result is Fail (during the monthly 
reporting period) at the acute in-stream waste concentration (IWC). For this 
discharge, the IWC is XXX percent (e.g., either is 100 percent or an effluent at the 
mixing zone to be determined at the time of permit issuance) effluent. To calculate 
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either a Pass or Fail of a multiple-effluent concentration acute toxicity test at the 
IWC, follow the instructions in Appendix A in the National Pollutant Discharge 
Elimination System Test of Significant Toxicity Implementation Document. A Pass 
result indicates no toxicity of the multiple-effluent concentration test at the IWC, and 
a Fail result indicates toxicity of the multiple-effluent concentration test at the IWC. 
The permittee must report either a Pass or a Fail on the Discharge Monitoring Report 
(DMR) form. If a result is reported as Fail, the permittee must follow Section 6 
(Accelerated Toxicity Testing and TRE/TIE Process) of this permit. 

 - OR -  

3. Acute WET Permit Limit 

b. There is an acute toxicity effluent limit for this discharge. For this permit, the 
determination of Pass or Fail from a multiple-effluent concentration acute toxicity test 
at the IWC is determined using the Test of Significant Toxicity (TST) approach 
which is described in the National Pollutant Discharge Elimination System Test of 
Significant Toxicity Implementation Document (EPA/833-R-10-003). The acute WET 
permit trigger is any one WET test where a test result is Fail (during the monthly 
reporting period) at the chronic in-stream waste concentration (IWC). For this 
discharge, the IWC is XXX percent (e.g., either is 100 percent or an effluent at the 
mixing zone to be determined at time of permit issuance) effluent. To calculate either 
a Pass or Fail of the multiple-effluent concentration acute toxicity test at the IWC, 
follow the instructions in Appendix A in the National Pollutant Discharge 
Elimination System Test of Significant Toxicity Implementation Document. A Pass 
result indicates no toxicity of the multiple-effluent concentration at the IWC and a 
Fail result indicates toxicity of the multiple-effluent concentration test at the IWC. 
The permittee must report either a Pass or a Fail on the DMR form. If a result is 
reported as Fail, the permittee must follow Section 6 (Accelerated Toxicity Testing 
and TRE/TIE Process) of this permit. 

4. Quality Assurance – EPA WET Test Methods 

a. Quality assurance measures, instructions, and other recommendations and 
requirements are in the EPA 2002 WET test methods manual previously referenced. 

b. This permit is subject to a determination of Pass or Fail from a multiple-effluent 
concentration acute toxicity test at the IWC (for statistical flowchart and procedures, 
see Appendix A, Figure A-1 of the National Pollutant Discharge Elimination System 
Test of Significant Toxicity Implementation Document). The acute in-stream waste 
concentration (IWC) for this discharge is XXX percent effluent. 

c. Effluent dilution water and control water should be prepared and used as specified in 
the EPA WET test methods manual Methods for Measuring the Acute Toxicity of 
Effluents and Receiving Waters to Freshwater and Marine Organisms (EPA/821/R-
02/012, 2002). 
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d. If organisms are not cultured in-house, concurrent testing with a reference toxicant 
must be conducted. If organisms are cultured in-house, monthly reference toxicant 
testing is sufficient. Reference toxicant tests and effluent toxicity tests must be 
conducted using the same test conditions (e.g., same test duration). 

e. If either the reference toxicant or effluent toxicity tests do not meet all test 
acceptability criteria in the EPA WET test methods manual, the permittee must 
resample and retest within 14 days. 

f. If the discharged effluent is chlorinated, chlorine must not be removed from the 
effluent sample before toxicity testing without written approval by the permitting 
authority. 

5. Initial Investigation TRE Work Plan 

Within 90 days of the permit effective date, the permittee must prepare and submit to the 
permitting authority a copy of its Initial Investigation Toxicity Reduction Evaluation 
(TRE) Work Plan (1–2 pages) for review. That plan must include steps the permittee 
intends to follow if toxicity is measured above an acute WET permit limit or trigger and 
should include the following, at minimum: 

a. A description of the investigation and evaluation techniques that would be used to 
identify potential causes and sources of toxicity, effluent variability, and treatment 
system efficiency. 

b. A description of methods for maximizing in-house treatment system efficiency, good 
housekeeping practices, and a list of all chemicals used in operations at the facility. 

c. If a Toxicity Identification Evaluation (TIE) is necessary, an indication of who would 
conduct the TIEs (i.e., an in-house expert or outside contractor). 

6. Accelerated Toxicity Testing and TRE/TIE Process 

a. If an acute WET permit limit or trigger is exceeded and the source of toxicity is 
known (e.g., a temporary plant upset), the permittee must conduct one additional 
toxicity test using the same species and EPA WET test method. This WET test must 
begin within 14 days of receipt of WET test results exceeding an acute WET permit 
limit or trigger. If the additional toxicity test does not exceed an acute WET permit 
limit or trigger, the permittee may return to the regular testing frequency. 

b. If an acute WET permit limit or trigger is exceeded and the source of toxicity is not 
known, the permittee must conduct six additional toxicity tests using the same species 
and EPA WET test method, approximately every two weeks, over a 12-week period. 
This testing must begin within 14 days of receipt of WET test results exceeding an 
acute WET permit limit or trigger. If none of the additional toxicity tests exceed an 
acute WET permit limit or trigger, the permittee may return to the regular testing 
frequency. 
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c. If one of the additional toxicity tests (in paragraphs 6.a or 6.b) exceeds an acute WET 
permit limit or trigger, within 14 days of receipt of this WET test result, the permittee 
must initiate a TRE using, according to the type of treatment facility, EPA WET TRE 
manual, Toxicity Reduction Evaluation Guidance for Municipal Wastewater 
Treatment Plants (EPA/833/B-99/002, 1999) or EPA WET TRE manual, Generalized 
Methodology for Conducting Industrial Toxicity Reduction Evaluations (EPA/600/2-
88/070, 1989). In conjunction, the permittee must develop and implement a Detailed 
TRE Work Plan that must consist of the following: further actions undertaken by the 
permittee to investigate, identify, and correct the causes of toxicity; actions the 
permittee will take to mitigate the effects of the discharge and prevent the recurrence 
of toxicity; and a schedule for such actions. 

d. The permittee may initiate a TIE as part of a TRE to identify the causes of toxicity 
using the same species and EPA WET test method and, as guidance, EPA WET 
TIE/TRE method manuals: Methods for Aquatic Toxicity Identification Evaluations: 
Phase I Toxicity Characterization Procedures (EPA/600/6-91/003, 1991); Methods 
for Aquatic Toxicity Identification Evaluations, Phase II Toxicity Identification 
Procedures for Samples Exhibiting Acute and Chronic Toxicity (EPA/600/R-92/080, 
1993); Methods for Aquatic Toxicity Identification Evaluations, Phase III Toxicity 
Confirmation Procedures for Samples Exhibiting Acute and Chronic Toxicity 
(EPA/600/R-92/081, 1993). 

7. Reporting of Acute Toxicity Monitoring Results 

a. The permittee must submit a full laboratory report for all toxicity testing as an 
attachment to the Discharge Monitoring Report (DMR) for the month in which the 
toxicity test was conducted; the laboratory report must contain the following: the 
toxicity test results, the dates of sample collection and initiation of each toxicity test; 
all results for effluent parameters monitored concurrently with the toxicity test(s); and 
progress reports on TRE/TIE investigations. 

b. The permittee must provide the actual test endpoint responses for the control (i.e., 
control mean) and IWC concentration (i.e., IWC mean) for each WET test conducted 
to make it easier for permit writers to find the necessary WET test results when 
determining WET RP. 

c. The permittee must notify the permitting authority in writing within 14 days of 
exceedance of an acute WET permit limit or trigger. Such notification must describe 
actions the permittee has taken or will take to investigate, identify, and correct the 
causes of toxicity; the status of actions required by this permit; and schedule for 
actions not yet completed; or reason(s) that no action has been taken. 

8. Permit Reopener for Acute Toxicity 

In accordance with 40 CFR Parts 122 and 124, this permit may be modified to include 
effluent limitations or permit conditions to address acute toxicity in the effluent or 
receiving waterbody, as a result of the discharge; or to implement new, revised, or newly 
interpreted water quality standards applicable to acute toxicity. 
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CHRONIC WET NPDES PERMIT LANGUAGE 

xx. Chronic Whole Effluent Toxicity (WET) Requirements 

1. Monitoring Frequency 

The permittee must conduct monthly/quarterly/semiannual chronic toxicity tests on 24-
hour composite effluent samples. Once each calendar year, at a different time of year 
from the previous years, the permittee must split a 24-hour composite effluent sample and 
concurrently conduct three toxicity tests using a fish, an invertebrate, and an alga species; 
the permittee must continue to conduct routine monthly/quarterly/semiannual toxicity 
testing using the single, most sensitive species. 

Chronic toxicity test samples must be collected for each point of discharge at the 
designated NPDES sampling station for the effluent (i.e., downstream from the last 
treatment process and any in-plant return flows where a representative effluent sample 
can be obtained). During years 1, 2, 3, 4, and 5 of the permit, a split of each sample must 
be analyzed for all other monitored parameters at the minimum frequency of analysis 
specified by the effluent monitoring program. 

2. Freshwater Species and EPA WET Test Methods 

Species and short-term EPA WET test methods for estimating the chronic toxicity of 
NPDES effluents are in the fourth edition of Short-term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms 
(EPA/821/R-02/013, 2002; Table IA, 40 CFR Part 136). The permittee must conduct 
static renewal toxicity tests with the following: 

 Fathead minnow, Pimephales promelas (Larval Survival and Growth Test Method 
1000.0) 

 Daphnid, Ceriodaphnia dubia (Survival and Reproduction Test Method 1002.0);  

 Green alga, Selenastrum capricornutum (also named Raphidocelis subcapitata) 
(Growth Test Method 1003.0). 

3. Chronic WET Permit Triggers 

a. There are no chronic toxicity effluent limits for this discharge. The chronic WET 
permit trigger is any one WET test (either biological endpoint of survival or 
sublethal) where a test result is Fail (during the monthly reporting period) at the 
chronic in-stream waste concentration (IWC). For this discharge, the IWC is XXX 
percent (e.g., either is 100 percent or an effluent at the mixing zone to be determined 
at time of permit issuance) effluent. To calculate either a Pass or Fail of the multiple-
effluent concentration chronic toxicity test at the IWC, follow the instructions in 
Appendix A in the National Pollutant Discharge Elimination System Test of 
Significant Toxicity Implementation Document (EPA/833-R-10-003). A Pass result 
indicates no toxicity at the IWC, and a Fail result indicates toxicity at the IWC. The 
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permittee must report either a Pass or a Fail on the DMR form. If a result is reported 
as Fail, the permittee must follow Section 7 (Reporting of Chronic Toxicity 
Monitoring Results) of this permit. 

 - OR -  

3. Chronic WET Permit Limits 

b. There is a chronic toxicity effluent limit for this discharge. The chronic WET permit 
trigger is any one WET test (either biological endpoint of survival or sublethal) where 
a test result is Fail (during the monthly reporting period) at the chronic in-stream 
waste concentration (IWC). For this discharge, the IWC is XXX percent (e.g., either 
is 100 percent or an effluent at the mixing zone to be determined at time of permit 
issuance) effluent. To calculate either a Pass or Fail of the multiple-effluent 
concentration chronic toxicity test at the IWC, follow the instructions in Appendix A 
in the National Pollutant Discharge Elimination System Test of Significant Toxicity 
Implementation Document (EPA/833-R-10-003). A Pass result indicates no toxicity at 
the IWC, and a Fail result indicates toxicity at the IWC. The permittee must report 
either a Pass or a Fail on the DMR form. If a result is reported as Fail, the permittee 
must follow Section 7 (Reporting of Chronic Toxicity Monitoring Results) of this 
permit. 

4. Quality Assurance – EPA WET Test Methods 

a. Quality assurance measures, instructions, and other recommendations and 
requirements are in the EPA WET test methods manual previously referenced in this 
permit. 

b. This permit is subject to a determination of Pass or Fail from a multiple-effluent 
concentration chronic toxicity test at the IWC (for statistical flowchart and 
procedures, see National Pollutant Discharge Elimination System Test of Significant 
Toxicity Implementation Document, Appendix A, Figure A-1). The chronic in-stream 
waste concentration (IWC) for this discharge is XXX percent (e.g., either is 100 
percent or an effluent at the mixing zone to be determined) effluent. 

c. Effluent dilution water and control water should be standard synthetic dilution water 
as described in the EPA WET test methods manual, Short-term Methods for 
Estimating the Chronic Toxicity of Effluents and Receiving Waters to Freshwater 
Organisms (EPA/821/R-02/013, 2002). If the dilution water is different from test 
organism culture water, a second control using culture water must also be used. 

d. If organisms are not cultured in-house, concurrent testing with a reference toxicant 
must be conducted. If organisms are cultured in-house, monthly reference toxicant 
testing is sufficient. Reference toxicant tests and effluent toxicity tests must be 
conducted using the same test conditions (e.g., same test duration). 
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e. If either the reference toxicant or effluent toxicity tests do not meet all test 
acceptability criteria in the EPA WET test methods manual, the permittee must 
resample and retest within 14 days. 

f. Following Paragraph 10.2.6.2 of the freshwater EPA WET test methods manual, all 
chronic toxicity test results from the multi-concentration tests required by this permit 
must be reviewed and reported according to EPA guidance on the evaluation of 
concentration-response relationships in Method Guidance and Recommendations for 
Whole Effluent Toxicity (WET) Testing (40 CFR Part 136) (EPA/821/B-00-004, 
2000). 

g. If the discharged effluent is chlorinated, chlorine must not be removed from the 
effluent sample before toxicity testing without written approval by the permitting 
authority. 

5. Initial Investigation TRE Work Plan 

Within 90 days of the permit effective date, the permittee must prepare and submit to the 
permitting authority a copy of its Initial Investigation Toxicity Reduction Evaluation 
(TRE) Work Plan (1–2 pages) for review. That plan must contain steps the permittee 
intends to follow if toxicity is measured above a chronic WET permit limit or trigger and 
should include the following, at minimum: 

a. A description of the investigation and evaluation techniques that would be used to 
identify potential causes and sources of toxicity, effluent variability, and treatment 
system efficiency. 

b. A description of methods for maximizing in-house treatment system efficiency, good 
housekeeping practices, and a list of all chemicals used in operations at the facility. 

c. If a Toxicity Identification Evaluation (TIE) is necessary, an indication of who would 
conduct the TIEs (i.e., an in-house expert or outside contractor). 

6. Accelerated Toxicity Testing and TRE/TIE Process 

a. If a chronic WET permit limit or trigger is exceeded and the source of toxicity is 
known (e.g., a temporary plant upset), the permittee must conduct one additional 
toxicity test using the same species and EPA WET test method. This WET test must 
begin within 14 days of receipt of WET test results exceeding a chronic WET permit 
limit or trigger. If the additional toxicity test does not exceed a chronic WET permit 
limit or trigger, the permittee may return to their regular testing frequency. 

b. If a chronic WET permit limit or trigger is exceeded and the source of toxicity is not 
known, the permittee must conduct six additional toxicity tests using the same species 
and EPA WET test method, approximately every two weeks, over a 12 week period. 
This testing must begin within 14 days of receipt of WET test results exceeding a 
chronic WET permit limit or trigger. If none of the additional toxicity tests exceed a 
chronic WET permit limit or trigger, the permittee may return to their regular testing 
frequency. 
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c. If one of the additional toxicity tests (in paragraphs 6.a or 6.b) exceeds a chronic 
WET permit limit or trigger, within 14 days of receipt of this WET test result, the 
permittee must initiate a TRE using as guidance, according to the type of treatment 
facility, the EPA TRE manual, Toxicity Reduction Evaluation Guidance for 
Municipal Wastewater Treatment Plants (EPA/ 833/B-99/002, 1999) or EPA TRE 
manual, Generalized Methodology for Conducting Industrial Toxicity Reduction 
Evaluations (EPA/600/2-88/070, 1989). In conjunction, the permittee must develop 
and implement a Detailed TRE Work Plan that must contain the following: further 
actions undertaken by the permittee to investigate, identify, and correct the causes of 
toxicity; actions the permittee will take to mitigate the effects of the discharge and 
prevent the recurrence of toxicity; and a schedule for such actions. 

d. The permittee may initiate a TIE as part of a TRE to identify the causes of toxicity 
using the same species and EPA WET test method and, as guidance, EPA WET 
TIE/TRE method manuals: Toxicity Identification Evaluation: Characterization of 
Chronically Toxic Effluents, Phase I (EPA/600/6-91/005F, 1992); Methods for 
Aquatic Toxicity Identification Evaluations, Phase II Toxicity Identification 
Procedures for Samples Exhibiting Acute and Chronic Toxicity (EPA/600/R-92/080, 
1993); Methods for Aquatic Toxicity Identification Evaluations, Phase III Toxicity 
Confirmation Procedures for Samples Exhibiting Acute and Chronic Toxicity 
(EPA/600/R-92/081, 1993). 

7. Reporting of Chronic Toxicity Monitoring Results 

a. The permittee must submit a full laboratory report as an attachment to the DMR for 
all toxicity testing for the month in which the toxicity test was conducted; the 
laboratory report must contain the following: the toxicity test results, the dates of 
sample collection and initiation of each toxicity test; all results for effluent parameters 
monitored concurrently with the toxicity test(s); and progress reports on TIE/TRE 
investigations. 

b. The permittee must provide the actual test endpoint responses for the control (i.e., 
control mean) and IWC concentration (i.e., IWC mean) for each WET test conducted 
to make it easier for permit writers to find the necessary WET test results when 
determining WET RP. 

c. The permittee must notify the permitting authority in writing within 14 days of 
exceedance of a chronic WET permit limit or trigger. The notification must describe 
actions the permittee has taken or will take to investigate, identify, and correct the 
causes of toxicity; the status of actions required by this permit; and schedule for 
actions not yet completed; or reason(s) that no action has been taken. 

8. Permit Reopener for Chronic Toxicity 

In accordance with 40 CFR Parts 122 and 124, this permit may be modified to include 
effluent limitations or permit conditions to address chronic toxicity in the effluent or 
receiving waterbody, as a result of the discharge; or to implement new, revised, or newly 
interpreted water quality standards applicable to chronic toxicity. 
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APPENDIX E 

WHOLE EFFLUENT TOXICITY REASONABLE POTENTIAL ANALYSIS 
USING THE TEST OF SIGNIFICANT TOXICITY APPROACH 
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APPENDIX E: WET RP ANALYSIS USING THE TST APPROACH 

For reasonable potential (RP) calculations using the TST approach, EPA recommends that 
permitting authorities use all the valid WET test data generated during the current permit term 
and any additional valid data that are submitted as part of the permit renewal application. The 
permitting authority should be using at least a minimum of four valid WET tests to address 
effluent representativeness using the TST RP approach. WET test data are then analyzed 
according to the TST approach using the IWC and control test concentrations for all valid WET 
test data available. For the RP approach, data sets with fewer than four valid WET data points 
should be assessed using EPA’s Technical Support Document (TSD) RP approach because it 
addresses small WET data sets by incorporating an RP multiplying factor (see Section 3.2.2 of 
the TSD, p. 54) to account for effluent variability in small WET data sets. 

EPA also recommends that states request that their permittees provide the actual test endpoint 
responses for the control (i.e., mean of control) and IWC concentration (i.e., mean of IWC) for 
each WET test conducted to make it easier for permit writers to find the necessary data with 
which to calculate WET RP with this approach. EPA recommends that permitting authorities 
decide up front which approach (the 1991 TSD approach, the TST approach, or another 
scientifically defensible approach that is sufficient to meet the statutory and regulatory 
requirements) they will incorporate and consistently use in their state’s NPDES implementation 
procedures, including for their RP procedures. Permitting authorities should consistently use the 
selected WET statistical approach in all the state NPDES permits. 

All valid WET test data are then analyzed according to the TST approach using the IWC and 
control test concentrations. If WET test data are available and the TST statistical approach 
indicates that the IWC is toxic in any WET test (―effluent cause(s) toxicity‖), RP has been 
demonstrated (40 CFR 122.44(d)(1)(i)). For example, if results of five WET tests are available 
using the TST approach and the results are Pass, Pass, Fail, Pass, Pass, because at least one test 
was a Fail (i.e., TST declared the effluent toxic in at least one test), RP has been demonstrated. 

To address concerns regarding the ―potential to cause or contribute to toxicity,‖ a second 
assessment is applied to determine whether the effluent has RP even if all test results are Pass 
using the TST approach. 

The current TST approach results in four outcomes with respect to RP at the IWC: 

1. Caused (effluent is toxic): RP is demonstrated if any one test using the TST approach 
indicates a test result is Fail (i.e., using the statistical test (Appendix A) and t table 
(Appendix B), the test result is Fail; see Example A below in Table E-1); 

2. Potential to Cause: Effluent has reasonable potential to cause (RP is demonstrated) if any 
test exhibits a mean effect at the IWC > 10 percent as compared to the mean control 
response, even if the test result is Pass using TST (see examples B-D, Table E-1); and 

3. No RP (effluent is non-toxic at the IWC): Effluent does not cause or have reasonable 
potential to cause if the tests are each a Pass using the TST approach and the mean effect at 
the IWC is always < 10 percent. 
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4. Insufficient valid WET data (fewer than 4 tests or no data): If fewer than four valid 
WET data are available, follow the TSD RP procedure for WET. 

The second outcome is where the determination of RP is critical to demonstrate that the 
discharge has the reasonable potential to cause an excursion above the state toxicity water 
quality standards. In the TST approach, the regulatory management decision threshold for non-
toxicity in WET tests under the NPDES WET Program is 10 percent mean effect at the IWC. At 
or below that mean effect level, the TST approach is designed to declare a WET test as non-toxic 
(i.e., Pass) most (at least 95 percent) of the time to help control for false positives. For purposes 
of RP assessment then, a 10 percent mean effect level at the IWC is used as a threshold, above 
which potential to cause is indicated, and the effluent has demonstrated RP. Any test with a mean 
effect at the IWC > 10 percent would demonstrate a potential for RP even if the TST test result is 
Pass. Equation E-1 below demonstrates how the effluent effect is calculated at the IWC. 

100
ResponseControlMean

IWCatResponseMeanResponseControlMeanIWCatEffect%          Equation E-1 

Table E-1. Examples illustrating the reasonable potential approach using TST and data from 
Ceriodaphnia chronic survival and reproduction WET tests 

Example 
Pass/Fail based 
on TST analysis 

Mean 
control 

response 

Mean 
response @ 

IWC 
% effect at 

IWC 
Reasonable 
potential? 

A Fail 26.3 17.0 35.4% Yes 
B Pass 26.3 23.4 11.0% Yes 
C Pass 28.6 22.0 23.1% Yes 
D Pass 22.4 20.9 6.7% No 
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Disclaimer 

This document has been reviewed in accordance with U.S. Environmental Protection 
Agency policy and approved for publication. Mention of trade names or commercial 
products does not constitute endorsement or recommendation for use. 
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Foreword 

This guidance document has been prepared to assist dischargers and/or their 
consultant laboratories in conducting chronic aquatic toxicity identification evaluations 
(TIES). TIES may be required by the state or federal agencies as a result of enforcement 
actions or as a condition of the discharger’s National Pollutant Discharge Elimination 
System (NPDES) permit or may be conducted voluntarily by permittees. This document 
will assist the state and federal agencies and permittees in overseeing and determining 
the adequacy of the TIE in toxicity reduction evaluations (TREs). 

This document discusses methods to characterize the chemical/physical nature of 
the constituents in effluents which cause their chronic toxicity. The general approach for 
toxicity identification evaluations is described in the document Methods for Aquatic 
Toxicity Identification Evaluations: Phase I Toxicity Characterization Procedures (EPA, 
1988A; EPA, 1991A), hereafter referred to as the “acute Phase I manual.” The acute 
Phase I manual provides much of the basis for the statements and guidance provided in 
this chronic Phase I characterization document. This chronic TIE manual and the acute 
Phase I manual should be used as companion documents, because all the guidance of 
the acute Phase I manual is not repeated here. 

The general approach for the chronic characterization is divided into Tier 1 and Tier 
2. Tier 1 consists of the EDTA and sodium thiosulfate additions, the graduated pH test, 
aeration and filtration manipulations, and the use of the C,, solid phase extraction (SPE) 
resin. For Tier 1, the tests are all done using the effluent sample without any pH 
adjustments (i.e., at the initial pH (pH i) of the effluent). Tier 2 manipulations are added 
when Tier 1 tests are not definitive in characterizing the toxicity. Tier 2 includes the 
aeration, filtration, and C,, SPE steps of Tier 1 performed at pH 3 and pH 10 and returned 
to pH i prior to testing. 

The chronic Phase I procedures should provide information on whether the toxicants 
are volatile, chelatable, filterable, reducible, non-polar, or pH sensitive. These character- 
istics are indicated by comparing the results of toxicity tests conducted using unaltered 
and manipulated effluent samples. As with the acute TIE, the characterization results 
from the chronic TIE can be used for the treatability approach in a TRE (EPA, 1991A). 

These chronic TIE methods are not written as rigid, required protocols, but rather as 
general guidance for conducting TIES with effluents. These acute and chronic methods 
should also be applicable to samples from ambient waters, sediment pore and elutriate 
waters, and leachates. The methods to identify (Phase II; EPA, 1989A) and confirm 
(Phase III; EPA, 19898) the cause of toxicity in effluent samples evaluated with the acute 
Phase I procedure are also applicable to effluent samples evaluated with this chronic 
Phase I procedure. The identification and confirmation documents are being revised 
(EPA, 1992A; EPA, 19928) to reflect additional information from this manual and the 
revised acute Phase I manual (EPA, 1991A) to discuss the aspects of TIES for both acute 
and chronic toxicity. 

In September of 1991, we solicited peer-review comments until January 31, 1992 
from all persons who obtained the document from any of the following locations: EPA’s 
Office of Water, Washington, D.C., each EPA Regional Water Division Office, EPA’s 
Environmental Research Laboratory-Duluth, MN, or EPA’s Center for Environmental 
Research Information (CERI), Cincinnati, Ohio. Appropriate technical comments were 
incorporated into this manual. 
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Abstract 

This manual is intended to provide guidance to aid dischargers in characterizing the 
type of toxicants that are causing chronic toxicity in industrial and municipal effluents. In 
a regulatory context, a toxicity identification evaluation (TIE) may be required as part of 
the National Pollutant Discharge Elimination System (NPDES) permit or as an enforce- 
ment action. TIES may also be conducted by permittees on a volunteer basis to 
characterize their discharge toxicity. 

The Phase I chronic toxicity methods are modified from those described in the acute 
Phase I TIE manual (EPA, 1988A; EPA, 1991A) and additional techniques are incorpo- 
rated. This chronic Phase I manual describes procedures for characterizing the physicat/ 
chemical nature of toxicants in effluents that exhibit chronic toxicity to freshwater species, 
although many of the principles and procedures are similar for TIES on marine species. 
Aliquots of effluent samples are manipulated and the resulting effect on toxicity mea- 
sured. The objective is to characterize the toxicants so that appropriate analytical 
methods can be chosen to identify the toxicants. 

The general approach to the chronic toxicity characterization is a two tiered ap- 
proach, where usually Tier 1 is applied before proceeding to Tier 2. Tier 1 consists of 
filtration, aeration, use of additives to chelate or reduce the toxicants, minor pH adjust- 
ments, and use of a separation technique with the C,, solid phase extraction (SPE) resin. 
Each effluent is characterized in Tier 1 by performing the manipulations at the initial pH 
(pH i) of the effluent. Tier 2 consists of the Tier 1 manipulations combined with pH 
adjustments of additional aliquots of the effluent sample, and the Tier 2 characterization 
steps include aeration, filtration, and the C,, solid phase extraction of effluent samples 
adjusted to pH 3 and pH 10. 

The Phase I characterization methods were developed for the short-term “chronic” 
test methods using two species, Ceriodaphnia dubia and the fathead minnow (Pimephales 
promelas) (EPA, 1989C). Chronic threshold levels for the various additives (sodium 
thiosulfate, EDTA, methanol) used in some of the characterization tests are provided for 
these species. Although developed for these species, the characterization techniques 
should be applicable to other species as well, provided threshold levels are established. 

The guidance provided in this manual is intended to be supplemental to that given in 
the acute Phase I manual (EPA, 1991A). Sections of this chronic Phase I TIE manual 
discuss quality assurance, effluent handling, facilities and equipment, health and safety, 
dilution water, principles of the chronic TIE testing, and the Phase I characterization tests 
as a two tiered approach. The use of the whole effluent test as a baseline test (in 
manner similar to the acute Phase I characterization procedure), the appropriate treat- 
ment of dilution water for blanks and the toxic levels of the additives for two species are 
described. Use of short-cuts, reduced test volumes, reduced test duration, and a small 
number of replicates are discussed. The importance of sample type, frequency of 
sample collection and renewal, and descriptions of all manipulations are discussed, along 
with a section on the application of combining several of the characterization tests. 
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Section 1 
Introduction 

The United States Federal Water Pollution Control 
Act Amendments (commonly referred to as the Clean 
Water Act (CWA); (Public Law 92-500 of 1972) states 
that the discharge of toxic pollutants in toxic amounts is 
prohibited. In the CWA, the National Pollutant Dis- 
charge Elimination System (NPDES) was established; 
this system provides a mechanism whereby point source 
wastewater discharges are permitted. NPDES permits 
contain effluent limits that require baseline use of treat- 
ment technologies (best available technology). The 
technology-based limits are independent of receiving 
water impact, and additional water quality-based limits 
may be needed in order to meet the goal of the CWA of 
“no toxics in toxic amounts.” State narrative and state 
numerical water quality standards are used in conjunc- 
tion with EPA’s water quality criteria and other toxicity 
databases to determine the adequacy of the technol- 
ogy-based permit limits and the need for any additional 
water quality-based controls. 

When limits were first written into the permits, they 
were based primarily on physical factors such as bio- 
logical oxygen demand (BOD), suspended solids (SS), 
and color. Additional components were added in sub- 
sequent amendments to the CWA; for example, the list 
of 126 “priority pollutants” of which many or most were 
required to be monitored by the permittees. Water 
quality criteria were used to develop the water quality- 
based limits for these pollutants. However, water qual- 
ity criteria or discharge limits exist for only a few of the 
thousands of chemicals in use. 

An important objective of the NPDES program is 
the control of toxicity of discharges and to accomplish 
this objective, EPA uses an integrated water quality- 
based approach. Published water quality criteria are 
converted to standards that consist of both chemical- 
specific numeric criteria for individual toxics and narra- 
tive criteria. The states’ narrative water quality criterion 
generally requires that the waters be free from oil, 
scum, floating debris, materials that will cause odors, 
materials that are unsightly or deleterious, materials 
that will cause a nuisance, or substances in concentra- 
tions that are toxic to aquatic life, wildlife or human 
health. Use of toxicity testing and whole effluent toxic- 
ity limitations is based on a state’s narrative water 
quality criterion and in some cases, a state numeric 
criterion for toxicity. 

EPA, in 1984, issued a policy statement (Federal 
Register, 1984) that recommends an “integrated ap- 

proacti’ for controlling toxic pollutants. This integrated 
approach is referred to as the water quality-based ap- 
proach and is described in detail in the Technical Sup- 
port Document (hereafter referred to as the TSD; EPA, 
1985A; EPA, 1991 B). The control regulations for EPA 
(Federal Register 23868, 1989) establish specific re- 
quirements that the integrated approach be used for 
water quality-based toxics control. This integrated ap- 
proach results in NPDES permit limits to control toxic 
pollutants through the use of both chemical-specific 
and whole effluent toxicity limitations as a means to 
protect both aquatic life and human health. This com- 
bination of chemical specific and whole effluent toxicity 
limitations is essential to the control of toxic pollutants. 
Once the permit limits are set, compliance is estab- 
lished through routine monitoring of effluent quality. In 
this manner, water quality-based limits (when following 
EPA, 1991 B) will protect water quality and prevent the 
state water quality standards from being violated. 

The whole effluent toxicity limitation aspect involves 
using acute and chronic toxicity tests to measure the 
toxicity of wastewaters. Acute toxicity refers to toxicity 
that occurs in a short period of time, operationally 
defined as 96 h or less. Chronic toxicity occurs as the 
result of long exposures in which sublethal effects (fer- 
tilization, growth, reproduction) are measured in addi- 
tion to lethality. The chronic test is used to measure 
the effects of long-term exposure to chemicals, waste- 
waters, and leachates to aquatic organisms. True chronic 
toxicity tests include the life-cycle of the organism. For 
fish, the life-cycle test is infrequently conducted (Norberg- 
King, 1989A), and abbreviated test methods have been 
used to estimate chronic toxicity. These tests are the 
7-d growth and survival test (EPA, 1989C), or the 32-d 
embryo-larval earty life stage test (Norberg-King, 1989A). 
These tests rely on the most sensitive life-cycle stages 
(i.e., embryos and larval fish) to estimate chronic toxic- 
ity (McKim, 1977; Woltering 1983; Norberg-King, 1989A). 
Hereafter, chronic tests refer to the short-term tests 
that are described in the EPA manuals (EPA, 1992C; 
EPA, 1992D; EPA, 1989C; EPA, 1985C). 

Toxicity is a useful parameter to protect receiving 
waters from potential impacts on water quality and 
designated uses caused by the mixture of toxic pollut- 
ants in wastewaters. EPA has published manuals 
which provide test methods for use of freshwater and 
marine organisms to determine acute and chronic tox- 
icity of effluents. These manuals have been available 
since 1978 and 1985, respectively (EPA, 1978; EPA, 

l-l 

RB-AR27818



19858; EPA, 1985C; EPA, 19888; EPA, 1989C) and 
have been recently revised (EPA, 1991 C; EPA, 1992C; 
EPA, 1992D). These methods are used by federal, 
state and local governments to assess toxicity and 
determine compliance of permitted point source dis- 
charges. Since the late 1970’s, toxicity has been mea- 
sured in wastewaters; permit writers began using toxic- 
ity limits in the early 1980’s. With the increased use of 
toxicity testing, substantial numbers of unacceptably 
toxic effluents have been identified. Now, some permit- 
tees are required to perform toxicity reduction evalua- 
tions (TREs) as a condition of the NPDES permit. The 
TSD defines a TRE as “a site specific study conducted 
in a stepwise process designed to identify the caus- 
ative agents of effluent toxicity, isolate the sources of 
toxicity, evaluate the effectiveness of toxicity control 
options, and then confirm the reduction in effluent toxic- 
ity.” Toxicify identification evaluations (TIES), which 
are a part of the TRE, consist of methods to character- 
ize (Phase I; EPA, 1988A; EPA, 1991A; EPA, 1991D), 
identify (Phase II; EPA, 1989A; EPA, 1992A), and con- 
firm (Phase III; EPA, 19898; EPA, 19928) the cause of 
acute and chronic toxicity in effluents, 

The TIE approach (EPA, 1988A; EPA, 1991A) re- 
lies on the use of organisms to detect the presence of 
toxicants in the effluent. Information about the physi- 
caVchemical characteristics of the effluent’s toxicity is 
gained (by the various manipulations) and if possible 
the number of constituents in the effluent is reduced 
before any analyses begin. Using this approach, ana- 
lytical problems can be simplified and the costs re- 
duced. Toxicity throughout the TIE must be tracked to 
determine if the toxicity is consistently being caused by 
the same substance. Once the physicaVchemical char- 
acteristics of toxicants are known, a better choice of 
analytical methods can be made. Knowledge of physi- 
cal/chemical characteristics of any effluent is used for 
the treatability approach to TRE’s (EPA, 1989D; EPA, 
1989E). 

As with the acute Phase I TIE approach, the chronic 
Phase I TIE is based on manipulations designed to 
alter a group of toxicants (such as oxidants, cationic 
metals, volatiles, or non-polar organics) so that toxicity 
is changed. Chronic toxicity tests are conducted after 
each manipulation to indicate the effect on the toxicity 
of the effluent. Based upon the manipulations that 
change toxicity, inferences about the chemical/physical 
characteristics of the toxicants can be made. Using 
several samples of the effluent for these characteriza- 
tion steps provides information on whether the nature 
of compounds causing the chronic toxicity remains con- 

sistent. The tests do not provide information on the 
variability of toxicants within a characterization group. 
From these data the toxicant characteristics can be 
identified as pH sensitive, filterable, volatile, soluble, 
degradable, reducible, or EDTA chelatable. Such infor- 
mation indicates how samples must be handled for 
analyses and which analytical methods should be used. 

The recommended procedure is to concentrate on 
the characterization steps that are most clean-cut and 
have the major effect of reducing the toxicity in the 
effluent. If toxicity in every effluent sample is not 
caused by the same toxicant( the characterization 
tests should indicate if the type of toxicant is the 
same or different. Once identification is initiated, and 
suspects identified, the varying causes of toxicity can 
be evaluated because the concentration of toxicants 
should be tracking with the toxicity. In the earlier 
version of this document (EPA, 19910) we suggested 
that samples be subjected to Phase I techniques until 
no additional responses are found (which was sug- 
gested to be at least three samples). After conducting 
several Phase I evaluations for chronic toxicity, we 
have determined that if the effluents’ toxicity is readily 
characterized after Phase I even with one sample it 
may be prudent to proceed with Phase II (EPA, 1992C) 
to measure the toxicant( Use of toxicity patterns as 
the TIE progresses can be helpful if patterns are tracked, 
beginning with the first samples. Following character- 
ization, a decision is made to proceed with identifica- 
tion (Phase II; EPA, 1989A; EPA, 1992A) and confir- 
mation (Phase III, EPA, 19898; EPA, 19928) or to 
conduct treatability studies where the identification of 
the specific toxicants (cf., acute treatability procedures 
(EPA, 19890; EPA, 1989E)) is not made. 

Chronic toxicity must be present frequently enough 
so that an adequate number of toxic samples can be 
obtained. Enough routine toxicity testing should be 
done on each effluent before a TIE is initiated (EPA, 
1991B), to ensure that toxicity is consistently present. 
It is not important that the same amount of toxicity is 
present in each sample; in fact, variable levels of toxic- 
ity can assist in determining the cause of toxicity. If 
toxicity is not consistently present, when it occurs the 
toxicity can be pursued and if a toxicant is sus- 
pected, the non-toxic samples may be used to elimi- 
nate suspects. One cannot assume that if the effluent 
showed acute toxicity and a TIE was completed, identi- 
fying the cause(s) of acute toxicity and action taken to 
remove the acute toxicant from the effluent, that the 
sublethal toxicity exhibited is due to the same com- 
pound. 
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Section 2 
Quality Assurance, Health, and Safety, and Facilities and Equipment 

2.1 Quality Assurance 
The quality assurance plan (QAP), as described in 

Standard Methods for the Examination of Water and 
Wastewater (APHA, 1989) (describes standards to con- 
duct performance evaluations) is primarily for analytical 
analyses. A QAP for toxicity testing can be developed, 
but determining the recovery of known additions for 
toxicity testing is not possible. For TIES the combina- 
tion of chemistry and biology requires a level of checks 
and balances not typically used under other situations. 
A step-by-step QAP for all steps of a TIE is not always 
possible due to the unknown toxicant requiring vari- 
ous follow-up testing and analytical procedures; how- 
ever as a TIE progresses, additional or different tests 
may be needed and many aspects of the TIE QAP can 
be addressed as the TIE proceeds. Adhering to the 
general guidelines of a strong QAP is important how- 
ever, and should increase the probability of the TIE 
succeeding. As additional steps are recognized, the 
details should be added to the QAP. 

Specific quality control (QC) procedures for aquatic 
toxicity tests are different than the specific QC proce- 
dures for chemical analytical methods. Both proce- 
dures have common goals that are to know that reliable 
data are generated, to recognize and eliminate unreli- 
able data, and to have methods which assist investiga- 
tions in resolving problems for future work. The quality 
assurance (QAIQC) guidance given by EPA (1989C) 
for the short-term tests lists numerous items of concern 
for toxicity testing. These are: (a) effluent sampling/ 
handling, (b) test organisms, (c) facilities, equipment 
and test chambers, (d) analytical methods, (e) calibra- 
tion and standardization, (f) dilution water, (g) test con- 
ditions, (h) test acceptability, (i) test precision, (j) repli- 
cation and test sensitivity, (k) quality of organisms, (I) 
quality of food, (m) control charts, and (n) record keep 
ing and data evaluation. Many of these should be 
closely followed, and the reader is encouraged to re- 
view the guidance in relation to QAIQC in both the 
short-term effluent test manual (EPA, 19896; EPA, 
1992C) and the acute Phase I manual (EPA, 1991A). 

2.2 C?A/C?C Cost Considerationsand Testing 
Requirements 

For the chronic TIE, cost considerations are impor- 
tant and concessions in the requirements of the QC 
may have to be made. In some instances, the data will 
demand stringent control while in others, the QC can 

be lessened without impact to the overall endpoint of 
the TIE. 

TIES can require a great number of toxicity tests. 
The use of all aspects of the standard test protocols 
(EPA, 1989C; EPA, 1991C) is not necessary in Phase 
I. The factors of time requirements, number of tests 
and the test design (i.e., five replicates versus ten, four 
dilutions versus five) must be considered and weighed 
against the type of questions that are posed. For 
example, the need for water chemistry data are specific 
for each Phase I test. The testing requirement (EPA, 
1989C) according to the permit requirement most likely 
included pH, daily measurements of DO, temperature, 
conductivity, alkalinity, and hardness measurements in 
the low, middle, and high concentrations for the five 
test dilutions of the effluent. However, hardness mea- 
surements are not pertinent for the methanol eluate 
collected from a solid phase extraction column. The 
post C,, SPE column effluent samples are more similar 
to the effluent and a concern for low dissolved oxygen 
(DO) exists, while the test solutions of the methanol 
eluate are more similar to the dilution water and the 
possibility of low DOS is not as great a concern. In 
contrast, frequent pH measurements on all test con- 
centrations are needed to determine the impact of pH 
sensitive compounds. 

As TIES are reliant on a strong QAP, there are 
several aspects of a QA/QC program for chronic TIES 
that should be delineated. In regard to test organism 
quality, there are steps for culturing organisms that 
should help provide the necessary QC verification that 
is needed to ensure the animals are representative in 
their sensitivity. These steps are simply routine items 
such as monitoring and recording the young production 
(for cladocerans) of the culture brood animals once a 
month, conducting monthly reference toxicant tests (in- 
cluding maintaining control charts), monitoring the prepa- 
ration dates for the reconstituted waters used, and 
monitoring the types and age of the foods fed (Norberg- 
King, 19898). For fathead minnows, it is useful to 
monitor the survival of the breeding stock, and the 
percent hatchability of the embryos, to verify that new 
genetic stock is introduced on a regular basis, and to 
conduct monthly reference toxicant tests (Norberg-King 
and Denny, 1989; Denny, 1988). Similar parameters 
for other species that are used are also desirable. 

Since toxicity tests in the early part of the chronic 
Phase I do not generally follow all the effluent testing 
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requirements (EPA, 1989C), the QC measures are not 
as strict because the data are primarily informative 
rather than definitive. When Phases II (identification) 
and III (confirmation) are initiated, then OC aspects 
should be reconsidered and the tests modified. Phase 
I procedures frequently use one species and later stages 
of the TIE (Phase Ill) use more than one species to 
determine whether the cause of toxicity is the same for 
other species of the aquatic community. 

Reference toxicant tests are not conducted with 
each set of Phase I manipulations because of the 
amount of labor and large numbers of animals required 
for testing. In general, the utility of the reference 
toxicant test is to know that the organisms are respond- 
ing as expected. Since only relative differences are 
needed at this stage (Phase I), reference toxicant data 
are much less useful for the characterization interpreta- 
tion but are important for the knowledge of the quality 
of the test organisms and general test procedures. For 
various manipulations of the TIE, organism responses 
are compared to either the baseline test (see Section 
6) or the response of organisms in the dilution water 
treatments. Monthly reference toxicant tests should 
provide the necessary information about the quality of 
the organisms for the laboratory conducting the TIE. 
When a toxicant has been identified (Phase II) and 
tests for Phase III confirmation indicate it is the 
toxicant( that chemical should become the reference 
toxicant with the species used in the TIE. 

Using receiving water as the dilution water in Phase 
III confirmation will help ensure that receiving water 
effects are properly considered (see Section 3, Dilution 
Water). The variability of the effluent, by nature of the 
TIE, is defined during the TIE, and this information will 
aid in determining the appropriate control option in 
order that the final effluent is safe upon discharge. 

2.3 QA/QC and Chronic Testing 
Considerations 

An inherent problem with effluents is that no efflu- 
ent test can be repeated to assure that the toxicity is 
the same and that the toxicants are the same. How- 
ever, repeated baseline tests (Section 6) can be done 
with the same effluent sample to determine how long 
that effluent sample can be used. The chemical and 
toxicological nature of the effluent shifts as an effluent 
is discharged or as an effluent sample is stored. Efflu- 
ent constituents degrade (at unknown rates) and each 
constituent has its own rate of change. Analysis of 
each sample should be initiated as soon as the sample 
is received in the testing laboratory (generally ~24 h). 
Until an effluent sample has been tested several times, 
there is no way to predict how long a sample can be 
stored before the toxicity changes. Testing of each 
sample can be done provided the toxicity remains and/ 
or stabilizes; however this cannot be determined at the 
beginning of the Phase I battery of tests and will be 
known only through testing several samples a few times. 
Even though the toxicity remains, it is possible that the 
toxicant may change with time. The number of samples 

to evaluate and the number of tests to conduct must be 
weighed against the cost of the effort and how repre- 
sentative each effluent sample is of the effluent. Efflu- 
ents that have low and non-persistent toxicity may 
need to be approached with the Tier 1 and Tier 2 
characterization steps applied simultaneously (see Sec- 
tion 6). 

In a chronic TIE, information obtained from a test 
should be maximized. This may mean paying particu- 
larly close attention to details such as small differences 
in the number of neonates the cladocerans are produc- 
ing or the lack of food in the stomach of the larval fish. 
These parameters and any other observed characteris- 
tics during a test may be subtle indicators and quite 
informative about small changes in toxicity. For ex- 
ample, if all the animals exposed to the whole effluent 
die on day 4, and in some characterization test the 
animals don’t reproduce or grow but are alive at day 7 
of the exposure, that characterization manipulation re- 
duced the toxicity, but did not remove it completely. 
Observations such as these may be just as useful as 
reductions in young production or growth. 

While some abbreviations in the test design are 
made, the general principles for toxicity testing still 
apply. For example, all animals must be added to test 
solutions randomly. Animals must be placed in a test 
chamber one at a time. For the fathead minnows, use 
of an intermediate vessel to hold all 10 animals is 
preferable to ensure that animals are assigned ran- 
domly and that the volume of water added with the fish 
is minimized (l-2 ml). Also, transferring animals may 
require separate pipettes for each concentration or clean- 
ing of the pipettes between concentrations to prevent 
cross contamination. However, we have observed that 
C. dubia do not have to be placed under the water; 
they can be added or transferred by dropping the water 
droplet containing the animal into the test solution. The 
problem frequently observed with D. pulex where ani- 
mals are caught at the surface of the test solution 
(called ‘floaters”) does not occur with C. dubia. Ran- 
domization, careful exposure time readings, use of ani- 
mals of uniform narrow-age groups (i.e., Ceriodaphnia 
neonates O-6 h old rather than O-l 2 h old) should assist 
in quality data generation. 

Standard operating procedures (SOPS) should be 
developed for each Phase I test, for preparing the 
reconstituted waters, preparing the foods for the test 
organisms, calibration and standardization for all mea- 
surements (temperature, DO, pH, conductivity, alkalin- 
ity, hardness, ammonia, chlorine), and other general 
routine practices. 

An important aspect of TIES is accurate and thor- 
ough data recording. All observations should be docu- 
mented. Items that were not thought to be important at 
first may be useful in later stages of analysis and 
actually assist in the confirmation of the toxicant( 
These observations can be as simple as large bubbles 
produced during the aeration and filtration manipula- 
tions, large particles present in whole effluent, and low 
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pH upon arrival. It is best to record data so that any 
preconceived ideas of the toxicants are avoided. Data 
records should include records of test organisms (spe- 
cies, source, age, date of receipt, history and health), 
calibration records, test conditions, results of tests, and 
summaries of data. Once a control chart is developed 
using point estimates for reference toxicant tests, 1 out 
of 20 reference toxicity test results will be predicted to 
fall outside the acceptable limits if the 95% confidence 
intervals are used to develop the control chart (EPA, 
1991 C). If TIES are conducted during such a period, 
the TIE data generated must be used with caution, and 
the investigator must carefully examine the TIE data to 
determine if the results are usable. The decision may 
be based on consistency of the concentration response 
data, control blank performance, and the consistency of 
the TIE results with those obtained with the same 
effluent sample. 

2.4 CWQC Blanks and Artifactual Toxicity 
Throughout the TIE, dilution water samples are 

subjected to most of the procedures and analyses per- 
formed on the effluent sample (see Section 5.6). This 
is done to detect toxic artifacts (i.e., toxicity due to 
anything other than the effluent constituents causing 
toxicity) that are created during the effluent character- 
ization manipulations (see Section 6). These manipu- 
lations can make QC/QA verifications difficult, as the 
use of such blanks for interpreting toxicity results is not 
standard toxicology. For example, typically organism 
responses from any toxicity test in standard aquatic 
toxicology are compared to the performance of control 
organisms which were in dilution water only. In the 
TIE, controls are used to judge organism performance 
(Section 5) and toxicity controls and blanks are used to 
evaluate whether a manipulation affected the toxicant( 
therefore the results of all characterization tests are not 
necessarily compared to the baseline test. For in- 
stance, post-column effluent samples that are collected 
and tested following concentration on a resin column 
have been filtered first. Therefore it is only logical to 
compare the post-column effluent toxicity (post C,, SPE 
column test; Section 6.6) to the toxicity observed In the 
filtered effluent sample (filtration test; Section 6.4) rather 
than to the unfiltered whole effluent (baseline test; Sec- 
tion 6.1) (see Section 5). 

Artifactual toxicity can occur in several of the ma- 
nipulations, particularly from the major pH adjustment 
manipulation (Tier 2). Toxicity results from tests relying 
on the addition of the reagents (EDTA, sodium thiosul- 
fate, acids/bases) must be interpretable. Addition of 
both the acid (HCI) and the base (NaOH) can form a 
toxic product (e.g., NaCI). The addition of the acid and 
base may interfere with the growth and reproduction of 
the test organisms for the short-term chronic test, at 
lower levels than cause mortality in the acute test. 
Whether additives act in an additive, synergistic, or 
independent manner with the compounds in the efflu- 
ent must be determined during the TIE but this is not 
likely to be clear during Phase I. Artifactual toxicity 
can occur in the aeration process, where contaminated 

air can be introduced. Also, contaminants can be 
leached from solid phase extraction (SPE) columns, 
and methanol leaching off the column can cause bacte- 
rial growth that will confound the results in the post- 
column blankand post C,, SPE column tests. Original- 
ity and judgement are needed to devise tests that will 
reveal artifactual toxicity (see Section 6) and some of 
these methods to deal with artifactual toxicity will be 
effluent specific. 

2.5 Health and Safety Issues 
For the toxicity identification work, hazards present 

in any effluent may not be known until Phase II identifi- 
cation steps have been started. Therefore, safety re- 
quirements for working with effluents (or other samples) 
of unknown composition must follow safety procedures 
for a wide spectrum of chemical and biological agents. 
Because all of the hazards in an effluent sample may 
not be known when a toxicant is identified, effluent 
samples should be treated as hazards of unknown 
composition throughout the TIE. Knowledge of the 
types of wastewater treatment applied to each effluent 
can provide some insight for the possible hazards. For 
example, unchlorinated primary treatment plant efflu- 
ents containing domestic waste may contain patho- 
gens. Chlorinated secondary effluents are less likely to 
contain such agents. Effluents from activated sludge 
treatment plants are less likely to contain volatile toxi- 
cants. 

Because effluent characteristics are unknown, per- 
sonnel should follow the guidelines for hazardous ma- 
terials (EPA, 1991A; 1991C). Also, if any sample 
contains human waste, personnel should be immu- 
nized for diseases such as hepatitis B, tetanus, polio, 
and typhoid fever. 

Each laboratory should provide a safe and healthy 
work place. All laboratories should develop and main- 
tain effective health and safety programs (APHA, 1989; 
EPA, 1991C). Each program should consist of: (a) 
designated health and safety officers, (b) formal written 
health and safety plans, (c) on-going training programs, 
and (d) periodic inspections of emergency equipment 
and safety violations, Further guidance on safety prac- 
tices is provided in other documents (APHA, 1989; 
EPA, 1991A; 1991C). 

2.6 Facilities and Equipment 
The laboratory facilities and equipment needed to 

conduct TIES are discussed in the acute Phase I manual 
(EPA, 1988A; EPA, 1991A). Most of the equipment for 
conducting the short-term tests are delineated else- 
where (EPA, 1989C; EPA, 1992C). The reagents used 
for the chronic Phase I characterization are identical to 
those described in the acute Phase I manual (EPA, 
1991A). Compressed air systems with oil-free com- 
pressors and air filters to provide high purity air are 
very important (EPA, 1991A). All glassware should be 
rigorously cleaned, and the glassware used for filtering 
must be rigorously cleaned to remove residual contami- 
nants from the glass frit(s). Filtering equipment may 
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need to be made of plastic to avoid leaching of metals and cause toxicity. Ultra pure acids and bases (e.g., 
or other toxicants from glass when acid washes are SuprapuP, E. Merck, Darmstadt, Germany) should be 
used (see Section 6). Use of stainless steel frits can used to prevent impurities in the acids/bases from inter- 
be used provided pH adjustments are not made since fering in the toxicity results. 
metals will rinse off the stainless steel at extreme pH’s 
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Section 3 
Dilution Water 

Dilution water used for chronic TIE’s must meet 
several requirements. Obviously it must support ad- 
equate performance of the test animals in regard to 
growth, survival, and reproduction since these are the 
effects measured in the tests. Secondly, it must not 
substantially change the animals’ response to the sample 
toxicants. Because the characteristics of the toxicants 
are not known, there is no way to be sure which dilution 
water characteristics are important. Hardness and al- 
kalinity are most often used to select the dilution water 
but these parameters are generally of little importance 
for non-polar organics. Rarely is the organic matter 
content considered and yet for both non-polar organics 
and metals, organic matter has more effect on toxicity 
than hardness. Experience in the acute TIE work has 
shown pH to be the single most important water quality 
characteristic for characterizing the cause of toxicity. 

The most important consideration, in addition to 
those mentioned above, is that the water be consistent 
in quality and not contain contaminants that could pro- 
duce artificial toxicity. For example, if there was a 
nontoxic concentration of a non-polar organic present 
in the dilution water, when samples are concentrated, it 
might be toxic and this can confound the identification 
of the components causing toxicity in the effluent. The 
best policy is to use a high purity reconstituted water or 
a well water of known suitability. Receiving water 
should not be used until Phase III, when it is the water 
of choice to evaluate the toxicant in the receiving water 
system (see Section 2.2). 

A reconstituted water of similar pH, hardness and 
alkalinity to that of the effluent is a first approximation 
of an appropriate water; however, organic matter is 
hard to duplicate. Experience has shown that for the 
Ceriodaphnia test, the addition of food’ to the water 
has been helpful to provide some organic material. 
With food added, traces of contaminants can be less 
toxic. If higher concentrations of effluent are to be 
used, the choice of the dilution water is less important 
because the characteristics of the effluent dilution mix- 
ture will resemble those of the effluent. As information 
is gained about the toxicant characteristics, the choice 
of dilution water can be improved. 

’ Food added for the C. dubia tests are the yeast-cerophyll-trout food 
(YCT) and the algae (Selenastrvm capncomufum) at a rate of 0.1 ml/ 
15 ml (EPA, 1989C). Although at ERL-Duluth the algae has been 
addedattherateof0.05ml/l5mluntilMayof 1991 when weincreased 
the level (EPA, 1989C). 

The impact of dilution water choice depends on the 
IC25 (see Section 5.8) of the effluent. If toxicity changes 
substantially from sample to sample, but the dilution 
water selected does not match the effluent in water 
characteristics yet is kept the same throughout several 
samples for Phase I, then the effect of the effluent in 
the dilution water can also vary across samples. As 
the TIE progresses into Phase II, attributing relative 
toxicity to various constituents must be more refined. 
For instance, suppose the suspect toxicant is a cationic 
metal whose toxicity is hardness dependent. Also, 
suppose that the whole effluent has a hardness of 
300 mg/l as CaCO, (very hard water) but the dilution 
water has a hardness of 40 mg/l as CaCO,. In this 
case, the hardness in each of the test dilutions will be 
different from that of either the whole effluent or the 
dilution water. Provided the cationic metal concentra- 
tions vary over the course of the TIE period, the amount 
of toxicity (as toxic units2? TUs) due to a particular metal 
concentration will also vary depending upon the effect 
concentration in the effluent. If the first whole effluent 
sample contains 160 pg/I of zinc (for this example, 160 
ps/l is 1 .O TUc in very hard water) and the test is 
conducted using a dilution water of 40 mg/l as CaCO, 
(soft water), the no effect concentration would be 100% 
where hardness is 300 mg/l and the effluent would 
have cl TUO. The second whole effluent sample con- 
tains 480 &I of zinc. One would expect this sample to 
possess 3 TUs (480 pg/l + 160 J.@). The toxicity due 
to the second effluent sample would likely contain more 
than 3 TUs because the hardness at the effect level 
(<lOO%) would be much lower than at 100% effluent 
(where hardness is 300 mg/l as CaCO,). The effect 

2 TUs is a means of normalizing the concentration term (i.e., LC50, 
NOEC, IC25 as percent effluent; see Section 5.8) lo a unit of toxicity. 
The use of the TUs approach allows effluent toxicity to be compared 
(provided test species and test duration ara the same) to a suspect 
toxicanls toxicity. The toxicity of an effluent and a chemical are 
different and different concentrations of each equal one LC50 (1 TU). 
TUs of an effluent can be calculated for either acute or chronic toxicity 
endpoints. The number of acute TUs in the effluent is 100% + LC50 
= TU and the chronic TUs in the effluent is 100% + NOEC = TU or 
100; + IC25 = TU, (EPA, 19918). For specific chemicals the Td is 
equal to the conce’ntration of the compound present in the effluent 
divided by the acute test LC50 for TUd or the chronic test NOEC or 
IC25 for the TU.. The assignment of TU. is necessary for the 
correlation step (Phase Ill) when effluent toxkity TUs are compared 
to suspect toxicant TUs 
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level would be near 20-25% effluent where hardness water for the diluent, the hardness might change dra- 
would be 400 mgil as CaCO, and 1 TU of zinc would matically and confound calculation of TlJ’s in a like 
be 460 pg/l. In addition, if one were to use receiving manner if the effect concentration was 400% effluent. 
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Section 4 
Eff bent Samples 

To determine whether an effluent sample is typical 
of the wastewater discharge may require a number of 
samples to be tested. Experience has shown that the 
use of several samples spanning two to three months 
has been successful in characterizing many effluents. 
TIE work on atypical samples may be problematic and 
these TIE procedures were not developed for one-time 
episodic events. However, the very nature of atypical 
samples may provide valuable assistance in the TIE 
effort by identifying the type of toxicant that previ- 
ously was not suspect. This is probably more likely 
when an atypical sample has greater toxicity than the 
other samples. In addition, the atypical toxic sample 
may aid a discharger in recognizing wastewater treat- 
ment plant upsets and assist the discharger in imple- 
menting prevention procedures or generally improve 
and maintain better wastewater plant housekeeping 
efforts, which in turn may eliminate the episodic toxicity 
problems. 

The acute Phase I manual discusses the quantita- 
tive and qualitative changes in effluents (EPA, 1988A; 
EPA, 1991A) that may affect toxicity. Varying concen- 
trations of toxicants, different toxicants, water quality 
characteristics, and analytical and toxicological error 
are all factors in determining the toxicity of an effluent. 
Although the toxicity of an effluent over time appears 
unchanged, there may be more than one toxicant in- 
volved in each sample, and not necessarily the same 
ones. 

At the same time a sample is collected, information 
on the facilities treatment system (normal operation; 
aberrant processes) may be useful. When dealing with 
industrial discharges, details of the process being used 
may be helpful. These details and others should be 
recorded and provided to the laboratory conducting the 
TIE at the time of sample shipment. When samples 
are received, temperature, pH, chronic toxicity, hard- 
ness, conductivity, total residual chlorine (TRC), total 
ammonia, alkalinity and DO should be measured. Fig- 
ure 4-1 provides a typical format to record such infor- 
mation. 

Since most TIES are not performed on-site, the 
effluent samples must be shipped on ice to the testing 
location. The samples should be cooled to 4°C or less 
prior to shipment and they should be shipped in sturdy 
ice chests to prevent either temperature increases or 
container breakage during shipment. Primary require- 

ments of the TIE are that toxicity occurs frequently in 
the effluent samples and that the toxicity of each sample 
(held at 4°C) remains in the effluent sample for a 
sufficient period of time. If samples repeatedly lose 
their toxicity after shipment, steps should be taken to 
preserve toxic fractions (Section 6.7) for later testing 
and analysis. For example, if the initial characterization 
tests indicate the presence of non-polar organics, one 
tool to use is to concentrate large volumes (5-10 L) of 
effluent when the sample arrives (see Section 6). Use 
of the Phase II (EPA, 1992A) non-polar fractionatiorl 
procedure is the preferred way to concentrate the non- 
polar toxicants for subsequent analysis and testing. 
While efforts must be expended on this procedure, it 
can be a crucial step to aid in identifying potential 
toxicants (in instances where toxicity is present and lost 
in the effluent). The information on when toxicity de- 
grades or is lost may become useful as the toxicant 
is identified (see Section 9; EPA, 1991A). Filterable 
toxicants which degrade quickly in the effluent may be 
recovered from the filters with solvent and stored for 
future use (cf., fikration test; Section 6.4). 

For one chronic Phase I TIE, a typical volume of 
effluent needed to ship is 19 L (5 gal) but of course this 
will depend on the options chosen for the TIE (Section 
6) and 38 L (10 gal) may be more helpful once identifi- 
cation and confirmation begin on any sample. The 
second edition of the acute Phase I TIE manual (EPA, 
1991A) recommends that samples be initially collected 
and stored in both glass and plastic to determine whether 
effluent stored in either container affects the toxicity. 
Some compounds (such as surfactants) are less toxic if 
water samples containing them are stored in plastic 
containers. Prior to initiating the characterization it 
may be useful to collect and test several preliminary 
samples to determine which containers to use during 
the TIE to provide samples that are the most represen- 
tative of the effluent (see Phase I, Section 6 (EPA, 
1991A) for more details). Less volume (52 L) is needed 
for these tests. 

Composite samples should be used for Phase I. 
Later, in Phases II and III, where variability is desired, 
grab samples should be used. Samples that are con- 
sistent (i.e., composite samples) give results that are 
easier to interpret and lead more rapidly to identifica- 
tion (Phase II) and confirmation (Phase Ill) of the cause 
of toxicity. Grab samples can provide the maximum 
effluent toxicity; however, it is more difficult to catch 
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Figure 4-1. Example data sheet for logging in samples. 

Sample Log No.: 

Data of Arrival: - 

Date and Time 
of Sample Collection: 

Facility: 

Location: 

NPDES No.: 

Contact: 

Phone No. 

Sampler: 

Condition of treatment system at time of samplrng: 

Status of process operations/production (if applicable): 

Comments: 

intermittent peaks of toxicity (such episodic events may the same toxicant may not be present in each sample, 
not be caused by the same toxicant that causes routine or it is present in varying concentrations and other 
toxicity). toxicants may appear. 

Multiple effluent samples in each test should not be 
used in Phase I as is done for permit testing (EPA, 
19896). We have found that using only one composite 
sample for each set of Phase I characterization tests is 
adequate. If several effluent samples are used for 
renewals during the chronic Phase I TIE and the toxi- 
cants are different or change in their ratios one to 
another, the interpretation of Phase I will be nearly 
impossible. Indeed such variability must be identified 
but it should be done after at least one or preferably 
most of the toxicants are known. The use of one 
sample is more important in Phase III, (EPA, 19928) 
where toxicity data are correlated to the measured 
concentrations in the effluent. If multiple samples are 
used, this correlation can not be readily done because 

Existing routine toxicity test data should be exam- 
ined. If one notes a sudden response such as death in 
the middle to the end of the test period and especially if 
it is associated with a new sample, the effect being 
measured may actually be acute rather than chronic 
and if so the approach may be switched to an acute 
TIE approach. The investigative approach should be 
adjusted to respond to such situations. When the 
permit test is conducted and the test fails, it may be 
desirable to try to identify the toxicants in those permit 
compliance samples. This can be done by collecting 
the appropriate volume needed for a chronic TIE of 
either the daily samples or the three samples used for 
the short-term toxicity test (EPA, 1992C). Additional 
short-term toxicity tests can be conducted on each 

Sample Type: 0 Grab 0 Composite 

0 Glass 0 Plastic 

0 Prechlorinated 

0 Chlorinated 

9 Dechlorinated 

Sample Conditions Upon Arrival: 

Temperature -__- 

PH 

Total Alkalinity 

Total Hardness 

Conductivity/Salinity 

Total Residual Chlorine--_- 

- 
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sample prior to any TIE tests on each sample or prefer- to demonstrate that the effluent is toxic in less than the 
ably additional short-term tests would be initiated on full 7-d of the C. dubia or fathead minnow tests. When 
each new sample during the 7d test to evaluate whether the toxicity that occurs in 548 h (C. d&a) or 196 h 
it is the cumulative toxicity from all samples or whether (fathead minnow) with any one of the samples from the 
one or two samples are driving the toxicity. We have permit compliance samples or any sample collected for 
observed in several effluent tests that the toxicity dur- the TIE, is observed as >50% mortality, acute TIE 
ing the short-term chronic test can be caused by one or procedures can be applied to more quickly characterize 
two samples and these samples cause the chronic test the toxicant( 
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Section 5 
Toxicity Testing 

5.1 Principles 
The test organism is used as the detector of chemi- 

cals causing chronic toxicity in effluents and other aque- 
ous media. The response to toxic levels of chemicals 
is a general one; however the organism is the only tool 
that can be used specifically to measure toxicity. Only 
when the cause of toxicity is characterized can chemi- 
cal analytical methods be applied to identify and quan- 
tify the toxicants. 

Chronic TIE’s will usually be triggered by the use of 
the toxicity test methods as found in the short-term 
chronic toxicity test manuals (EPA, 1989C; EPA, 1992C). 
These methods rely on sublethal endpoints as the indi- 
cator of chronic toxicity for the Phase I manipulations, 
therefore conducting the tests strictly as detailed in 
those manuals is not always necessary and sometimes 
not possible. Modifications have been developed and 
these include: (a) reduced test volumes, (b) shorter 
test duration, (c) smaller number of replicates, (d) re- 
duced number of test concentrations, and (e) reduction 
in the frequency of the test solution renewal. In addi- 
tion, the frequency of preparation of manipulated 
samples for test solution renewal must be established 
and this issue is discussed in the following section. 
Any loss of test precision due to these modifications is 
not as critical during Phase I characterization as it is in 
Phase II and Phase III (EPA, 1992A; EPA, 19928). 
During Phase I the analyst is searching for an obvious 
alteration in effluent toxicity, which may be obtained 
using modified chronic test methods. Confirmation 
testing (Phase Ill) conducted according to the standard 
methodologies will confirm whether the toxicant de- 
tected in the characterization and identification steps 
(Phases I and II) is the true toxicant. 

5.2 Test Species 
In most cases, freshwater effluents will be sub- 

jected to this evaluation because they have been found 
to be chronically toxic to the cladoceran, C. dubia, or to 
the fish, fathead minnow (P. promelas), or possibly to 
the cladocerans, D. magna or D. pulex. Freshwater 
effluents discharged into marine environments are evalu- 
ated for toxicity using marine species or may be as- 
sessed with freshwater species (EPA, 19910). TIE 
guidance for the marine species will be forthcoming in 
the fall of 1992 (George Morrison, personal communi- 
cation, ERL-Narragansett, RI). 

The species which detected the toxicity which in 
turn triggered the TIE, is the first choice for the TIE 

species. When an alternative species is chosen one 
must prove that it is being impacted by the same 
toxicant as the species which initially detected the 
toxicity. The species need not have the same sensitiv- 
ity to the toxicant( but each species’ threshold must 
be at or below the toxicant concentration(s) present in 
the effluent. One method of proving that the species 
are being affected by the same compound(s) is to test 
several samples of the effluent over time to both spe- 
cies. If the effluent possesses sufficient variability, and 
the two species IC25s (see Section 5.8 below for a 
description of the IC25) change in proportion to one 
another, the analyst may assume that the organisms 
are reacting to changing concentrations of the same 
compound. Further proof that the two species are 
responding to the same toxicant should surface during 
Phase III. If the toxicant is the same for both species, 
then characterization manipulations which alter toxicity 
to one species should also alter toxicity to the second 
species. The extent to which toxicity is altered for each 
will depend upon the efficiency of the manipulation and 
the organism’s sensitivity to the toxicant. Steps applied 
in Phase III will confirm whether the two species are 
indeed sensitive to the same toxicant in the effluent. 
Extensive time and resources may be wasted if one 
discovers during Phase III that the organism of choice 
is not responding to the same toxicant as the species 
which triggered the TIE. 

For the above mentioned reasons, we recommend 
when at all possible to use the organism which prompted 
the TIE. Our chronic TIE experience has been based 
on tests with C. dubia and/or larval fathead minnows. 
Obvious constraints on the use of other species are 
availability, size, age, and adaptability to test condi- 
tions. Also, the threshold levels for additives and re- 
agents must be determined for other species. 

5.3 Toxicity Test Procedures 
Measures to conserve time and resources required 

to conduct a chronic Phase I must be used in order to 
make the procedures cost-effective. The application of 
all aspects of the standard short-term chronic tests to 
Phase I in terms of replicates, routine water chemis- 
tries, test duration, and volume is not practical due to 
time constraints and expense. Variations of the proce- 
dures need to be implemented whenever possible. 

As mentioned above, smaller test volumes can be 
used in all tests with C. dubia and in most instances 
with fathead minnows. For example, 10 ml in a 1 oz 
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plastic cup (or 30 ml glass beaker) has been adequate 
for C. dubia and 50 ml in a 4 oz plastic cup (10 fish per 
cup) has been used successfully to test the fathead 
minnows (or 100 ml in a 400 ml glass beaker). There 
are two precautions to watch for in the chronic TIE 
tests-l) evaporation of test solutions and 2) transfer 
of toxicants while moving the animals. If evaporation 
reduces test volumes, efforts to reduce the evaporation 
must be made or larger volumes must be used. The 
volume of water added with each transfer should be 
minimized, because the volume used in the test is 
small, and the resultant test concentration could be 
diluted, thereby reducing toxicity. Using the same size 
test chambers and consistent volumes should be main- 
tained in Phase I; when Phases II and III are initiated, 
tests should be conducted following the test protocol 
that was used to trigger the TIE. This may be impor- 
tant in Phase I to be as sure that the oxygen require- 
ments for the test species are met and that toxicity is 
not due to physical restrictions of the test procedure. 

If a reduction in the number of replicates per test 
concentration is used, one must assume that precision 
is sufficient enough to decipher changes in toxicity that 
must be measured. For the C. dubia test, five animals 
per concentration (one per cup) and for the fathead 
minnow test, two replicates per concentration and 10 
fish per replicate have been found to be adequate for 
interpreting the changes in toxicity. However this smaller 
data set is not amenable to all statistical requirements 
as described for the short-term tests (EPA, 1989C; see 
Section 5.8). Use of more organisms and more repli- 
cates may be preferable if Phase I data are likely to be 
used in Phase III confirmation (see Sections 2.2 and 
2.3). 

A shortened version of the 7-d C. dubia test, re- 
ferred to as the 4-d test, may be useful in the TIE. The 
4-d test does not have to be as sensitive as the 7-d 
test, just sensitive enough that the toxicity changes 
occurring in Phases I and II of the TIE (using 4-d tests) 
would be the same as the 7-d tests. The 4-d day test 
was found to produce similar results for single chemi- 
cals (Oris et al., 1991), but in tests in our laboratory 
with effluents, the 4-d test has not been as sensitive for 
all effluents tested as the 7-d test in determining the 
effects on young production and survival. Masters et 
al. (1991) tested C. dubia to one effluent (three times), 
three surfactants, three metals, and three organic com- 
pounds with the 4-d and 7-d exposures. They found 
that for the most part the effluent toxicity was similar for 
the 4-d and 7-d test results but for the surfactants the 
7-d test was more sensitive. For the metals (cadmium, 
lead, and zinc), ethylene glycol, and pentachlorophe- 
nol, the chronic toxicity values for both tests were very 
similar while the 4-d test was more sensitive for phenol. 

In the 4-d test, when animals are initially exposed 
at 72 h they are ready to produce their first brood. 
Therefore, toxicity can be underestimated because these 
animals are predisposed to produce their first brood, 
unlike the animals exposed as neonates (24 h old). The 
exposure during a 4-d test may miss their most sensi- 

tive life stage. However for the Phase I where the 
purpose is to detect differences following various ma- 
nipulations, this issue is not as important as the ability 
to rapidly conduct the characterization. Use of the 
shorter term test will decrease the cost of Phase I 
TIE’s. In the confirmation of toxicity (Phase Ill), the 7-d 
test is required because the toxicity as measured in the 
7-d test (with more replicates, more dilutions, more 
volume) was used to detect toxicity for the permit, and 
should be used to confirm the cause of toxicity. 

To conduct a 4-d test with C. dubia, neonates (O-12 
h old) are placed in the dilution water that will be used 
to conduct the TIE. At present these animals are held 
in groups of three, two or individually in test containers 
(with 15 ml of culture water) and fed daily until they are 
72 h (+6 h) old in a similar test fashion (Oris et al., 
1991). The animals are then transferred to the baseline 
test solutions or the various characterization test solu- 
tions. The test is then continued for 4-d using the 
endpoint of three broods. 

The use of known parentage (EPA, 1989C) for the 
C. dubia test is important when the number of repli- 
cates is reduced, and helpful for Phase I, II or III tests 
and in routine tests as well (EPA, 1992C). For Phase I, 
this known parentage approach allows the young of 
one female to be used across one replicate of all 
dilutions and the control (i.e., 5 animals), the young 
from another female for the next replicate set of dilu- 
tions and control, and so on until all test cups contain 
one young animal. By this technique, animals from a 
given female that later appear atypical in appearance 
or movement or produce no young when others in the 
same test concentration are producing normally can 
legitimately be dropped from the data set without statis- 
tical bias (Norberg-King et al., 1989). The ability to 
discard such data without bias improves precision. Pre- 
cision will be better when n 2 7 per treatment for 
C. dubia or n 2 4 for the fathead minnow test. 

5.4 Concentrations to Test 
The level of toxicity for any given discharger most 

likely will have been established with some degree of 
certainty from previous tests that were conducted on 
the effluent that triggered the TIE. 

Therefore during Phase I of the TIE, we have found 
that four effluent dilutions and a control are adequate to 
define the toxicity of the sample while reducing the cost 
of the tests. Now for the TIE, the key to choosing the 
concentrations to test is to select those that will assist 
in the detection of small changes in toxicity, which is 
essential in the chronic TIE. For example, if the NOEC 
(from a previous data set) is 12% (or IC25 is 10%) 
then a concentration series such as 6.3%, 12.5%, 25%, 
and 50% would be logical; or perhaps closer concen- 
tration intervals may be desired. Using 20% as the 
high concentration and a dilution factor of 0.7, would 
mean the concentrations to test would be 7%, lo%, 
14%, and 20%. If the NOEC (from historical data) is 
40-50% (or above 50%), then the concentrations to test 
should be, for example, 25%, 50%, 75%, and 100% or 
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40%, 60%, 80%, and 100%. Choice of dilution factor 
and test concentration range is a matter of judgement 
and depends on needed precision and practicality. 

In nearly all examples in this document, the con- 
centrations of 12.5%, 25%, 50%, and 100% are used. 
We are assuming that if effluents have ICp (or NOEC) 
values below 1 O%, the effluent is likely to show acute 
toxicity and if so, an acute TIE approach should be 
used. If chronic work is to be done on a highly toxic 
effluent, the same recommendations given in the acute 
manual should be used; that is, use concentrations of 
4x, 2x, lx and 0.5x the lC25 or IC50 value (see Section 
5.8 for which value to select). For example, if the IC25 
is 5% effluent, we would suggest using a range such as 
20%, lo%, 5% and 2.5% for the various tests. It is 
best to use the same dilution sequence within a series 
of tests (Tier 1) when tests are to be compared to each 
other for differences in toxicity. 

5.5 Renewals 
For C. dubia, daily renewals of the test media (as 

required in the chronic manual, EPA, 1989C) are not 
necessary in Phase I as long as the toxicity of the 
effluent can be measured with one or two renewals. 
Because available sample volume is limiting in some 
manipulations, fewer renewals are desirable. As with 
the test duration (4-d vs. 7-d) the acceptability of less 
frequent renewals must be established by comparison 
with whichever test duration is selected. However in 
Phase III, tests must be conducted similarly to the 
routine biomonitoring test. For the fathead minnow test 
the frequency of sample replacement must be daily to 
maintain adequate water quality because the live food 
organisms (brine shrimp, Artemia salina) die 2-8 h after 
being added to the freshwater test solutions. A baseline 
test (see Section 6) is always conducted when the 
sample is received. The suitability of reduced renewal 
frequency can efficiently be evaluated at this time by 
conducting comparative baseline tests simultaneously 
with different renewal frequencies. 

The number and types of chemical measurements 
taken initially and at the renewal intervals (referred to 
as finals) should be based on the need for these mea- 
surements and their usefulness (see Section 2). Ini- 
tially, little judgement about the value of the.se can be 
made, but as toxicant characteristics are identified, the 
usefulness of various measurements can be judged. 
Initially, the usual measurements (hardness, alkalinity, 
conductivity; EPA, 1989C) should be made but some of 
these can be dropped as the TIE progresses. For 
example, if non-polar toxicity is found, then hardness 
and alkalinity need not be closely monitored. However 
if a metal is suspected, then these measurements are 
important. Low levels of dissolved oxygen in the 
fathead minnow test are a greater concern than in the 
C. dubia test, and the pH between the two tests will be 
dissimilar after 24 h of exposure. The pH measure- 
ment is frequently needed and for toxicants such as 
ammonia it is extremely important (EPA, 1992A). If an 

effluent contains greater than 5.0 ms/l of ammonia, the 
pH should be carefully measured at least daily (or more 
often) in all test concentrations. Since ammonia is a 
highly pH dependent toxicant, one must be aware of 
variable pH drift in the Phase I treatments which may 
lead to erroneous conclusions. One generalization, 
however, can be made. For characteristics that are 
unlikely to change, such as conductivity and hardness, 
both initial and final measurements need not be made 
once is enough. 

5.6 Toxicity Blanks 
A risk of the reliance on a toxicity response in the 

characterization step of TIES is the probability that 
artifactual toxicity is created during sample manipula- 
tions (see Section 2.4). While a particular manipulation 
may cause some degree of artifactual toxicity, if the 
toxicity is predictable the test may still retain its validity. 
Since chronic tests are more sensitive to artifactual 
toxicity, lower concentrations of additives or less se- 
vere conditions must be used as compared to the acute 
test. 

The presence of artifactual toxicity caused by con- 
taminated acids, bases, air, filters and columns and by 
intentional additives are detected by treatment blanks 
and toxicify controls. A blank is dilution water manipu- 
lated the same as the effluent, and then it is toxicity 
tested to determine if the manipulation added any toxic- 
ity. The toxicify control is the reference used to judge 
the impact of a manipulation. Sometimes the toxicify 
control is the baseline test, at other times it will be a 
characterization test. For example, the toxicity control 
for the EDTA addition test is the baseline test while the 
toxicity control for the post C, SPE column test is the 
filtration test (filtered whole effiuent). Treatment blanks 
for either the EDTA addition test or the sodiurn thiosul- 
fate addition test are not appropriate as the testing of 
these additives in clean dilution water is not represen- 
tative of the effluents’ characteristics. The toxicity con- 
trol must be distinguished from the control treatment 
(animals in standard culture or dilution water; also de- 
scribed as “performance controls”) which is always 
used. Controls provide information on the health of 
the test organism and the test conditions while the 
blanks provide information on the cleanliness of the 
acids and bases, the aeration system, the filter appara- 
tus, the C,, SPE column, and other apparatus used. 

Although arlifactual toxicity may appear in the dilu- 
tion water blanks, artifactual toxicity in the effluent 
matrix may not be observed. One must decide whether 
the test results from that manipulated sample are mean- 
ingful. For example, if the aeration manipulation caused 
toxicity in the dilution water blank but aeration removed 
the effluents’ toxicity then the conclusion that aeration 
was an effective treatment is valid. However, if the 
dilution water blank was toxic and it appeared aeration 
did not remove the effluent’s toxicity then one cannot 
conclude that aeration was not effective without further 
investigation. 
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5.7 Renewal of Manipulated Samples 
One must decide whether a manipulated sample to 

be used for renewal during the test should be prepared 
(e.g., aerated or passed over a C,, SPE column) as a 
batch sample for the entire test or prepared separately 
for each renewal. This choice may be dependent on 
the persistence of the effluent toxicity, but whether daily 
samples are prepared or batch samples are prepared 
and used for renewals of the tests should be decided 
by the investigator, and the same methods should be 
performed consistently throughout the TIE. As a gen- 
eral guideline, we have chosen to discuss these Phase 
I steps as though one aliquot of effluent samples pre- 
pared for the characterization tests is used for all re- 
newals. However for either daily or batch samples, the 
same techniques should be used for all the manipula- 
tions. For example, a sample for the fillration test 
(Section 6) may be batch prepared on day 1. Then on 
day 2, a batch sample for the aeration test should be 
prepared. Yet for the EDTA and sodium thiosuffate 
addition tesfs, these additives should be added to the 
effluent dilutions on the day of each renewal as batch 
solutions for each dilution (e.g., add EDTA to 50 ml of 
100% effluent, let sample sit and dispense to test 
cups). This is true for the methanol addition and the 
graduated pH manipulations as well. To test the post 
C,, SPE column samples for some effluents, daily 
samples may need to be prepared because of bacterial 
growth problems in samples stored for several days. 

Since Phase I TIE work is often concerned with the 
qualitative evaluation of toxicity, rather than quantita- 
tive, there is no reason why a test could not be termi- 
nated sooner than 7 d, if the answer to the particular 
question posed has been found. For example, if the 
baseline test with a sample indicates a complete inhibi- 
tion of C.dubia reproduction by day 5 of a 7-d test, and 
one of the manipulated samples (e.g., aeration) shows 
normal reproduction, there may be little point in con- 
tinuing that test, because toxicity was altered. This 
type of judgmental decision is harder to make in a 
chronic fathead minnow test based on growth; how- 
ever, by careful observation of factors such as survival 
or behavior, the trend of the toxicity response may be 
discerned earlier than 7 d. Sufficient measurable growth 
of the fathead minnows may have been achieved by 
5-d. Experiments with fish exposed to zinc and sele- 
nium for 5-d and 7-d indicated that sufficient growth 
differences could distinguish the toxic effect even at 5-d 
(Norberg-King, 1989). However, if this information is 
needed in Phase III, it is important to correlate the 
same type of data and terminating the test early may 
require additional tests later on. 

Because the chronic test is longer and requires 
more laboratory work than the acute test, loss of toxic- 
ity of any effluent sample is more troublesome when it 
occurs. If the presence of toxicity is not measured in 
the whole effluent before Phase I tests begin, much 
work will be wasted if the sample is non-toxic initially. 

On the other hand, to delay by waiting for the test may 
also result in the loss of toxicity. The best approach is 
to examine existing data sets for evidence of toxicity 
loss due to storage of samples. If there are none then 
start a baseline test, and upon the onset of chronic 
toxicity (e.g., 60% mortality, no reproduction by day 5 in 
high test concentrations of a 7-d test, absence of food 
in the gut of the fishes), additional follow-up manipula- 
tions of Phase I tests should be started. Toxicity 
degradation can be a useful tool in identification and 
confirmation (cf., Section 2). Once it has been deter- 
mined that the sample toxicity degrades quickly, Tier 1 
and Tier 2 steps should be started on the day of arriial. 
Removal of headspace in effluent storage containers 
may help minimize the loss of toxicity. 

5.8 Test Endpoints and Data Analysis 
For evaluating whether any manipulation changed 

toxicity, the investigator should not rely on statistical 
evaluations only. Some treatments may have a signifi- 
cant biological effect that was not detected by the 
statistical analysis. Judgement and experience in toxi- 
cology should guide the interpretation. 

Endpoints for the most commonly used freshwater 
short-term chronic tests are growth, reproduction, and 
survival. Historically, the effect and no effect concen- 
trations have been determined using the statistical ap- 
proach of hypothesis testing to determine a statistically 
significant response difference between a control group 
and a treatment group. The no effect level, called the 
no observed effect concentration (NOEC), and the ef- 
fect concentration, called the lowest observed effect 
concentration (LOEC), are then statistically defined end- 
points. The NOEC/LOEC are heavily affected by choice 
of test concentrations and test design. For example, 
these effect levels are dependent not only on the con- 
centration intervals (dilution sequence) chosen, but the 
number of organisms, the number of replicates used, 
and the choice of the statistical analysis for the data 
(i.e., parametric or non-parametric). The minimum sig- 
nificant difference detected in hypothesis tests can be 
quite variable (e.g., 10% or 50%; Stephan and Rogers, 
1985) and yet this difference is used to determine the 
NOEC. In the chronic testing manual (EPA, 1989C), 
the minimum number of replicates (a relatively large 
number), organisms, and dilutions for the C. dubia and 
fathead minnow short-term tests are needed to meet 
the hypothesis testing requirements. When less repli- 
cates, fewer numbers of dilutions and fewer test organ- 
isms are used (as in the chronic TIE) the hypothesis 
tests will not be able to detect smaller differences that 
are needed for chronic TIES. Therefore, hypothesis 
testing is not suitable for Phase I purposes and a point 
estimation method must be used. 

The linear interpolation method described in the 
supplement to the freshwater chronic manual (EPA, 
1989C) calculates a point estimate of the effluent con- 
centration that causes a given percent reduction based 
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on the organisms response. The inhibition concentra- 
tion (ICp3) program (Norberg-King, 1989; DeGraeve et 
al., 1988; EPA, 19896) was developed for the purpose 
of analyzing data from the short-term tests. This method 
of analysis is not as dependent on the test design as 
hypothesis analysis and is particularly useful for ana- 
lyzing the type of data obtained from Phase I testing. 
When analyzing data for the ICp estimates, only one 
test endpoint is determined. For C. dubia all the data 
are used. If all animals have died, the data are entered 
as zeros and if some animals have some young but the 
adult dies, the partial brood values are used. We have 
found with some effluents that when the 4d test is 
routinely applied during a chronic TIE, often the first 
brood is produced and then the adult dies. In other 
cases we have observed no adult mortality in the 4-d or 
7-d test, but at the same effluent exposure concentra- 
tions the 7-d test animals will not produce any young 
while the 4-d test animals produce their first brood. 
The dose response from this 411 test is not typical in 
the 7-d test, and the production of young can be prob- 
lematic in data interpretation and analysis since mortal- 
ity also occurred. For example, when analyzing the 
data using the ICp program, the effects of survival and 
young production are incorporated into one estimate for 
the IC50 and IC25. Yet there is no doubt that O-40% 
survival is a significant reduction in survival that indi- 

The ICp program (Release 1.1) calculates confidence intervals which 
are limiting when the sample size is SI andthese confidence intervals 
are less than 95% in version I .t (R. Regal, personal communication, 
University of Minnesota, Duluth, MN). This is being corrected in the 
revision of the program now underway (for more information, contact 
Teresa Norberg-King). The ICp program is available by sending a 
formatted disk to Teresa Norberg-King. EPA, 6201 Congdon Boule- 
vard, Duluth, MN 55604. 

cates toxicity, and would cause a routine test to fail 
(EPA, 1989C). Therefore when this occurs, to track 
toxicity in the TIE, it may require calculating the IC25/ 
IC50 for young production and survival and then recal- 
culating the IC25/IC50 for survival alone. For the 
fathead minnow test in the routine monitoring test and 
the TIE tests, the weights are calculated as mean 
weight per original fish rather than mean weight per 
surviving fish (EPA, 1992C). Also the program allows 
direct comparison of results from tests conducted using 
different concentration intervals. The level of inhibition 
(p) used as an endpoint (e.g., 25 or 50%) is not criiical, 
although the IC25 is generally suggested as an equiva- 
lent for the NOEC (EPA, 1991 B). Confidence intervals 
are calculated using a bootstrap technique, and these 
confidence intervals can be used to determine the sig- 
nificance of toxicity afterations observed in Phase I. A 
“significant reduction” in toxicity must be determined by 
each laboratory for each effluent and in combination 
with the precision of reference toxicant tests that the 
performing laboratory achieves. The use of the IC50 
for Phase I TIES may be more useful when trying to 
correlate the characterization test results to the effluent 
toxicity. However, an IC50 may not be able to be 
estimated while the IC25 can; use of a consistent 
endpoint effect level is important for subsequent TIE 
work (EPA, 1992A: EPA, 19928). We have observed 
substantial toxicity reductions in characterization tests, 
yet it does not always appear to be a significant reduc- 
tion when only the IC25s are compared. When this 
happens the sample size should be increased with 
subsequent testing in order to more clearly differentiate 
the toxicity and the dose response curve should be 
studied. Once the toxicant is identified, the number of 
replicates is increased and more dilutions are used 
(Phase III; EPA, 1992B), which increases the confi- 
dence in the IC25. 
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Section 6 
Characterization 

The chronic Phase I manipulations follow the same 
approach and employ the same type of manipulations 
used in the acute TIE (EPA, 1991A). These include 
aeration, filtration, C,, SPE extraction and chromatog- 
raphy, chelation with EDTA, oxidant reduction and/or 
complexation with sodium thiosulfate, and toxicity test- 
ing at different pH values (Figure 6-l). The main 
differences between the acute and chronic techniques 
are that the concentrations of additives must be lower 
and the test conditions must be less severe in a chronic 
TIE because the chronic test organisms are more sen- 
sitive to these conditions. The pH adjustment proce- 
dures in Tier 2 are changed from the acute Phase I 
because we found that consistent, representative blanks 
with reconstituted water could not be obtained at higher 
pH’s. 

The following characterization steps are all based 
on the use of Ceriodaphnia or fathead minnows. Obvi- 
ously, use of other species will require consideration of 
appropriate test volumes and additive concentrations. 
As discussed in the acute manual, if the TIE is done 
with species different from the species used in the 
permit, one must demonstrate that both species are 
sensitive to the same toxicant (see Section 5). 

More than one effect is measured in chronic tests 
(reproduction or growth and survival) and because par- 
tial effects are more frequent in short-term chronic tests 
than in acute tests, a graded response with concentra- 
tion is often seen. A graded response allows one to 
better judge small changes in toxicity-an advantage 
not often available in acute tests. Also, effects (initial 
mortality, delayed mortality, aborted young, reduced 
young, poor growth) can be observed and used in 
interpreting the results as can the time to onset of 
effect be used. Such effects can be useful in distin- 
guishing the response to different toxicants. 

For acute TIES, tests are quick and relatively inex- 
pensive, so the need to maximize their usefulness is 
lessened. The chronic test is more work not only 
because the test is longer and more complex, but also 
because more sample volume is needed. For ex- 
ample, for tests such as the sublation test (a subse- 
quent step in the aeration rest (Section 6.4)) sample 
size can be very restricting. In addition, if an effluent is 
not always toxic, a decision has to be made as to 
whether to test for the presence of toxicity first, before 
manipulations are started. If the effluent is not toxic 
and all the manipulations are set up, the results may be 

Tests 

of no value. On the other hand, if the presence of 
toxicity is first established, often a week will have passed 
and by the time manipulations are tested, the toxicity 
may have degraded. Unfortunately, there is no clear 
answer to which way to proceed. When there are data 
for effluent toxicity for preceding months, examination 
of these data may assist in the decision. 

In the acute TIE, the initial test (EPA, 1991C) is 
used to set the range of concentrations to test. How- 
ever in the chronic TIE, an equivalent of the initial test 
is not practical, therefore historical data must be used 
to make such judgements. Lacking historical data, a 
judgement will have to be made to set the test range 
and guidance for this is given in Section 5.4. 

For chronic Phase I characterization, the use of two 
tiers of characterization tests is suggested (Figure 6-l). 
Tier 1 is done without major pH adjustments. Experi- 
ence with acute TIES has shown that major pH adjust- 
ments are usually not needed. Tier 2 is performed 
only when Tier 1 does not provide sufficient informa- 
tion, and consists of filtration, aeration and the C,, 
separation technique of Tier 1 with an effluent sample 
adjusted to both pH 3 and pH 10. Therefore when the 
characterization tests indicate Tier 2 is not required, 
resources needed to conduct the TIE are significantly 
reduced.4 Each characterization test used in the Tier 1 
or Tier 2 has as its foundation the information in the 
acute Phase I manual (EPA, 1988A; EPA, 1991A). 
The principles, methods, and interpretation of results 
are based on the acute manual, and the tests for Tier 1 
(Figure 6-2) are discussed in Sections 6.1-6.8. All tests 
within a Tier (1 or 2) should be started on the same 
day. Starting chronic tests involves more effort than 
acute tests, and logistics must be planned (for in- 
stance, available animals of the appropriate age for the 
chronic test, sufficient food supply for more chronic 
tests, adequate supply of dilution water for all test 
renewals). Tests need to be started on the same day 
in order to compare results of each manipulation test to 
others and to the baseline test (Section 6.3) results 
(Table 6-l). Once the Tier 1 data are generated, they 
are compared, and interpretations are made to see 
which inferences can be drawn concerning the nature 
of the toxicants. Usually, multiple manipulations and a 
retest of selected manipulations will be effective in 

’ A recent estimate of the cost of the Tier 1, Phase I for chronic toxicity 
was equivalent to the full Phase I acute TIE (Aquatic Habitat Institute, 
1992). 
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Figure 6-l. Overwew of characterization tests. 

l Baseline whole effluent test 
l EDTA addition test 
l Sodium thiosulfate addition test 
l Filtration test 
l Aeration test 
l Post C,, sofid phase extraction (SPE) column 

test 
l Methanol eluate test 
l Graduated pH test 

l Baseline whole effluent test 
l pH adjustment test 
l Filtration and pH adjustment test 
l Aeration and pH adjustment test 
l Post C,, SPE column and pH adjustment test 
l Methanol eluate test 

Figure 6-2. Tier 1 sample preparation and testing overview. 

Tier 1 

Y 

yielding information concerning the nature of toxicants 
before additional effluent samples are tested (see Sec- 
tions 6.15,6.16 and acute Phase I manual, EPA 1991A). 

Sample Preparation for the Characterization 
Tests 

As for acute TIE tests, we suggest doing certain 
chemical measurements and the manipulations on one 
day and then starting the tests the next day (Table 6-l). 
This schedule balances the work load more evenly. 
When the sample is received (day l), various measure- 
ments (Section 4) are taken and some preparatory 
manipulations for the Tier 1, Phase I are done. 

First, the routine chemical measurements are taken 
as discussed in Section 4. DO, conductivity, and pH 
should be measured on the 100% effluent to ensure 
that the values are in the physiologicalfy tolerable range 
for the test species. If these are at levels that could be 
toxic (EPA, 19896) there is little point to test the 
effluent sample without some sample manipulation. In 
addition, the water hardness and alkalinity should be 
measured so that the appropriate dilution water can be 
selected (see Section 3, Dilution Water). As the TIES 
have progressed, we have begun to match both the 
hardness and the alkalinity of the dilution water to 
similar values for the effluent. 

EDTA 
Toxicity (4 

Tests 

EDTA 
Additions 

Thiosulfate 
Toxicity Nd 

Sodium Thiosuffate 

Tests 
Additions 

Methanol Toxicity 

Elutions Test 
Post-Column 
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Table 6-1. Outline of Phase I effluent manipulations Tier 1 and Tier 2. 

Description 

DAY 1 SAMPLE ARRIVAL: 

Section 

Measure 4.0 

l temperature 

l conductivity 

l PH 
l DO 

l alkalinity 

l hardness 

l total ammonia 

l total residual chlorine 

Perfon Sample Manipulations 6.0 

l filter effluent 6.4 
. perform solid phase extraction (SPE) 

l collect effluent 
l collect methanol eluate 

6.6 
6.7 

DAY 2 TOXICITY TESTING: 

Warm aliquot of whole effluent and aliquots 
of filtered effluent, post C,, SPE column effluent, 
and methanol eluates. 

Initiate Tier 1 Tests 

l baseline toxicity test 6.1 
9 EDTA addition test 6.2 
l sodium thiosulfate addition test 6.3 
l aeration test 6.4 
l fihation test 6.5 
l post C,, SPE column test 6.6 
l methanol ehate test 6.7 
l graduated pH test’ 6.6 

ADDITIONAL TESTING ON SUBSEQUENT DAYS ?: 

Tier 2 Tests 

l pH adjustment test 6.10 

l aeration and p/f adjostrnen~ test 6.11 
l filtration and pH adjustment test 6.12 
l post C,, SPE column and pH adjustment test 6.13 

l methanol eluate test for pH adjusted samples 6.14 

’ Experimentation may be needed for this test (see text for details). 

2 Tier 2 is primarily for those effluents where the results from Tier 1 
did not indicate any clear pattern of toxicity change following 
manipulation (see text for details). 

The initial pH of effluent upon arrival at the testing 
laboratory is referred to as pH i, which is not necessar- 
ily the pH of the effluent at air equilibriums. The pH of 
the sample after being warmed, may be selected as 

5 EPA suggests that toxicity must be prevented under worst case 
scenarios(EPA, 1991 B) which may mean the routine monitoring tests 
were conducted at high pH’s. 

pH i rather than the pH upon arrival. The important 
point is to use the same pH i for all subsequent tests. 
As an effluent warms to 25°C in an open container, 
CO, escapes and the pH may rise from 7.2-7.6 to 8- 
8.5. In some tests, once the food is added the pH may 
rise faster or in some cases (e.g., the fathead minnow 
growth test), once the food has been in the test solution 
for a period of time, the pH may be lower (e.g., 7.5- 
7.6). These changes may be important for interpreting 
the data in a chronic TIE, and pH should be measured 
in the test dilutions that determine the test endpoint. Of 
course, since the endpoint may be unknown, pH is 
typically measured in all test concentrations. 

Since samples are cooled for shipping and storage, 
upon warming to 25”C, some of the samples are apt to 
be supersaturated. Supersaturation can usually be 
monitored by measuring DO. If DO is too high, it 
should be reduced to acceptable levels as described by 
EPA (1989C) for the routine monitoring test or by maxi- 
mizing surface-to-volume ratio of the container to facili- 
tate more rapid exchange of equilibrium of the sample 
and atmospheric oxygen. Ceriodaphnia are less sensi- 
tive to supersaturation than newly hatched fathead min- 
nows. For chronic Phase I tests, routine water chemis- 
try measurements (such as DO, pH, temperature) are 
more important than in acute Phase I tests. 

The manipulations performed the day the sample 
arrives are filtering, extraction on the C,, SPE column, 
and collection of the methanol eluates (see Sections 
6.5 and 6.7 below). The aliquots of filtered effluent and 
post-column effluent will be held until the next day (day 
2) to start the tests. Of course these samples should 
be stored in the refrigerator at 4 (+ 2°C). This sample 
preparation schedule is particularly convenient for labo- 
ratories who rely on courier services to deliver samples, 
which typically occurs late in the morning. 

On day 2, the EDTA addition test should be pre- 
pared first so that compounds that are EDTA chelat- 
able, yet may require an equilibration time for complex- 
ation, can be chelated (see Section 6.4). Then the rest 
of the manipulations (aeration, sodium thiosulfate addi- 
tions, graduated pH adjustments) should be started. 
For the laboratory that is experienced in chronic toxicity 
testing, the amount of time required to conduct the 
Tier 1 sample manipulations and set up the toxicity 
tests is about 6-10 h. 

6.1 Baseline Test 
General Approach: To determine the effects of 

Phase I manipulations on the toxicity of the effluent, its 
inherent toxicity must be determined. The toxicity mea- 
sured in this test is used to gauge toxicity changes 
caused by some manipulations and to detect changes 
in the sample’s toxicity during storage. Baseline tests 
must be repeated each time additional manipulation 
tests are started. 

Methods: The baseline test will be initiated using 
concentrations based on the historical data for each 
particular discharger. For the TIE, use of four (and 
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three) dilutions have been sufficient for defining toxicity 
(Section 5.4). If the toxicity is low, in order to draw 
distinctions between the concentrations used in the test 
for the various characterization tests, the dilutions may 
need to be set closer, for example, 40%, 60%, 80%, 
100%. In this test, and all subsequent characterization 
tests, the test concentrations, test volumes and number 
of replicates should be kept the same as described in 
Section 5, Toxicity Testing. 

On day 2, an aliquot of the effluent is warmed 
slowly in a warm water bath to test temperature (25°C). 
The various test concentrations are prepared using the 
appropriate hardness reconstituted water. Next, rou- 
tine chemistries are measured (initial pH, temperature, 
DO). The use of dilution water controls is not required 
for every manipulation but at least two sets of controls 
should be included to estimate reproducibility. In addi- 
tion, the tests are conducted using one C. dubia per 
one 10 ml test volume in a 1 02 plastic cup (or glass 
beaker) and five animals per treatment. For the fathead 
minnow tests, two replicates per treatment, 10 fish in 
50 ml in a 4 oz plastic cup, or 100 ml in a 400 ml 
beaker, are assumed. 

Interpretation of Results/Subsequent Tests: The 
baseline tests serve as the basis for determining the 
effects produced by various characterization tests. This 
test serves as the toxicity control for some of the other 
tests. If baseline tests done on subsequent days with 
additional manipulations indicate that the toxicity of the 
effluent is decreasing, either every effort should be 
expended to characterize the toxicity more quickly (i.e., 
Phase II identification or Tier 2 tests) or another sample 
should be obtained. The “shelf life” of the toxicity can 
be determined after a few samples have been evalu- 
ated. 

Special Considerations/Cautions: The controls 
in this test will provide information on the health of the 
test organisms, the dilution water, the test glassware 
and equipment used to prepare the test solutions and 
the cleanliness of the test chambers. This baseline test 
serves as the toxicity control for some subsequent Tier 
1 or Tier 2 tests. 

6.2 EDTA Addition Test 
General Approach: This test is designed to detect 

effluent toxicity caused by certain cationic metals. The 
addition of EDTA to water and effluent solutions can 
produce non-toxic complexes with many cationic met- 
als. Loss of toxicity with EDTA addition(s) suggests 
that cationic metals are causing toxicity. 

EDTA is a strong chelating agent and because of 
its complexing strength, it will often displace other soluble 
forms (such as chlorides and oxides) of many metals. 
The ability of EDTA to chelate any metal is a function of 
pH, the type and speciation of the metal, other ligands 
in the solution, and the binding affinity of EDTA for the 
metal. And the complexation of metals by EDTA may 
vary according to the sample matrix. The specific form 

of metal that causes toxicity in the water matrix may be 
more important than the total concentration of the metal. 

Cations strongly chelated by EDTA include alumi- 
num (‘+), cadmium, copper, iron, lead, manganese (2+), 
nickel, and zinc (Stumm and Morgan, 1981). EDTA 
weakly chelates barium, calcium, cobalt, magnesium, 
strontium, and thallium (Flaschka and Barnard, 1967). 
EDTA can form relatively weak chelates with arsenic 
and mercury and anionic forms of metals (selenides, 
chromates and hydrochromates) will not be chelated. 

For some cationic metals for which EDTA forms 
relatively strong complexes, the acute toxicity to C. 
dubia is reduced (Mount, 1991; Hackett and Mount, In 
Preparation). EDTA was shown to chelate the metal 
causing the acute toxicity (at 4x the LC50) for copper, 
cadmium, lead, manganese (?+), nickel, and zinc to C. 
dubia in both dilution water and effluents. However, 
they also found that EDTA did not remove/reduce the 
acute toxicity of silver, selenium (either as sodium se- 
lenite or sodium selenate), aluminum (AI(OH chro- 
mium (either as chromium chloride or potassium di- 
chromate), or arsenic (either sodium m-arsenite or so- 
dium arsenate) when tested using moderately hard 
water and C. dubia (Hackett and Mount, In Prepara- 
tion). 

In the acute Phase I manual (EPA, 1988A), the 
recommended amount of EDTA to be added was high 
because the authors thought calcium and magnesium 
had to be complexed in order to complex toxic metals 
(D. Mount, personal communication, NETAC, Duluth, 
MN). The mass of EDTA required was approximated 
by the amount needed for the titration of hardness or 
the measurement of calcium and magnesium when 
titration was not possible due to interferences. A third 
choice was to use 0.5x the EDTA LC50 for the test 
species (EPA, 1991A). Ideally the amount of EDTA to 
add would be just enough to chelate the toxicant 
without causing toxicity or otherwise changing the ma- 
trix of the effluent. Without knowing how much toxicant 
must be chelated, the amount of EDTA to add must be 
estimated. Recently, the role of calcium and magne- 
sium was tested in our laboratory. Acute toxicity tests 
with C.dubia were conducted in moderately hard and 
very hard reconstituted water using copper, cadmium, 
and zinc at 4x, 2x, and lx the LC50 of each. When 
one metal and EDTA were present at approximately a 
1 :l molar basis, all the toxicity was removed regardless 
of water hardness (J. Thompson, personal communica- 
tion, NETAC, Duluth, MN). These results indicate that 
calcium and magnesium concentrations do not affect 
the levels of EDTA needed to remove the acute cat- 
ionic metal toxicity. Whether toxicity reduction using 
the 1 :l molar ratio is true for chronic toxicity has not yet 
been evaluated in a likewise manner (cf., interpretation 
of Results/Subsequent Tests below). However, EDTA 
and nitrotriacetic acid (NTA) were effective in chelating 
the toxicity of one concentration of either cadmium or 
copper to C. dubia at molar ratios of less than 1:l 
(Zuiderveen and Birge, 1991). However, NTA pos- 
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sesses the characteristic of increasing the toxicity of 
some metals therefore NTA is limited in its usefulness 
for the TIE. 

The threshold levels for C. dubia and fathead min- 
nows to EDTA were determined using 7-d tests in 
different hardness waters and the results are given in 
Table 6-2. For C. dubia, the chronic toxicity of EDTA is 
not water hardness dependent, but for fathead min- 
nows the sublethal toxicity appears to be greater in 
softer waters. This is in contrast to the acute toxicity of 
EDTA to Ceriodaphnia which indicated that EDTA 
toxicity decreased with increased water hardness (Phase 
I; EPA, 1991A). Natural waters and effluents have 
many constituents in addition to those added to recon- 
stituted waters, and the behavior of EDTA in effluents 
(or receiving waters) could be different than in simple 
reconstituted water. 

Methods: The goal is to add enough EDTA to 
reduce metal toxicity, without causing EDTA toxicity or 
substantially changing the water quality. The toxicity of 
EDTA as determined in clean reconstituted water is 

Table 6-2. Chronic toxicity of EDTA (mg/l) to C. dubia and 
P. promelas in various hardness waters using the 7-d 
tests. 

Species 
Water IC50 IC25 
Type 95% C.I. 95% Cl. NOEC LOEC 

C. tibia VSRW 

SRW 

MHRW 

HRW 

VHRW 

VHRW 

P. promelas SRW 

MHRW 

HRW 

VHRW 

4.5 3.0 
3.6-6.0 2.1-3.9 

7.5 4.9 
6.2-6.3 3.7-5.7 

6.6 
4.7-13 

5.9 
3.4-10 

7.5 5.5 
6.2-9.6 0.98-6.9 

7.6 6.1 
6.7-6.6 4.0-6.6 

12 6.3 
10-14 4.2-10 

136 
130-139 

103 
94-110 

163 
150-166 

236 
227-246 

132 
123-144 

-1 

267 230 
269400 203-247 

2.5 5.0 

3.1 

5.0 

5.0 

5.0 

7.5 

100 

100 

200 

200 

6.3 

10 

10 

10 

15 

200 

200 

400 

400 

I Value could not be determined, value would be less than lowest 
test concentration. 

Note: Ct. = confidence interval; VSRW = very soft reconstituted 
water; SRW = soft reconstituted water; MHRW = moderately 
hard reconstituted water: HRW I hard reconstituted water; 
VHRW = very hard reconstituted water. 

likely to be higher than the toxicity of EDTA added to 
an effluent. Therefore, the EDTA toxicity values con- 
tained in Table 6-2 represent maximum toxicity in any 
effluent. The toxic concentration of EDTA in one efflu- 
ent will probably not be the same as the concentration 
causing toxicity in a different effluent or even a different 
sample of the same effluent. To be safe, the concen- 
trations of EDTA added to any effluent should be less 
than the expected effect concentration of EDTA in clean 
water. For either species, two EDTA concentrations 
are added to two sets of two effluent dilutions. EDTA 
stock solution is added after the effluent dilutions are 
prepared so that the EDTA concentrations for each 
addition are constant across each set of effluent dilu- 
tions. A stock solution of EDTA (ethylene- 
diaminetetraacetic acid, disodium salt dihydrate) is pre- 
pared in distilled water. This EDTA stock solution 
should be prepared so that only microliter amounts of 
the stock are needed to minimize effluent dilution. No 
more than 5% dilution of the effluent aliquot by EDTA 
stock should occur. 

To perform the effluent dilution test, two sets of 
effluent dilution concentrations are prepared (e.g, lOO%, 
50%, 25%) and each set receives one of two addition 
levels of EDTA (Table 6-3). By using non-toxic con- 
centrations of EDTA, there is less chance for artifactual 
toxicity; since the total amount of metal to be chelated 
is probably low for most chronically toxic effluents, 
there is no reason to add high levels of EDTA. The 
additive levels are based on the assumption that the 
calcium and magnesium need not be chelated in order 
to chelate the toxic metals, although the amount of 
EDTA added is most likely still an excess. 

An EDTA stock solution of 2500 mS/I can be pre- 
pared. For the C. dubia tests, 0.06 ml is added to three 
separate 50 ml aliquots in the first effluent dilution set 
(i.e., 25%, 50%, 100%) to obtain a 3.0 mg/l final EDTA 
concentration. In the second dilution set, 0.16 ml is 
added to the other set of 50 ml effluent aliquots for a 
final concentration of 8.0 mg/l. For the fathead minnow 
tests, the same concentration of an EDTA stock solu- 
tion can be used but the volume of stock additions 
must be doubled for the 100 ml test volume/concentra- 
tion. 

Table 6-3. Concentrations of EDTA to add for chronic TIES. Values 
given are the final exposure concentration in mg4. 

Species 

C. dubia 
and 

P. promelas 

Water Type’ Concentrations 
(mdn) ~___ 

SRW. MHRW, HRW, VHRW 3.0 6.0 

’ In very soft water, the final concentrations of EDTA must be lower 
in order to not have EDTA induced toxicity, for example 1 .O mq/l 
and 5.0 mg/l. 

Note: SRW = soft reconstituted water, MHRW = moderately hard 
reconstituted water: HRW = hard reconstituted water: VHRW 
= very hard reconstituted water. 
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To allow the EDTA time to complex the metals, 
solutions should be set up on day 2 and all solutions 
containing EDTA are allowed to equilibrate while other 
manipulations are being prepared before test organ- 
isms are introduced. A minimum of 2 h equilibration 
time should elapse before organisms are added. 

Since EDTA is an acid, the pH of the effluent after 
addition of EDTA should be checked, although addi- 
tions at these low levels should not lower the pH of the 
effluent. The amount of change in solution pH will 
depend upon the buffering capacity of the effluent and 
the amount of reagent added. If the pH of the effluent 
has changed, readjustment of the test solution pH to 
pH i should be performed. 

The EDTA is not added to one batch of effluent on 
day 2; rather at each renewal EDTA is added to the 
renewal test solutions prior to dispensing into the test 
chambers in the identical way that the test solution was 
first made (allowing equilibration time). 

Interpretation of Results/Subsequent Tests: Tox- 
icity may be removed at all exposures provided the 
addition of EDTA does not cause toxicity. If the effluent 
is less toxic (i.e., EDTA addition IC50 (or IC25) shows 
less toxicity than baseline test IC50 (or IC25)) in either 
of the EDTA addition dilution tests, then EDTA re- 
moved or reduced the toxicity and cationic metal toxic- 
ity is probably present. If, in either test, the effluent is 
more toxic than in the baseline test, EDTA itself may be 
causing toxicity and the test should be repeated using 
lower EDTA concentrations. If toxicity is not reduced 
below the baseline test, the probability of cationic met- 
als causing toxicity in the effluent is low and higher 
concentrations of EDTA can be tried, although this may 
or may not be useful. 

Table 6-4 shows the results of a chronic zinc test 
and the reduction of the toxicity by the addition of 
EDTA. When C. dubia were tested in very hard recon- 
stituted water, zinc was chronically toxic at 55 pg/I and 
EDTA was chronically toxic at 15 mg/I. When EDTA 

Table 6-4. The chronic toxicity of zinc (pg/l) to C. dubia in very hard 
reconstituted water and the toxicity of zinc when EDTA 
is added. 

Zinc’ Mean Young per Female 

Cont. EDTA Additions (mg/l) 

I@ 0 2.5 5.0 7.5 15 

0 19.2 18.6 17.5 17.6 6.8 

3.4 19.4 2 - - - 

14 17.8 22.0 23.2 20.8 1.8 

55 8.2 20.8 19.0 16.6 5.3 
- 

’ Measured values. 
2 EDTA not added to this zinc concentration. 

was added to solutions of 55 f.@l zinc at 2.5, 5.0, and 
7.5 mgIl EDTA respectively, the toxicity of the zinc was 
removed but at 15 mg/l EDTA, EDTA itself was toxic. 
Such trends may be similar to the toxicity reduction 
observed in effluents. If toxicity is reduced in a system- 
atic manner, such as in the example, proceed to Phase 
II methods for identification of those metal(s) which are 
chelated by EDTA. Additions of EDTA at 3 mg/l and 
8 mg/I removed the toxicity of copper to C. dubia in a 7- 
d two-renewal test with hard reconstituted water at 
levels of 210 us/I and 105 us/l of copper. In addition to 
removing toxicity due to metals, EDTA reduces the 
acute toxicity of some cationic surfactants. This reduc- 
tion of toxicity may also occur in chronically toxic efflu- 
ents, and the toxicity reduced by EDTA should not be 
assumed to be due only to cationic metals. See Sec- 
tion 6.4 Aeration Test for subsequent tests to conduct if 
cationic metals are not present in the effluent at chroni- 
cally toxic levels but EDTA reduced toxicity. 

Special Considerations/Cautions: If pH in the 
EDTA tests is greatly different from that in the baseline 
test, the test might need to be redone. There is no way 
to distinguish the effect of pH change on the toxicity of 
a pH sensitive toxicant (e.g., ammonia) from toxicity 
changes caused by EDTA. A change of 0.1 pH unit 
can cause substantial errors if ammonia is involved. 
Before the test is reinitiated, data from the graduated 
pH test should be examined to evaluate whether the 
toxicity is pH dependent. This test data may be useful 
in deciding whether the EDTA addition test should be 
redone. EDTA additions to dilution water are not rel- 
evant controls for the EDTA additions to effluent; there- 
fore, the roxiciry control is the baseline rest. The 
control of the baseline rest serves as the QC for the 
health of the test organisms, the quality of the dilution 
water, and general test conditions. 

If all dilutions where EDTA is added should cause 
mortality, one possibility is that the stock solution of 
EDTA is contaminated and the stock solution should be 
checked by conducting another test with a new EDTA 
stock. 

6.3 Sodium Thiosulfate Addition Test 
General Approach: Oxidative compounds (such 

as chlorine) and other compounds (such as copper and 
manganese) can be made less toxic or non-toxic by 
additions of sodium thiosulfate (Na,S,O,). Toxicity from 
bromine, iodine, ozone, and chlorine dioxide is also 
reduced. Sodium thiosulfate has been routinely used 
to reduce the toxicity of substances such as chlorine 
(EPA, 1989C). 

Reductions in effluent toxicity observed with so- 
dium thiosulfate additions may also be due to the for- 
mation of metal complexes with the thiosulfate anion 
(Giles and Danell, 1983). The ability of sodium thiosul- 
fate to form a metal complex is rate dependent and 
metal dependent (Smith and Martell, 1981) and sodium 
thiosulfate is not a particularly strong ligand for metal 
complexation. Cationic metals that appear to have this 
potential for complexation, based upon their equilibrium 
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stability constants, include cadmium, copper, silver, and 
mercury (*+) (Smith and Martell, 1981). The rate of 
complexation is specific for various metals and some 
cationic metals may remain toxic in the 24-h or 48-h 
renewal period of the chronic toxicity test due to the 
slow rate of complexation or the stability of the com- 
plex. The thiosulfate anion is not very stable, and the 
ability of sodium thiosulfate to complex the compound(s) 
causing chronic toxicity without daily renewals has not 
been tested completely. 

Recent findings have shown that the acute toxicity 
of certain cationic metals may be reduced by levels of 
sodium thiosulfate added in the acute Phase I tests 
(EPA, 1988A; EPA, 1991A). The acute toxicity of 
several cationic metals was shown to be removed by 
sodium thiosulfate in standard laboratory water. The 
acute toxicity at 4x the LC5Os of copper, cadmium, 
mercury, silver, and selenium (as selenate) to C.dubia 
was removed by sodium thiosulfate additions at levels 
suggested in the acute Phase I manual. However, for 
zinc, manganese, lead, and nickel, the acute toxicity 
was not removed by the sodium thiosulfate additions 
(Mount, 1991; Hackett and Mount, In Preparation). The 
toxicity of mercury with the addition of sodium thiosul- 
fate was reduced for 24 h but not 48 h which indicates 
it may not have been completely complexed by the 
thiosulfate. If the acute toxicity of metals can be re- 
duced or complexed by sodium thiosulfate, the same 
may be true for chronic toxicity. However, for C. dubia 
7-d tests with hard reconstituted water, sodium thiosul- 
fate levels of 5 mg/l and 10 mg/l did not remove or 
reduce the chronic toxicity of copper at the same con- 

centrations where EDTA complexed the toxicity (cf., 
Section 6.2). 

The test animals will probably tolerate more sodium 
thiosulfate than would ever be needed to render oxi- 
dants or metals non-toxic in effluent samples, espe- 
cially the fathead minnows in comparison to the C. 
dubia (Table 6-5). The presence of oxidants or 
complexable metals will reduce the concentrations of 
sodium thiosulfate below the nominal concentrations 
added. 

Table 6-5 gives the toxicity values in various recon- 
stituted waters. The effect concentrations for C. dubia 
and fathead minnows were measured in waters of dif- 
ferent hardnesses (soft, moderately hard, hard, and 
very hard water (EPA, 1989C)). For Ceriodaphnia, the 
results indicate that the sublethal toxicity is unchanged 
regardless of the water type (Table 6-5). The toxicity 
tests with sodium thiosulfate and fathead minnows (7-d 
growth test) indicate that the toxicity due to sodium 
thiosulfate is greater in softer waters. 

Methods: Two sets of effluent dilutions (such as 
25%, 50%, 100%) each set with a different level of 
thiosulfate concentration (Table 6-6) are prepared re- 
gardless of whether C. dubia or fathead minnows are 
used as the TIE test organism. The concentration of 
thiosulfate remains constant across one set of effluent 
concentrations within a series (identical to EDTA addi- 
tion rest). Small volumes (microliter) of the sodium 
thiosulfate stock solution should be added to minimize 
the dilution (5% of total volume). Non-toxic concentra- 
tions of sodium thiosulfate are used to reduce the pro- 

Table 6-5. Chronic toxicity of sodium thiosulfate (mgA) to C. dubia and /? promelas in various hardness waters using the 7d tests. 

Species 
Water 
Tvw 

IC50 IC25 
95% C.I. 95% C.I. NOEC LOEC 

C. dubia SRW 39 26 30 60 
30-42 15-33 

HRW 38 27 30 60 
26-44 20-36 

VHRW 43 34 30 60 
37-44 21-37 

P. pivmelas SRW 1.070 
1,041-1.1005 

MHRW 2,001 
1,891-2.161 

HRW 4,871 
4,633-5,051 

VHRW 8,522 
8,053-8.704 

820 750 l/=0 
785-859 

720 750 1.500 
550-l ,528 

3,590 3,ooo 6.0’33 
3,226-3,800 

6,780 6,(330 12,000 
6,065-7,073 

Note: Cl. = confidence interval; SRW = soft reconstituted water; MHRW = moderately hard reconstituted water; HRW = hard reconstituted 
water; VHRW = very hard reconstituted water. 
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Table 6-6. Concentrations of sodium thiosulfate to add for chronic 
TIES. Values given are the final exposure concentration 
in mgk 

Species Water Type’ Concentrations 
b-f@) 

c. ckhia 
and 

P. ptvmelas 
SRW, MHRW, HRW, VHRW 10 25 

1 In very soft water, the final concentrations of sodium thiosulfate 
must be lower in order to not have sodium thiosulfate induced 
toxicity, for example 1 .O mg/l and 5.0 mg/f. 

Note: SRW = soft reconstituted water, MHRW = moderately hard 
reconstituted water; HRW = hard reconstituted water, VHRW 
= very hard reconstituted water. 

bability of artifactual toxicity, yet sufficient concentra- 
tions are needed to remove/reduce oxidants. 

For a C. dubia test, to the first effluent dilution set 
(i.e., 25%, 50%, 1 OO%), 0.20 ml of sodium thiosulfate 
stock (2500 mg/l) is added to each 50 ml dilution to 
obtain final concentrations of sodium thiosulfate of 10 
mg/l. To the second effluent dilution set, 0.50 ml of the 
same stock solution is added to 50 ml of each test 
dilution to obtain final concentrations of 25 mg/l (Table 
6-6). 

The fathead minnow test is similar except that 
twice the volume of the same thiosulfate stock is needed 
(because of 100 ml test volumes) to achieve the same 
final concentrations (Table 6-6). 

The sodium thiosutfate is not added to a batch of 
the effluent on day 2; rather, at each renewal, sodium 
thiosulfate is added to the renewal test solutions in a 
manner identical to the way they were first prepared. 

interpretation of Results/Subsequent Tests: The 
results of the sodium thiosulfate addition tests are 
compared to one another and to the baseline rest 
results to determine whether or not toxicity reduction 
occurred. Toxicity may be completely reduced, par- 
tially reduced, or not reduced. If toxicity appears to be 
reduced and/or removed, then more tests to determine 
whether the toxicity is due to an oxidant or to some 
metal should be performed. When chlorine concentra- 
tions are ? 0.1 mg/l total residual chlorine (TX), there 
may be a toxicity problem for C. dubia. A significant 
drop in the chlorine level in the whole effluent may 
occur in the first 24-h period after sample collection and 
testing. Therefore, tests repeated on an aged sample 
may give different results if an oxidant is involved but 
may give the same results if a metal is involved. 

For cases where oxidants account for only part of 
the toxicity, sodium thiosulfate may only reduce, not 
eliminate, the toxicity. Yet the sodium thiosulfate addi- 
tion rest is useful even when chlorine appears to be 
absent in the effluent. Oxidants other than chlorine 
occur in effluents, and even if the effluent is not chlori- 
nated this test should not be omitted. Both thiosulfate 
and EDTA reduce the toxicity of some metals and this 

information can be helpful in identifying the toxicant. 
(However, this effect of thiosulfate/metal complexation 
has not been demonstrated for chronic toxicity.) In 
cases where both the sodium thiosulfate addition rest 
and the EDTA addition rest reduce the toxicity in the 
effluent sample, there is a possibility that the toxicant 
may be a cationic metal(s). Many oxidants are reduced 
by aeration but if aeration does not reduce toxicity, 
Phase II methods for identification of cationic metal(s) 
toxicants should be investigated. No change in toxicity 
suggests either no oxidants or certain metals. 

Special Considerations/Cautions: The general 
test conditions, quality of the dilution water, and health 
of the test organisms are tracked by the controls in the 
baseline test. Additions of sodium thiosulfate to dilu- 
tion water are not relevant confrols for thiosulfate addi- 
tions to effluent to determine if the thiosulfate was toxic. 
Therefore the toxiciv control is the baseline test. 

If all dilutions where sodium thiosulfate is added 
should exhibit mortality, one possibility is that the stock 
solution of sodium thiosulfate is contaminated and this 
phenomena should be checked by conducting another 
test. 

6.4 Aeration Test 
General Approach: Changes in toxicity due to 

aeration at pH i may be caused by substances that are 
oxidizable, spargeable, or sublatable. The chemicaU 
physical conditions of the aeration process will also 
affect whether or not the toxicity is reduced or re- 
moved. 

Sparging of samples is done using air which in- 
cludes oxidation as a means of toxicity removal. In our 
experience, typically volatile compounds that are highly 
water soluble (such as ammonia) will not be air-stripped 
at pH i by this method. If aeration is one of the 
mechanisms that removes the toxicity, then additional 
tests must be performed to identify which mechanism is 
removing the toxicity. Subsequent tests with nitrogen 
can be used to determine if toxicity reduction was due 
to oxidation. Also, air or nitrogen sparging can cause 
surface active agents to subl#e. As bubbles break at 
the surface, sublatable compounds will be deposited on 
the sides of the aeration vessel. Sublatable toxicity 
identification requires special sample removal and rins- 
ing (see below). A visible deposit does not indicate the 
presence or absence of such toxicants. 

Methods: For the aeration process, the volume 
of effluent and dilution water aerated is kept the same 
even though all of the dilution water volume is not 
needed for the aeration blank. The flow rate, bubble 
size, geometry of apparatus and time of aeration should 
be consistent among treatments. Taller water columns 
and smaller bubbles should ensure better stripping; 
therefore, the aeration vessel should be half-full or 
greater for this process. Each aliquot (effluent and 
dilution water) should be moderately aerated for a stan- 
dard length of time (60 min). Use of gas washing 
bottles (Kontes Glass Co., Vineland, NJ) fitted with 
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glass frit diffusers located at the bottom of the vessel 
for aeration is suggested because they sparge the 
sample effectively. During aeration, the pH of the 
effluent is not maintained at “pH i.” 

The volume of effluent aerated should be the same 
for either a 4-d C. dubia test or a 7-d C. dubia two 
renewal test (four dilutions, five replicates for each 
dilution; see Section 5), although there is excess of 
solutions for the 4-d test. Use of 300 ml of effluent (or 
dilution water) in a 500 ml gas washing bottle or 500 ml 
in a 1 L bottle and a flow-rate of 5OOmUmin is sug- 
gested. Any loss of volume and any formation of 
precipitates should also be recorded. 

Interpretation of Results/Subsequent Tests: If 
the aerated effluent has less toxicity than the baseline 
test, and the aeration blank is not toxic, aeration was 
effective in reducing toxicity. If the toxicity of the 
aerated effluent is less than the baseline test, even 
though the aeration blank is toxic, the results indicate 
that aeration is an effective removal technique. If the 
effluent toxicity is not reduced or it is more toxic after 
aeration than in the baseline test (and the aeration 
blank was non-toxic, then either toxicity was concen- 
trated during the aeration process or toxicity was added 
or created during the aeration process (see Special 
Considerations/Cautions below). 

Typically, using this aeration technique, ammonia 
is not air-stripped from the sample at pH i. However, if 
total ammonia is at least 10 mg/l or higher and the pH 
is above 8.0, ammonia measurements in the aerated 
sample may be useful if the aeration manipulation re- 
sulted in a toxicity reduction. 

If a substantial reduction in toxicity is observed, 
then the mechanism for the toxicity removal must be 
determined. To determine if the reduction is due to 
oxidation, sparging, or sublation, the air should be re- 
placed by nitrogen. The flow of nitrogen through the 
sample must be the same as for air. If nitrogen sparging 
as well as air sparging removes or reduces the toxicity, 
then oxidation as the removal process is eliminated. If 
aeration only succeeds in reducing toxicity, then oxida- 
tion may be involved. It is possible that a toxicant can 
be removed through sparging and oxidation in which 
case air should reduce toxicity more than nitrogen. 

The presence of sublatable substances can be 
determined (whether air or nitrogen is used) by remov- 
ing the aerated sample from the aeration vessel by 
siphoning or pipetting without contact with the sides of 
the aeration vessel. The geometry of the aeration 
vessel (i.e., at least a half-full cylinder) must remain the 
same as in the initial aeration experiment but the recov- 
ery of sublated compounds can be difficult. Dilution 
water added to the aeration vessel is used as a rinse to 
remove the sublate residue on the walls. To attempt 
this recovery, use of graduated cylinders with ground 
glass stoppers has been successful for acute testing 
(EPA, 1991A) because the water can be shaken vigor- 
ously to contact all surface areas to recover the 

sublatables. This sublation procedure is effective for 
dissolved surfactants, and while sewage particles ad- 
sorb surface active particles tightly, the actual sublation 
process may take some time (i.e., ~1 h) (AHPA, 1989). 
If toxicity is not recovered from the vessel walls, the 
presence of such compounds cannot be ruled out. 
Specific procedures, for the larger volumes needed in 
the chronic tests, have not yet been developed. 

In some instances, sublatable toxicants may not be 
removed by dilution water, and the use of solvents 
(e.g., methanol) may be needed for better recovery. 
However, the solvent will have to be reduced in volume 
(aired down) in order to have an adequate concentra- 
tion factor in the test solution and a sufficiently low 
concentration of solvent for the subsequent toxicity 
tests (see Sections 6.7 and 6.8 for methanol toxicity 
information). Of course, dilution water blanks must 
also be subjected to all steps to check for artifactual 
toxicity. 

Special Considerations/Cautions: Removal of 
compounds by precipitation can occur through oxida- 
tion. However, the filtration test should not change 
toxicity of the effluent if oxidation is involved but filtra- 
tion might also remove the toxicity of some sublatable 
compounds absorbed to particles and therefore the 
results of the aeration test can be compared to the 
filtration test. 

Use of nitrogen to sparge the sample is likely to 
drastically reduce the DO. For instance, 1 h of nitrogen 
sparging has caused the DO to drop below 4 mgIl. To 
increase the DO before initiating the test after a sample 
has been sparged with nitrogen, transfer the sample to 
a container with a large surface area to water volume 
ratio. The DO should rise to >5 mg/l without additional 
aeration. 

The baseline test serves as the toxicify control and 
the aeration of the dilution water (aeration blank) pro- 
vides information on the system apparatus. The gen- 
eral test conditions, quality of the dilution water, and 
health of the test organisms are tracked by the controls 
in the baseline test. No significant toxicity should occur 
in the aeration blank. Toxicity in the aeration blank 
implies toxic artifacts from the aeration process, the 
glassware, or a dilution water problem. If the aeration 
blank is toxic, check the results of the test of the 
filtration blank. If both blanks are toxic, then most likely 
there is a problem with the dilution water but if only the 
aeration blank is toxic, artifactual toxicity arose during 
that manipulation. 

6.5 Filtration Test 
General Approach: Filtration of the effluent sample 

provides information on whether the toxicity is filterable 
yet provides relatively little specific information about 
which class of toxicant may be causing the toxicity. 
Reductions in the toxicity caused by fittering alone may 
imply toxicity associated with suspended solids or re- 
moval of particle-bound toxicants. Whether compounds 
in the effluent are in solution or sorbed to particles is 
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dependent on particle surface charge, surface area, 
compound polarity and charge, solubility, and the ma- 
trix of the effluent. If particles are removed, other 
compounds may be bound to them and are not avail- 
able to cause toxicity. The way the toxicant is bound to 
the particulates is probably more important when using 
fifter feeders as the toxicity test organism in short-term 
chronic tests. This is primarily a route of exposure for 
filter feeders as compared to the fathead minnow. Tox- 
icity can also be reduced by filtering if a toxicant is 
not particle-associated; we have observed that some 
chemicals in a dilution water stock are removed by 
filtering (e.g., DDT). 

The filtration step also serves an important purpose 
for another Phase I manipulation, the solid phase ex- 
traction (SPE) (Section 6.6), where aliquots of the efflu- 
ent typically must be filtered before application to the 
SPE sorbent (see Interpretation of ResuWSubsequent 
Tests below). If many particles are present in the 
sample, the sorbent may act as a filter itself or the 
column will become plugged. 

Methods: The use of a positive pressure filtration 
system is superior to the use of a vacuum filter be- 
cause volatile compounds may be removed by vacuum 
filtering and hence confuse the effect of filtering (see 
lnterprefafion of ResuWSubsequent Tests). 

As in the acute Phase I, prepare the filters (typically 
1 urn glass fiber filters without organic binder) by pass- 
ing an appropriate volume (approximately one-fourth of 
effluent volume to be filtered) of high purity water over 
the filter(s) in the filter housing. This water is dis- 
carded, a small aliquot of the dilution water is filtered 
(prepare excess, at least 500 ml for the C. dubia 7-d 
test and 800 ml for the fathead minnow 7-d test) and 
discarded (100 ml) and the rest collected. A portion of 
the filtered dilution water is collected and used for 
testing and a portion reserved for the posf C,, SPE 
column test b/an& (Section 6.6). For example, the last 
400 ml of the filtrate is collected for the C. dubia 7-d 
filtration blank and post C,, SPE column blank tests. 

Next the effluent sample is filtered using the same 
filter, and a portion of the filtrate is collected for toxicity 
testing and a portion set aside that will be concentrated 
on the C,, column. When filtering the effluent, fitter 
enough sample for this test and enough sample (>l L) 
to use for the SPE step described below. For some 
effluents, one filter will not suffice. A technique we use 
is to prepare several filters at once by stacking 5-8 
filters together followed by rinses of high purity water 
and dilution water using the same rinse volumes as 
above. Then the filters are separated, and set aside, 
using one at a time for the effluent sample. If the 
samples measure quite high in total suspended solids, 
pre-filtering using a larger pore size filter may help. 
Again, appropriate blanks must be obtained for any 
pre-filtering. Low levels of metals on the glassware or 
the filters could cause interferences in toxicity interpre- 
tation. Pre-rinsing the filters and glassware with high 
purity water adjusted to pH 3 may provide consistently 

clean blanks and possibly less contamination in effluent 
samples. If the sample cannot be effectively/easily 
fiftered due to many fine particles, centrifuging may be 
better (again blanks must be prepared). 

The filter housing should be thoroughly cleaned 
between effluent samples to prevent any particle build- 
up or toxicity carryover. We have found large fitter 
apparatus (1 L), removable glass frits, or plastic filtering 
apparatus (Millipore@) to be useful. The glassware 
cleaning procedure that is described in the acute Phase 
I TIE manual should be sufficient for chronic TIE work 
(EPA, 1991A). The glass frits may require rigorous 
cleaning (i.e., soak in strong acid (10% v/v) for 20-40 
min) to remove residuals that may remain after filtering, 
since the glass frit may itself act as a filter, 

Interpretation of Results/Subsequent Tests: If 
toxicity in the whole effluent is reduced by filtration, a 
method for separating the toxicants from other constitu- 
ents in the effluent has been achieved. This should 
advance the characterization considerably because any 
subsequent analysis will be less confused by non-toxic 
constituents. If appropriate, one should determine if 
toxicity loss was due to volatilization. Comparisons of 
pressure filtering and vacuum filtering should indicate if 
volatilization is involved. For further characterization, 
the mechanism of removal should be determined (pre- 
cipitation, sorption, changes in equilibrium or volatiliza- 
tion). 

Identification efforts should be focused on the resi- 
due on the filter after testing indicates that the toxicant 
is not volatile. To recover the toxicity from the filter(s), 
use of acidic and basic water as well as various organic 
solvents can be tried. The recovery achieved by these 
various methods provides information about pK and 
water solubility of the toxicants. Filtration has reduced 
the quantity of total cationic metals present in some 
effluents. The recovery of the metal and acute toxicity 
was successful when dilution water adjusted to pH 3 
was used to extract the filter (EPA, 1991A). Filter 
extraction into smaller volumes than that of the effluent 
sample filtered will give a higher concentration of toxi- 
cant, perhaps allowing the use of acute test endpoints. 
However, evidence then must be gathered to be sure 
the toxicants causing acute toxicity are the same as 
those causing chronic toxicity. Use of solvents will 
require solvent reduction or solvent removal (exchange) 
before testing (see Phase II; EPA, 1992A). Sonication 
of filters is another approach but the manipulation must 
be accompanied by proper blanks in similar fashion to 
those needed for the pH 3 extraction of the filter extrac- 
tion step described above. 

If large volumes of an effluent (-2 L over one 1 pm 
filter) can be readily filtered, the effluent should be 
filtered for the filtration test and unfiltered effluent can 
be passed over the C,, SPE column (see Section 6.6; 
Post C,, SPE column tesf). Once it has been demon- 
strated that filtration does not reduce toxicity in the 
effluent, and the toxicity is recovered in the methanol 
eluafe test the routine filtering can be eliminated. By 
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this approach the amount of testing to be done is 
decreased, yet the tracking of toxicity is possible. We 
have infrequently experienced any effluents that have 
low amounts of filterable solids where the effluent could 
be concentrated without filtering. If any effluent sample 
has reduced toxicity in the filtration test and toxicity is 
not observed in the methanol eluate rest, characteris- 
tics of the toxicant will be described as filterable and 
not C,, recoverable. 

If the toxicity cannot be recovered from the filter, 
was not volatile (see Section 6.4 aeration test) and no 
other manipulations changed toxicity, use of Tier 2 is a 
good subsequent step. Toxicity could have been re- 
moved by the glass frit, and use of a plastic filter 
apparatus or stainless steel frits may assist in identify- 
ing that the toxicant removed is on the frit or filter. 
Filter-removable toxicity in Tier 2 is more difficult to 
identify (because of the radical pH adjustments) be- 
cause of irreversible reactions and potential for artifac- 
tual toxicity (see Section 6.12 below). 

Special Considerations/Cautions: The filtered 
dilution water and filtered effluent sample also serve as 
the toxicity blank and toxicity control respectively for 
the post C,, SPE column test (see Section 6.6). The 
results of the effluent filtration test should be compared 
with the filtration blanks and no major change in the 
trend of young production, growth or survival should 
occur in the filtration blanks in comparison to the con- 
trols in the baseline fesf. If the filtration blanks are 
acceptable, then the results of the filtration test and the 
baseline rest should be compared. 

As a toxicity blank for the SPE tests, if the filtration 
blank is either slightly or completely toxic, but the post 
C,, SPE column effluent is not toxic (and effluent toxic- 
ity was unchanged after filtration), the filtration blank 
toxicity can be ignored since the effluent toxicity was 
removed. However, as work proceeds to identification, 
the blank toxicity will have to be eliminated or else it 
could introduce an artifact and lead to a misidentification 
of the cause of toxicity. 

6.6 Post C,, Solid Phase Extraction Column 
Test 

General Approach: The C,, SPE column is used 
to determine the extent of the effluent’s toxicity that is 
due to compounds that are removed or sorbed onto the 
column at pH i (cf., post C,, SPE column and pH 
adjustment test; Section 6.13 below). By passing efflu- 
ent through a SPE column, non-polar organics, some 
metals, and some surfactants are removed from the 
sample. In addition, these columns may also behave 
as a filter (see filtration test above). 

Compounds in effluent samples interact with the 
C,, and depending upon the polarity and solubility of 
the compounds, the sorbent may extract the chemicals 
from the water solution/effluent onto the column. Ex- 
traction occurs when the compounds have a higher 
affinity for sorbent than for the aqueous phase. Non- 
polar organic chemicals are extracted because the C,, 

sorbent is very non-polar in comparison to the polar 
water phase; this extraction process is referred to as 
reverse phase chromatography. 

The effluent that passes over the column is col- 
lected and the post-column effluent is toxicity tested in 
order to determine if the column removed toxicity. If 
the toxicity of the post-column sample is decreased, 
removal of toxicant by the column is probable but if it 
is not, artifactual toxicity may be obscuring the removal. 
Steps to deal with this are given below in lnferpretafion 
of Results/Subsequent Tests. If the post-column sample 
is highly toxic, the capacity of the column to extract the 
toxicants may be exceeded or the column may have 
been inadequately conditioned. 

Because toxicity may be retained by the C,, col- 
umn, efforts to recover the toxicity are necessary. After 
a sample is passed over the C,, column, many of the 
compounds extracted by the sorbent at a neutral pH 
should be soluble in less polar solvents than water (i.e., 
hexane, methylene chloride, methanol, chloroform). 
However, most of the non-polar solvents are highly 
toxic to aquatic organisms. Sorbed non-polar organics 
are eluted from the column because they have higher 
affinity for the non-polar solvent than the C,, sorbent. 
The methanol eluafe test (Section 6.7) is designed to 
determine if toxicants are non-polar. 

Methods: The toxicity of the effluent, the type of 
test to be conducted, and the frequency of the solution 
renewal affect how much effluent must be filtered and 
passed over the C,, SPE column. First, the concentra- 
tions and the volume of the eluate needed for the 
methanol eluate test (Section 6.7) to test at 2x or 4x 
the whole effluent concentrations should be determined 
(keeping in mind that the methanol test level must be 
below the chronic threshold level for the species used; 
Section 6.7). However, limiting factors of the maximum 
volume to apply to a column, the minimum elution 
volume required, and the concentration that can be 
obtained within these confines must be calculated 
(Tables 6-7 and 6-8). 

For example, our procedure has been to pass 1000 
ml of 100% effluent over a 1 g (6 ml) column and elute 
with 3 ml of methanol which results in a theoretical 
333x concentrate. The 1000 ml is the limit of sample 
volume over a 1 g (6 ml) column and the 3 ml methanol 
elution is slightly more than the minimum elution vol- 
ume required (Table 6-7). However to test C. dubia at 
4x, and to have the methanol concentration at a non- 
toxic chronic level (Table 6-9), the 3 ml must be further 
concentrated to 1.5 ml (now 666x whole effluent con- 
centration). At present 3 ml of the eluate is concen- 
trated in graduated centrifuge tubes to 666x by using a 
gentle stream of nitrogen gas over the surface of the 
methanol eluate in a warm water bath (2530°C) to 
concentrate the 333x eluate to a final volume of 1.5 ml. 
For five replicates of 10 ml each, 0.30 ml of the eluate 
can be added to 50 ml of dilution water and the result- 
ant effluent concentration is 4x and the methanol con- 
centration is 0.6%. However the 1.5 ml eluate from the 
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Table 6-7. Factors to consider for the size of available pm-packed C,, SPE columns. Appropriate volumes of sample to apply to each 
column with respect to maximum volumes of sample and minimum elution volumes, and elution volumes frequently used in the 
TIE process. 

Size (ml) 
Conditioning 
Volume (ml) 

Maximum Minimum 
Volume (ml) Elution 
of Effluent Volume2 

Methanol 
Elution 

Used (ml)3 

No. 
Methanol 
Fractions4 

Eluate 
Concentration 

6 1 10 1.m 2.0, 2.4 35.2.4 3 333x5, 417x 

12 2 24 2wJ 4.8 3 3 417x 

20 5 40 5,~ 12 6 3 417x 

60 10 120 10,000 24 12 3 417x 

I 1 g columns are available from J.T. Baker Chemical Company, Phillipsburg N.J. (1 g, 6 ml columns have been extensively used at ERL- 
Duluth). 1 g. 2 g. 5 g, and 10 g columns are available from Analytichem International, Mega Bond Elut R(, Harbor City, CA. Pumping rates 
for each column are proportional to volume based on 1 L at 5 mllmin; therefore 2 L at 10 mllmin, 5 L at 25 mUmin, and 10 L at 50 ml/min. 
We are currently evaluating the minimum elution volumes to determine if less etuting solvent can be used. Pumping rates for 5 L and 10 L 
may need to be slower when eluting each column, Yet how much the pump should be slowed will be a function of the toxicants. The 
contact time of the elution solvent with C,, sorbent may need to be increased if toxicity is not recovered in the methanol eluates. 

z Minimum elution volume as recommended by the manufacturers. For the 1 g column, J.T. Baker recommends 2.0 ml and Mega Bond 
Elut”” recommends 2.4 ml, but 2.0 ml is probably adequate. 

3 Elution of two one-half volume aliquots is better for optimizing the elution efficacy 

4 For each fractionation of any size column, collect three separate 100% methanol fractions to use in mefhanol hate test to attempt 
recovery of the non-polar toxicants (see text for more details). 

5 This procedure has been routinely used for acute TIES. To maximize concentration and minimize methanol levels in concentration and 
minimize methanol levels in toxicity tests it is best to use the minimum elution volumes recommended by the manufacturer. 

1 L fractionation will allow testing of 4x, 2x, lx only if 
two solution renewals are used (Table 6-8). Daily 
renewals for a 7-d C. dubia test require a total of 3.7 ml 
at a water concentration of 0.6% methanol (which means 
3 L of effluent must be fractionated to obtain 9 ml of 
333x eluate which is concentrated to 4.5 ml to test at 
4x) (Table 6-8). 

To test at 2x using a 417x eluate from a 2.4 ml 
elution, 0.048 ml in 10 ml will result in the 2x test 
concentration. For a 7-d, daily renewal test at 2x, lx, 
0.5x, 3.0 ml is needed (5 replicates of 10 ml each) 
which will require 1 L of effluent to be concentrated 
(Table 6-8). By this procedure the final methanol con- 
centration is 0.48%. The 417x concentrate can also be 
concentrated to 834x and use 0.048 ml00 ml to test 
the eluate at 4x. 

For the 7-d fathead minnow test using 50 ml per 
replicate and two replicates, a total of 7.4 ml of a 
methanol eluate is needed for test initiation and six 
renewals, which requires fractionation of 3 L of effluent. 
This assumes the methanol test concentration between 
species are kept the same. Actually the fathead min- 
nows could probably be tested at methanol concentra- 
tions of -l%, and using 0.96 ml of the 417x eluate per 
100 ml will result in 4x effluent test concentration and a 
1% methanol concentration (Table 6-9). 

The methods below assume one effluent volume 
(usually the 100%) is concentrated and the post col- 
umn effluent sample collected and used for all solution 
renewals during the test (Table 6-8). The procedure 
described below is an overview of the steps needed to 

prepare the column, collect methanol blanks, recondi- 
tion the column, collect post-column effluent, and col- 
lect methanol eluate (steps needed for this test and the 
next test-Section 6.7). All steps are detailed in the 
acute Phase I manual (EPA, 1991A), and the major 
difference for the chronic Phase I is that fewer post- 
column samples (one or two versus three) are col- 
lected. 

The general technique for conditioning and using 
the prepackaged SPE columns is as follows. Using a 
pump system with a reservoir for the effluent sample 
and teflon tubing, first pump lo-120 ml of HPLC grade 
methanol over the column to condition the sorbent 
(Table 6-7). This methanol is discarded. Without 
letting the column go to dryness, 1 O-120 ml of high 
purity water is passed over the column and discarded. 
Next, before the methanol blank is collected, the col- 
umn is allowed to go to dryness. For 1 L of sample and 
a 1 g (6 ml) column, two 1.5 ml aliquots of 100% 
methanol are collected, combined, and tested as the 
blank. The elution is more efficient when two aliquots 
of 1.5 ml are collected in contrast to one elution of 3 ml. 
The collection of three 100% methanol eluates (2.4 or 3 
ml each) has been more helpful for tracking toxicity 
than only one 100% methanol eluate sample. The use 
of three 100% methanol elutions is replaced when the 
Phase II fractionation procedures are applied. These 
100% methanol eluates may need to be concentrated 
prior to testing (see Section 6.7). The containers to 
collect the methanol should be acid leached, hexane 
and acetone rinsed, and allowed to dry before use. 
After the methanol blank is collected, the column must 

6-12 

RB-AR27845



Table 6-8. Test volume of eluate needed for methanol &ate test with C. dubia or f. promelas. Volumes described are based on minimum 
elution volumes recommended (Table 6-7) and the highest test concentration possible with the methanol level at an acceptable 
concentration. 

Test Test 
Species Duration 

No. Renewals High No. Volume of Eluate Test Minimum 
8 Original Test Cont. Rep. Needed for Testing at: Concentrations Volume (L) 

Sample 333x’ 417x2 of Effluent’ 

C. dubia 411 2 
C. dubia 4-d 4 
C. tibia 7d 3 
C. tibia 7-d 7 

C. tibia 4-d 
C. tibia 4d 
C. dubia 7-d 
C. dubia 7-d 

P. promelas 
P. promelas 
P. promelas 
P. pmmelas 

7-d 
7d 
7-d 
7-d 

2x 
2x 
2x 
2x 

2x 
2x 
2x 
2x 

2x 
2x 
4x 
4x 

10 
10 
10 
10 

2 
4 
2 
4 

1.05 
2.10 
1.56 
3.66 

0.64 2x, lx, 0.5x 
1.66 2x. 1x. 0.5x 
1.26 2x; 1x, 0.5x 
2.94 2x, IX, 0.5x 

2.10 1.66 2x, IX, 0.5x 
4.10 3.36 2x, lx, 0.5x 
3.16 2.52 2x, IX, 0.5x 
7.35 5.66 2x, lx, 0.5x 

7.35 5.66 2x, IX, 0.5x 
14.70 11.76 2x, IX, 0.5x 
14.70 11.76 4x, a, 0.5x 
29.40 23.52 4x. a, 0.5x 

1 
1 
1 
2 

1 
2 
2 
3 

3 
5 
5 
10 

’ For the 333x eluate concentration, this volume is based on the assumption that the C. dubia test solutions are prepared as 300 pl of 333x 
into 50 ml for 2x, 150 pl into 50ml for lx, and 75 pl into 50 ml for 0.5x. More volume will be needed if serial dilutions are prepared (600 pl 
vs 525 ~1). For the fathead minnow tests this assumes test solutions are prepared as 600 ~1 into 100 mL for 2x, 300 PI into 100 mL for lx, 
and 150 1.11 into 100 mL for 0.5x. More volume will be needed if serial dilutions are prepared (1200 pl vs 1050 ~1). 

2 For the 417x eluate concentration, this volume is based on the assumption that the C. dubia test solutions are prepared as 240 @ of 333x 
into 50 ml for 2x, 120 pl into 5Oml for lx, and 60 @ into 50 ml for 0.5x. More volume will be needed if serial dilutions are prepared. For the 
fathead minnow tests this assumes test solutions are prepared as 460 ~1 into 100 ml for 2x. 240 fl into 100 mL for lx, and 120 fl into 100 
ml for 0.5x. More volume will be needed if serial dilutions are prepared. For the 4x fathead minnow test, 960 pl per 100 ml must be 
prepared for the 4x solution. 

3 Volume is based on high test concentration (2x or 4x) tested without concentration to obtain eluate twice as concentrated. If further 
concentration is needed. twice as much effluent will be needed. 

Table 6-9. Chronic toxicity of methanol (%) to C. dubia and P. promelas using the 7-d tests. 

Water Test IC50 IC25 
Species Type Renewal 95% C.I. 95% C.I. NOEC LOEC 

C. dubia SRW daily 1.2 
1.1-1.2 

0.45’ <0.5 - 

0.35-l .o 

SRW twice 1.4 0.45’ <0.5 - 
- 0.36-0.70 

SRWz twice 1.2 0.59 0.75 1.5 
0.69-l .7 0.29-0.95 

SRW twice 1.3 0.63 0.75 1.5 
- 0.34-l .o 

P. promelas SRW daily 2.1 1.34 1.3 2.5 
2.0-2.2 0.27-l .5 

’ Value is extrapolated. 
z Tests all conducted independently. 

Note: C.I. = confidence interval; SRW I soft water 
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be reconditioned with lo-120 ml of methanol (which is 
discarded). Without allowing the column to go to dty- 
ness, follow the methanol with an aliquot (1 O-l 20 ml) of 
high purity water, immediately followed by an aliquot of 
filtered dilution water. The amount of filtered dilution 
water needed will be dependent on the species and 
type of test to be conducted. The initial aliquot of the 
post-column water should be discarded (-200 ml) and 
the remainder of the post column dilution water should 
be collected. This post-column dilution water sample 
will serve as the dilution water blank for the post C,, 
SPE column test. 

In order to optimize concentration of an effluent 
sample and not exceed the specifications of the sor- 
bent capacity, when the maximum volume (Table 6-7) 
of a sample is passed over a column, the sorbent must 
be reconditioned following the collection of the post 
column dilution water. For example if 1.2 L of dilution 
water is needed and 5 L of effluent is to be concen- 
trated on a 5 g column, without reconditioning the 
column between the dilution water and the effluent, the 
sorbent’s capacity is likely to be exceeded. Toxicity 
might be observed in the post C, SPE column resr 
because of the excessive volume d dilution water and 
5 L of effluent. The procedures for conditioning the 
column are similar to those above. The appropriate 
amount of methanol (Table 6-7) is used to condition the 
sot-bent and the methanol is discarded. Before the 
column goes to dryness, follow the methanol with an 
aliquot (lo-120 ml) of high purity water, immediately 
followed by the volume of filtered effluent to be concen- 
trated. Again, collect about 200 ml of the post-column 
effluent and discard it. This is discarded to reduce the 
possibility of higher background concentrations of metha- 
nol in the post-column sample which might contribute 
to artifactual toxicity. Collect remainder of post-column 
effluent as a batch or in aliquots. If small quantities 
(~500 ml) of post-column effluent are needed for toxic- 
ity testing, separate post-column effluent samples may 
help determine if toxicity breakthrough occurred, and 
concentration factors will be different for the lower vol- 
umes. 

Interpretation of Results/Subsequent Tests: The 
extraction efficiency of the column is evaluated by com- 
paring the toxicity in the post C, SPE column rest to 
the Warion test data. This post C!,, SPE column rest is 
most useful when there is no post-column toxicity, and 
filtration did not reduce toxicity. 

When toxicity in the post-column effluent is re- 
duced or removed, then the next step is to compare the 
results with the methanol e/u&e test. If toxicity was 
recovered in the methanol eluates (see Section 6.7 
below), then efforts to identify the toxicants (Phase II) 
should be initiated immediately. 

If the post-column effluent toxicity was removed or 
reduced, but toxicity was not recovered in the methanol 
eluates (see below), it is possible that the toxicant is 
not eluded into 100% methanol and the C,, SPE column 
contains the toxicant. Use of the gradient of methanol 

and water fractions should be tried as well as testing 
the eluate at higher concentrations than 2x (i.e., 4x or 
8x). If those tests do not indicate toxicity present in the 
eluates (see below) alternate elution schemes (EPA, 
1992A) must be tried to recover the toxicant. It is 
important to recognize that the toxicity removed by the 
C,, SPE column is not necessarily due to non-polar 
compounds. Metals can be removed from some efflu- 
ents via the C,, SPE sorbent. However, metals are not 
efficiently eluted in methanol or other organic solvents. 
Acid adjusted (pH 3) dilution water may be needed to 
elute toxicant from the column. If this is done, the 
pumping rate of the pH-adjusted water should be slowed 
(perhaps by one-fourth of original pumping rate) to 
allow adequate contact time to elute the compound 
from the sorbent. In addition, compounds such as 
polymers or surfactants may be sorbed onto the col- 
umn and some will elute with methanol while others do 
not. 

The column can act as a filter itself and the various 
solvents used do not elute the toxicant. To check 
whether the C,,column is acting as a filter, unfiltered 
effluent can be passed over the C,, column and toxicity 
test results compared to those from the filtered effluent 
sample simultaneously. When effluent samples are 
readily filtered (e.g., 21.5 L for one 1 pm filter) filter the 
effluent to conduct the filtration test and use unfiltered 
effluent for the post C SPE column test and the 
methanol eluare test. VI&en toxicity can be recovered 
in the methanol eluate, the toxicant is most likely to 
be non-polar and since filtration can be eliminated for 
subsequent identification steps the amount of testing is 
subsequently reduced. 

If the post-column toxicity was reduced and/or re- 
moved but not recovered in the methanol eluare rest, 
the possibility exists that the toxicant has degraded or 
decomposed during the manipulation and the toxicant 
was not concentratable. 

As mentioned above, when no toxicity occurs in the 
post-column effluent (or the toxicity is reduced), and yet 
the methanol eluare test did not exhibit toxicity, metals 
may be involved or a non-polar that was not recovered 
in the solvent may be involved (discussed above). To 
check for cationic metal toxicity, the post C SPE 
column tesr should be combined with the EDTladdi- 
rion test and the sodium rhiosulfare addition rest to 
characterize the post-column toxicity (see Section 6.16, 
multiple characterization rests). 

For effluents that have shown that the toxicant is 
C,, recoverable, but the degradation of toxicity occurs 
fairly rapidly (i.e., the effluent sample is non-toxic in l-2 
weeks), it may be prudent to concentrate additional 
volumes of effluent immediately after the effluent ar- 
rives at the testing laboratory. Non-polar toxicants may 
not degrade in the methanol fractions as quickly in the 
effluent samples. Collect the methanol fractions (three 
100% fractions) or the various methanol/water fractions 
as described in Phase II (EPA, 1992A) and hold them 
at 4°C for analysis as the TIE proceeds. Similarly, 
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once the cause of toxici& has been determined to be 
non-polar (C, extractable) it might be more appropriate 
to immediately concentrate 10 to 20 L of effluent and 
for the elution step, replace the three 100% methanol 
elutions with the methanol/water procedures (EPA, 
1992A). For chronic work, we have been using seven 
water/methanol fractions (50%, 75%, 80%, 85%, 90%, 
95%, and 100%) rather than the eight used in acute 
TIES because the toxicity has never recovered in the 
25% fraction and by eliminating if the testing workload 
is reduced. It may be prudent to try two additional 
100% methanol fractions following the seven fractions 
as well or follow it with alternate elution schemes (cf., 
Phase II; EPA, 1992A). By immediately concentrating 
the effluent, it is possible to optimize the amount of 
methanol available for testing and subsequent concen- 
tration for analysis and the post-column samples can 
be tested at one time. This eliminates duplication of 
effort that is required when additional methanol eluate 
is needed for subsequent work in Phase II. 

Artifactual toxicity in the test containers may ap- 
pear as a biological growth in the 100% post-column 
effluent and the effluent dilutions during the test. Efflu- 
ents from biological treatment plants may develop this 
characteristic more readily than physical-chemical treat- 
ment plant effluents. This growth can negate actual 
toxicant removal by the column. While this growth 
does not occur in all effluents, when it does occur with 
one post-column effluent sample, the growth often oc- 
curs in each subsequent post-column effluent sample. 
The growth appears as a filamentous growth and gives 
a milky appearance in the test vessel. This growth has 
been linked to methanol stimulation of bacterial growth. 
Methanol is present in the post-column samples be- 
cause methanol is constantly released from the sorbent 
during the sample extraction. Additional filtering of the 
post-column effluent sample through a 0.2 pm filter 
before testing to remove bacteria and eliminate the 
growth, has not been particularly successful. Artifac- 
tual toxicity from the post-column effluent may be 
avoided if the tests with the post-column samples are 
initiated on the same day the effluent is concentrated. 
To date, when we have collected the post-column 
samples and tested them on the same day, we have 
not experienced less artifactual toxicity than we found 
in those effluents where artifactual toxicity consistently 
has been a problem. However, less time elapses 
before animals are exposed to the test solution, there- 
fore less time is available for bacteria to cause prob- 
lems in the post-column sample matrix. Another option 
is to perform daily concentration of the effluent and 
extraction of the column during the 7d test, as fresh 
post-column samples may minimize the artifactual tox- 
icity. 

When post-column artifactual growth is not readily 
eliminated, then a different solvent (acetonitrile) to pre- 
pare the column (but not for eluting) may be useful in 
reducing the post-column artifactual bacterial growth. 
Acetonitrile causes narcotic effects in toxicity tests, and 

is recommended only to condition the columns to avoid 
toxic concentrations. This technique has been suc- 
cessful on a limited number of effluents. 

Special Considerations/Cautions: Careful ob- 
servations and judgement must be exercised in detect- 
ing problems in the post C,, SPE column resr. Low DO 
levels can occur in these samples. Through testing 
experience, the investigator will know whether toxicity 
appears as artifactual (i.e., growth, low DO) as op- 
posed to the presence of the sample toxicity. If artifac- 
tual toxicity is not recognized, then a conclusion that 
the C, SPE column did not remove toxicity can errone- 
ously be made. For this reason if the post-column 
effluent is toxic, the methanol eluate must be tested 
(Section 6.7). This avoids the arlifactual toxicity issue 
and the error can be avoided by determining the toxic- 
ity of the eluate. 

The methanol elution process does not always pro- 
duce predictable results with the same effluent sample. 
When toxicity is removed by the column but no toxicity 
occurs in the 100% methanol eluates, it does not indi- 
cate that the toxicity is nor due to a non-polar toxicant( 
To check this possibility, immediately test the series of 
methanol/water fractions at concentrations of 4x or 8x. 
Not all non-polar organic compounds elute into 100% 
methanol as well as they do into lower methanol/water 
concentrations. Also toxicants may smear across the 
fractions and when ~100% recovery of toxicity from the 
column is not lOO%, toxicity may not be observed at 2x 
or lx. 

General test conditions will be tracked (dilution wa- 
ter, health of test animals) by the controls in the baseline 
rest. The post-column dilution water blanks should be 
compared to those controls to determine if the column 
imparted toxicity. If the post-column dilution water 
blank was toxic, but no toxicity or artifactual toxicity 
occurred in the post-column effluent sample, the toxic 
blank can be ignored. 

Results of the post C,, SPE column effluent rest(s) 
must be compared to the results of the filtration rest to 
determine if the manipulations effectively reduced tox- 
icity. When the post C,, SPE column rest is plagued by 
artifactual toxicity, the Importance of the methanol elu- 
are rest increases. The results of the post C,, SPE 
column rest must also be compared to the baseline 
rest to determine if toxicity was removed by the C,, 
SPE column. 

6.7 Methanol Eluate Test 
General Approach: In order to elute toxicants 

from the C , SPE sorbent, a relatively non-polar solvent 
is used. dexane, one of the most non-polar solvents, 
can be used to remove highly non-polar compounds 
from the C,, SPE column. Yet hexane is one of the 
most toxic solvents to aquatic organisms and has a low 
miscibility with water. Methanol is more polar than 
hexane, but is much less toxic and will elute many 
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compounds, The use of methanol has been adopted 
as the eluant for the acute TIE (EPA, 1991A; EPA, 
1989A) and the chronic TIE because of its low toxicity 
(Table 6-9) and its usually adequate ability to elute 
chemicals from the C,, SPE column. 

Methods: The conditioning and elution steps are 
described in detail in the post C,, SPE column test 
above (see Section 6.6). For this test, we assume that 
the column extraction efficiency and elution efficiency 
are 100%. 

If a 1 g (6 ml) SPE column was used with 1 L of 
100% effluent, and a 3 ml methanol eluate was col- 
lected, the methanol eluate is a 333x concentrate of the 
original effluent (Table 6-7). Depending on the amount 
of effluent toxicity, this eluate may have to be concen- 
trated further in order to test at a sufficient concentra- 
tion (i.e., 4x) and have methanol concentrations in the 
test lower than the methanol effect concentration. In 
Table 6-9 the toxicity data for methanol toxicity to 
C. dubia and fathead minnows are given. The toxicity 
of methanol is slightly greater for C. dubia when the 
test solutions were renewed daily but not significantly 
for this characterization stage of the TIE. From these 
data, one can decide how much methanol can be 
added and how concentrated the eluant must be to 
achieve 2x or 4x the original effluent concentration. 
The choice of test concentration depends on the toxic- 
ity of the effluent; for example, if the effluent is toxic at 
-25%, one may not need to achieve a 4x concentra- 
tion. Some methanol toxicity can be present, as long 
as sufficient toxicity from the effluent is present to be 
measurable. As discussed in the post C SPE column 
test, the fathead minnows can be teste 1 at 4x using 
only 0.96 ml of a 417x methanol eluate but the metha- 
nol concentration is about l%, which cannot be toler- 
ated by C dubia. 

Interpretation of Results/Subsequent Tests: If 
toxicity occurs in the methanol eluafe fest at any con- 
centration tested, Phase II should be initiated. This 
step would include the use of a gradient of methanol/ 
water eluant solutions to elute additional columns and 
conduct the toxicity tests on each fraction (Phase II; 
EPA 1989A; EPA, 1992A). Toxicants other than non- 
polar compounds may be retained by the SPE column 
but they are less likely to be eluted sharply or eluted at 
all (see Section 6.6). Non-polar toxicity can in some 
instances be distinguished from post-column artifactual 
toxicity if the eluate is checked for toxicity. Some 
toxicants (such as some surfactants) may not elute 
from the SPE column with methanol, but if toxicity is 
not recovered in the eluate, it does not exclude the 
possibility of a non-polar toxicant or metal (see Section 
6.6 for additional discussion). Dilution water adjusted 
to pH 3 or pH 9 may be useful in eluting a toxicant 
from the column. Some experimentation will be needed 
to determine the volumes of water to pump over the 
column. The pumping rate should be slowed consider- 
ably to allow sufficient contact time on the column (see 
details in Section 6.6 and Table 6-8). 

At this time, we have not been successful in track- 
ing chronic non-polar toxicity using the acute test end- 
point with the methanol eluates, rather chronic tests 
have been needed to track the chronic toxicity. 

A subsequent test that may be useful is to assess 
whether the toxicant must be metabolically-activated by 
the test organism before exhibiting toxicity. These 
activation reactions consist of oxidative metabolism by 
a family of enzymes collectively known as cytochrome 
P-450. Some toxicants require cytochrome P-450 acti- 
vation before expressing toxicity. Piperonyl butoxide 
(PBO) is a synthetic methylenedioxyphenyl compound 
that effectively binds to, and blocks the catalytic activity 
of cytochrome P-450. When a non-toxic amount of 
PBO is added to an effluent test solution which con- 
tains a toxicant that requires metabolic activation, 
the toxicity of the effluent can be reduced or completely 
blocked (EPA, 1991A). The relative specificity of PBO 
for blocking the toxicity of metabolically-activated or- 
ganic compounds makes this test a useful part of the 
subsequent testing in the TIE. For example in the 
acute Phase I (EPA, 1991A) as a subsequent test, we 
suggest that PBO may be added directly to the effluent 
before adding the organisms. The 48 h LC50 of PBO 
is 1 mg/l for C. dubia and we have used 0.250 to 
0.500 mg/l to effectively block the acute toxicity of 
metabolically-activated compounds for C. dubia in the 
effluent and the methanol eluate. The NOEC and the 
IC25 for PBO and C. dubia was determined as 63 ps/l 
and 89 us/l, respectively. Low concentrations of PBO 
have reduced the chronic toxicity in the methanol elu- 
ate test and levels of 100 cr 50 ug/l have been useful in 
chronic tests with C. dubia. The PBO should be added 
using a minimal amount of methanol as a carrier sol- 
vent since the level of methanol present in conjunction 
with the methanol eluate is present. Since PBO is not 
readily soluble in water, a superstock of 20 g/l is pre- 
pared by dissolving PBO in reagent grade methanol. 
An aliquot of the superstock is mixed in the standard 
laboratory dilution water to produce a stock solution at 
a concentration of 25 mg/l and aliquots of this stock 
solution are added to the test cups after addition of the 
methanol eluate, and the solution thoroughly mixed. 
This test should be conducted in similar fashion to the 
EDTA addition test. Appropriate blanks must be used, 
for example both the methanol blank and the methanol 
eluate must be tested with and without PBO. If toxicity 
occurs in the methanol blank fraction with the PBO 
additions, either PBO was present at toxic concentra- 
tions or the methanol concentration in the test was too 
high. If toxicity is observed in the methanol eluafe with 
the PBO addition, but not in the methanol eluate with- 
out the PBO or either of the blank eluates (with PBO 
and without PBO), this result is not very informative. It 
is possible that the PBO has interacted in a synergistic 
fashion with another compound present in the test 
effluent that normally would not be toxic. 

Compounds that are sparingly soluble in water may 
not be eluted from the column with methanol. If this 
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occurs, less polar solvents will have to be tried, but this 
technique will require solvent exchanges to avoid toxic 
solvent concentrations and other solvents may recover 
chemicals not toxic in the effluent due to solubility 
problems. At this time, we have not used solvent ex- 
changes for chronic toxicity tests, but are exploring the 
use of methylene chloride. The 48 h LC50 of methyl- 
ene chloride to C. dubia is 0.13% and the chronic 
toxicity to C. dubia is 10.03%. Therefore it cannot 
readily be used as the primary solvent, but rather as 
the exchange solvent and may be of limited use for this 
effort. Additional work on the appropriate solvent ex- 
change for chronic TIES is on-going (EPA, 1992A). 

Special Considerations/Cautions: The baseline 
test serves as the toxicity control, and the methanol 
blank serves as a comparison of the effects of metha- 
nol alone in water. The health of the test animals, the 
viability of the dilution water and general test conditions 
are evaluated by the baseline controls. If the effluent 
methanol eluate is non-toxic at 2x or 4x but the metha- 
no/ blank is toxic, the blank toxicity can be ignored 
since no non-polar toxicity is recovered. 

If effluent dilutions are set at lOO%, 80%, 60%, and 
40%, it might be useful to test the eluate at a multiple of 
these concentrations, i.e., 2x, 1.6x, 1.2x, 0.8x or con- 
centrate them to 4x, 3.2x, 2.4x, or 1.6x to compare the 
baseline toxicity with the toxicity in the methanol eluate 
tests. The artifactual growth observed in the post C1# 
SPE column test from the methanol has not occurred In 
our methanol eluate tests. This is most likely due to 
the differences in how the methanol degrades/behaves 
in dilution waters which are low in methanol-oxidizing 
bacteria and other organic matter in contrast to effluent 
samples (even post-column effluents). 

6.8 Graduated pH Test 
General Approach: This test will determine 

whether effluent toxicity can be attributed to compounds 
whose toxicity is pH dependent. The pH dependent 
compounds of concern are those with a pK, that allows 
sufficient differences in dissociation to occur in a physi- 
ologically tolerable pH range (pH 6-9). The toxicity 
depends on the form that is toxic (ionized versus un- 
ionized). Metal toxicity can be affected by pH differ- 
ences through changes in solubility and speciation. pH 
dependent toxicity is likely to be affected by tempera- 
ture, DO and CO, concentrations, and total dissolved 
solids (TDS). The graduated pH test is most effective 
in differentiating substantial toxicity related to ammonia 
from other causes of toxicity. 

Ammonia is an example of a chemical that exhibits 
different ionization states and subsequently pH depen- 
dent toxicity. Ammonia is also frequently present in 
effluents at concentrations of 5 mg/l to 200 m9/l (or 
higher). Measuring the total ammonia in the sample 
upon its arrival will be helpful to assess the potential for 
ammonia toxicity. pH has a great effect on ammonia 
toxicity. For many effluents (especially with municipal 
effluents) the pH of a sample rises upon contact with 
air, typically the pH of effluents at air equilibrium ranges 

from 8.0 to 8.5. Literature data on ammonia toxicity 
(EPA, 19850) can be used only as a general guide 
because the pH values for most ammonia toxicity tests 
as reported in the literature are usually not measured 
or reported fully enough to be useful in TIE tests. 
Additional data on ammonia toxicity for C. dubia and P. 
promelas is provided in the revised Phase II (EPA, 
1992A). The acute Phase I manual has a lengthy 
description of the toxicity behavior of ammonia (EPA, 
1991A) and Phase II provides additional information 
(EPA, 1992A). 

One might expect ammonia to be removed during 
the Tier 2 aeration and pH adjustment test at basic pH 
(described in Section 6.11). Based on our experience, 
however, ammonia is not substantially removed by the 
methods used to aerate the sample described in this 
manual. (If a larger surface to volume ratio is used, 
this manipulation can reduce ammonia levels; see In- 
terpretation of Results/Subsequent Tests below and 
Phase II; EPA, 1992A.) Other techniques which can be 
used to remove ammonia may also displace metals or 
other toxicants with completely different physical and 
chemical characteristics. For example, ion exchange 
resins (e.g., zeolite) remove ammonia, cationic metals, 
and possibly organic compounds through adsorption. 

Toxicity related to metals may also be detected by 
the graduated pH test, although these effects are less 
well documented in effluents (and for chronic toxicity) 
than those associated with ammonia toxicity. The tox- 
icity may change for both pH increases and decreases 
from neutral pH (pH 7). Such behavior is characteristic 
of aluminum and cadmium. Acute toxicity test experi- 
ments with C. dubia in clean dilution waters indicate 
lead and copper were more acutely toxic at pH 6.5 than 
at pH 8.0 or 8.5 (in very hard reconstituted water), 
while nickel and zinc were more toxic at pH 8.5 than at 
6.5 (EPA, 1991A). In recent experiments during a 
chronic TIE, we have found that chromium is pH de- 
pendent on an acute basis for C. dubia, but not water 
hardness dependent. The pH dependence was not 
observed in acute tests unless food (YCT) (EPA, 1992C) 
was added during the 48 h acute test at test initiation. 
Therefore, caution must be exercised in interpreting the 
chronic toxicity results with effluents, because the 
toxicant may behave in certain ways that are not 
documented in the literature. 

By conducting tests at different pHs, the effluent 
toxicity may be enhanced, reduced or eliminated. For 
example (at 25°C) where ammonia is the primary toxi- 
cant, when the pH is 6.5, 0.180% of the total ammonia 
in solution is present in the toxic form (NH,). At pH 7.5, 
1.77% of the total ammonia is present as NH, and at 
pH 8.5, 15.2% is present as NH,. This difference in the 
percentages of un-ionized ammonia is enough to make 
the same amount of total ammonia about three times 
more toxic at pH 8.5 as at pH 6.5. Whether or not 
toxicity will be eliminated at pH 6.5 and the extent to 
which toxicity will increase at pH 8.5 will depend on the 
total ammonia concentration. If the graduated pH test 
is done at two pHs using the same dilutions, one 
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should see toxicity differences between pH 6.5 and 8.5. 
The effluent effect level (expressed as percent effluent) 
should be lower at pH 8.5 than pH 6.5 if ammonia is 
the dominant toxicant. 

The most desirable pH values to choose to test for 
the graduared pH test will depend upon the characteris- 
tics of the effluent being tested. The graduation scheme 
that includes the air equilibrium (the pH the effluent 
naturally drifts to) will allow a comparison of treatments 
to unaltered effluent (i.e., baseline test). For example, 
if the air equilibrium pH of the effluent is pH 8.0, it may 
be more appropriate to use pHs 6.5, 7.3 and 8.0. The 
pHs of many municipal effluents rise to 8.2 to 8.5 (or 
higher), so pHs such as 6.5, 7.5 and 8.5 may be more 
appropriate. In any case, it will be necessary to con- 
duct the test at more than one effluent concentration 
(e.g., 1 OO%, 50%, 25%) to determine what role, if any, 
the pH dependent compounds play in toxicity. 

The challenge of the graduated pH test is to main- 
tain a constant pH in the test solution. This is a 
necessity if the ratio of ionized to the un-ionized form of 
a pH sensitive toxicant is to remain constant and the 
test results are to be valid. However, in conducting 
either acute or chronic toxicity tests on effluents. it is 
not unusual to see the pH of the test solutions change 
1 to 2 pH units over a 24-h period. 

Methods: To lower the pH of the samples, either 
CO air mixtures or HCI additions (or the combination of 
bot r( ) are used. The pH should be maintained through- 
out the 4-d or 7-d test with little variation (+0.2 pH 
units). 

When CO /air (without any acid addition) is used to 
control the p& the pH of the effluent samples is ad- 
justed by varying the COJair content of the gas phase 
over the water or effluent samples. By using closed 
headspace test chambers, the CO, content of the gas 
phase can be controlled. The amount of CO,/air needed 
to adjust the pH of the solution is dependent upon 
sample volume, the test container volume, the desired 
pH, the temperature, and the effluent characteristics 
(e.g., dissolved solids). The exact amount of COiair to 
inject for a desired pH must be determined through 
experimentation (on day 1) with each effluent sample 
before the graduated pH test begins. Therefore, the 
test may have to be set up later than the other Phase I 
tests (e.g., day 3) unless experimentation was initiated 
on day 1. The amount of CO, added to the chamber 
assumes that the liquid volume to gas volume ratio 
remains the same. Generally, as the alkalinity in- 
creases, the concentration of CO, that is needed to 
maintain the pH also increases. For adjusting pH’.s 
downward from pH 8.5 to 6, 0.5-5% CO, has been 
used. If more than 5% CO is needed, adjust the 
solutions with acids (HCI) and then flush the headspace 
with no more than 5% COdair. With appropriate vol- 
umes of effluent, experiments with variable amounts of 
COdair and equilibrated for about 2 h, are used to 
select the needed CO concentration. More than 5% 
CO, is not recommen&d as CO, toxicity is likely to be 
observed. When dilutions of an effluent have the same 

hardness (or alkalinity) and initial pH as the effluent, 
the same amount of CO is usually needed for each 
dilution, but sometimes &fferent amounts are needed 
in the higher effluent concentrations. Use of a dilution 
water of similar hardness (or alkalinity) as the effluent 
makes the CO, volume adjustments easier. When 
tests are conducted in these CO, controlled environ- 
ments, dilution water controls for each pH should be 
included. 

Acid is used first to adjust pH’s when the amount of 
COdair needed to adjust to the desired pH is greater 
than 5% COdair. Again experimentation is needed to 
determine how much COdair is needed. Techniques 
for acid adjustment are described in Section 6.10 below 
and also in the acute Phase I manual (EPA, 1991A). 

For adding a mixture of COdair to the headspace 
of the test compartments, a 1 L gas syringe (Hamilton 
Model S-1000, Reno, NV) is used. In most instances, 
the amount of CO, produced by the invertebrates has 
not caused further pH shifts, but with larval fathead 
minnows, the pH may drop from the additional amount 
of CO, respired by the fish bacterial metabolic CO, 
released. 

For the pH controlled tests, the pH should be mea- 
sured at least two to three times for each 24 h period 
when readings of survival and/or young production are 
made. If samples are not renewed daily (as may be 
the case for the C. dubia tests), then the headspace 
should be re-flushed with COdair after the animals are 
fed. Again, some experimentation may be needed to 
determine the amount of COJair needed for this step. 
In all graduated pH rests, the pH should be measured 
in all the chambers. If the pH drifts as much as 0.2 pH 
units, the results may not be usable and better pH 
control must be achieved. However, if pH fluctuates 
more than 0.2 pH units and toxicity is gone at one pH 
and not another, the toxicity results may be useful (see 
lnrerprerarion of ResuWSubsequenr Tests below). 

Measurements of pH must be made rapidly to mini- 
mize the CO, exchange between the sample and the 
atmosphere. Avoid vigorous stirring of unsealed 
samples because at lower pH values, the COz loss 
during the measurement can cause a substantial pH 
rise. In addition, measure the DO because toxicants 
such as ammonia have different toxicities when DO is 
decreased (EPA, 1985D). Keep in mind that if the test 
animals have been dead for awhile, the pH and/or DO 
of the test water most likely will have changed. There- 
fore, pH measurements should be made as soon as 
possible if animals die rapidly. 

Methods that use continuous flow of a COdair 
mixture, such as tissue cell incubators, may be prefer- 
able and give better pH control. A pH feedback system 
can be used to control the CO,-mix to the incubators. 
At this time we have not attempted to use a continuous 
flow of CO, and cannot recommend a system to use. 

Maintaining pH above the air equilibrium pH (gen- 
erally above pH 8.3) is difficult to achieve because the 
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concentration of CO, must be very low, and microbial 
respiration can increase the CO, levels in the test 
chamber. Frequently we use a dilution water that has a 
higher pH (i.e., very hard reconstituted water) to pre- 
vent pH drift downward. 

Interpretation of Results/Subsequent Tests: For 
the graduated pH rest, the pHs selected must be within 
the physiological tolerance range for the test species 
used (which generally is a pH range of 6 to 9). In this 
pH range, the amount of acid or base added is negli- 
gible, and therefore the likelihood of toxicity due to 
increased salinity levels is low. 

When ammonia is the dominant toxicant, the toxic- 
ity at pH 6.5, should be less than in the pH 8 test. 
However, ammonia is not the only possible cause of 
toxicity. Using the pH of the baseline rest, the relative 
toxicity of each pH adjusted solution can be predicted if 
ammonia is the sole cause of toxicity (EPA, 1989A; 
EPA, 1992A). 

However, if ammonia is only one of several toxi- 
cants in an effluent, this procedure will be hard to 
interpret. For this reason, if total ammonia concentra- 
tions in the 100% effluent are greater than 20 mg/l, 
include a pH 6 (rather than 6.5) and pH 7.3 (rfr0.2) 
effluent treatment interfaced with other Phase I tests. 
Complicating effects of metal toxicity may be reduced 
by adding EDTA to the test solutions. However, the 
ability of EDTA to detoxify metals may also change with 
pH, although we have not experienced this effect yet. 

Other metals may exhibit some degree of pH de- 
pendence, but these are not as well defined. Whether 
the metal toxicity can be discerned will depend in large 
part on the concentration of other toxicants in the 
sample. In order to detect metal toxicity, one must be 
cautious when selecting a dilution water if the test 
solutions are low effluent concentrations. Artifactual 
toxicity due to metals may be created if the hardness of 
the dilution water is much different from that of the 
effluent (see Section 3). This effect may be magnified 
for metals when coupled with the pH change. A dilu- 
tion water similar in hardness to that of the effluent 
must be used for this test to reveal metal-caused toxic- 
ity. If more than one pH dependent toxicant is present, 
the pH effects may either cancel or enhance one an- 
other. 

In the acute TIES, we have suggested the use of 
hydrogen ion buffers to maintain the pH of effluent test 
solutions and to compare these test results to those 
from CO, adjusted samples. Three hydrogen ion buff- 
ers were used by Neilson et al. (1990) to control pH in 
toxicity tests in concentrations ranging from 2.5 to 4.0 
mM. These buffers were chosen based on the work 
done by Ferguson et al. (1980). These buffers are: 2- 
(N-morpholino) ethane-sulfonic acid (Mes) (pK, = 6.15), 
3-(N-morpholino) propane-sulfonic acid (Mops) 
(pK,=7.15), and piperazine-N,N’-bis (2-hydroxypropane) 
sulfonic acid (Popso) (pK,=7.8). We have replaced the 
Popso buffer with another buffer which is more readily 

soluble in order to achieve better pH control around the 
pH 8.0 range. This buffer is N-tris(hydroxymethyl) 
methyl-3-amino propanesulfonic acid (Taps) (pK1 = 8.4) 
and has been used primarily for the chronic C. dubia 
tests at this time. 

The acute toxicity of these Mes, Mops, and Popso 
buffers is low to both C. dubia and fathead minnows 
(Phase I; EPA, 1991A) (48-h and 96-h LC5Os for all 
buffers are 525 mM for both species). Sublethal levels 
of the buffer are added to hold the pH of test solutions 
for the acute Phase I tests (see EPA, 1991A). Chronic 
toxicity results using these three buffers indicated that 
16 mM did not cause reduced survival or growth for the 
fathead minnow 7-d test. For C. dubia, 4mM of all four 
buffers has not caused reduced survival or reproduc- 
tion in either the 4-d or 7-d tests. Use of the buffers is 
preliminary and the effects due to interferences from 
the buffers themselves have not been studied. It is 
possible that the buffers may reduce the toxicity of 
some toxicants. 

The buffers must be weighed and then added to 
aliquots of the effluent dilutions and control water as 
batches. Then adjust to desired pH with acid and base 
to the selected values and add the test organisms. 
Solutions should be left for several hours to equilibrate, 
especially for the Popso buffer which has low solubility 
in water (in contrast to other buffers). While our experi- 
ence with the buffers is limited, we have found the 
amount of any buffer needed to hold a pH is effluent 
specific. Once the pH is adjusted to the desired pH, 
the test solutions need not be covered tightly to main- 
tain pH; however pH should be measured at each 
survival reading at all dilutions. The test results with 
the buffers should mimic those of the earlier graduated 
pH rest if ammonia is the suspect toxicant. 

The methods described in Phase II can be used to 
add identify ammonia as the pH sensitive toxicant. Use 
of the air-stripping method to remove ammonia from 
the sample at high pH’s should help evaluate whether 
toxicant other than ammonia are present (Phase II, 
1992A). The results of this air-stripping test should be 
compared with the aeration rest results of Phase I, the 
baseline effluent rest and the graduated pH rest. If the 
ammonia concentration is decreased and the toxicity is 
reduced or absent, more evidence that ammonia is 
playing a role in the toxicity of the effluent has been 
generated. Other compounds could precipitate with the 
pH adjustment and concentration during air-stripping 
and when water is added back into the solution, they 
may not be available. 

Special Considerations/Cautions: The controls 
in the CO, controlled chambers for each pH and the 
baseline rest act as checks on the general health of the 
test organisms, the dilution water and most test condi- 
tions. If the effluent pH in the baseline rest is close to 
that of the pH adjusted test solutions, the toxicity ex- 
pressed in the two tests should be similar. Significantly 
greater toxicity may suggest interference from other 
factors such as the ionic strength related toxicity (if the 
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pH was adjusted with HCI) or CO toxicity. Dilution 
water tested at the various pH’s does not serve as 
blanks, as the effluent matrix may differ from that of the 
dilution water. However, if acids and bases are added 
(with or without CO, additions) then roxiciry blanks with 
the same amounts of acid/base added need to be 
tested to determine the cleanliness and effects of the 
acids and bases. Other compounds with toxicities that 
increase directly with pH may lead to confounding re- 
sults or may give results similar to ammonia. Monitor- 
ing the conductivity of the effluent solutions after the 
addition of the acids and bases may also be helpful in 
determining amfactual toxicity. 

6.9 Tier 2 Characterization Tests 
Two tiers are used in the chronic TIE approach 

primarily because in our experience, radical pH adjust- 
ment often is not needed. Only when the manipula- 
tions in Tier 1 do not indicate clear patterns is Tier 2 
conducted. Tier 1 manipulations do not involve the use 
of drastic pH manipulations to characterize the toxicity 
of the sample. The pH adjustments are used to affect 
toxicity when the Tier 1 tests are not adequate or to 
assist in providing more information on the nature of 
the toxicants (Figure 6-3). 

Changes in pH can affect the solubility, polarity, 
volatility, stability, and speciation of a compound. These 
can change the bioavailability of the compounds, and 
also their toxicity. The Phase I acute manual (EPA, 
1991A; EPA, 1988A) discusses the effect of pH on 
groups of compounds at length, therefore only an ab- 
breviated discussion of pH effects will be covered in 
this document. 

Unionized forms of chemicals are generally less 
polar than the ionized form, and the ionized forms 
interact with water molecules to a greater extent. Com- 
pounds may be more toxic in the unionized form, as 
was discussed above in Section 6.8 graduated pH rest 
Unionized forms may be easily stripped from water 
using aeration, or extracted with SPE techniques and 
subsequent elution with non-polar solvents. Also, 
changes in solubility with pH change may cause com- 
pounds to be removed by filtration. The form of metals 
can be altered by pH and organic compounds can be 
degraded at extreme pH values. 

Even if the chemical species are unchanged, 
changes in the pH of the solution may affect the toxicity 
of a given compound. The cell membrane permeability 
and the chemistry of the toxicant may be affected. 

Figure 6-3. Tier 2 sample preparation and testrng overview. 
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Changing pH and returning it to pH i after a short time 
(-1 h) will not always change the toxicity. However, 
this adjustment may result in a reduction, loss or in- 
crease in the toxicity. Sometimes only the pH adjust- 
ment in combination with a manipulation (e.g., filtering, 
solid phase extraction) changes toxicity when the same 
pH unadjusted manipulation test did not. 

6.10 pH Adjustment Test 

General Approach: For this Tier 2 test, the efflu- 
ent is adjusted to either pH 3 or pH 10, and left at those 
pHs until other manipulations (aeration, filtration, and 
C18 SPE post-column effluent samples) are ready to be 
readjusted to pH i. The pH adjustment alone may not 
change toxicity, if equilibrium is slow. Satisfactory 
blanks in chronic tests with various reconstituted wa- 
ters adjusted to pH 11 have not been consistently 
produced, but acceptable blanks have been obtained at 
pH 10 (and pH 3) while pH 11 adjustments have not 
been problematic in some effluent matrices. Since 
pH 11 was subjectively chosen, we recommend adjust- 
ment to pH 10 for chronic TIE’s The pH adjustment 
test serves as a toxicity control for the pH adjustments 
combined with aeration, filtration and the C18 SPE col- 
umn manipulation. As described in Tier 1 and the 
acute Phase I manual, pH may drift very differently 
during the toxicity tests following these more severe pH 
manipulations. Therefore, monitoring and control of 
test pH is necessary. 

Methods: An aliquot of effluent is pH adjusted to 
pH 3 and another aliquot is adjusted to pH 10, along 
with dilution water samples which will serve as blanks. 
Enough sample and dilution water are pH adjusted to 
provide the necessary volumes for the aeration and pH 
adjustment test, the filtration and pH adjustment test, 
and the post C18 SPE column and pH adjustment test. 
Minimal dilution of the effluent should occur, and the 
use of 0.01 N, 0.1 N, and/or 1.0 N solutions of acids/ 
bases (Suprapur®, E. Merck, Darmstadt, Germany) to 
adjust pH are suggested. The volumes and strengths 
of the acid/base additions should be recorded as this 
information may be useful in determining if artifactual 
toxicity should be expected. This information can be 
helpful when subsequent testing is conducted and knowl- 
edge of the volumes of acid/base added to the previous 
samples assists in making the pH adjustments more 
rapidly. 

Interpretation of Results/Subsequent Tests: A 
decrease in toxicity compared to the baseline test should 
be pursued to detect the mechanism of toxicity reduc- 
tion. Often precipitation occurs after drastic pH change. 
If precipitation does occur, then the filtration and pH 
adjustment test will likely remove the toxicant and ef- 
forts should be focused on recovery and identification 
from the filter. Similarly, if the C18 SPE column or 
aeration changes toxicity, these manipulations should 
be pursued. If toxicity is only reduced by pH change, 
(which is not common) not much can be made of the 
information, and clustering of several manipulations as 
well as adding additional techniques such as ion ex- 
change should be explored. Dilution from the acid and 

base additions should also be checked. Degradation of 
toxicity is a possibility also, but is nearly impossible to 
detect at this stage. 

The adjustment of pH (to pH 3 or pH 10 and back 
to pH i) may cause toxicity problems. Just the addition 
of the NaOH or HCI may be the cause of the toxicity 
and may also occur in the dilution water blanks or only 
in the effluent sample. The effect on effluent toxicity of 
the Na+ and Cl- additions, depends on the TDS concen- 
tration of the effluent. The acid/base additions are 
typically more toxic in dilution water than in effluent, 
unless the effluent TDS concentration is high, and the 
additional concentrations of acid/base result in toxic 
TDS concentrations. These effects are of more con- 
cern in chronic TIE’s. The effect of NaCl additions on 
TDS can be tracked by measuring conductivity. Appre- 
ciable increases in conductivity should be a warning to 
evaluate TDS toxicity caused by acid and base addi- 
tion. 

Increases in toxicity compared to the baseline test 
may be a result of either an increase in TDS or toxicant 
changes. TDS as a toxicant may be eliminated by 
calculating the TDS at the ICp value. Effluents that 
have high toxicity require high dilution to determine the 
ICp, and at such great dilution the TDS is subsequently 
diluted sufficiently to remove TDS as a candidate. If 
this is not the case, NaCl can be added to an aliquot of 
effluent to see if the acid/base additions could have 
caused the increased toxicity. Table 6-10 provides 
chronic toxicity information for NaCl in various hard- 
ness waters for C. dubia and fathead minnows. 

Precipitates can remove toxicity through sorption of 
such chemicals as non-polar organics. In this case the 
precipitate is only the mechanism of removal, not the 
toxicant itself. The C18 SPE column is likely to remove 
the toxicity in such cases; however, in Tier 2 a pH 
change can also desorb toxicants from particles and 
make them bioavailable and therefore toxic. 

Different pH drift during the baseline toxicity test 
and those after manipulations has been discussed (EPA, 
1991A). For a valid test, the pH during the test must be 
known and maintained the same as in the pH i test. If 
the drift of the pH varies considerably, confusion in 
interpreting the results can arise if a compound whose 
toxicity is pH dependent is present in the sample. If 
good pH control is not maintained incorrect conclusions 
are likely to be made and mislead the TIE process. 

Special Considerations/Cautions: The addition 
of acids and bases to the effluent does not give compa- 
rable results of acids and bases added to the dilution 
water. The amount of acid and base added to each 
sample will more than likely be dissimilar. However, 
dilution water toxicity blanks to assess the additions of 
the acid and base are needed to determine whether 
toxic concentrations of ions have been reached and to 
determine the cleanliness of the acid and base solu- 
tions that are used in this manipulation and subsequent 
pH manipulation tests. The controls from the baseline 
test provide information on the health of the test organ- 
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Table 6-10. Chronic toxicity of sodium chloride (g/t) to C. dubia and P. promelas in various hardness waters using the 7-d tests. 

Water IC50 IC25 
Species Type 95% C.I. 95% Cl. NOEC LOEC 

C. dubia SRW 1.3 0.93 0.63 1.3 
1.2-1.5 0.76-0.96 

MHRW 1.6 1.3 1.0 2.0 
1.4-1.7 0.24-1.3 

HRW 1.5 1.2 1.0 2.0 
1.3-1.6 1.0-1.3 

VHRW 1.4 1.0 1.0 2.0 
1.1-1.6 0.58-1.2 

SRW 0.64 0.67 0.50 1.0 
0.76-1.1 0.63-0.77 

SRW 1.3 0.93 0.63 1.3 
1.2-1.5 0.76-0.96 

MHRW 1.5 1.2 1.0 2.0 
1.4-1.6 1.1-1.2 

HRW 3.2 2.3 2.0 4.0 
2.9-3.3 2.0-2.5 

VHRW 4.5 3.2 2.0 4.0 
3.9-4.9 2.4-3.5 

P. promelas 

Note: C.I. = confidence interval; SRW = soft reconstituted water; MHRW = moderately hard reconstituted water, HRW = hard reconstituted 
water, VHRW - very hard reconstituted water, laboratory test conditions. The pH adjustment test serves as the toxicity control (or 
perhaps the "worst case” toxicity control) for the subsequent pH adjustment/characterization tests. 

isms, dilution water, and laboratory test conditions. The 
pH adjustment test serves as the toxicity control (or 
perhaps the “worst case” toxicity control) for the subse- 
quent pH adjustment/characterization tests. 

6.11 Aeration and pH Adjustment Test 

General Approach: Aeration at pH 3 or pH 10 
may make toxicants oxidizable, spargeable or sublatable, 
that are not so at pH i. If this does occur, avenues are 
then available to characterize and identify, similar to 
the procedures described for aeration at pH i in Tier 1. 
For this test, two effluent aliquots which were adjusted 
to pH 3 and pH 10 in the pH adjustment test are each 
aerated for a period of time, for example, 1 h. The 
aeration process can concentrate compounds due to 
loss of volume, and caution should be exercised in this 
aeration process and lost water may need to be re- 
placed with dilution water. 

Methods: The steps for this procedure should be 
identical to those used in the non-pH adjusted sample 
aeration (Section 6.4). The pH of the effluent may drift 
during the aeration, and it should be checked at 30 min 
intervals and readjusted to the original pH (pH 3 or 10) 
if it has drifted more than 1 pH unit. The amount of 
NaCl added from the acid/base additions may be differ- 
ent in aerated samples than for pH adjustment test and 
proper compensation for this difference must be made 
as described above. The volume of effluent aerated 

should be compared to the amount of original sample 
volume prepared. 

After aeration is completed, adjustments back to 
pH i should be made on all samples at the same time. 
The formation of any precipitates should be noted, but 
the importance of precipitates (if any) will not be known 
at this point in the characterization. 

Interpretation of Results/Subsequent Tests: lf 
aeration with either pH adjustment removes or reduces 
the toxicity, additional tests must be performed to iden- 
tify whether sparging, sublation, or oxidation removed 
the toxicity, as described in Tier 1 (Section 6.4). If 
toxicity is reduced because of precipitation, the results 
for this test and the filtration and pH adjustment test 
should be similar, but if oxidation is a problem, pH 
adjustment and filtration will not affect the toxicity of the 
effluent. At pH 10 the total ammonia levels can be 
reduced by aeration. However, the geometry of the 
aeration technique (i.e., small surface area) for this pH 
adjustment and aeration test described here is not 
particularly conducive to ammonia removal. However, 
if aeration at pH (10) reduces toxicity compared to the 
toxicity in the aeration test at pH i and the baseline test, 
measure the total ammonia level in the sample to 
determine if it was stripped from the effluent. 

Special Considerations/Cautions: The results of 
this test should be compared to the toxicity control ( pH 
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adjustment test) and the baseline test. The aeration 
and pH adjustment blank should be compared to the 
pH adjustment blank. If the effluent toxicity is reduced 
in the effluent following pH adjustment/aeration, and 
the blank is toxic, the blank can be ignored and the 
results indicate toxicity removal. However, if toxicity is 
the same or greater, artifactual toxicity cannot be ruled 
out and further tests must be conducted. Compare the 
results of the aeration and pH adjustment blank to the 
filtration and pH adjustment blank and the pH adjust- 
ment blank (Sections 6.10 and 6.12). If all have toxic- 
ity, then artifactual toxicity occurred from the pH adjust- 
ment, while if only the aeration and pH adjustment 
blank has toxicity, then the artifactual toxicity crept in 
during the aeration manipulation and the test should be 
repeated. 

6.12 Filtration and pH Adjustment Test 
General Approach: Since a pH change can 

cause toxicants to precipitate or cause solubilized toxi- 
cants to sorb on particles, filtration at altered pH values 
can be used as a tool in characterizing the effluent. 
Therefore, by filtering pH adjusted effluent, compounds 
that were in solution without a pH adjustment may no 
longer be in solution or any toxicants associated with 
particles may be removed by the filtration process. 
Differences in the toxicity caused by filtering (at pH 3 
compared to the pH adjustment rest (Section 6.10) may 
imply toxicity associated with suspended solids. If pH 
affects the filterability of the toxicants, solubility changes 
are implied at those pH values. Once the toxicants are 
filtered, the particles may be recoverable from the filter 
if toxicity has not degraded. 

Methods: Details of preparing filters are generally 
the same as described in Tier 1 (Section 6.5), except 
the high purity water used to rinse the filters must be 
pH adjusted to the appropriate pH, as should the dilu- 
tion water for the blank. 

Effluent samples adjusted to pH 3 or pH 10 (Sec- 
tion 6.10) are filtered, readjusted to pH i, and the filtrate 
toxicity tested. Stainless steel filter housings are not to 
be used for this step, because stainless steel will fre- 
quently bleed metals when a pH 3 solution being 
filtered is in contact with the stainless steel. An inert 
plastic or properly cleaned glass housing should be 
used. 

Interpretation of Results/Subsequent Tests: The 
results of the filtration and pH adjustment rest are 
compared to the toxiciry contro/+the baseline rest and 
the pH adjustment test. If the effluent is more toxic 
after filtration and contamination is not the cause, the 
breaking of an emulsion might be involved. If the 
toxicity is removed or reduced by the filtration step and 
dilution is not the cause, then toxicants have been 
separated from the whole effluent and efforts should 
focus on identifying the compounds filtered out. The 
next step is to recover the toxicity as described in 
Tier 1 filtration rest. This may be accomplished using a 

pH adjusted sample of water, perhaps using the pH 
opposite of that used in the filtration process. 

Special Considerations/Cautions: The pH ad- 
justed and filtered dilution water serves as a blankand 
the pH adjusted and filtered effluent sample serves as 
a toxiciry control for the solid phase extraction step 
(Section 6.13). The results of the fih-ation and pH 
adjustment test should be compared to the effluent pH 
adjustment test and the baseline rest. The fih-ation 
blank should be compared to the baseline control, the 
aeration blank, and pH adjustment blank. Toxicity in 
the filtration blank implies toxic artifacts from the filtra- 
tion process, the glassware, the pH adjustment or a 
dilution water problem. If the baseline control perfor- 
mance is acceptable, the blanktoxicity was most likely 
created during the pH adjustment or filtration. If the 
aeration and pH adjustment blank is non-toxic, and if 
the fillration blank is toxic, and the filtered effluent 
sample is still toxic or more toxic, artifactual toxicity 
cannot be ruled out. To check if it occurred during the 
manipulation, the experiment must be repeated. If the 
filtration blank is toxic, yet the filtered pH adjusted 
effluent indicates that toxicity is reduced/eliminated, the 
toxicity in the blankcan be ignored. 

6.13 Post C,, Solid Phase Extraction (SPE) 
Column and pH Adjustment Test (pH 3 
and pH 9) 

General Approach: Shifting the ionization equilib- 
ria at high and low pHs may cause the C,, SPE column 
to extract different compounds than at pH i. pH ad- 
justed and filtered effluent is passed over a prepared 
C,, SPE column to remove non-polar organic com- 
pounds (cf., post C SPE column test, Section 6.6 
above). Organic acl *a s and bases may be made less 
polar by shifting their equilibrium to the un-ionized spe- 
cies. By adjusting the effluent samples to a low pH and 
a high pH, some compounds that are in the un-ionized 
form should sorb onto the column. However, the C 
packing degrades at high pH, so pH 9 (rather than p# 
10 or pH 11) is used in this manipulation. Specific 
manufacturer’s data should be checked for acceptable 
pH range. We have had no experience in eluting 
toxicants off the C,, SPE column that would be sorbed 
only at an altered pH, and therefore we can only pro- 
vide general rules to follow in these cases except those 
inferred from how ionizable compounds behave in re- 
gard to pH change. 

Methods: All of the procedures for this manipula- 
tion and the use of the C,, SPE column are the same 
as is described in Tier 1 for the SPE extraction at pH i 
(Section 6.6) with one exception. All water passed 
through the column (rinse, blank and effluent) should 
be acidified or rendered basic depending on which pH 
is under investigation (see Section 6.12). The potential 
for bacterial growth and artifactual toxicity in the post- 
column samples remain the same as for pH i 
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Interpretation of Results/Subsequent Tests: The 
extraction efficiency of the column is assessed by com- 
paring the results of the post C,, SPE column and pH 
adjustment test (pH 3 and pH 10) to the filtration and 
pH adjustment test, and the pH adjustment test. Again 
postcolumn test results are the most interpretable when 
there is no artifactual toxicity and toxicity was removed. 

When the toxicity is removed, compare the results 
of the test with the methanol eluare rest below (Section 
6.14). If toxicity is removed that was not removed 
under pH i and recovered in the methanol eluate, ef- 
forts to identify the toxicants should be started. If 
methanol does not recover toxicity, a pH adjusted wa- 
ter should be tried. For further discussions of the 
interpretation of the results, see Section 6.6 above. 

Special Considerations/Cautions: Careful ob- 
servations and judgement must be exercised in detect- 
ing problems in the post C,, SPE column and pH 
adjustment rest Low DO levels can occur in these 
samples (cf., Section 6.6). Through testing experience, 
the investigator will know whether toxicity appears as 
artifactual (i.e., growth, low DO) or as lack of toxicity 
removal. If artifactual toxicity is not recognized, then 
an erroneous conclusion that the C,, SPE column did 
not remove toxicity can be made. 

General test conditions (dilution water, health of 
test animals) will be tracked by the controls in the 
baseline rest. The post-column dilution water blanks 
should be compared to those controls to determine if 
the column imparted toxicity. If the post-column dilu- 
tion water blank was toxic, but no toxicity or artifactual 
toxicity occurred in the post-column effluent sample the 
toxic blankcan be ignored. 

Results of the post-column effluent rest(s) must be 
compared to the results of the filtration andpH adjust- 
ment rest to determine if the manipulations effectively 
reduced toxicity. When the post C,, SPE column rest 
data is plagued by artifactual toxicity, the importance of 
the methanol eluate rest increases. 

6.14 Methanol Nuate Test for pH Adjusted 
Samples 

General Approach: This test is essentially the 
same as the methanol eluate rest in Section 6.7, except 
that the columns were prepared with pH adjusted wa- 
ters/effluents (see Section 6.13). 

Methods: These are identical to those in Section 
6.7, except the pH of the rinse water, blank and effluent 
sample has to be adjusted to pH 3 or pH 9 (lowered 
from pti 10). 

Interpretation of Results/Subsequent Tests: If 
the toxicity is recovered in the eluate, identification 
should be initiated. Refer to Sections 6.6, 6.7, and 
6.13 for more information. 

Special Considerations/Cautions: The baseline 
rest serves as the foxiciry control, and the methanol 

blank (for pH adjusted samples) serves as the toxicity 
control for the effects of methanol in water. The health 
of the test animals, the viability of the dilution water and 
general test conditions are evaluated by the controls. 

The artifactual growth observed in the post C,, SPE 
column rest (with and without pH adjustments) from the 
methanol has not occurred in merhanol eluare rests. 
This is most likely due to the differences in how the 
methanol degrades/behaves in dilution waters which 
are low in bacteria and other organic matter in contrast 
to effluent samples (even post-column effluents). 

6.15 Toxicity Characterization Summary 
Phase I will not usually provide information on the 

specific toxicants. If effluent toxicity is consistently 
reduced, for example, through the use of the C,, SPE 
column, this does not prove the existence of a single 
toxicant because several non-polar organic compounds 
may be causing the toxicity in the effluent over time, 
but use of the C,, SPE technique in Phase I detects the 
presence of these compounds as a group. This lack of 
specificity is very important to understand for subse- 
quent Phase II toxicant identification. Efforts should 
concentrate on those manipulations affecting toxicity in 
which the toxicant is isolated from other effluent con- 
stituents, such as the SPE column, filtration and aera- 
tion. 

After the Tier 1 group of Phase I tests has been 
completed, the results will usually show that some 
manipulations increased toxicity, some decreased it, 
and others effected no change. In some instances, 
Tier 1 results allow the researcher to proceed immedi- 
ately into the Phase II identification, and sometimes 
Phase I (Tier 1 and/or Tier 2) and Phase II combina- 
tions are needed to determine the cause of toxicity (cf., 
EPA, 1992A). Of course, new approaches are fre- 
quently devised as more Phase I TIES are completed. 

Toxicity may be changed by two or more tests, and 
if so, then more conclusive inferences might be pos- 
sible than when only one manipulation changed the 
toxicity. 

If all of the toxicity is not removed, it is possible that 
other toxicants could be present in the effluent so that 
only partial removal was obtained. Frequently more 
than one manipulation affects toxicity but only infre- 
quently is there no effect from any manipulation. Even 
if toxicity is affected by only one manipulation, one still 
does not know whether or not there are multiple toxi- 
cants. When several manipulations affect toxicity, it 
still does not ensure that there are multiple toxicants. 
There is also no way to tell at this stage if there are 
multiple toxicants, whether or not they are additive, 
partially additive or independent. In our experience 
with acutely toxic effluents, we have not found syner- 
gism, but independent action has commonly been found. 
Some toxicants identified in effluents have been addi- 
tive, but more often these have been only partially 
additive. 
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The two objectives which usually move the TIE 
along more rapidly are to separate and concentrate the 
toxicant( Therefore, the first step in Phase II (EPA, 
1989A) will often be to reduce the number of constitu- 
ents accompanying the toxicants. These efforts may 
reveal more toxicants than are suggested by Phase I 
testing. In Phase II one may discover that toxicants of 
quite a different nature are also present but were not in 
evidence in Phase I and if this is the case, different 
Phase I characterizations may then be needed. Once 
the analytical methods to identify one or more of the 
toxicants is found, efforts to confirm the cause should 
be initiated immediately (EPA, 19898; EPA, 19928). 

As discussed earlier, the amount of time necessary 
to adequately characterize the physical/chemical na- 
ture and variability of the toxicity will be discharge 
specific. For a given discharge, the factors that will 
affect the length of time it takes to move through Phase 
I is the appropriateness of Phase I tests to the toxi- 
cants, the existence of long- or short-term periodicity in 
individual toxicants and the variability in the magnitude 
of toxicity. An effluent which consistently contains toxic 
levels of a single compound that can be neutralized by 
more than one characterization test should be identified 
and moved into Phase II more quickly than an ephem- 
erally toxic effluent with highly variable constituents, 
few of which or none of which are impacted by any of 
the Phase I tests. Several samples should be sub- 
jected to the Phase I characterization tests but not all 
manipulations have to be done on all subsequent 
samples. The decision to do subsequent tests on these 
samples to confirm or further delineate initial results is 
a judgement call and will depend on whether or not the 
results of Phase I are clear-cut. Sometimes it may be 
reasonable to start Phase II and Phase III on the first 
sample. 

If the Phase I characterization tests that remove or 
neutralize effluent toxicity vary by the sample, the num- 
ber of tested samples must be increased and the fre- 
quency of testing should be sufficient to include all 
major variability. The differences seen among samples 
can be used to decide when further differences are not 
being found. Phase I characterization testing should 
continue until there is reasonable certainty that new 
types of toxicants are not appearing. No guidance can 
be given as to how long this may take-each problem 
for every discharger is unique. While the toxicity of 
samples can be very different, the same characteriza- 
tion tests must be successful in removing and/or neu- 
tralizing effluent toxicity. 

Often the next step of the TIE is obvious; at other 
times the outcome of Phase I will be confusing and the 
next step will not be obvious. In our experience with 
acutely and chronically toxic effluents, once one toxi- 
cant is identified, identification of subsequent toxicants 
becomes easier because: (a) the toxicity contribution 
of the identified toxicant can be established for each 
sample; (b) the number of Phase I manipulations that 

will affect the toxicity of the known toxicant can be 
determined; (c) one can determine whether the identi- 
fied and the unidentified toxicant are additive; (d) if 
some manipulations affect the toxicity due only to the 
unidentified toxicants, some of their characteristics can 
be inferred; and (e) one can determine if the relative 
toxicity contributions of identified and unidentified toxi- 
cants varies by sample. Such information can be used 
to design tests to elucidate additional physicaVchemical 
characteristics of the toxicants that cause chronic toxic- 
ity. 

6.16 Use of Multiple Characterization Tests 
Type and amount of testing is dependent on the 

toxicity persistence in the effluent, the nature of the 
toxicity, and reassessment of previous Phase I results 
(observed trends in the characteristics can be very 
important). Several tests could each partially remove 
the effluent toxicity because several compounds are 
causing the toxicity, or that one toxicant can be re- 
moved by several Phase I steps. FL+r example, if 
several toxicants are acting to cause the toxicity, then 
the graduated pH test and the post C,, SPE column 
test both might result in a partial toxicity reduction. If 
sodium thiosulfate and EDTA both reduce toxicity, cat- 
ionic metals might be suspect. 

In the acute Phase I (EPA, 1991A), the use of 
multiple manipulations (combining two of the Phase I 
tests) was advocated and this same concept is also 
useful for the chronic TIE as well. For effluents with 
multiple toxicants, especially if they are not additive, 
multiple manipulations are helpful. Especially when no 
single manipulation removes all the toxicity, multiple 
manipulations should be tried. 

When the C,, SPE column only partially removes 
toxicity, Phase I manipulations with the post-column 
sample should be tried. For this multiple manipulation, 
the post C,, SPE column effluent can be treated as 
whole effluent, and several of the Phase I steps can be 
conducted on the post-column effluent such as the 
EDTA addition test, the thiosulfate addition test, and 
the graduated pH test. However, these combinations 
are useful only with the post-column effluent provided 
that no artifactual toxicity is present. 

If the C,, SPE column partially removes toxicity, 
pass an aliquot of the post-column effluent over an ion 
exchange column to determine the characteristics of 
the remaining toxicity. If a non-polar toxicant and 
ammonia are suspected, then passing the sample over 
the C,, SPE column and then over zeolite may assist in 
accounting for all of the toxicity. Likewise, passing the 
effluent over zeolite and then over the C,, SPE column 
may provide additional insight. To gain this knowledge 
toxicity tests must be performed after each manipula- 
tion and not just on the multiple manipulated sample. 

Effluent characterization must be approached with- 
out any preconceived notion or bias about the cause of 
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toxicity because many constituents are present in efflu- times the answer being sought is only whether or not a 
ents and their chemistry is often unknown, resulting in specific substance is causing toxicity. Obviously in 
circumstantial evidence that is frequently misleading. such cases testing is specifically selected to answer 
Certainly all available information and experience should that question and therefore not all manipulations need 
be used to guide the investigative effort but temptations to be performed. 
to reach conclusions too soon must be resisted. Some- 
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Section 7 
Interpreting Phase I Results 

After Phase I on one sample or several samples is 
completed, the investigator must carefully evaluate the 
data, draw conclusions, and make decisions about the 
next steps that are needed. Sometimes the next step 
is obvious, at other times the outcome will be confusing 
and the next step will not be obvious. Several general 
suggestions, based on our experience to date, may 
provide some help. 

In this section, various examples of Phase I results 
are given with interpretation suggestions. This discus- 
sion is repeated from the acute Phase I characteriza- 
tion manual (EPA, 1991A), and not all aspects have 
been evaluated for chronic TIES yet. These examples 
should be used only as guides to thinking and not as 
definitive diagnostic characteristics. Since almost any 
toxicant can be present in effluents, clear-cut logic is 
not totally dependable in interpreting results. Rather, 
one must use the weight of evidence to proceed, and 
be aware that artifacts cannot at this point always be 
identified. 

One should avoid making categorical assumptions 
to every extent possible. For example, to assume that 
the toxicity is due to a non-polar toxicant because 
the toxicity in the post C,, SPE column effluent was 
removed, often is an error. Metals may also be the 
toxicant adsorbed by the SPE column; we have ob- 
served zinc, nickel, and aluminum concentrations re- 
maining on the C,, SPE column. However, if the 
toxicity can be recovered in the methanol fraction, then 
the theory that a non-polar toxicant is causing the 
toxicity is better substantiated, because metals do not 
elute with methanol and therefore do not produce toxic- 
ity in the methanol fraction toxicity test (cf., Phase II). 

Example 1. Non-polar toxicant( The Phase I 
results implicating non-polar toxicants are: 

l Toxicity in the post C,, SPE column test 
was absent or reduced. 

l Toxicity was recovered in the methanol 
eluate test. 

Toxicants other than non-polar compounds may be 
retained by the SPE column but they are less likely to 
be eluted sharply. Also, artifactual post-column toxicity 
can occur, but non-polar toxicity is typically distinguished 
from the artifactual toxicity when the eluate is checked 
for toxicity. Some toxicants (metals, some sutfactants) 
may not elute from the SPE column with methanol and 

so failure to recover the toxicity in the eluate does not 
exclude the possibility of a non-polar toxicant. Recov- 
ery of toxicity in the eluate at pH i is less likety to be an 
artifact than recovery only at pH 3 or pH 9. For those 
instances where methanol does not recover C,,-remov- 
able toxicity, other solvents may be needed to elute the 
toxicants (see Phase II; EPA, 1992A). 

Example 2. Cationic Metals. This group of metals 
has varied chemicaVphysical behaviors which result in 
less definitive Phase I results. The following character- 
istics can be used only in a general way to point to 
metals as the cause of the toxicity: 

l The toxicity is removed or reduced in the 
EDTA addition test. 

l The toxicity is removed or reduced in the 
post C,, SPE column test. 

l The toxicity is removed or reduced in the 
filtration test, especially when pH 
adjustments and filtration are combined. 

l The toxicity is removed or reduced in the 
sodium thiosulfate addition test. 

. Erratic dose response curve observed. 

No single characteristic is definitive, with the pos- 
sible exception of EDTA. In addition, toxicity may be 
pH sensitive in the range at which the graduated pH 
test is performed but may become more or less toxic at 
low or high pH depending on the particular metals 
involved. This characteristic for chronic toxicity has not 
yet been demonstrated to the extent it was for the 
acute toxicity of several metals (EPA, 1991A). 

Example 3. Total dissolved solids (TDS). TDS 
consists of a group of common cations and anions 
&a 2+, Mg2+, Na*, K+, SO;, NO;! Cl-, CO?-) and in parts 
of the United States, this group IS called ‘salinity.” TDS 
is usually measured by conductivity, density or refrac- 
tion, none of which measure specific compounds or 
ions. The toxicity of any given amount of TDS will 
depend on the specific composition. TDS behaves as 
a mixture of toxicants, which do not cause toxicity 
through osmotic stress. Evidence of this is that the 
LC5Os of the individual salts expressed in motes, are 
quite different. If osmotic stress were the mode of 
action, the concentration in moles at the LC5Os would 
be similar (EPA, 1991A). One cannot use marine 
organisms to circumvent TDS unless NaCl is by far the 
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dominant TDS. Marine organisms regulate Na+ and Cl 
but like freshwater organisms, they too are sensitive to 
non-NaCI TDS. 

For these reasons, only very general relationships 
exist between toxicity and TDS. Because of their 
varied nature, they do not sort out clearly in Phase I. 
Rather, unless conductivity is very high (e.g., 10,090 
pmhos/cm), one might suspect TDS when nothing else 
is indicated. For example, if high TDS were present 
and caused by calcium sulfate (CaSO,), toxicity is likely 
to be removed in the pH adjustment test at pH 10 or in 
the filtration and pH adjustment test at pH 10, whereas 
if the TDS were due to NaCI, toxicity would likely not be 
affected. 

As a general guide, when conductivity exceeds 
1,000 and 3,000 umhos/cm at the effect concentration 
for Ceriodaphnia and fathead minnows, respectively, 
TDS toxicity might be suspect. The conductivity of 
100% effluent is not the relevant reading, but rather the 
conductivity at the concentrations bracketing the efflu- 
ent no effect and effect concentrations. 

Following are some Phase I general indicators that 
TDS might be a suspect: 

l No pH adjustments changed the toxicity, 
unless a visible precipitate occurs upon pH 
adjustment, pH adjustment and filtration, 
and pH adjustment and aeration. 

l No loss of toxicity in the post Clcr SPE 
column test, or a partial loss of toxrctty but 
no change in conductivity measurements. 

l No change in toxicity with the EDTA addition 
test, sodium thiosulfate addition test or in 
the graduated pH test. 

In addition, there are two tests that can be used 
that are not included in Phase I but may help to charac- 
terize the toxicity: 

l Use acid/base ion exchange resins (EPA, 
1992A). When toxicity is removed or 
reduced, the toxicity could be due to TDS. 

l Use of activated carbon to remove toxicity 
(EPA, 1992A). When no toxicity is removed 
by passing the effluent over carbon, TDS 
could be responsible for toxicity. 

An additional caution is that where TDS is 
marginally high, the addition of NaCl from pH manipula- 
tions can increase TDS enough to produce artifactual 
TDS toxicity. The conductivity of the solutions before 
and after the pH adjustments should be monitored 
closely to avoid this. 

Example 4. Surfactants. There are three main 
groups of surfactants and/or flocculants (anionic, cat- 
ionic and nonionic) that may occur in effluents. The 
Phase I behavior of these types of compounds may 
vary depending on which particular groups are present. 

The general Phase I results implicating a 
surfactant(s) as the toxicant are: 

Toxicity is reduced or removed in the 
filtration test. 

Toxicity is reduced or removed by the 
aeration test. In some cases, the toxicity is 
recoverable from the walls of the aeration 
vessel after removing the aerated effluent 
sample. 

Toxicity is reduced or removed in the post 
C,, SPE column test. The toxicity may or 
may not be recovered in the methanol eluate 
test. 

Toxicity is reduced or removed in the post 
C,, SPE column test using unfiltered effluent. 
Toxicity reduction/removal is similar to that 
observed in the filiration test and toxicity 
may or may not be recovered in methanol 
eluate test or the extraction of the glass 
fiber filter. 

Toxicity degrades over time as the effluent 
sample is kept in cold storage (4°C). 
Degradation is slower when effluent is 
stored in glass containers rather than plastic 
containers. 

Example 5. Ammonia. Ammonia concentrations 
can be measured easily, and because it is such a 
common effluent constituent, determining the total am- 
monia concentration in the whole effluent is a good first 
step (see Section 4). If more than 5 mgIL of total 
ammonia is present, additional evaluations should be 
done. Sole dependence on analyses is not advisable 
because the chronic effects of ammonia and some 
other toxicants (e.g., such as surfactants) is not well 
known. Even though the ammonia concentration is 
sufficient to cause toxicity, other chemicals may be 
present to cause toxicity if the ammonia is removed. 
Three indicators of ammonia toxicity are: 

l The concentration of total ammonia is 5 
mg/L or greater. 

. In the graduated pH test the toxicity 
increases as the pH increases. 

. The effluent is more toxic to fathead 
minnows than to Ceriodaphnia. 

Example 6. Oxidants. In effluents, oxidants other 
than chlorine may be present. Measurement of a 
chlorine residual (TRC) is not enough to conclude that 
the toxicity is due to an oxidant. In general, oxidants 
are indicated by the following: 

l The toxicity is reduced or removed in the 
sodium thiosulfate addition test. 

l Toxicity is removed or reduced in the 
aeration test. 
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l The sample is less toxic over time when Of course, TRC greater than 0.1 mg/L in 100% 
held at 4°C (and the type of container does 
not affect toxicity). 

effluent might indicate chlorine as the oxidant causing 
the toxicity. In addition, the dechlorination with SO, _ 

. Ceriodaphnia are more sensitive than 
provides evidence of chlorine toxicity in the same manf 

fathead minnows. 
ner as the sodium thiosulfate addition test. 

7-3 

RB-AR27862



Section 8 
References 

Aquatic Habitat Institute. 1992. Proceedings of A 
Workshop on Chronic Toxicity Identification 
Evaluation (TIES) in the San Francisco Bay Region. 
Workshop sponsored by the San Francisco Bay- 
Delta Aquatic Habitat Institute, Bay Areas 
Discharger’s Association and San Francisco Bay 
Regional Water Quality Control Board, March 17 
and 18, 1992, Richmond, CA. 

APHA, 1989. Standard Methods for the Examination of 
Water and Wastewater, 17th Edition. American 
Public Health Association, Washington, D.C. 

Clean Water Act, Public Law 92-500, October 18, 1972, 
86 Stat. 816, U.S.C. 1251 et seq. 

EPA. 1978. Methods for Measuring the Acute Toxicity 
of Effluents to Aquatic Organisms. EPA/600/4-78/ 
012. Environmental Monitoring and Support 
Laboratory, Cincinnati, OH. 

EPA. 1979. Aqueous Ammonia Equilibrium - Tabulation 
of Percent Un-ionized Ammonia. EPA/600/3-79/ 
091. Environmental Research Laboratory, Duluth, 
MN. 

EPA. 1985A. Technical Support Document for Water 
Quality-Based Toxics Control. EPA/440/4-851032. 
Office of Water, Washington, DC. 

EPA. 19858. Methods for Measuring the Acute Toxicity 
of Effluents to Freshwater and Marine Organisms. 
Third Edition. EPA/600/4-85/013. Environmental 
Monitoring and Support Laboratory, Cincinnati, OH. 

EPA. 1985C. Short-Term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters 
to Freshwater Organisms. EPAi600/4-851014. 
Environmental Monitoring and Support Laboratory, 
Cincinnati, OH. 

EPA. 1985D. Ambient Water Quality Criteria for 
Ammonia. EPA/440/5-85/001. Environmental 
Research Laboratory, Duluth, MN, and Criteria and 
Standards Division, Washington, D.C. 

EPA. 1988A. Methods for Aquatic Toxicity Identification 
Evaluations: Phase I Toxicity Characterization 
Procedures. EPA/600/3-88/034. Environmental 
Research Laboratory, Duluth, MN. 

EPA. 19888. Short-Term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters 

to Marine and Estuarine Organisms. EPA/600/4- 
87/028. Environmental Monitoring and Support 
Laboratory, Cincinnati, OH. 

EPA. 1989A. Methods for Aquatic Toxicity IdentifEation 
Evaluations: Phase II Toxicity Identification 
Procedures. EPA/600/3-881035. Environmental 
Research Laboratory, Duluth, MN. 

EPA. 19898. Methods for Aquatic Toxicity ldentifiition 
Evaluations: Phase III Toxicity Confirmation 
Procedures. EPA/600/3-881036. Environmental 
Research Laboratory, Duluth, MN. 

EPA. 1989C. Short-Term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters 
to Freshwater Organisms. Second Edition. EPA/ 
600/4-89/001 and Supplement EPA/600/4-89IOOlA. 
Environmental Monitoring and Support Laboratory, 
Cincinnati, OH. 

EPA. 1989D. Toxicity Reduction Evaluation Protocol 
for Municipal Wastewater Treatment Plants. EPA/ 
600/2-88/062. Water Engineering Research 
Laboratory, Cincinnati, OH. 

EPA. 1989E. Generalized Methodology for Conducting 
Industrial Toxicity Reduction Evaluations (TREs). 
EPA/600/2-88/070. Water Engineering Research 
Laboratory, Cincinnati, OH. 

EPA. 1991 A. Methods for Aquatic Toxicity Identification 
Evaluations: Phase I Toxicity Characterization 
Procedures. Second Edition. EPA/600/6-91/003. 
Environmental Research Laboratory, Duluth, MN. 

EPA. 19918. Technical Support Document for Water 
Quality-Based Toxics Control. Second Edition. 
EPA/505/2-90/001. Off ice of Water, Washington, 
D.C. 

EPA. 1991 C. ’ Methods for Measuring the Acute Toxicity 
of Effluents to Freshwater and Marine Organisms. 
Fourth Edition. EPA/600/4-90/027. Environmental 
Monitoring and Support Laboratory, Cincinnati, OH. 

EPA. 1991D. Toxicity Identification Evaluation: 
Characterization of Chronically Toxic Effluents, 
Phase I. EPA/600/6-911005. Environmental 
Research Laboratory, Duluth, MN. 

EPA. 1992A. Methods for Aquatic Toxicity ldentifiition 
Evaluations: Phase II Toxicity Identification 

8-1 

RB-AR27863



Procedures. EPA/600/R-92/080. Environmental 
Research Laboratory, Duluth, MN. 

EPA. 19928. Methods for Aquatic Toxicity Identification 
Evaluations: Phase III Toxicity Confirmation 
Procedures. EPA/600/R-92/081, Environmental 
Research Laboratory, Duluth, MN. 

EPA. 1992C. Short-Term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters 
to Freshwater Organisms. Third Edition. EPA16001 
4-91/002. Environmental Monitoring and Support 
Laboratory, Cincinnati, OH. 

EPA. 1992D. Short-Term Methods for Estimating the 
Chronic Toxicity of Effluents and Receiving Waters 
to Marine and Estuarine Organisms. Second 
Edition. EPA/600/4-91/003. Environmental 
Monitoring and Support Laboratory, Cincinnati, OH. 

DeGraeve, G.M., J.D. Cooney, B.H. Marsh, T.L. Pollock 
and N.G. Reichenbach. 1989. Precision of the 
EPA-Developed Seven-Day Ceriodaphnia dubia 
Survival and Reproduction Test: Intra- and 
lnterlaboratory Study. Electric Power Research 
Institute, (EPRI), Palo Alto, CA, Report EN-6469. 

Denny, J.S. 1988. Guidelines for Culture of Fathead 
Minnows (Pimephales promelas) for Use in Toxicity 
Tests. EPA/600/S3-87/001. Environmental 
Research Laboratory, Duluth, MN. 

Federal Register. 1984. U.S. EPA: Development of 
Water Quality Based Permit Limitations for Toxic 
Pollutants; National Policy. EPA, Volume 49, No. 
48. Friday, March 9, 1984. 

Federal Register. 1989. U.S. EPA: National Pollutant 
Discharge Elimination System; Surface Water Toxics 
Control Program. EPA, Volume 54, No. 105, Friday, 
June 2, 1989. 

Ferguson, W.J., K.I. Braunschweiger, W.R. 
Braunschweiger, J.R. Smith, J.J. McCormick, C.C. 
Wasmann, N.P. Jarvis, D.H. Bell, and N.E. Good. 
1980. Hydrogen Ion Buffers for Biological Research. 
Anal. Biochem. 104: 300-310. 

Flaschka, H.A. and A.J. Barnard, Jr. (Eds.) 1967. 
Chelates in Analytical Chemistry. Marcel Dekker, 
Inc., New York, NY. 418 p. 

Giles, M.A. and R. Danell. 1983. Water Dechlorination 
by Activated Carbon, Ultraviolet Radiation and 
Sodium Sulphite. Water Res. 17(6): 667-676. 

Hackett, J.R. and D.R. Mount, In Preparation. Use of 
Metal Chelating Agent to Differentiate Among 
Sources of Toxicity. Manuscript. 

Masters, J.A., M.A. Lewis, D.H. Davidson and R.D. 
Bruce. 1991. Validation of a Four-Day Ceriodaphnia 
Toxicity Test and Statistical Considerations in Data 
Analysis. Environ, Toxicol. Chem. 10:47-55. 

McKim, J.M. 1977. Evaluation of Tests with Early Life 
Stages of Fish for Predicting Long-Term Toxicity. 
J. Fish. Res. Board Can. 34:1148-l 154. 

Mount, D.R. 1991. A Toxicity-Based Approach to 
Pollutant Identification. In: Proceedings of the 
Thirtieth Annual EPA Conference on Analysis of 
Pollutants in the Environment, May 9 and 10, 1990. 
21 W-7005. Environmental Protection Agency, Dffice 
of Water, Washington, D.C. 

Neilson, A.J., A.S. Allard, S. Fischer, M. Malmberg, and 
T. Viktor. 1990. Incorporation of a Subacute Test 
with Zebra Fish into a Hierarchical System for 
Evaluating the Effect of Toxicants in the Aquatic 
Environment. Ecotox. and Environ. Safety 20: 82- 
97. 

Norberg-King, T.J. 1988. An Interpolation Estimate for 
Chronic Toxicity: The ICp Approach. National 
Effluent Toxicity Assessment Center Technical 
Report 05-88, U.S. Environmental Protection 
Agency, Environmental Research Laboratory, 
Duluth, MN. 

Norberg-King, T.J. 1989A. An Evaluation of Relative 
Sensitivity of the Fathead Minnow Seven-Day 
Subchronic Test for Estimating Chronic Toxicity. 
Environ. Toxicol. Chem. 8(11):1075-1089. 

Norberg-King, T.J. 19898. Culturing of Ceriodaphnia 
dubia: Supplemental Report for Video Training 
Tape. EPA/505/8-89/002a. Off ice of Water, 
Washington D.C. 

Norberg-King T.J, and J.S. Denny. 1989. Culturing of 
fathead minnows, (Pimephales promelas): 
Supplemental Report for Video Training Tape. EPA/ 
505/8-89/002b. Cffice of Water, Washington D.C. 

Oris, J.T., R.W. Winner, and M.V. Moore. 1991. A 
Four-Day Survival and Reproduction Toxicity Test 
for Ceriodaphnia dubia. Environ. Toxicol. Chem. 
lo:21 7-224. 

Smith, R.M. and A.E Martell. 1981. Critical Stability 
Constants. Volume 4: Inorganic Complexes. 
Plenum Press, NY. p. 87. 

Stephan, C.E. and J.W. Rogers. 1985. Advantages of 
Using Regression Analysis to Calculate Results of 
Chronic Toxicity Tests. Aquatic Toxicology and 
Hazard Assessment: Eighth Symposium, ASTM 
STP 891, R.C. Bahner and D.J. Hansen, Eds., 
American Society for Testing and Materials, 
Philadelphia, pp. 328-338. 

Stumm, W. and J.J. Morgan. 1981. Aquatic Chemistry 
- An Introduction Emphasizing Chemical Equilibria 
in Natural Waters. John Wiley & Sons, Inc., New 
York, NY. 583 p. 

Woltering, D.M. 1983. The Growth Response in Fish 
Chronic and Early Life Stage Toxicity Tests: A 
Critical Review. Aquat. Toxicol. 5:1-21. 

8-2 

RB-AR27864



Zuiderveen, J.A. and W.J. Birge. 1991. A Comparison 
of Metal Chelators for Use in the TIE/TRE Chronic 
Toxicity Tests with Ceriodaphnia dubia. Poster, 

12th Annual Meeting of the Society for Environ. 
Toxicol. and Chem., November 1991. 

ru.s.COv~MENTpRIKNJcom~l992 -750 -002~0069 

8-3 

RB-AR27865



United States 
Environmental Protection Agency 
Center for Environmental Research Information 
Cincinnati, OH 45268 

Official Business 
Penatty for Private Use 
$300 

Please make all necassaty changes on the below label, 
detach or copy. and return to the address tn the upper 
left-hand comer. 

ll you do not wish to receive these reports CHECK HERE 0 ; 
detach. or copy fhls cover, and relum lo the address m the 
upper letl-hand comer. 

I BULK RATE 1 
POSTAGE 8 FEES PAID 

EPA 
PERMIT No. G-35 

EPAl600/6-91/005F 

RB-AR27866



&EPA

L m IJnited  States Office of Research and
Environmental Protection

EPA/600/R-92/080

Agency
Development September 1993
Washington DC 20460

Methods for Aquatic
Toxicity Identification
Evaluations

Phase II Toxicity Identification
Procedures for Samples
Exhibiting Acute and Chronic
Toxicity

RB-AR27867



EPA/600/R-92/080
September 1993

Methods for Aquatic
Toxicity Identification Evaluations

Phase II Toxicity Identification
Procedures for Samples Exhibiting

Acute and Chronic Toxicity

bYbY

E. J. Durhanl
T. J. Norberg-King’

L. P. Burkhard’

With Contributions from:

G. T. Ankleyl
M. T. Lukasewycz2

M. K. Schubauer-Berigan2
J. A. Thompson2

U.S.  Environmental Protection Agency
2AScl  Corporation - Contract No. 68-CO-0058

Previous Phase II Methods
by D. I. Mount and L. Anderson-Carnahan

EPA-600/3-88/035

National Effluent Toxicity Assessment Center
Technical Report 01-93

Environmental Research Laboratory
Office of Research and Development

U.S. Environmental Protection Agency
Duluth, MN 55804

@ Printed on Recycled Paper

RB-AR27868



Disclaimer

This document has been reviewed in accordance with U.S. Environmental
Protection Agency policy and approved for publication. Mention of trade names or
commercial products does not constitute endorsement or recommendation for use.
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Foreword

This document is one in a series of guidance documents intended to assist
dischargers and their consultants in conducting acute or chronic aquatic toxicity
identification evaluations (TIES). TIES might be required by state or federal agencies
resulting from an enforcement action or as a condition of a National Pollutant
Discharge Elimination System (NPDES) permit. The methods described in this
document will also help to determine the adequacy of effluent TIES when they are
conducted as part of a toxicity reduction evaluation (TRE).

This Phase II document is the second of a three phase series of documents
that provide methods to characterize and identify the cause of toxicity in effluents. The
first phase of the series, Phase I (EPA, 1991A;  EPA, 1992), characterizes the
physical/chemical nature of the acute and chronic toxicant( thereby simplifying the
analytical work needed to identify the toxicant( Phase II provides guidance to
identify the suspect toxicants, and the last phase, Phase III (EPA, 1993A) provides
methods to confirm that the suspect toxicants are indeed the cause of toxicity. The
recent TIE documents (EPA, 1991 A; EPA, 1992; EPA, 1993A; and this document)
have been produced or revised to include chronic toxicity recommendations and
additional information or experiences we have gained since the original methods were
printed (EPA, 1988A; EPA, 1989A; EPA, 19898).

This Phase II document provides identification schemes for non-polar or-
ganic chemicals, ammonia, metals, chlorine, and surfactants that cause either acute
or chronic toxicity. The document is still incomplete in that it does not provide methods
to identify all toxicants, such as polar organic compounds. This Phase II manual also
incorporates chronic and acute toxicity identification techniques into one document.

While the TIE approach was originally developed for effluents, the methods
and techniques directly apply to other types of aqueous samples, such as ambient
waters, sediment pore waters, sediment elutriates, and hazardous waste leachates.
These methods are not mandatory protocols but should be used as general guidance
for conducting TIES.

The sections of both Phase I documents (EPA, 1991A;  EPA, 1992) which
address health and safety, quality assurance/quality control (QA/QC),  facilities and
equipment, dilution water, testing, sampling, and parts of the introduction are
applicable to Phase II. These sections, however, are not repeated in their entirety in
this document.

. . .
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Abstract

This manual and its companion guidance documents describe a three phase
approach for dischargers to identify the causes of toxicity in municipal and industrial
effluents (Phase I, EPA, 1991A;  EPA, 1992; and Phase III, EPA, 1993A). In 1989, the
document titled Methods fur Aquatic Toxicity ldentificatiun Evaluations: Phase II
Toxicity Mentification  Procedures was published as a guidance document for identi-
fying the cause of toxicity in acutely toxic effluents (EPA, 1989A). This new Phase II
document provides details for more types of samples, tests and test procedures that
can be used to identify the specific chemical(s) responsible for acute or chronic
effluent toxicity when the cause of toxicity is related to non-polar organic compounds,
ammonia, surfactants, chlorine, or metals. Phase I characterization and Phase III
confirmation manuals, the other guidance documents in the three phase TIE ap-
proach, have also been produced or updated to include both chronic toxicity
information and new developments made since the first set of documents were
printed. The TIE approach is applicable to effluents, ambient waters, sediment pore
waters or elutriates, and hazardous waste leachates.
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Section 1
Introduction

1.11.1 General Overview

The major objective of Phase II is to identify the
suspected toxicant  in effluent samples using toxicity
identification evaluation (TIE) procedures. Some general
guidance to achieve this goal might be furnished by the
results of acute or chronic Phase I tests (EPA, 1991 A;
EPA, 1992),  but for many effluents, such as those that
contain non-polar organic toxicants, both separation and
concentration steps will be needed to achieve the stated
objective. If metals are the suspect toxicants, atomic
absorption (AA) spectrometry should be sensitive enough
to measure toxic concentrations directly in the sample,
and the number of metals is small enough that toxicity
can be attributed without separating one from another.
The same principle applies to toxicants such as ammonia
and chlorine; measurements can be made without sepa-
rating or concentrating the effluent. However, if non-polar
organic chemicals are suspected, separation is usually
necessary for analytical and toxicological reasons.

Because there are often many constituents within
the classes of chemicals (e.g., non-polar organics) iden-
tified in Phase I, initial efforts are most productively
directed towards separating the toxic from the non-toxic
constituents. With the need to identify the toxicant
quickly, comes the temptation to analyze too soon. Using
methods such as gas chromatography/mass spectrom-
etry (GC/MS) one can identify many non-polar organics
that are present in the whole effluent mixture, but the
association of toxicity with compound identification is
very difficult to make for several reasons:

l There can be hundreds of compounds present in
the mixture, and to investigate all of them would
be very time consuming.

. Toxicity data for many of the chemicals identified
are usually not available; chronic data are espe-
cially scarce.

l Separate constituents are often not commer-
cially available; therefore, their toxicities cannot
be measured and compared to effluent toxicity.

l Interactions (additivity, synergism, antagonism)
are not known for the given mixtures and one
must know interactions to apportion toxicity.

Therefore, it is suggested that the search for a
separation technique to simplify the mixture into toxic and
non-toxic ‘subsamples be the first priority, rather than
spending time investigating non-toxic components. If there
is a single suspect toxicant  such as ammonia, then sepa-
ration needs are limited largely by the analytical require-
ments. If the toxicity is caused by one constituent, the
number of other non-toxic constituents is irrelevant when
attributing toxicity. However, Phase I results do not usu-
ally lead to a single suspect toxicant  and, therefore,
separation may be necessary.

When a method for separating the toxicant  is
found, concentration might be an inherent part of the
procedure (as in solvent extraction) which will simplify the
problem of finding a method to concentrate the toxicity. At
each stage of the separation and concentration process,
measurement of toxicity is the best way to evaluate the
success or failure of the manipulations.

The interpretation of TIE results can be different
than in the classical research approach, where experi-
ments are designed to either accept or reject a hypoth-
esis. In TIE work, an experiment usually permits
acceptance but not rejection of the hypothesis. For ex-
ample., if ammonia is the suspect toxicant, it can be
removed using zeolite resin. If the post-zeolite effluent is
still toxic, you can conclude that there are additional
toxicants present. If the pqst-zeolite  effluent is not toxic,
you cannot conclude that there are no additional toxicants
because the zeolite might have removed other toxicants
in addition to the ammonia.

The always present question of whether or not
there is more than one toxicant  immensely complicates
data interpretation. Phase I results might not give an
indication of multiple toxicants unless the toxicant  classes
change over time or from sample to sample. Phase II
results are often such that one cannot tell whether the
situation is one of partial removal of a single toxicant  or

l - l
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toxicity resulting from multiple toxicants. The issue might
be resolved when one toxicant is identified and measured
analytically. Experience shows that the best choice is to
try to focus on the toxicant that appears easiest to iden-
tify. Usually that will be a toxicant that can be separated
from the sample (e.g., extracted or recovered from a
sorbent that reduces the toxicity) and for which there is a
broad spectrum analytical identification method. Above
all, data should always be interpreted under all probable
scenarios, i.e., one toxicant, multiple toxicants, and even
different toxicants from sample to sample.

Experience gained since the first Phase II (EPA,
1989A) document was printed has shown that effluent
toxicants are not always strictly additive. When they are
not additive, the toxicant present in the largest number of
toxic units (TUs)l  will determine the toxic units of the
effluent. Non-additive toxicity will not be reduced by ma-
nipulations that remove toxicants present in fewer TUs
than the major toxicant. Two or more toxicants might be
present in approximately equal TUs, however, the ratio of
TUs might change over different sampling times so that
different chemicals determine the toxicity of the effluent.
These important problems can be dealt with in Phase III
(EPA, 1993A). In Phase II, the objective is to find which
toxicants are present in toxic concentrations. However,
failure of additivity may confuse Phase II results. Minor
toxicants might not be noticed until the major one has
been removed. In addition, additivity cannot be deter-
mined until at least one toxicant  has been identified.
Usually Phase II and Phase III merge and overlap, there-
fore such concerns regarding non-additivity must be in-
corporated in Phase II, at least in the latter stages.

As effluent constituents are identified, a sorting
process begins in which a decision must be made as to
whether or not each one identified contributes to the
toxicity of the effluent. Usually, this is based on the
estimated concentration and the constituents’ toxicities.
Analytical error in quantitation might be large (1 O-fold or
more) because recoveries and instrument response fac-
tors probably will not yet have been determined on a
particular chemical. Uncertainty about toxicological data
is caused by differences in species sensitivity and water
quality effects, when literature values are available. Con-
fidence in an acute toxicity value (LC50) will vary depend-
ing on the quality of the test, the number of times it was
repeated, and the completeness by which the results and
conditions were described. Data on chronic effect levels
are often scarce and rarely have tests been repeated.
Species sensitivity frequently varies from 1 OO-fold to 1 ,OOO-
fold; an error will likely be introduced when the published

‘TU calculations are described in EPA, 1992. The TUs of whole
effluent equals 100% divided by the LC50, NOEC, or ICp (IC25,KXO)
of the effluent. The TU of a specific chemical equals the concentration
of the compounded divided by the effect level of the compound.

toxicity data for species other than the test species are
used. When the uncertainty of the toxicity data is high, a
maximum of lOO-fold  difference between measured con-
centrations and literature effect would be acceptable to
classify a chemical as a suspect. If one has good data for
the test species being used, then this difference might be
reduced (e.g., to IO-fold). Since these decisions are
always subjective, they will sometimes be wrong no mat-
ter how carefully they are made. Perhaps most important
is use of an iterative process to make these decisions.
First evaluate candidates that have concentrations higher
than or closest to their chronic or acute effect levels and if
these prove to be negative, then examine those that have
concentrations below their effect levels. Remember that
the suspected toxicant  concentrations at the dilution equal
to the effect level concentration are the important concen-
trations to compare. At some point, a decision must be
made whether the true toxicants have not yet been iden-
tified or measured and that different sample preparation
or analyses must be used.

For some effluents, Phase I results might not
have provided any guidance for selecting the appropriate
Phase II procedures to follow. Other characterization
steps that might be helpful are solvent extraction (acidic
or basic), sample evaporation, size exclusion chromatog-
raphy, lyophilization, and vacuum or steam distillation
(Jop et al., 1991; Walsh et al., 1983). We have little
experience upon which to recommend procedures in
these cases. It is most important to realize that the more
severe the effluent treatment, the more likely it is that
toxic artifacts will be created. These toxic artifacts could
then be confused with effluent toxicity; therefore, artifac-
tual toxicity must be monitored for each technique by
using blanks.

Phase II efforts should develop into Phase III
confirmation (EPA, 1989B; EPA, 1993A) as soon as good
evidence is obtained that one or more candidates are
probable toxicants. The primary product of Phase II is the
chemical identification of the suspected toxicants to fur-
nish the basis for Phase III testing. The techniques de-
scribed in this document are useful for TIE work with
effluents as well as ambient waters (Norberg-King et al.,
1991) and sediment pore water or elutriates (EPA, 1991 B).

1.2 Biological Testing Considerations

The Phase I characterization documents (EPA,
1991 A; EPA, 1992) provide detailed discussions of vari-
ous issues that are important in decision making through-
out the TIE. The guidance covers use of various species,
test concentrations, effluent sample types, testing re-
quirements for quality assurance @A), test endpoints,
frequency of changing the test solutions, and more. All of
these issues will not be discussed at length here and the
user is encouraged to refer to the acute Phase I or the
chronic Phase I as companion documents for the TIE
process. As the Phase II identification and Phase III
confirmation steps are initiated, QA requirements should

1-2
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be revisited and the types of tests modified as needed.
Several of these testing concerns are addressed below.

During Phase I, the analyst is searching for an
obvious alteration in effluent toxicity, which might be
obtained by using modified acute or chronic test methods.
Confirmation testing (Phase III) conducted according to
the standard methodologies will confirm whether the sus-
pect toxicant  detected in the characterization and iden-
tification steps (Phases I and II) is the true toxicant.

In characterizing the toxicity in Phase I, factors
such as time requirements, number of tests and the test
design had to be considered and weighed against the
type of questions that are posed. EPA has published
manuals that describe the acute or chronic test methods
to determine the toxicity of effluent or receiving waters to
freshwater and marine organisms (EPA, 1991 C; EPA,
1993B; EPA, 1993C),  and these tests are typically those
that indicated the presence of toxicity which the TIE
initiated. Deviations from these standard effluent testing
protocols were discussed in both the acute Phase I (EPA,
1991A) and the chronic Phase I (EPA, 1992) manuals.
For either the acute or the chronic Phase I procedures,
the test volumes, number of test concentrations, and
number of replicates were all reduced from the standard
test methods (EPA, 1991 C; EPA, 19938). Additional modi-
fications for the short-term chronic tests (EPA, 19938)
including shorter test duration and a reduction in the
frequency of the test solution renewal are suggested.

Throughout this document the TIE procedures for
acutely toxic samples are based on the following species:
Cetidaphnia  dubia, Pimephales promelas,  Daphnia magna,
Daphnia puiex,  Hyaiella azfeca, and Chirorwmus fenfans.  Al-
most all acute tests have been conducted using 10 ml of test
solution in a 1 oz plastic cup (or 30 ml glass beaker). TIE
procedures with chronically toxic effluents are based on
tests using either C. dubia or larval fathead minnows
(P. promelas). In our laboratory, the chronic tests with C.
dubia generally are conducted using 10 ml of test solution
in 1 oz cups and the chronic tests with fathead minnows
are conducted using 50 ml of test solution in a 4 oz plastic
cup (10 fish per cup). Use of other species is constrained
only by availability, size, age, and adaptability to test
conditions, and the threshold levels for additives and
reagents for the other organisms must be determined.

As soon as good evidence is obtained to impli-
cate a suspect toxicant( the procedures for performing
the toxicity tests can be changed. Therefore in Phase II,
the time to modify the tests from the way they were
conducted in Phase I may depend on when the toxicant  is
identified, and generally there is more flexibility for this in
Phase II than in Phase III. The quality control (QC)
measures in Phase I were not very strict because the data
are primarily informative rather than definitive. The iden-
tity of the suspect toxicant  furnishes the basis upon

which Phase III testing will be conducted, which will
require stricter QC measures.

Initially, the use of modified protocols in Phase II
may continue; however, once specific toxicant  identifica-
tion has been made, Phase II (and Phase Ill) testing
conditions should be similar to the methods described in
the protocol that was used to trigger the TlE. Although a
shortened version of the 7d C. dubia test (which is referred to
as the 4d test) may have been used in Phase I, the use of this
test changes in Phase II (and Phase Ill). In order to use the 4d
test in Phases I and II of the TIE, the 4d test must detect similar
trends of toxicity as the 7d test does. However, in Phase III the
711  test is required because the toxicity as measured in the 7d
test (with additional replicates, more test concentrations, addc
tional volume) was used to detect toxicity for the permit, and
should be used to confirm the cause of toxicity. In the early
Phase II chronic toxicity evaluation steps, the qualitative evalu-
ation of toxicii might be useful and there is no reason why a
toxicity test could not be terminated sooner than day seven, if
the answer to a particular question has been found.

Information obtained from all toxicity tests should
be maximized. For instance, in acute toxicity tests, moni-
toring time to mortality might be useful. In chronic toxicity
tests, time to young production of the cladocerans or the
lack of food in the stomach of the larval fish might be
useful parameters. Observations such as these made
during a test might be subtle indications and quite infor-
mative of small changes in toxicity. For example, if there
is complete mortality on day four of the baseline effluent
test, and in the EDTA addition test (Section 4) the animals
either do not reproduce or grow yet they are alive at day
seven of the exposure, the indication is that the toxicity
was reduced. These results suggest that either an addi-
tional toxicant is present or the EDTA concentration was
not sufficient to remove all cationic metal toxicity. These
types of observations in the short-term tests might be just
as useful as reductions in young production or growth.
For evaluating whether any manipulation changed toxic-
ity, the investigator should not rely only on statistical
evaluations of test endpoints (see below and Phase I;
EPA, 1992). Some treatments may have a significant
biological effect that was not detected by the statistical
analysis. Judgement and experience in toxicology should
guide the interpretation.

In addition, for acute or chronic toxicity tests,
randomization, careful exposure time readings, use of
animals of uniform narrow-age groups (i.e., C. dubia
neonates O-6 h old rather than O-12 h old) might assist in
detecting smaller differences in tests. For example, in the
chronic C. dubia tests, it is important to use organisms of
known parentage (EPA, 19938) when the number of,
replicates is reduced from ten to five. For C. dubia, daily
renewals of the test media (as required in the chronic
manual; EPA, 1993B) might not be necessary in Phase I
or early Phase II testing as long as the toxicity of the
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using 20% effluent as the high concentration and a dilu-
tion factor of 0.7, the concentrations to test would be 7%,
1 O%, 14%,  and 20%. If the NOEC (from historical data) is
4050% (or above 50%),  then the concentration series to
test might be either 25%, 50%, 75%, and 100% or 40%,
60%,  80%, and 100%. Choice of dilution factor and test
concentration range is a matter of judgement and de-
pends on precision required and practicality.

After conducting Phase I procedures on an efflu-
ent sample, the amount of effluent available for subse-
quent identification work can be sufficiently reduced so
that it may be impractical to try to conduct each step as
described in this manual. This is most likely to be a
concern for the non-polar organic identification techniques
and other methods that require large volumes of effluent
to identify the toxicant. Therefore, when the volume of an
effluent sample is limited, it might be possible to track
toxicity through the non-polar identification steps without
quantifying the amount of toxicity that is being tracked.
Essentially, this means that the toxicity tests are done
without dilutions and the results would indicate only that
toxicity was present or absent; the degree of toxicity
present would not be measured. Once a suspect toxicant
is identified, it is important that the amount of toxicity
removal is known (through the use of dilutions) because
this information can be used to correlate a suspect toxi-
cant to the effluent toxicity in the Phase III confirmation.

If the number of replicates per test concentration
is reduced, one must assume that precision is sufficient to
decipher changes in toxicity that must be measured. One
problem in using reduced replicates and low numbers of
test concentrations in chronic tests is that this smaller
data set is not amenable to all statistical requirements as
recommended for the short-term tests (EPA, 1989C; see
Section 5.8). Use of more organisms and more replicates
than in the Phase I modified tests might be preferable if
Phase I and/or Phase II data are likely to be used in
Phase III confirmation (See Sections 2.2 and 2.3).

For acute toxicity tests, usually the LC50 or EC50
is reported for the toxicity data (calculated as recom-
mended in EPA, 1991C). Endpoints for the most com-
monly used freshwater short-term chronic tests are growth,

reproduction, and survival. The no effect level (the NOEC),
and the effect concentration (the lowest observed effect
concentration (LOEC)) are determined using the statisti-
cal approach of hypothesis testing to determine a statisti-
cally significant response difference between a control
group and a treatment group. The NOEC/LOEC are heavily
affected by choice of test concentrations and test design
(see Phase I; EPA, 1992). The linear interpolation method
(EPA, 1993B) provides a point estimate of the effluent
concentration that causes a given percent reduction based
on organism response. To calculate the inhibition concen-
tration percentage (ICp),  a computer program (Norberg-
King, 1993; DeGraeve  et al., 1988; EPA, 1989C) is
available and the assumptions for the method are not the
same as the test design requirements for hypothesis-
based analyses. This point estimation method is particu-
larly useful for analyzing the type of data obtained from
chronic TIE tests using dilutions (see Phase I; EPA,
1992). Confidence intervals are calculated using a boot-
strap technique and might be useful in determining if
significant toxicity alterations have been observed. A
significant reduction in toxicity and the precision of refer-
ence toxicant tests must be determined by each labora-
tory for each effluent. The use of the IC50 for Phase I
TIES might be more useful in correlating the characteriza-
tion test results to the effluent toxicity than an IC25.
However, there are situations when an IC50 may not be
able to be estimated while the IC25 can. Above all, it is
most important to use a consistent effect level for TIE
toxicity testing (EPA, 1992A; EPA, 1992B). When sub-
stantial toxicity reductions occur in the toxicity tests, it
may not always appear to be a significant reduction when
the IC25s are compared. In order to further evaluate
whether toxicity reductions occurred, the sample size
(number of replicates, number of concentrations) should
be increased in subsequent testing in an effort to differen-
tiate toxicity responses from the sample size limitations.
The dose response curves should then be compared to
see if responses are similar. Once the toxicant  is identi-
fied, the number of replicates should be increased, the
dilution sequence might be modified and more dilutions
used (see Phase III; EPA, 1993A). This should increase
the confidence in the IC25 (or any other ICp value cho-
sen) estimate.
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Section 2
Non-Polar Organic Compounds

2.1 General Overview
The procedures described in this section pre-

sume that the results of Phase I tests have implicated
non-polar organic compounds as the cause of acute or
chronic toxicity. Results of Phase I tests that clearly
implicate a non-polar organic toxicant typically are (1) all
toxicity is removed by the C,, Solid Phase Extraction
(SPE) column and (2) toxicity was observed in the metha-
nol eluate test (see Section 8.6, EPA, 1991 A; and Section
6.7, EPA, 1992). In some instances, toxicity might not be
removed completely by the SPE column, but sufficient
toxicity is recovered in the methanol eluate to suggest a
non-polar organic toxicant  is present. While toxicants
other than non-polar organic compounds might be re-
moved by the column (e.g., metals), the elution for such
toxicants is unlikely to be similar to that of the non-polar
organic compounds. However, there is also the possibility
that non-polar toxicants such as surfactants will be re-
moved by the column and not recovered in the methanol
eluate. The goal in this section is to separate the non-
polar organic toxicants from the many non-toxic compo-
nents of the sample to simplify the analytical work needed
to identify the toxicant.

This section provides the general background
information on non-polar organic compounds along with
methods for concentrating and separating the toxicants
for samples with acute and/or chronic toxicity. While the
method provides a stepwise  procedure, there are in-
stances where the investigator may have to modify the
approach to achieve the best results.

Also provided in this section are procedures that
might prove helpful in less common situations. Metabolic
blockers can be used to reduce or eliminate certain
organophosphate compounds from exhibiting their toxic-
ity (Section 2.5.1). In the instance when toxicity is not
recovered in the methanol eluate and toxicity is not evi-
dent in the post-column effluent, alternate SPE elution
procedures might be needed (Section 2.6).

A flow diagram of the general procedures fol-
lowed in identifying non-polar organic toxicants is shown
in Figure 2-l. In this procedure, the C,, SPE column is
used to extract non-polar organic compounds from efflu-
ent samples. These compounds are then selectively

Figure 2-1.
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stripped off the column by eluting the C,, sorbent with
solvent/water mixtures that are increasingly less polar. As
a series, the ‘fractions” resulting from column elutidn
contain analytes that are decreasingly polar and decreas-
ingly water soluble. Each fraction is then tested for toxic-
ity. The fractions that exhibit toxicity are concentrated,
and chromatographed using reversed phase High Perfor-
mance Liquid Chromatography (HPLC). The resulting
HPLC fractions are collected and tested for toxicity. The
toxic HPLC fractions are concentrated into methanol by
using another C,, SPE column. The concentrates are
toxicity tested as before and analyzed using gas chroma-
tography/mass spectrometry (GCIMS).  Those constitu-
ents that are identified by GC/MS are roughly quantitated,
by assuming that the identified constituents and the inter-
nal standard have the same response factor, and the
estimated concentrations are compared to available tox-

. icity values for each chemical. If this process reveals
strong suspect toxicants, mass balance testing (Phase
III; EPA, 1993A) could be started to determine whether
additional toxicants are present. If no suspect toxicants
are identified by GC’MS, a longer analysis time on the
HPLC might help the identification by increasing the
separation between toxic and non-toxic components, es-
pecially if there are many constituents present. Also,
additional constituents might be identified by increasing
the concentration factor by using larger effluent samples.
At some point, the probability that the toxicants are not
chromatographing on the gaschromatograph or the mass
spectrometer is not detecting the toxicants must be con-
sidered if no suspect toxicants are identified. Use of other
types of mass spectrometry, such as liquid chromatogra-
phy/mass spectrometry (LCMS) or direct probe mass
spectrometry may be useful. Some effluents might re-
quire the SPE fractionation of several different samples
befoie good suspect toxicants are found (Burkhard et al.,
1991: Lukasewycz and Durhan, 1992).

The sorbents that we recommend for use in SPE
and HPLC columns are chemically identical. The column
packing is composed of silica gel which has been reacted
with octadecyl silane to produce a covalent bonded phase
one layer ?hick.  The mechanism of extraction with C,,
sorbents is relatively simple. Extraction of effluent com-
pounds occurs because the C,, sorbent competes for the
non-polar compounds more strongly than the surrounding
water molecules of the effluent. Sorption of non-polar
organics is also influenced by ionic strength, pH, and total
organic carbon (TOC) levels. The same compounds will
partition on both SPE and HPLC columns and the order of
elution of chemicals will be approximately the same. The
major difference between the SPE and HPLC columns is
the amount of resolution achieved. The particle size em-
ployed in HPLC columns is smaller, providing a greater
surface area and better component resolution. Despite
less resolution, SPE columns have the advantage of
possessing a higher loading capacity in general than
HPLC columns. The SPE column could be considered as
a preparatory column for sample cleanup while the HPLC
column gives far more refined and controlled separation
of sample constituents.

To elute non-polar organic toxicants extracted by
the C,, SPE column, the sorbed compounds must have a
higher affinity for the eluting solvent than for the octadecyl
functional group (C,,). Choosing a solvent for elution is
complicated because the toxicants’ identities are not
known. In general, the solvent should be less polar than
water and more polar than the C,, functional group. The
degree of solvent strength required to elute the toxicants
is also unknown. Since methanol is less polar than water,
has a very low toxicity (EPA, 1991A;  EPA, 1992) and
elutes chemicals from C,, sorbents, it has been a good
solvent choice for most TIE purposes to date.

During sequential column elutions with succes-
sively increasing methanol in water concentrations, the
relatively hydrophilic, polar compounds are eluted first,
and the more hydrophobic non-polar compounds are
eluted last. Given the strength of methanol as a solvent
for non-polar compounds, it is possible that very hydro-
phobic (octanol water partition coefficient (log KO,) 24)
effluent compounds will not be eluted from the C,, sor-
bent. If toxicity caused by a very hydrophobic compound
is extracted by the SPE column but not eluted by metha-
nol, less polar solvents might be used to elute the SPE
column (Section 2.6.1).

Once toxicity is found in one or more C,, SPE
effluent fractions, the toxic fractions can be concentrated,
then fractionated using HPLC. HPLC separation is used
to reduce the number of non-polar organic chemicals
associated with the toxicant  and to simplify analytical
identification. The toxic HPLC fractions are concentrated
and then analyzed by GC/MS.  The estimated concentra-
tions of constituents in the final concentrate (based on an
internal standard) are then compared to their toxicity
values to decide which may be sufficiently high in concen-
tration to cause toxicity. If none are found, higher concen-
tration factors, other analytical methods (e.g., LC/MS),
and better separation are recommended.

Fractionation and toxicity testing procedures for
non-polar organic toxicants causing either acute or chronic
toxicity are presented in different sections of this chapter.
The acute toxicity (Section 2.2) and chronic toxicity (Sec-
tion 2.3) sections, have similar outlines and were written
so either section could be used independently. As a
result, some details that apply to both acute and chronic
toxicity are repeated. After using Section 2.2 or Section
2.3 the investigator should then follow the identification
techniques described in Sections 2.4 and 2.5. Additional
identification techniques are included in Sections 2.5.1
and 2.5.2, and alternate fractionation methods are found
in Section 2.6.

2.2 Acute Toxicity: Fractionation and
Toxicity Testing Procedures
In the initial stages of Phase II, toxicity tests may

be conducted on C,, SPE effluent fractions and blank
fractions to detect the presence of toxicants and not to
quantify the magnitude of the toxicity in each. As in the
toxicity tests conducted during Phase I, careful measure-
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ment of test solution water chemistry parameters is not
required, and duplicate exposures are not needed during
initial stages of Phase II. The major purpose of this step is
to assess whether or not acute toxicity is present in the
effluent fractions and the blank fractions. However, as
suspect toxicants are identified, quantitative toxicity mea-
surements will be needed to compare with the analytical
measurements. If Phase II data will be used to correlate
effluent toxicity to toxicant concentrations (Phase Ill),
then more replicates per concentration, randomization of
test concentrations, careful observation of organism ex-
posure times, and organisms of approximately the same
age should be used (Section 1.2). Also, the amount of
eluate that is collected from the SPE fractionation, SPE
concentration, and the amount of eluate used for testing
and GC/MS  analysis should be measured at all steps.
The volume of eluate must be measured to determine the
actual toxicity concentration in each step of the proce-
dure. If it is expected that the Phase II data will be needed
later, it is prudent to measure the degree of toxicity in the
eight SPE effluent fractions at the onset of testing. We
rarely see blank fraction toxicity; therefore, there is little
need to evaluate the toxicity of the blank fractions with
dilutions.

2.2.1 Sample Volume
The volume of effluent needed depends on its

toxicity, the toxicity of the chemicals causing effluent
toxicity, and the sensitivity of the analytical method. Since
only the first of these will usually be known when Phase II
begins, trial and error will dictate volume size. For acutely
toxic effluents with LC50 values in the range of 25lOO%,
2,000 ml have usually been adequate to perform one
complete Phase II procedure, i.e., C,, SPE and HPLC
fractionations,  and GC/MS identification. Examples of the
variables that should be considered when deciding what
volume of effluent to fractionate are provided in Appendix
A, Tables A-l and A-2.

2.2.2 Filtration
For acute tests, glass fiber filter(s) (1 pm nominal

pore size) should be prepared as described in Section 8
of Phase I (EPA, 1991A).  Both 45 mm and 90 mm
diameter filters have been used routinely, the 90 mm filter
allows about four times more effluent to be passed over
the filter than one 45 mm filter. All filters and glassware
should first be pre-rinsed with pH 3 high purity water (e.g.,
Milli-@’  Water System, Millipore Co., Bedford, MA) to
remove any metal residues followed by a high purity
water rinse which is discarded. The filter should then be
rinsed with 200 ml of dilution water (rather than with high
purity water) and a sample collected after most of the
volume has been filtered, to provide the filter toxicity
blank. In subsequent steps, a dilution water column blank
will be collected after passing the filtered dilution water
through the SPE column. The same type of dilution water
should be used for the filter blank as for the column blank
(Section 2.2.4). Usually, a reconstituted water is used for
these procedures (EPA, 199X).

The volume of effluent that can be passed through
a single filter is sample specific. If more than one filter is
needed (as is often the case) a single filter blank can be
prepared by stacking three to eight pre-rinsed filters in
one filter holder, followed by a dilution water rinse. The
filters are then separated and used one at a time to filter
the effluent sample. If samples are high in suspended
solids additional pre-filtration may be needed. Centrifuga-
tion may also be useful for reducing solids in the sample.
The decision to use a vacuum or a pressure system for
filtering should have been made during the filtration tests
of Phase I. If a volatile chemical is indicated in Phase I,
pressure filtration should be used.

Filtration equipment should be thoroughly cleaned
before use to prevent any toxicity carry-over or particle
buildup from previous samples. We have found that glass
vacuum filtering apparatus with stainless steel filter sup-
ports (for samples without pH adjustments), or plastic
pressure filtering devices are the most useful. We have
also found that if removable glass frits are used, they can
be rigorously cleaned with aqua regia for 20-40 min
followed by rinsing with copious amounts of water to
remove residual effluent particles, since glass frits may
act as a filter. The removable stainless steel filter sup-
ports do not require as rigorous cleaning as fritted glass-
ware, and therefore are a good substitute.

A portion of the filtered sample must be reserved
for toxicity testing while the rest is used for C,, extraction.
If the filtration toxicity blank exhibits slight or complete
toxicity, but the post C,, SPE column effluent is not toxic
(and effluent toxicity was unchanged after filtration), the
blank toxicity can be ignored since the effluent toxicity
was removed (see Phase I). However, as the identifica-
tion process continues, the blank toxicity will haveto  be
eliminated, or it could lead to a misidentification of the
cause of toxicity.

When effluent samples are readily filtered
(-2,000 ml for one 90 mm 1 ym filter) it may be possible
to filter the effluent for the filtration test of Phase I but then
use unfiltered effluent with the C,, SPE column test and
the methanol eluate test (Phase I). Once it has been
demonstrated that filtration does not reduce toxicity, rou-
tine filtering of these effluents (before passing the effluent
through the SPE column) can be eliminated. This will
reduce the amount of toxicity testing required.

2.2.3 Column Size
Various sizes of C,, SPE columns are available

ranging from 100 mg to 10,000 mg packing material. We
routinely have used Baker@  1,000 mg columns for 1,000
ml of effluent (J.T. Baker Chemical Co, Phillipsburg, NJ).
Volumes for a 1,000 mg C,, SPE column are used in the
following description, since this is the size most often
used for acutely toxic effluents. Other available column
sizes and the appropriate volumes to be used in their
preparation are listed in Table 2-l. Positive pressure
pumps (EPA, 1991 A) are convenient for the large volume
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effluent samples because flow rate can be controlled.
Vacuum manifolds can be used for drawing the small
samples and solvents through the column. Whichever
system is used, it must be made of materials that dilute
acid and solvents do not destroy, or from which chemicals
are not leached that are toxic or that interfere with analyti-
cal measurements. Teflon, glass, and stainless steel are
all acceptable choices.

2.2.4 C,, SPE Column Conditioning
The 1,000 mg C,, SPE columns are conditioned

by pumping IO ml of 100% methanol through the column
at a rate of 5 mI/min. The pumping rate can be increased
to 40-50 ml/min when using the larger C,, SPE columns
(e.g., 5 g or 10 g). The volumes of conditioning solvent
recommended for other size columns are shown in Table
2-1. We most commonly use methanol as the condition-
ing solvent but other water miscible solvents such as
acetonitrile, ethanol, or isopropanol may be substituted.
Before the packing goes dry, 10 ml of high purity water
must be added. As the last of the high purity water is
passing through the column, 25 ml of filtered dilution
water is added. The last 10 ml of dilution water is col-
lected for a dilution water column blank. After the dilution
water has been collected, pumping is continued until no
dilution water emerges from the column.

2.2.5 Nution Blanks
To generate elution blanks from a 1,000 mg

column, two successive 1.5 ml volumes of 25% methanol/
water (%v/v)  are pumped sequentially through the condi-
tioned column and collected in one analytically clean,
labeled glass vial to produce a 3 ml sample. This proce-
dure is repeated with two successive 1.5 ml volumes of
50%, 75%, 80%, 85%, 90%, 95% and 100% methanol/
water. The column should be allowed to dry for a few
seconds between each elution with the different 3 ml

volumes of methanol/water solutions. This will result in
eight 3 ml SPE fraction blanks (Figure 2-2). The volume of
methanol solutions used for elution will vary depending on
column size as shown in Table 2-1.

2.2.6 Column Loading with Effluent
The same column is then reconditioned with IO

ml of 100% methanol and IO ml of high purity water, as
described in Section 2.2.4. Without allowing the column to
dry, 1,000 ml of filtered effluent is pumped through the
column at a rate of 5 ml/min (Figure 2-3). The pumping
rate can be increased to 40-50 ml/min when using the
larger C,, SPE columns (e.g., 5 g or IO g). Three samples
(-25 ml) of the post-C,, SPE column effluent are collected
after 25 ml, 500 ml and 950 ml of the sample has passed
through the column. Each post-column aliquot is toxicity
tested to determine the presence of acute toxicity in the
post-column effluent. This information can be used to
determine whether the toxicant  is removed from the eff lu-
ent by the column. As Phase II progresses, the recom-
mendation is to increase the volume of post-column effluent
collected to 50-60 ml so that dilutions can be made and
LC50 values obtained. Pumping is continued until no
effluent emerges from the column.

The efficiency of the C,, SPE column is deter-
mined by the extraction efficiency (i.e., how well the
column sorbent removes the effluent components) and
the elution efficiency (i.e., how well sorbed effluent com-
pounds are removed from the column by the solvent
elution). For purposes of the TIE, “efficiency” applies only
to recovery of those compounds causing or affecting
effluent toxicity. Since most acute effluent tests do not
require large volumes of post-column effluent, the ques-
tion of extraction efficiency can be determined by measur-
ing the toxicity of the post-C,, column effluent sample.
The toxicity of each aliquot collected after different vol-

Table 2-1. Solid Phase Extraction (SPE) Column Fractionation Information’

C,* SPE
Sorbent

Amount2 (mg)

Volume
Conditioning
Solvent (ml)

High Purity
Water

Volume (ml)

Maximum
Volume

Effluent (ml)

Minimum (500x)
Elution

Volume3 (ml)

Suggested (333x)
Elution4

Volume3 (ml)

100 2 2 100 2 x0.1 2 x 0.15

500 5 5 500 2 x 0.5 2 x 0.75

1,000 10 10 1,000 2 x 1.0 2 x 1.5

5,000 50 50 5,000 2 x 5.0 2 x 7.5

10,000 100 100 10,000 2x 10 2 x 15

‘The information is based on manufacturer’s guidance and experimental data from ERL-D.
*The smaller columns (100, 500, and 1,000 mg sorbent) are available pre-packed from J.T. Baker Chemical Co., the larger columns (5,000 and
10.000 mg sorbent) are available pre-packed from Analytichem International.

3Elution with two successive aliquots of the volume listed.
4The 333x concentration factor is most often used for acute work.
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umes of effluent have passed through the column can be
compared. If there is toxicity in these aliquots, but it is
independent of the volume of effluent previously passed
through the column, then the post-column effluent toxicity
is probably caused by toxicants that are not extracted by
the column. If toxicity increases as the volume of post-
column effluent passed through the column increases,
the capacity of the column to sorb the toxicants was
probably exceeded.

In some post-column effluent, a biological growth
may occur during toxicity testing which may result in
artifactual toxicity. Such growth can make it appear as if
the toxicant  is not removed by the column. While this
growth does not occur in all effluents, when it does occur
with one post-column effluent sample, the growth often
occurs in each subsequent post-column effluent sample
from the same preparation. The growth may appear to be
filamentous and give a milky appearance in the test
vessel. This effect has been linked to methanol stimula-
tion of bacterial growth. Methanol is present in the post-
column samples because a small amount of methanol is
constantly released from the column during the sample
extraction. Effluents from biological treatment plants may
develop this characteristic more readily than industrial
effluents.

Additional filtering of the post-column effluent
sample through a 0.2 pm filter before testing to remove
bacteria and eliminate the growth has been helpful. To
avoid artifactual toxicity as much as possible in the post-
column effluent, initiate the tests with the post-column
samples on the same day the effluent is extracted even if
fractions are not tested simultaneously. For those few
effluents where we have not eliminated this type of atti-
factual toxicity, holding the post-column effluent is prob-
lematic in that more time is available for bacteria to cause
problems in the post-column sample matrix. When post-
column artifactual growth is not readily eliminated, a
different solvent (e.g., acetonitrile) to condition the col-
umn (but not for eluting) may be useful in reducing the
post-column artifactual bacterial growth. This artifactual
growth has not occurred in the toxicity tests with methanol
SPE fractions (Section 2.2.8).

2.2.7 C,, SPE Column Nution
Once the effluent sample has been loaded onto

the column, elution can begin. To elute a 1,000 mg
column, two successive 1.5 ml volumes of the 25%
methanol/water mixture are pumped through the column
and collected in one labelled, analytically clean vial to
make a 3 ml sample. Subsequently, two successive 1.5
ml volumes of each of the 50%, 75%, 80%, 85%,  90%,
95% and 100% methanol/water are pumped through the
column and collected in separate vials (Figure 2-2). The
next elution volume should be added when no more of the
preceding one is emerging from the column.

tion) is
This entire procedure (conditioning through elu-
repeated using a second 1,000 mg C,, SPE

column for the second 1,000 ml of filtered effluent. The
dilution water column blank samples should be kept sepa-
rate. The corresponding fractions from the blank and the
sample from each 1,000 ml fractionation can be com-
bined. For example, the 3 ml 100% methanol sample
fraction from the first column and the 3 ml 100% methanol
sample fraction from the second column are combined to
produce a total of 6 ml. There will be eight 6 ml blank
fractions and eight 6 ml effluent fractions.

The vials containing the methanol/water fractions
are tested immediately or sealed with perfluorocarbon or
foil-lined caps and stored under refrigeration. These frac-
tions represent a ‘first cut” separation of effluent compo-
nents. Elution volumes will vary if columns of different
sizes are used or if the particular effluent under study or
the research question being posed dictates method modi-
fication.

2.2.8 B/ank and Effluent Fraction Toxicity
Tests *

The next step is to determine the toxicity of the
blank and effluent fractions. While the choice of test
concentration depends on the toxicity of the effluent in
most instances, we have used a high test concentration of
2x or 4x (the LC50  or 100% effluent) for acutely toxic
effluents. The methanol content in the fractions limits the
concentration that can be tested, and at this point the
amount of methanol is assumed to be 100% in all the
fractions for dilution calculations; however, this is not
assumed for add-back tests (described below). Usually
120 ~1 of each blank and sample fraction (333x) is in-
jected into separate 10 ml aliquots of dilution water to test
at 4x the 100% effluent2.  This will give a 1.2% methanol
concentration which is below the methanol LC50 for both
C. dubia and fathead minnows in the 100% methanol
fraction. The resulting methanol concentration must be
adjusted for the species tested (see Section 8 of EPA,
1991 A). During the initial stages, five animals in each 10
ml aliquot are used without duplicates. Using the above
volumes, the tested solution is more concentrated (i.e., 4x ) than
100% effluent, assuming 100% extraction and 100% elution
in one fraction. These test solutions can be diluted to
provide an LC50 for each sample fraction. Blank fractions
need not be diluted, since hopefully they are nontoxic.

Individual chemicals in the fractions could be
toxic even when they are not toxic in the whole effluent,
since the concentration tested may be as high as 4x
whole effluent. Therefore, to be toxic at whole effluent
concentrations, an individual fraction must have an LC50
of 25% or less. Since there is no way to know whether the
toxicant  eluted over more than one fraction or what the
percent extraction and elution efficiency are, fraction tox-

*In the Phase II document published in 1989, testing at 5x was
recommended, the methanol level was 1.5% at this concentration. In
order to lower the methanol level, this was changed to 4x in this
document.
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icity  up to 100% (4x whole effluent) should not be disre-
garded.

effluent and evaluating the toxicity. This methanol addi-
tion may in turn stimulate

If toxicity occurs in any of the fraction blank tests
and it is small relative to the toxicity in the corresponding
sample fraction (e.g., 20% mortality versus 80%), the
sample fraction results should not be dismissed. If all
organisms die in the blanks and the effluent fractions,
dilutions should be tested to make sure the sample frac-
tion is substantially more toxic than the blank. In general,
blanks should not have measurable toxicity.

Table 2-2. Comparison of Toxic Units (TUs) in Each Toxic Fraction to
TUs  of All Fractions Combined and Whole Effluent

Toxic Fraction (% Methanol) TUs

75 0.5

80 1.2

85 0.6

If the SPE fractions are toxic at effluent concen-
trations of lx or 2x and toxicity is reduced in two of the
three post-column effluent samples, the toxicant  could
still be a non-polar organic compound. If the effluent
fractions are not toxic individually and the post-column
samples are non-toxic, it is possible that the toxicity has
been spread across several fractions or has not been
recovered from the column. Combining and concentrating
fractions may be useful or other elution procedures may
be necessary. If toxicity is observed in the fractions at lx,
2x, or 4x and in the post-column effluent samples, it is
possible that not all the toxicity is caused by non-polar
compounds, that break-through of the toxicant  has oc-
curred, or that the toxicity is artifactual.

SUM 2.3

Combined Fractions 2.7

Whole Effluent 2.5

In addition to concentrating column artifacts to
toxic levels, effluent constituents present at nonlethal
levels may be concentrated to toxic levels in this test if
they have a relatively high recovery value. Actual effluent
toxicants with poor recovery may not be present in these
test solutions at toxic levels. Spurious results of this
nature will be identified in the later stages of Phase II and/
or in Phase III.

biological growth, and if this happens, the test is negated.
We have rarely used this approach since the fractions
have seldom caused more toxicity than the effluent itself.
At this point in Phase II, the effluent fractions should also
be tested in water with TOC and suspended solids which
mimics the effluent to lessen matrix effects on toxicity. As
the identification step moves into Phase Ill, it is better to
use dilution water that mimics effluent or receiving water
characteristics.

2.2.9 SPE Fractions: Concentration and
Subsequent Toxicity Testjng
The SPE fractionation provides a general separa-

Elution efficiency may be approximated by sum-
ming the amount of toxicity (i.e., TUs) in the toxic fractions
(provided dilutions are tested) and comparing this value
to whole effluent toxicity expressed as TUs. When sum-
ming acute toxicity, it is important that all values are for
comparable endpoints (i.e., LCSOs).  Adding of TUs may
be somewhat imprecise for several reasons. A single
toxicant may occur in more than one adjacent fraction, in
which case a small amount of the toxicant in one fraction
may not be detectable because it is present below the
effect concentration. For acute toxicity, this problem may
be solved by combining a portion of each effluent fraction
(and separately testing the corresponding blank fractions)
and measuring total toxicity at ix. If more than one
toxicant  is present, the effluent fraction toxicity may not be
strictly additive in their toxicities, and when separated into
different fractions the sum of the fraction toxicities may be
low even if extraction and elution efficiencies were 100%.
Table 2-2 illustrates a hypothetical example. The toxicity
test results from the test with a portion of all fractions or a
few of the fractions may show somewhat greater toxicities
than those of the whole effluent. This may be caused by
enhanced toxicity due to matrix effects. When this occurs,
it may be possible to compensate for toxicity enhance-
ment by methanol, by adding methanol to the whole

tion of non-polar organics  and except in relatively
uncomplicated effluents, GC/MS analysis of the concen-
trates of toxic C,, SPE fractions will result in very compli-
cated chromatograms from which the toxicant  cannot
be distinguished from other effluent components. A sec-
ondary fractionation using HPLC is often needed to fur-
ther simplify toxic effluent fractions prior to component
identification by GC/MS analysis.

In order to maximize the chromatographic sepa-
ration capability of the HPLC, the volume of the sample
injected onto an analytical size HPLC column should be
as small as possible (i.e., ~0.5 ml); therefore, the toxic
SPE fractions (usually >I ml) must be concentrated prior
to injection onto the HPLC column. This concentration
step will provide the added benefit of an increase in
concentrations of constituents in the HPLC fractions as
well as rid the SPE fractions of water. The latter issue is
important if GC/MS analysis will be performed on the
concentrated SPE fraction prior to injection on the HPLC
(Durhan et al., 1990).

The volume of the fractions from the initial SPE
fractionation procedure and the number of fractions to be
combined will determine the size of the SPE column to
use for the concentration procedure. Table 2-3 contains
information on the column sizes we have found to be
most useful. In the procedure outlined below (Figure 2-4),
we have used a 100 mg column which is the most
commonly used size for concentrating SPE fractions of
acutely toxic effluents. Most often the toxic effluent SPE
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Table 2-3. Information for Concentrating SPE and HPLC Fractions’

C,8 SPE Volume
Sorbent Conditioning

Amount (mg) Solvent (ml)

High Purity
Water

Volume (ml)

Maximum
Toxic Fraction
Volume (ml)

Maximum
Diluted Fraction

Volume (ml)

Minimum
Elution

Volume2 (ml)

Approximate
Eiuate

Volume (ml)

100 1 1 20 100 3 x0.1 0.22
200 2 2 40 200 3 x 0.2 0.44
500 5 5 100 500 3 x 0.5 1.10

1,000 10 10 200 1,000 3x 1.0 2.20

‘Concentration information is based on manufacturers guidance and experimental data from ERL-D
2Elution with three successive aliquots of the volume listed.

Diluted Toxic Fraction(s)

1
100 mg C,, SPE Column Sorption

1
(discard post-C,,

effluent)

Dry Ct8 Column with Nitrogen
(optional)

1
Elute  Column with three 0.10 ml volumes

of 100% Methanol

1
Collect Eluate (Concentrate)

1
Conduct Toxicity Test

Figure 2-4. Procedure to concentrate toxic SPE fractions.

fractions are combined and diluted with high purity water
and the corresponding blank fractions are treated simi-
larly. In cases where there are multiple non-polar toxi-
cants, and when toxicity occurs in several fractions, it may
be more useful to concentrate each fraction separately for
subsequent HPLC separation. The percent methanol in
the diluted fraction sample should be 220% and the
volume to which the fractions can be diluted is dependent
on the amount of column packing. For example, the total
volume of the diluted fractions should not exceed 100 ml
for the 100 mg C,, SPE column (Table 2-3). No more than
three toxic fractions of 6 ml each can be combined and
concentrated on the 100 mg column. When the total
volume of combined fractions or the individual fraction
volume is above 20 ml, larger columns should be used;
consult Table 2-3 for column size and elution volume
information. The effluent and blank concentrates and the
column blank are tested for toxicity to ensure that the
toxicant  is still in the concentrate and that artifactual
toxicity was not introduced by the procedure. If there is
not measurable toxicity in the concentrate, it is possible

that the percentage of methanol in the diluted fraction was
too high. The concentration procedure should then be
repeated with a new set of toxicity tested fractions diluted
to a lower methanol concentration, e.g., 10%.

Below is an example of how to prepare effluent
and blank fraction concentrates. First, a 100 mg C,, SPE
column is conditioned with 1 ml of methanol and 1 ml of
high purity water similar to the procedures described in
the SPE Column Conditioning Section (2.2.4). Column
blanks for toxicity testing are obtained by rinsing the
column with at least 20 ml of dilution water. After collect-
ing the column blank, recondition the column with 1 ml of
methanol and rinse with 1 ml of high purity water. The
diluted blank fractions (for dilution guidance see Table 2-
3) are then drawn through the 100 mg C,, SPE column
under a pressure of 380 mm Hg using a vacuum manifold.
Unlike the first fractionation step (Section 2.2.6) the post-
column sample cannot be tested for toxicity because of its
high methanol concentration (i.e., IO-20%). The column
is then dried for IO min using a gentle flow of nitrogen (1 O-
20 ml/set).  Drying the column usually increases the re-
covery of toxicity, but sometimes toxicity is not recovered
from the column, possibly as a result of volatilization. If
this occurs the concentration procedure can be repeated
without the nitrogen drying step.

After drying the sorbent, the luer tip of the column
is fitted with a luer-lock needle and 100 yl of 100%
methanol is placed into the column using a microliter
syringe. Nitrogen is then applied to the column at a rate of
-4 ml/set  to force the methanol through the sorbent. The
luer-lock needle is needed to ensure the collection of
small volumes; when using larger column sizes (e.g.,
2500 mg) this is not necessary. The first 100 ul aliquot of
methanol applied to the column will yield approximately
25 yl of eluate. Two more 100 ~_rl  aliquots of 100%
methanol are also forced through the column. The final
volume of eluate collected will be approximately 220 ~1.  If
desired, measure the exact volume collected (using a ul
syringe) to calculate concentration factors (Table 2-3). As
in most chromatographic separations and extractions,
three separate smaller elutions of methanol are more
efficient than one large one.
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The 100 mg C,, SPE column is reconditioned
with 1 ml of methanol and rinsed with 1 ml of high purity
water. It is then used to concentrate the diluted toxic SPE
column fractions, using the same procedure used for the
blank fractions (Figure 2-4). In lieu of reconditioning the
same column, two columns can be conditioned, one used
for the diluted blank fractions and the other used for
concentrating the diluted toxic SPE fractions. The result-
ing column blanks should be toxicity tested separately.

The original effluent volume of 2,000 ml is now
concentrated into a 220 ~1 sample or a nominal concen-
tration of 9,091x (ignoring the amount used for testing).
As work progresses and more quantitative results are
needed, the eluate volume must be measured to provide
the correct concentration factor. If 9 pi of concentrate is
diluted to 10 ml in dilution water, the resulting test con-
centration will be 8x whole effluent. Additional test con-
centrations (e.g., 4x, 2x, Ix ) can be prepared to determine
an LC50 of the concentrate, and toxicity recovery can be
calculated by comparing this LC50 to the LC50 of the
effluent. The concentrate toxicity might be higher than the
sum of the individual toxic fractions because some of the
toxicant  may have been in adjacent fractions that were
concentrated in the first step (Section 2.2.7) but not
detectable by the toxicity test of the single fraction. The
concentrate toxicity may also be lower than expected
because of low extraction and elution efficiencies. Where
greater concentration factors are desirable, SPE fraction-
ation should be repeated with additional volumes of efflu-
ent, followed by combining the toxic fractions before
concentration. The size of the column used for concen-
trating may have to be increased, along with the appropri-
ate changes in dilution and elution volumes (Table 2-3).

The important concern here is not 100% recovery
of toxicants but enough recovery for GC/MS analyses and
to obtain measurable toxicity in the HPLC fractions. If
recovery is too low, changing or eliminating the column
drying time may help. Sometimes recovery appears to
increase with drying time while other compounds are
volatilized from the column during the drying process. For
concentrates analyzed using GC/MS,  column drying to
remove water is critical to GC column performance.

2.2. IO HPL C Separation
The same column packing functionality should be

used in the HPLC column as the SPE column. At later
stages, when more is known about the toxicants, other
sorbent types may be used.

The HPLC conditions presented in this section
are general. As more information on the effluent is gath-
ered, HPLC conditions should be modified to achieve
better separation and higher concentration factors. We
use a flow rate of 1 ml/min  on an instrument equipped with
a 5 urn C, reverse phase column (250 mm x 4.6 mm i.d.).
The HPL& elution conditions will change depending on
which SPE fractions have been concentrated. The HPLC
conditions for the four most commonly toxic SPE fractions
are listed in Table 2-4. Depending on the size of the

Table 2-4. Example HPLC Elution  Gradients for Four Commonly Toxic
SPE Fractions

75% or 85% SPE Fractions 85% or 90% SPE Fractions

Time (min) % Methanol/Water Time (min) % Methanol/Water

’0 50 0 60

1 60 1 70

13 90 13 90

20 100 20 100
25 100 25 100

HPLC injector and column, more than one HPLC fraction-
ation run may be required to fractionate the entire blank
concentrate. When multiple HPLC fractionations are con-
ducted, collect all the corresponding HPLC fractions in
the same set of vials. For example, if two HPLC fraction-
ations  were performed for the blank concentrate, 25-2 ml
HPLC fractions would be obtained.

Using the HPLC equipment described above, all
of the blank concentrate remaining after toxicity testing is
injected (1500 ~1) and 25-1 ml fractions are collected in
analytically clean glass vials (Figure 2-5). The same
procedure is followed using the effluent sample concen-
trate. The vials should be sealed (e.g., with foil lined caps)
and stored at 4°C after use. As soon as toxicant  identifica-
tion is obtained by GC/MS,  then HPLC conditions (gradi-
ent, fraction size, and number of fractions) can be optimized
for further fractionations.

2.2.11  HPLC Fraction Toxicity Tests
Before specific toxicants are identified, toxicity

tests on each HPLC blank fraction and sample fraction
are conducted using non-replicated exposures of five
animals each. The amount of methanol in the HPLC
fractions limits the concentration that can be tested. As-
sume that each fraction is 100% methanol to calculate the
necessary dilution. A methanol concentration of 1.2%
should not be exceeded for C. dubia and fathead minnow
acute toxicity tests.

Fractionate SPE Concentrate
Using HPLC

1
Collect 25-l ml HPLC

Fractions

1
Conduct Toxicity Test on Each

Fraction

Figure 2-5. Procedure to fractionate acutely toxic SPE concentrates
using HPLC.
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For acute studies, when all of the SPE fraction
concentrate remaining after toxicity testing is injected
(one injection) on the HPLC (Figure 2-Q each resulting 1
ml HPLC fraction equals 2,000 ml of effluent (assuming
no loss and toxicant  elution in only one fraction) or a
2,000-fold  concentration. If each HPLC fraction is then
diluted for testing (80 ul to IO ml) the resultant concentra-
tion is 16x the original effluent concentration. In prelimi-
nary Phase II testing the HPLC fractions are tested without
dilutions. Only the toxic HPLC fractions are tested again
with dilutions to generate an LC50. Some loss of toxicant
tends to occur in each concentration step and the result-
ing toxicity may be decreased relative to the original
effluent.

The blank fractions should not be toxic. If they
are, then additional tests with dilutions must be conducted
on both blanks and toxic fractions to find out whether
there is enough additional toxicity in the sample fractions
to warrant analysis

The toxicity of the HPLC fractions should be
tested at twice (at least) the concentration at which the
original SPE column fractions were tested because re-
covery of toxicity and analytical measurements indicate
that up to 50% of the initial concentration of toxic com-
pounds may be lost in this step (Durhan et al., 1990). The
amount of methanol should not exceed the amount used
in the SPE fraction tests described above (Section 2.2.8).

2.2.12 HPLC Fracfions:  Concentration and
Subsequent Toxicity Testing
The HPLC fractions that exhibit toxicity and their

corresponding blank fractions must be concentrated in a
solvent suitable for GC/MS or other analytical techniques.
The procedure is identical to that described in Section
2.2.9 and is depicted in Figure 2-6. Judgement must be
used to decide whether to concentrate each toxic fraction
separately or to combine various toxic and adjacent frac-
tions prior to concentration. If, for example, three succes-
sive fractions exhibit toxicity, there is a good chance that
the same toxicant  is in all three. If there are other fractions
that show toxicity but they are separated from the first set
by several non-toxic fractions, there is high probability
that the second set contains a toxicant different from the
first three. There is also a good chance that at least one
non-toxic fraction on either side of the toxic fractions
contains some of the toxicant( The advantage of com-
bining fractions is to reduce the work load and increase
concentration in the final concentrate. The disadvantage
is that more constituents that are not the toxicant  will
also be concentrated. This decision is not always straight-
forward and must be based on trial and error, and experi-
ence. Blank fractions corresponding to the toxic fractions
are concentrated the same way.

The HPLC fraction and blank concentrates should
be finally checked for toxicity before GC/MS analysis.
This concentrate is now nominally 9,091x more concen-
trated than the effluent. If 18 ul is diluted to 10 ml, the
resultant test concentration will be 16x the original sample

Diluted HPLC Fraction(s)

1
100 mg C,, SPE Column Sorption

1 (discard post -C,,
effluent)

Dry Column with Nitrogen (optional)

1
Elute Column with three 0.10 ml

Volumes of Methanol

1
Collect Eluate (Concentrate)

1
Conduct Toxicity Test

1
Analyze Concentrate on GUMS

Figure 2-6. Procedure to concentrate toxic HPLC factions.

concentration. To quantitate toxicity and use the Phase II
data later, additional lower concentrations should be tested
(e.g., 8x, 4x, 2x); TUs of this concentrate can then be
compared to previous toxicity test results. The HPLC
concentrate should be tested at one to two times the test
concentration of the HPLC fraction tests (i.e., 16x or 32x).
This is the last opportunity to assure that the toxicant  is
still present in the concentrate before it is subjected to
GClMS analysis. Whether the toxicant is detected by the
analytical detector (mass spectrometry in our laboratory)
is always a question. Since GClMS detects only about
20% of organic chemicals (EPA, 1989B), even such a
broad spectrum method is not certain to identify the
toxicant. As work progresses with more samples of the
effluent and quantitative results are needed, the amount
of eluate collected should be carefully measured and
recorded to accurately calculate the concentration fac-
tors. In addition, the volume of concentrate removed for
toxicity testing and analytical analyses should also be
recorded.

2.3 Chronic Toxicity: Fractionation and
Toxicity Testing Procedures
The chronic Phase II non-polar organic toxicity

identification follows the same general approach and
employs manipulations similar to those described for the
acutely toxic non-polar organic compounds (Section 2.2).
One major difference is that the concentration of the
eluting solvent (e.g., methanol) must be lower in the
chronic toxicity tests than in acute tests. In the initial
stages of Phase II, toxicity tests may be conducted on C,,
SPE effluent fractions and blank fractions to detect the
presence of toxicants, and not to quantify the magnitude
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of the toxicity in each. However, as suspect toxicants are
identified, quantitative toxicity measurements will be
needed to compare with the analytical measurements. If
Phase II data will be used to correlate effluent toxicity to
toxicant  concentrations (Phase Ill), then more replicates
per concentration, randomization of test concentrations,
careful observation of organism exposure times, and
organisms of approximately the same age should be used
(Section 1.2). Also the amount of eluate that is collected
from the SPE fractionation, SPE concentration, and the
amount of eluate used for testing and GC/MS  analysis
should be measured at all steps. If it is expected that the
Phase II data will be needed later, it is prudent to measure
the degree of toxicity in the SPE effluent fractions (Sec-
tion 23.5) at the onset of testing. We rarely see blank
fraction toxicity, therefore, there is little need to evaluate
the blank fraction toxicity with dilutions. Also, the volume
of eluate must be measured to determine the actual
toxicity concentration in each step of the procedure.

The following discussion is based on our experi-
ences with C. dubia and fathead minnows (see Section
1.2). The use of other species will require reconsideration
of the appropriate test volumes and methanol concentra-
tion for each step. Chronic testing is more labor intensive
and generally requires more effluent sample volume than
acute testing. For the most part, in the descriptions below,
for C. dubia there are five replicates containing IO ml of
test solution and one animal per cup. For the fathead
minnow tests, two replicates of 10 animals per 50 ml and
the control are usually used (Section 1.2). Typically we
use four concentrations and a control.

As soon as the cause of toxicity has been deter-
mined to be a non-polar organic compound (e.g., metha-
nol eluate test; EPA, 1992) it is prudent to concentrate
large volumes of effluent for the subsequent analyses. By
concentrating large amounts of the effluent it is possible
to plan the optimal usage of the amount of column eluate
available for toxicity testing.

2.3.1  Sample Volume
The volume of effluent needed depends on its

toxicity, the toxicity of the chemicals causing effluent
toxicity, and the sensitivity of the analytical method. Since
only the first of these will usually be known when Phase II
begins, the volume of effluent to process should be
considered at the beginning of the identification process
to minimize the amount of re-fractionating and re-testing
of effluent and fractions. Ideally, fractionation should pro-
vide enough volume of post-column effluent (Section
2.3.6),  C,, SPE fractions (Section 2.3.8),  SPE fraction
concentrates (Section 2.3.9), HPLC fractions (Section
2.3.1 I), and HPLC fraction concentrates (Section 2.3.12)
to conduct all chronic toxicity testing and chemical analy-
ses, Because of the many factors affecting the amount of
effluent needed, a significant amount of thought should
be put into the volume of effluent to obtain and process at
one time. It is prudent for the investigator to anticipate
how many identification procedures will be done, and
then calculate the volume of effluent needed using the

particular test parameters desired, before extracting any
effluent to ensure that sufficient volume of fractions, con-
centrates, and post-column effluent is available for the
planned procedures. It may be best to perform these
calculations with several different effluent volumes and
test conditions to ascertain the optimal volume of effluent
to fractionate. A worksheet to assist with these calcula-
tions and an example are provided in Appendix A.

The volumes of eluate needed for chronic toxicity
testing at 2x, lx, and 0.5x are provided in Table 2-5 for
the C. dubia and fathead minnow short-term tests based
on the methanol concentration that can safely be used for
the chronic tests. The amount of SPE fractionation eluate
needed for toxicity testing is presented for the range of
tests that are commonly performed with C. dubia or
fathead minnows, these volumes can be used in the
calculation worksheets found in Appendix A (Table A-l).
The approximate volume of effluent that will be needed
for testing with C. dubia and fathead minnows is listed in
Table 2-6 for various fractionation schemes and toxicity
testing parameters. When only a portion of the TIE proce-
dures will be used, obviously less effluent volume will be
needed. In Table A-2, the example calculations are based
upon the use of minimum elution volume for the SPE
columns (Table 2-l),  concentrating only one SPE fraction
(Section 2.3.9),  and taking into account the toxicity testing
(Sections 2.3.8, 2.3.9, 2.3.11, and 2.3.12) and GUMS
analysis volumes (Section 2.5). These parameters are
discussed in detail below. If additional eluate is needed,
the chronic tests must be repeated for each fractionation.
In Phase II and Phase Ill more confidence in the toxicity
estimates is needed than in Phase I, therefore tests may
require more replicates. The volumes needed for those
tests are also presented in Table 2-5. When only limited
amounts of effluent are available, one must be creative
and plan its usage very carefully to obtain meaningful
results.

2.3.2 Fi/tra tion
For filtration of chronically toxic effluents, the use

of glass fiber filters (1 urn nominal pore size) is recom-
mended. Both 45 mm and 90 mm diameter filters have
been used routinely, but the 90 mm diameter filter allows
about four times more effluent to be passed over one filter
than the 45 mm filter. All filters and glassware should first
be pre-rinsed with pH 3 high purity water to remove any
residual metals followed by a high purity water (e.g., Milli-
Q@ Water System) rinse which is discarded. Low levels of
metals (e.g., ug/l) from the filters may cause toxicity
interferences and pre-rinsing the filters may provide cleaner
blanks and less contamination in effluent samples. To
collect the dilution water filter blank, first pass a volume
(-200 ml) of dilution water over the filter and discard it.
Next, collect the volume of dilution water needed to
conduct the filtration blank test. It is a good idea to prepare
excess volume, at least 500 ml for the C. dubia 7d test and 800
ml for the fathead minnow 7d test. A portion of the filtered
dilution water is collected for testing and a portion is re-
served for the solid phase extraction test blank (Section
6.6; EPA, 1992).
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Table 2-5. Eluate Volumes Needed for Chronic SPE Fraction Toxicity Tests with Ceriodaphnia dubia and Pimephales  promelas

Test Test
Species Duration

Original
Sample&

No. Renewals

High Test
Cont.  of

SPE Fraction
No.

Rep

Volume (ml) of 500x
Eluate Needed

for Testing’
Test

Concentrations

C. dubia
C. dubia
C. dubia
C. dubia

C. dubia
C. dubia
C. dubia
C. dubia

P. promelas
P. promelas
P. promelas
P. promelas

4-d
4-d
7-d
7-d

4-d
4-d
7-d
7-d

7-d
7-d
7-d
7-d

2x
2x
2x
2x

2x
2x
2x
2x

2x
2x
4x
4x

10
10
10
10

0.70 2x, lx, 0.5x
1.40 2x, lx, 0.5x
1.05 2x, lx, 0.5x
2.45 2x, lx, 0.5x

1.40 2x, lx, 0.5x
2.80 2x, lx, 0.5x
2.10 2x, lx, 0.5x
4.90 2x, lx, 0.5x

4.90 2x, lx, 0.5x
9.80 2x, lx, 0.5x
9.80 4x, 2x, lx

19.60 4x, 2x, lx

‘Test volumes per replicate are 10 ml/cup for C. dubia and 50 ml/cup  for P. promelas. The fraction test solutions are prepared as one solution and
divided into aliquots for the replicates. For the 500x eluate concentration, this volume is based on the assumption that the C. dubia test solutions
are prepared as 200 ul of 500x into 50 ml for 2x, 100 pl into 50 ml for lx, and 50 pl into 50 ml for 0.5x. More volume will be needed if serial
dilutions are prepared (400 fl vs 350 pl). For the fathead minnow tests this assumes test solutions are prepared as 400 pl into 100 ml for 2x, 200
ml into 100 ml for lx, and 100 pl into 100 ml for 0.5x. More volume will be needed if serial dilutions are prepared (800 pl vs 700 J.IJ). For the 4x
fathead minnow test, 800 pl per 100 ml can be prepared in a similar manner.

Table 2-6. Approximate Effluent Volumes Needed for the Chronic Non-Polar Organic Identification Procedures’

Test
Species

Test
Duration

Original
Sample &
Number of
Renewals

High Test
Cont.  in

SPE Fraction
Test

No.
Rep.

Are
Dilutions
Used ?

Volume Effluent (ml)
Needed to Conduct

SPE & GC/MS*
Analyses

Volume Effluent (ml)
Needed to Conduct

SPE & HPLC & GC/MS3
Analyses

C. dubia 4-d 4 2x 5 Yes 3,000 15,000

C. dubia 7-d 3 2x 5 Yes 2,000 15,000

C. dubia 7-d 7 2x 5 Yes 5,000 20,000

P. promelas 7-d 7 2x 2 Yes 10,000 50,000

P. promelas 7-d 7 2x 4 No 5,000 40,000

‘Calculation of toxicity testing volumes assumes that: 4x high concentration for SPE concentrate test (Section 2.3.9) 8x high concentration for
HPLC fraction test (Section 2.3.1 l), 16x high concentration for HPLC concentrate test (Section 2.3.12) concentration of only one toxic fraction
(SPE and HPLC), the maximum amount of sample is concentrated on the SPE columns and all SPE columns are eluted with the minimum elution
volume.

*TIE  procedures used: SPE fractionation and GWMS  of SPE concentrate,
3TIE procedures used: SPE fractionation, GC/MS  of SPE concentrate, HPLC fractionation, and GC/MS  of HPLC concentrates.
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After the filtration blank has been obtained, the
effluent sample is filtered using the same filter, a portion
of the filtrate is collected for toxicity testing, and a portion
is set aside for concentrating on the C,, SPE column. For
some effluents, one filter will often not suffice. A tech-
nique we use to prepare several filters at once is stacking
three to eight filters together in one filter holder, followed
by sequential rinses with pH 3 high purity water, high
purity water and dilution water (using the same rinse
volumes as above). Finally, the filters are separated and
set aside, using one at a time for the effluent sample. If
the samples have high suspended solids concentration,
pre-filtering using a larger pore size filter may help, and
the appropriate blanks should be used. If the sample
cannot be effectively filtered due to the presence of many
fine particles, centrifugation may be used (of course,
blanks must be prepared).

The filter housing should be thoroughly cleaned
before use to prevent any particle build-up or toxicity
carry-over from previous samples. We have found large
filtration apparatus (1,000 ml), removable glass frits, or
plastic filtering apparatus (e.g., Millipore@)  to be useful.
The glassware cleaning procedure that is described in the
acute Phase I TIE manual (EPA, 1991A)  is sufficient for
chronic TIE work. The glass frits may require rigorous
cleaning (i.e., soak in aqua regia for 20-40 min) to remove
residuals that may remain after filtering, since the glass
frit may itself act as a filter. Also available are removable
stainless steel filter supports in a glass vacuum filter
apparatus (available from Millipore@).  These filter sup-
ports do not require as rigorous cleaning as fritted  glass-
ware, and therefore are a good substitute.

When effluent samples are readily filtered
(-2,000 ml for one 90 mm 1 urn filter) it may be possible
to filter the effluent for the filtration test of Phase I but then
use unfiltered effluent with the C,, SPE column test and
the methanol eluate test (Phase I). Once it has been
demonstrated that filtration does not reduce toxicity, rou-
tine filtering of these effluents (before passing the effluent
through the SPE column) can be eliminated, which will
reduce the amount of toxicity testing required.

2.3.3 Column Size
Available C,, SPE column sizes and the appropri-

ate water and solvent volumes used in their preparation
are listed in Table 2-1. Positive pressure pumps are the
most convenient to use for the large volume effluent
samples because the flow rate can be controlled. Pumps
and vacuum manifolds can both be used for eluting C,,
SPE columns. Whichever system is used, it should be
made of materials that dilute acid and solvents do not
destroy, or from which chemicals are not leached that are
toxic or interfere with analytical measurements. Teflon,
glass, and stainless steel are all acceptable.

When SPE is used for isolating non-polar or-
ganic toxicants, use the maximum volume of effluent and
the minimum elution volume for the column size selected
to optimize the concentration of toxicants in the methanol

eluates. For example, if 6,000 ml is processed, it is best to
use one 5,000 mg column with 5,000 ml and one 1,000 1,000 mg
column with 1000 ml of effluent and elute both columns
with the minimum elution volumes (Table 2-1) and com-
bine eluates. It is always best to process the maximum
volume of effluent on each column to achieve the highest
concentration of toxicants in the eluate.

2.3.4 C,, SPE Column Conditioning

The 10,000 mg C, SPE columns (Analytichem
International, Harbor City, CA) are conditioned by pump-
ing 100 ml of methanol through the column at a rate of 40-
50 ml/min. This size column can process 10,000 ml of
effluent and is the largest commercially pre-packed SPE
column available at this time. The example presented in
this section will be for 10,000 ml effluent using a 10,000
mg SPE column. The volumes of conditioning solvent will
change when other size columns are used, as shown in
Table 2-1. We most commonly use’ methanol as the
conditioning solvent but other water miscible solvents
such as acetonitrile, ethanol, or isopropanol may also be
used to condition columns. Before Before thethe  packing goes  packing goes drydry
100 ml of high purity distilled water must be added. As the
last of that water is passing through, filtered dilution water
is added. The volume of dilution water needed may vary
from 250 ml to 1,200 ml depending on the species tested.
The first 100 100 ml is discarded and the remainder is col-
lected for the dilution water column blank. After the dilu-
tion water has been collected, pumping is continued until
no water emerges from the column.

Low dissolved oxygen (DO) in the post-column
dilution water blanks (even in reconstituted waters) has
occurred during some chronic tests; therefore, we discard
the first 100-200 ml and collect the remainder of the post-
column dilution water. Low DO has been a problem,
particularly in the fathead minnow growth test, and is
attributed to the small amount of methanol that bleeds
into the post-column sample. This may be alleviated by
discarding the first post-column aliquots.

2.3.5 Elution Blanks
For chronic work, we have been using seven

methanol/water fractions (50%, 75%, 80%, 85%, 90%,
95%, and 100%) rather than the eight used in acute TIES.
By eliminating 25% methanol/water fraction used in acute
work the toxicity testing workload is reduced, in turn a
reduction in separation of toxic and non-toxic components
can occur.

To collect the fraction blanks from the 10,000 mg
column, two successive 10 ml volumes of 50% methanol
in water are pumped through the conditioned column and
collected in one analytically clean labeled vial, to make a
20 ml sample. This procedure is repeated six more times
with two successive 10 ml volumes of 75%,  80%, 85%,
90%, 95% and 100% methanol/water solutions. The col-
umn should be allowed to dry for a few seconds between
each elution with the different 20 ml volumes of methanol/
water mixtures. This will result in seven 20 ml blank SPE
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fractions. The volume of methanol solutions used for
elution will vary depending on column size as shown in
Table 2-1.

2.3.6 Column Loading with Effluent
The same 10,000 mg column is reconditioned

with 100 ml of 100% methanol and 100 ml of high purity
water, as described in Section 2.3.4. The sorbent must be
reconditioned when the maximum volume of dilution wa-
ter has been passed over the column, otherwise the
sorbents’ capacity will be exceeded. After the high purity
water rinse and without a//owing the column to dry,
10,000 ml of filtered effluent sample is pumped through
the column at a rate of about 40 - 50 ml/min.

Discard the first 100-200 ml of post-column eff lu-
ent, to reduce the possibility of higher concentrations of
methanol in post-column samples, which may contribute
to attifactual  toxicity. To evaluate the post-!,, SPE col-
umn effluent for toxicity, collect at least two alrquots  (e.g.,
beginning and end) separately. If only small quantities
(~500 ml) of post-column effluent are needed for toxicity
testing (e.g., C. dubia test), several separate post-column
effluent samples may be more helpful in determining if the
toxicants are retained by the column. About 800 ml of
post-column effluent is needed for the fathead minnow
test if only one concentration (100%) of post-column
effluent is tested for toxicity. If two concentrations (100%
and 50%) are used, then the required volume for that
species increases to 1,200 ml for each post-column ali-
quot. As Phase II progresses, the recommendation is to
collect enough post-column effluent to conduct toxicity
tests with dilutions.

2.3.7 C,, SPE Column Nution
To elute  the C,, SPE column, two successive 10

ml volumes of the 50% methanol/water mixture are pumped
through the column and collected in one labelled, analyti-
cally clean vial. Subsequently, two successive 10 ml total
volumes of each of the 75%, 80%, 85%, 90%, 95% and
100% methanol/water solutions are pumped through the
column and collected in separate vials. The next elution
volume should not be added until no more of the preced-
ing one is emerging from the column. This results in
seven 20 ml SPE fractions. If one 5 g column and two 1 g
columns are used to concentrate 7,000 ml of effluent, the
corresponding fractions can be combined. For example,
the 10 ml eluate of the 80% fraction from the 5 g column
can be combined with the two 2 ml 80% fractions from the
two 1 g columns. This applies to both sample and blank
fractions for a total of 14 ml.

This entire procedure (conditioning through elu-
tion) is repeated using a second 10,000 mg C,, SPE
column for a second 10,000 ml of filtered effluent. The
dilution water column blank samples should be kept sepa-
rate. The corresponding fractions from both the blanks
and the sample from each 10,000 ml fractionation can be
combined as described above. There will be seven 40 ml

blank fractions and seven 40 ml effluent fractions, repre-
senting 20,000 ml effluent.

The vials containing the methanol/water fractions
are sealed with perfluorocarbon or foil-lined caps, and
stored at 4°C if not tested immediately. These fractions
represent a ‘first cut” separation of effluent components.
Volumes will vary if columns of different sizes are used or
if the particular effluent under study or the research
question posed dictates method modification.

2.3.8 Blank and Effluent Fraction Toxicity
Tests
While the choice of test concentration depends

on the toxicity of the effluent (Section 1.2)  in most in-
stances we have used a concentration of 4x or 2x as the
high test concentration for testing SPE fractions. The high
test concentration of the SPE fraction is in part controlled
by the tolerance of the organisms to methanol. For chronic
testing the concentration of methanol should be less than
0.6% for C. dubia, and less than or equal to1 % for fathead
minnows (see Phase I; EPA, 1992).

If the minimum elution volumes are used, typi-
cally SPE eluates are 500x effluent concentration. For
fathead minnow testing, eluates can be toxicity tested at
4x effluent concentration by diluting 80 ~1 to 10 ml, which
results in a 0.8% methanol concentration. For C. dubia,
eluates can be toxicity tested at 2x the 100% effluent
concentration by diluting 40 ul to 10 ml which results in a
methanol concentration of 0.4%. If there is the need to
toxicity test the 500x eluate with C. dubia at 4x then the
SPE eluates can be concentrated by gently airing the
eluate down (using nitrogen) to half its original volume.
However, by using this procedure you risk losing the
toxicant because of evaporation or insolubility. Also real-
ize that when a water and methanol mixture is aired
down, the percent methanol composition changes, be-
cause methanol will evaporate faster than water.

If toxicity occurs in any of the fraction blank tests
and it is small relative to the toxicity in the corresponding
sample fraction, the sample fraction results should not be
dismissed. If all organisms die in the blanks and effluent
fractions, dilutions of each should be tested to make sure
the sample fraction is substantially more toxic than the
blank. In general, blanks should not have measurable
toxicity.

When the post-column effluent sample is toxic
and the fractions are toxic at effluent concentrations of lx
or 2x, the toxicant  could still be a non-polar organic
compound. If the fractions are not toxic individually and
the post-column sample is non-toxic, it is possible that the
toxicity is spread out among the fractions. Combining and
concentrating these fractions may be useful or other
elution procedures may be necessary (Section 2.6). If the
fractions are toxic and the post-column effluent is toxic, it
is possible that the toxicant  is in the fractions, and that
either an additional toxicant  is present in the post-
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column effluent, that break-through of the toxicant  oc-
curred, or that the toxicity is artifactual. If toxicity is
recovered at lx, 2x,  or 4x and in one of the post-column
effluent samples, it is possible that not all the toxicity is
caused by non-polar organic compounds or the possibility
exists of break-through in the post-column sample.

-

For the chronic TIE, the question of extraction
efficiency cannot be as readily addressed as it is for the
acute TIE (Section 2.2.8). Measuring the chronic toxicity
of the post-column effluent will be limited by the species
tested, the test volumes required for the test and the
frequency of sample replacement. Without a measure of
the toxicity in the post-column effluent, conclusions re-
garding extraction efficiency are difficult to make. The
limitations created by this concern are addressed in Phase
III (EPA, 1993A). Artifactual toxicity in the post-column
effluent has been a problem in chronically toxic effluents
as it was in some acutely toxic effluents. For a detailed
discussion of this artifactual toxicity that appears as a
biological growth and suggestions to avoid it please refer
to Sections 2.2.6 and 2.3.4.,  and EPA, 1992.

concentrate one 40 ml toxic fraction from two 10,000 mg
SPE columns. Often the toxic effluent SPE fractions are
combined and diluted with high purity water. If enough
toxicity occurs in each fraction it may be more useful to
concentrate each fraction separately for subsequent HPLC
separation. The corresponding blank fractions are simi-
larly treated. The percent methanol in the diluted fraction
sample should be 520%  and the volume to which the
fractions can be diluted is dependent on the amount of
column packing. For example, the total volume of the
diluted fraction(s) should not exceed 200 ml for the 200
mg C,, column (Table 2-3).

At this point in Phase II, the effluent fractions
should also be tested in water with TOC and suspended
solids that mimic the effluent to lessen matrix effects on
toxicity. As the identification step moves into Phase Ill, it
is better to use dilution water that mimics effluent or
receiving water characteristics.

A 200 mg C,, column is conditioned with 2 ml of
methanol and rinsed with 2 ml of water similar to the
procedures described in the SPE Column Conditioning
Section (2.3.4). The diluted blank fractions are then drawn
through the 200 mg C,, SPE column under a pressure of
380 mm Hg using a vacuum manifold. When processing
larger volumes, or using larger columns, positive pres-
sure can be used. The solution passing through the
column cannot be tested for toxicity because of its high
methanol concentration (e.g., 1 O-20% methanol). The
column is then dried for 10 min using a gentle flow of
nitrogen (1 O-20 ml/set).  Drying ?he column usually in-
creases the recovery of toxicity, but sometimes toxicity is
not recovered from the column possibly because of vola-
tilization. If this occurs, the concentration procedure can
be repeated without the nitrogen drying step.

2.3.9 SPE Fractions: Concentration and
Subsequent Toxicity Testing
The SPE fractionation provides a general separa-
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tion of non-polar organics and except in relatively
uncomplicated effluents, GC/MS analysis of the concen-
trates of toxic C,, SPE fractions will result in very compli-
cated chromatograms from which the toxicant  cannot
be distinguished from other effluent components. A sec-
ondary fractionation using HPLC is often needed to fur-
ther simplify toxic effluent fractions prior to component
identification by GUMS analysis.

In order to maximize the chromatographic sepa-
ration capability of the HPLC, the volume of the sample
injected onto an analytical size HPLC column should be
as small as possible (i.e., ~0.5 ml); therefore the toxic
SPE fractions (usually >1 ml) must be concentrated prior
to injection onto the HPLC column. This concentration
step will provide the added benefit of an increase in
concentrations of constituents in the HPLC fractions as
well as rid the SPE fractions of water. The latter issue is
important if GUMS analysis will be performed on the
concentrated SPE fraction prior to injection on the HPLC.

After drying the sorbent, the luer tip of the column
is fitted with a luer-lock needle (to ease collection of small
volumes) and 200 ul of 100% methanol is placed into the
column using a microliter syringe. Nitrogen is then applied
to the column at a rate of -4 ml/set  to force the methanol
through the sorbent, which is then collected in a small
glass vial. The first 200 ~1 aliquot of methanol applied to
the column will yield approximately 125 ul of eluate. Two
more 200 ~1 aliquots (applied separately) of 100% metha-
nol are also forced through the column. The final volume
of eluate collected will be approximately 440 uL. Measure
the exact volume collected using a pl syringe or pipet. As
in most chromatographic separations and extractions,
three separate smaller elutions of methanol are more
efficient than one large one.

The 200 mg C,, SPE column is reconditioned
following the directions given above in Section 2.3.4. It is
then used to concentrate the diluted toxic SPE fractions,
using the same sequence used for the blank fractions
(Figure 2-4). The concentrated blank fractions will serve
as the dilution water column blank because it cannot be
obtained for chronic toxicity testing as it can for acute
testing.

The volume of the SPE fraction and the number
of toxic fractions to be combined will determine which size
SPE column will be used for the concentration procedure.
Table 2-3 contains information on column sizes and the
appropriate volume of conditioning and eluting solvents
we have found to be most useful. In the procedures
outlined below we have used a 200 mg SPE column to

When the total volume of fractions is above 40
ml, larger columns should be used; consult Table 2-3 for
column size and elution volume information. The size of
the column used for concentrating should be chosen to
maximize concentration in the eluate. Therefore, choose
the smallest column appropriate for the diluted fraction
volume.

-
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If there is a large toxicity loss after the concentra-
tion step, it is possible that the percentage of methanol in
the diluted fraction was too high. The concentration pro-
cedure should then be repeated with a new set of toxicity
tested SPE fractions diluted to a lower methanol concen-
tration (e.g., loo/,). Both the effluent and blank concen-
trates are toxicity tested at each step to track toxicity.
Generally we suggest that this toxicity test be at least at
two times higher than the concentration used in the first
SPE fraction test. The tests are conducted exactly as the
SPE fraction tests.

tion of the toxicants from the non-toxic components de-
creases. We have used a 20 min separation gradient with
the collection of 20-l  ml fractions. There are many other
collection options that could be used, such as 10-2 ml
fractions or 4-5 ml fractions using the same separation
gradient. As information on the effluent is gained, HPLC
conditions s_hould  be modified from the general conditions
described below, to achieve better separation and higher
concentration factors.

If an original effluent volume of 20,000 ml (using
two 10,000 mg SPE columns) is now represented by a
440 ul concentrate, then the sample is 42,670x  more
concentrated than the effluent (accounting for volume removed
for toxicity testing, see Table A-2 example). If 1 ul of
concentrate is diluted to 10 ml in dilution water, the resulting
test concentration will be about 4x whole effluent. How-
ever, the 4x test solution should be prepared as one
sample before solutions are split among replicates. For
example, 5 ul is diluted to 50 ml for five replicates with the
C. dubia  test described above (Table A-2). Additional test
concentrations (e.g., 2x, Ix, 0.5x) can then be prepared to
determine an IC25 or IC50 of the concentrate, and toxicity
recovery can be calculated by comparing this value to the
toxicity of the effluent. The concentrate toxicity might be
higher than the sum of the individual toxic fractions be-
cause some of the toxicant  may have been in adjacent
fractions that were concentrated in the first step (Section
2.3.7) but not detectable by the toxicity test of the single
fraction. The concentrate toxicity may also be lower than
expected because of low extraction and elution .efficien-
ties.

We use a flow rate of 1 mVmin  on an instrument
equipped with a 5 m C,, reverse phase column (250 mm x 4.6
mm i.d.). The HPLC elution conditions will change depend-
ing on which SPE fractions have been concentrated. An
example of HPLC conditions for commonly toxic SPE
fractions is listed in Table 2-f. First, the blank concentrate
is injected (5500 ul) and 20-I ml fractions are collected in
analytically clean glass vials. Depending on the size of
the HPLC injector and column, more than one HPLC
fractionation run may be required to fractionate the entire
blank concentrate. When multiple HPLC fractionations
are conducted, collect and combine all the corresponding
HPLC fractions in the same set of vials. For example, if
two HPLC fractionations were performed for the blank
concentrate, 20-2 ml HPLC blank fractions would be ob-
tained. The same procedure is followed using the effluent
sample concentrate. The vials should be sealed (e.g.,
with foil lined caps) and stored at 4°C if not tested
immediately. As soon as toxicant  identification is obtained
by GUMS (Section 2.5)  then HPLC conditions (gradient,
fraction size, and number of fractions) can be optimized.

The important concern here is not 100% recovery
of toxicants but enough recovery for GUMS analyses to
be successful and to obtain measurable toxicity in the
HPLC fractions. If recovery is too low, changing or elimi-
nating the column drying time may help. Sometimes
recovery appears to increase with drying time while other
compounds are volatilized from the column during the
drying process. For concentrates analyzed using GUMS,
column drying to remove water is critical to GC column
performance.

2.3. IO HPLC Separation
The same column packing functionality should be

used in the HPLC column as is used in the SPE column,
such as C,,. At later stages, when more is known about
the toxicants, other sorbents might be more appropriate.

2.3.11  HPLC Fraction Toxicity Tests

The HPLC conditions presented in this section
are general. An important consideration of HPLC fraction-
ation is the number of HPLC fractions to collect. Since
chronic toxicity testing is very time consuming, deciding
the appropriate number of fractions to collect is an impor-
tant step. However, when choosing which collection
scheme to use, keep in mind the trade-off between sepa-
ration and toxicity testing load. When the fraction volume
is increased (toxicity testing load decreases) the separa-
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In the HPLC fraction toxicity tests for chronically
toxic effluents, the methanol in the HPLC fractions is one
of the limiting factors of the concentration of the fractions
that can be tested. Each fraction is assumed to be 100%
methanol to calculate the necessary dilution. A 0.6%
methanol concentration or less can be tested with C.
dub&,  while a 1% or less methanol concentration can be
tested with fathead minnows.

In a chronic TIE with C. dub&, when all of the
SPE concentrate remaining after toxicity testing from
20,000 ml effluent is injected on the HPLC (one injection),

Table 2-7. Example HPLC Elution Gradient for
SPE Fractions from Chronically Toxic
Effluent Samples

80 or 85% SPE Fractions

Time (min) % Methanol/Water

0 80

10 90

12 100

20 100
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each resulting 1 ml HPLC fraction equals 15,575 ml of
effluent (assuming the toxicant  elutes in only one fraction,
see Table A-2). If 11 u-I of each HPLC fraction is then
diluted to IO ml, the test concentration is 16x the original
effluent concentration. However, the 16x solution should
be prepared as one sample before aliquots are split to
provide replicates. For instance, in the example used
above, 55 ~1 should be diluted to 50 ml, which is then
equally distributed into five test cups. Additional concen-
trations are prepared in a similar fashion to estimate the
IC25 or IC50 and to compare toxicity recovery to the
toxicity of the sample. Of course, some loss of toxicant
will occur in each step and the toxicity may be less.

The blank fractions should not be toxic. If they
are, then additional tests with dilutions must be conducted
on both blanks and toxic fractions to find out whether
there is enough additional toxicity in the sample fractions
to warrant analysis.

The toxicity of the HPLC fractions should be
tested at twice (at least) the concentration at which the
SPE fraction concentrates were tested because recovery
of toxicity and analytical measurements indicates that up
to 50% of the initial concentration of toxic compounds
may be lost in this step (Durhan et al., 1990). The
concentration of methanol should not exceed the amount
used in the SPE fraction tests described above (Section
2.3.8).

2.3.12 HPLC Fractions: Concentration and
Subseguen t Toxicity Testing .

The toxic HPLC fractions and their corresponding
blanks must be concentrated in a solvent suitable for GC/
MS or other analytical techniques. Use the procedure
described in Section 2.3.9, Concentration of Fractions
(Figure 2-6). Judgement must be used to decide whether
to concentrate each toxic fraction separately or to com-
bine various toxic fractions prior to concentration. if, for
example, two successive fractions are toxic, there is a
good probability that the same toxicant  is present in both.
If one toxic fraction is separated from the other by several
nontoxic fractions, there is a high probability that they
contain different toxicants. There is also a good probabil-
ity that at least one nontoxic fraction on either side of the
toxic fractions contains some of the toxicant. The advan-
tage of combining fractions is to reduce the workload and
to increase the amount of toxicant  in the concentrate. The
disadvantage is that more constituents that are not the
toxicant  will be included. The decision has to be based on
trial and error and experience. Blanks corresponding to
the toxic fractions are concentrated the same way.

The HPLC fraction and blank concentrates should
also be checked for toxicity before analysis on the GC/
MS. Generally, we suggest that these toxicity tests be
done at concentrations at least 2x higher than the con-
centration used in the previous HPLC fraction tests. Hope-
fully, the amount of concentrate available will be enough
to conduct the toxicity test and perform a GC/MS analy-
sis. Dilutions of the concentrate may be useful to compare

toxicity of this concentrate to each previous toxicity test
result. The HPLC concentrate (of 20,000 ml effluent) is
now 48,495x more concentrated than the effluent (see
Table A-2). If 3 ~1 is diluted to 10 ml the resultant test
concentration will be about 16x the original sample con-
centration. This 16x solution should be prepared as one
solution before aliquots are removed for the replicates.
For instance, 15 ul is diluted to 50 ml for use in the
example given above, then split into five IO ml test cups.
It is prudent to verify toxicity in the HPLC concentrate
before it is subjected to GC/MS  analysis. Whether the
toxicant is detected by the analytical detector is always a
question. Since GC/MS  detects only about 20% of or-
ganic chemicals (EPA, 1989B),  even such a broad spec-
trum method is no guarantee that the toxicant  will be
identified.

2.4 GUMS Analyses

Procedures and methods provided in this section
are based upon our experience in performing GCiMS
analyses on fractions from numerous effluents and are
applicable to both acute and chronic toxicity identification.
In general, these procedures should be used.

A GC/MS system equipped to perform standard
chemical residue analyses is suggested; i.e., a 30 m
capillary column, electron impact ionization, scan range
of 50-500 amu, scan rate of 1 or 2 scans/set,  a GC
temperature program of 50 to 300°C at 5OC/min, and a
data system with library searching capability.

Prior to GC/MS  analysis, the prepared blank and
toxic fraction concentrates should be tested for toxicity
(Figure 2-6). After verification of the toxicity in the metha-
nol concentrate, inject 1 or 2 ~1 of the concentrate (to
which an internal standard has been added) and collect
the mass spectral data. Note, methanol is not a typical
solvent for GC analysis and the injection of methanol on a
capillary column will shorten the column’s life. Therefore,
routine GClMS QA/QC  procedures should be followed
closely to monitor the performance of the column.

The mass spectral data should be collected, the
chromatogram integrated, and all detected peaks library
searched. Reverse search is preferred. Concentration
estimates for all chromatographic peaks can be obtained
by using the response factor of the internal standard.
Usually the internal standard is added to a small aliquot
(1 O-20 ~1)  of the concentrate prior to GC/MS analysis. The
selection of internal standard to use is an individual
choice, and many different standards are available. An
external standard method could also be used for deriving
concentration estimates.

The NIST (National Institute of Standards and
Technology, Gaithersburg, MD) mass spectral library has
been used in ERL-D for performing library searches.
Other mass spectral libraries are available, but some of
the larger libraries contain multiple spectra for some of
the compounds in the database. Library searching results
that contain multiple identifications of the same com-
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pound are not as useful as those obtained using the NIST
library.

Once the library search results are available, the
search report for each peak must be examined to decide
whether the identification by the search is valid and
reasonable. The help of a trained GUMS  chemist is
required to do this evaluation. Questions we consider in
our laboratory when performing this process include: A)
are all major ions present in the correct proportions?, B) is
this identification consistent with other information about
the fraction?, C) do forward and reverse searching pro-
vide similar fits? and 0) are the library searching fits
greater than 70%? Factor A must be met! Consistency,
factor B, considers circumstances such as “has the iden-
tified chemical been found in vastly different fractions,” or
“has the same identification been given to numerous
peaks in the same chromatogram?” Both factors C and 0
are somewhat relative and depend a great deal on the
sample and its matrix. In addition, the toxicants are often
very minor components in the GUMS  total ion chromato-
gram and thus, the quality of the mass spectral data even
after background subtraction can lead to poor results for
factors C and 0.

considerable error may be involved in the concentration
estimate. Secondly, the toxicity data, if available, may be
for a different species than that used in the TIE. Species
differences are usually as large as lOO-fold and often
1 ,OOO-fold. Given these two sources of uncertainty and
the chance that they may reinforce one another, certainly
if the estimated concentration of a chemical accounts for
the toxicity within a factor of 100, the chemical should
remain a suspect. To the extent that data for either
quantitation or toxicity values of the compound are known
to be better, concentration differences of smaller magni-
tude may be used to eliminate suspects.

Once a list of suspects is available, the measure-
ments for both concentration and toxicity should be re-
fined. This will usually require obtaining pure compound
to make better analytical measurements and to establish
acute or chronic toxicity estimates for the species of
concern. This step requires as much separation as practi-
cal before analysis so that the list of suspects is small.

After examination of the library search results, a
list of identified chemicals is assembled and evaluated
using the methods in the following section. For the confir-
mation analyses we suggest EPA method 625 (EPA,
1982).

2.5 Identifying Suspect Toxicants
If one toxicant  is identified, then the goal of the

At this stage, only the concentration of the sus-
pected toxicant  in the concentrate is known; until re- .
covery through all the fractionation and concentration
steps is complete, suspect compound concentrations in
whole effluent are not known. Since the concentrate is
virtually devoid of suspended solids and much of the
effluent TOC, both of which may dramatically affect toxic-
ity of non-polar organics,  the toxicity of non-polar chemi-
cals may be quite different in the fraction tests than in the _
effluent test. Therefore, the toxicity of suspects in the
fraction test should be compared to the suspect’s toxicity
in a relatively pure water, such as reconstituted water.

rest of Phase II is to determine if there are any other
toxicants contributing to effluent toxicity. Two parallel
lines of investigation should be pursued to achieve that
goal. The first is to determine whether or not the concen-
tration of the suspect toxicant  is sufficient to cause toxicity
(EPA, 1993A). The second is to estimate the proportion of
the effluent toxicity that is caused by the suspected
toxicants, so that a decision can be made as to whether
other toxicants are present in the effluent.

The first line of investigation should begin by
comparing the estimated concentrations of identified
chemicals in the SPE or HPLC concentrate to their known
toxicity values. Recovery of 100% of each effluent toxi-
cant in the C,, SPE fractions may not be crucial, because
at this stage, only the estimated concentration of com-
pounds in the fraction and the toxicity of the fraction are
compared. Assumptions about the concentration of
toxicant  in the whole effluent are not made at this point,
nor is any statement made regarding recovery of whole
effluent toxicity in C,, SPE column fractions. In later stages
of Phase II, inferences regarding the relationship between
the concentration of the suspected toxicant  in whole
effluent and the observed toxicity in the SPE fractions are
made. At this step, the compound quantification will have
been performed using an internal or external standard
response and since the compound’s recovery is unknown,

During this same stage, the steps leading to the
final concentrate should be checked for toxicity recovery.
The objective is to place a good estimate on how much of
the whole effluent toxicity is contained in the final concen-
trate. This is best done by testing the toxicity of the
concentrate at concentrations near those of whole efflu-
ent, correcting for volume losses due to toxicity testing
SPE column fractions (which was previously ignored). If
the toxicity of the final concentrate is similar to that of
whole effluent, allowing for losses, and if the concentra-
tion of the suspect(s) is sufficient to account for the
concentrate’s toxicity, it is time to begin Phase III (EPA,
1993A). If multiple toxicants occur, the toxic units of each
are compared to the whole effluent toxic units.
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If the concentrations from quantitation and toxic-
ity measurements are close to one another, Phase III
procedure should be started, recognizing that other toxi-
cants may yet be identified. If no suspects are found,
more concentration, more separation, and possibly differ-
ent or more sophisticated analytical methods must be
used. In some of the effluents we have tested, finding
other candidates has taken months and concentration
factors of >lOO,OOO  have been required. Since few labo-
ratories will have all the needed analytical equipment,
instrumentation from other sources should be considered.
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Because artifactual  toxicity that equals toxicity
due to lost or unidentified toxicants can be created, as
one progresses to Phase III the suspect toxicant should
be identified. One purpose of Phase III is to identify such
errors. Should this error occur, one must start again at the
beginning of Phase II, or even return to Phase I. If several
different effluent samples were evaluated during Phase II,
redoing Phase I on additional samples may be time well
spent since the effluent may have changed in the interim.

In practice there is no sharp boundary between
Phases II and III. In general, as soon as a probable
suspect is identified, confirmation procedures of Phase III
should begin. If a toxicant  has been assumed to have
been identified when it has not, the identification of other
suspected toxicants can be hampered.

A final suggestion is to investigate the additivity of
toxicity for several constituents, if all toxicity is not ac-
counted for. Enhancement of toxicity by methanol should
also be checked.

2.5. I Identifying Organophosphate Pesticides
Certain compounds must be metabolically acti-

vated by the test organism before they become toxic.
These activation reactions consist of oxidative metabo-
lism by a family of enzymes collectively known as cyto-
chrome P-450. Compounds such as piperonyl butoxide
(PBO) can block the toxicity of metabolically activated
toxicants making it a useful tool in the TIE. PBO is a
synthetic methylenedioxyphenyl compound that effectively
binds to and blocks the catalytic activii of cytochrome P-450.
Thus, when a nontoxic amount of PBO is coadministered with
the effluent or the effluent fractions that exhibited toxicity,
the toxicity of the compound requiring metabolic activa-
tion is greatly reduced or completely blocked (Ankley et
al., 1991).

Phosphorothioates are organophosphates known
to require cytochrome P-450 activation before expressing
toxicity and include common insecticides such as diazinon,
malathion, parathion, methyl parathion and fenthion. There
also are a number of organophosphates that are toxic in
the absence of metabolic activation; these include insec-
ticides such as dichlorvos, mevinphos and chlorfenvinphos.

We have found organophosphate insecticides
present in effluents and ambient waters at acute and
chronic toxicity levels (Amato et al., 1992; Norberg-King
et al., 1991). The toxicity of most organophosphates will
be removed from the sample by the C, SPE column, and
they are typically recovered in the methanol eluates (see
EPA, 1991A;  EPA, 1992). The addition of PBO to the
effluent before addition of the test organisms was used as
a subsequent test in Phase I (EPA, 1991A; EPA, 1992). In
addition to the C!, SPE column removing the toxicity, a
reduction in toxicrty  with the addition of PBO would sug-
gest the presence of metabolically activated compounds
such as organophosphates. PBO has similar utility in
Phase II of the TIE in that either SPE fractions (Sections
22.8 and 2.3.8) or HPLC fractions (Sections 2.2.11 and

2.3.11) can be tested for toxicity both in the presence and
absence of PBO. A reduction in toxicity of the test fraction
would suggest the presence of a metabolically activated
chemical, and together with chemical analyses, can pro-
vide powerful evidence along with GUMS data, for spe-
cific organophosphates as the toxicant( While PBO
should be useful for both acute and chronic TIE work,
most of our experience has been in the area of acute
toxicity. Thus, guidance presented below is based mainly
on acute tests.

Toxicity values for PBO are presented in Phase I
(EPA, 1991A; EPA, 1992). In acute toxicity tests, concen-
trations of PBO ranging from 250-500 ug/l have effec-
tively blocked the acute toxicity of relatively large
concentrations of metabolically activated organophos-
phates to cladocerans (Ankley et al., 1991). In chronic
toxicity tests with C. dubia, PBO concentrations of 50 ug/l
have been effective in blocking toxicity in the SPE fractions.
Detailed information on stock solution preparation is pre-
sented in the Phase I documents and is not repeated
here.

When toxicity tests are conducted on SPE frac-
tions or HPLC fractions, aliquots of the PBO solution are
added to the test solutions and mixed well before the test
organisms are added. As for any TIE manipulation, the
successful use of PBO is dependent upon the use of
appropriate controls and blanks. Effluent fractions and
blank fractions with and without the addition of PBO must
be tested simultaneously. A reduction in toxicity of the
effluent fraction occurring with the PBO added, and no
toxicity exhibited in either of the blanks, indicates that the
toxicant  requires metabolic activation to exhibit toxicity. If
toxicity associated with the PBO addition is observed in
the blank fraction, either PBO was present at toxic con-
centrations or the methanol concentration (from fraction
and/or PBO stock addition) in the test was too high. If
toxicity is observed in the effluent fraction with PBO
added, but not in the effluent fraction without the PBO or
in either of the blank fractions, this result is essentially
meaningless. In the latter situation it is possible that the
PBO has interacted in a synergistic fashion with another
compound present in the test effluent that normally would
not be toxic.

2.5.2 Identifying Surfactants
The goal in this section of Phase II is to identify

the toxicants when surfactants are implicated by Phase I
and Phase II results. The Phase I procedures of filtration,
aeration, and C,, SPE all affect surfactant toxicity, and
effluent samples that exhibit several or all of these behav-
iors may contain toxic concentrations of surfactants (EPA,
1991A).

Surfactants are surface active agents that have a
molecular structure that includes a polar, hydrophilic seg-
ment (either ionic or nonionic) and a relatively large non-
polar, hydrophobic, hydrocarbon segment. Surfactants
are used for a variety of household and industrial pur-
poses and therefore are ubiquitous in effluents, particu-
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larly in untreated wastewater, and potentially could be
present at toxic concentrations in effluents (Ankley and
Burkhard, 1992). Some examples of.surfactants  are soaps,
detergents, charged stabilization polymers, and coaguia-
tion polymers used in chemical manufacturing processes.
The molecular structure of surfactants causes them to
congregate at interfaces between water and other phases
such as air, oily liquids and particulate matter. This
congregative characteristic is responsible for the cleans-
ing and dispersive properties of surfactants.

There are many different kinds of surfactants and
they are classified by the nature of their polar segment.
When in aqueous solution, the polar segment of a surfac-
tant molecule can be either nonionic  (not charged) or
ionic (charged). The ionic polar segment can be either
negatively charged (anionic), positively charged (cationic),
or both negatively and positively charged (amphoteric).
Based on this, surfactants are classified into the following
major classes: nonionic, anionic, cationic, and ampho-
teric.

Surfactants physical/chemical properties set them
apart from both strictly polar or non-polar organic com-
pounds and these properties uniquely influence the re-
suits of Phases I and II procedures for surfactants.

Experiments were conducted with a small sample
of surfactants from nonionic, anionic, and cationic  catego-
ries with the Phase I procedures of filtration, aeration, and
C,, SPE (Ankley et al., 1990A).  In these experiments,
filtration removed the toxicity of most of the surfactants
tested to some degree, and the degree of removal is most
probably dependent on sample matrix, especially solids
concentration. Aeration removed the toxicity of all the
surfactants tested to some degree while the C,, SPE
column removed the toxicity completely for all surfactants
regardless of class. Surfactants behave unpredictably
with regard to eiution from C,, SPE columns. For ex-
ample, toxicity from surfactants of the nonionic  and an-
ionic classes, eluted in all fractions 80% to 100% methanol/
water (Ankley et al., 1990A).  Elution in several fractions
rather than eluting in one or two fractions may be caused
by the polar/non-polar nature inherent in surfactants. The
toxicities from the cationic  surfactants were either not
recovered in any of the fractions or were recovered to
only a small degree in the 100% methanol fraction.

Important indicators of surfactant toxicity are the
toxicity test results from aeration experiments. If volatility
can be eliminated and toxicity is reduced by aeration, this
is strong evidence that a surfactant might be contributing
to effluent toxicity (EPA, 1991 A). During aeration, surfac-
tants are most probably removed from solution by the
process of sublation. Sublation occurs because surfac-
tant molecules tend to congregate at the interface be-
tween the aqueous sample and the aerating nitrogen or
air bubbles and are brought to the surface of the liquid
sample by the bubbles. At the liquid surface the bubbles
break releasing the surfactant, which then adheres to the
aeration vessel walls. A compound that can be removed

by sublation is by definition a surfactant. It might be
possible to recover surfactants from glassware after the
sublation process. The glassware can be rinsed with a
solvent such as methanol, which can then be toxicity
tested and analyzed in the same manner as methanol
SPE fractions (Sections 2.2.8 and 2.3.8).

Overall, most surfactants exhibit some of the
behavior that is common to non-polar organic compounds
such as removal from the effluent by the C,, resin and
recovery in the methanol/water SPE fractions. While sur-
factants  in general can be considered to be non-polar
organics,  GC/MS analysis will probably not provide suc-
cessful sutfactant identification. Most surfactants are not
readily chromatographed because of the polar segment
of the,  surfactant molecule. One exception is a class of
surfactants in common use that can be analyzed directly
by GC/MS,  the alkylphenol ethoxyiates. Gieger et al.
(1981),  provides mass spectral data for the nonylphenol
mono-, di- and tri-ethoxylates, which can be used to help
identify these compounds. Techniques such as
derivatization can make some other specific surfactants
compatible with GC and GC/MS,  but it is necessary to
know the specific identity of the surfactant.

It is difficult to positively identify an unknown
surfactant. Although there are many analytical methods
available for accurately quantifying specific surfactants,
these methods are useful only if the identity of the surfac-
tant is known, or at least suspected. It is not reasonable or
practical to analyze a sample using numerous intricate
methods, in the hope that one of these methods will
detect the surfactant in the sample. Unfortunately, there is
no analytical technique available that can readily provide
the identity and quantity of an unknown surfactant. Envi-
ronmental samples (such as municipal and industrial
effluents) contain numerous substances that can interfere
with available analytical methods. Also, pure surfactants
are actually mixtures of homologous and oligomers with
varying chain lengths and, in the case of many nonionic
surfactants, varying degrees of ethoxylation. The compo-
sition and therefore the toxicity of such a mixture might
vary. In the course of a TIE, it might become necessary
not only to identify the surfactant causing toxicity, but also
to learn which particular homologue or oligomer is the
most toxic.

One approach to reducing the complexity of iden-
tifying an unknown sutfactant is to determine whether the
unknown surfactant falls into the anionic or nonionic
class. APHA (1989) describes a method for determining
anionic surfactants as methylene blue active substances
(MBAS). MBAS method can successfully measure the
concentration of anionic surfactants of the sulfonate type,
the sulfate ester type, and sulfated nonionics type. Unless
the identity of the anionic surfactant is known, the analyti-
cal measurement is calculated and expressed in terms of
the anionic surfactant linear alkylbenzene sulfonate (LAS).
APHA (1989) also describes a method for determining
nonionic  surfactants as cobalt thiocyanate active sub-
stances (CTAS). This method is applicable to a wide
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range of polyether nonionic  surfactants, which includes
the widely used alkyl and alkylphenol ethoxylated alcohols.

With these methods the relative amount of an-
ionic or nonionic  surfactant can be estimated, but the
exact nature or molecular composition of the unknown
surfactant will not be determined. These analyses can be
conducted on the SPE fractions, HPLC fractions, fraction
concentrates, and the whole effluent. Determining the
class can be significant progress toward identifying the
unknown surfactant. With the class known, specific analy-
ses for the more common surfactants in that class can be
performed as a subsequent effort. Unless the identity of
the nonionic surfactant is known, the analytical measure-
ment is expressed in terms of an arbitrarily chosen refer-
ence nonionic surfactant.

The type of discharge being processed by the
wastewater treatment plant might provide information that
would enable one to target specific surfactants for analy-
sis. For example, industries feeding into the treatment
plant might be discharging certain surfactants or a par-
ticular kind of surfactant that is being used in the manu-
facturing or housekeeping processes. An analytical method
suitable for that particular surfactant could then be used
to determine whether toxic concentrations can be found in
the toxic effluent, fractions, or concentrates.

2.6 Alternate Fractionation Procedures
If toxicity is not recovered in the methanol proce-

dures described above (Sections 2.2 and 2.3)  and toxic-
ity is not observed in the post-column effluent, alternative
elution procedures can be used. These procedures are
not as widely used as the methanol/water elutions dis-
cussed above but are effective for highly hydrophobic
compounds.

2.6.7 Modified Elution Method
The current Phase II method for fractionating

non-polar organic toxicants in aqueous samples does not
effectively fractionate compounds that are highly hydro-
phobic. Modifications made to the method have been
successful in overcoming this limitation (Schubauer-
Berigan and Ankley, 1991; Durhan et al., 1993). Hydro-
phobic compounds probably are more prevalent in
sediment pore waters than in treated effluents. Tracking
toxicity caused by these kinds of compounds will be more
difficult because of the potential for artifactual toxicity
from the solvents required to elute them. An elution
scheme incorporating water, methanol, and methylene
chloride has been designed that effectively fractionates
compounds over a log K,, range from 2.5 to 6.9. The
higher log Kow compounds, however, elute in the same set
of fractions. Further fractionation by HPLC might be nec-
essary to achieve better resolution of these kinds of
compounds. Substituting other sorbents for the currently
‘used C SPE resin have also produced encouraging
results. ‘Both the C, SPE and XAD-7 (Rhom and Haas,
Philadelphia, PA) sorbents might have utility with particu-
lar kinds of toxicants.

The modified elution scheme eliminates the 100%
methanol fraction used in the original method, and re-
places it with one 50% methylene chloride/methanol, and
three 100% methylene chloride fractions (v/v). The com-
position of the resulting eleven 3 ml (when using a
1,000 mg C,* SPE column) fractions is shown in Table 2-
8. The methylene chloride containing fractions are com-
bined, then solvent exchange is conducted as described
below. The modified elution scheme would be used when
the original methanol/water elutions did not effectively
elute toxicity in the SPE fractions. In addition, if the
suspect toxicants were known to be highly hydrophobic,
as in sediment pore water, then the modified elution
scheme would be indicated. Blank toxicity should provide
insight concerning artifactual methylene chloride toxicity;
however, slight reductions in young production might
occur in both the blanks and sample fractions. Develop-
ment of this alternate procedure for chronic toxicity is
undenrvay for the C. dubia and should be used with
caution at this time. If this procedure is used, it is impor-
tant to accompany the solvent exchanged methanol blank
with a methanol only blank.

When toxicity testing SPE fractions, it is always a
concern that the matrix of the effluent has been changed
and that chemicals might become bioavailable, whereas
they were not in the original sample. If this were to
happen, the fractions might be more toxic than expected
and chemicals might be added to the suspect toxicant  list
erroneously. This kind of mistake should be caught by
obtaining a good toxicity value for the suspect toxicant in
an appropriate matrix. For instance, if the suspect toxi-
cant is highly insoluble in water, then when tested in an
effluent matrix it should have low toxicity because it is
unavailable to the organism. The alternate solvent elution
might enhance this problem because the solvent is more
likely to solubilize the more hydrophobic compounds than

Table 2-8. Composition of 11 Recommended Fractions in Modified
Eiution Scheme

Fraction
Composition of Eluting Solutions (Ok v/v)

Water Methanol Methvlene Chloride

2

3

4

5

6

7

8

9

10

11

75 25 0

50 50 0

25 75 0

20 80 0

15 85 0

10 90 0

5 95 0

0 50 5 0

0 0 100

0 0 100

0 0 100
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methanol. Therefore, additional confirmation steps might
be needed to eliminate the false suspects.

2.6.2 Solvent Exchange
Since methylene chloride is quite toxic to aquatic

organisms, even at very low concentrations (NOEC for C.
dubia is 0.03%),  it must be removed from SPE fractions
before the fractions can be tested for toxicity. The ex-
change of the methylene chloride fraction into methanol is
a relatively easy process because of methylene chloride’s
volatility. The combined fractions to be exchanged (e.g.,
15 ml) are placed in a centrifuge tube with a teflon stir bar
and an additional 15 ml of methanol. The tube is placed in
a 30°C  water bath and stirred while a gentle stream of
nitrogen is passed over the solution surface. When the
volume of the solution reaches 3 ml, the sides of the tube
are carefully rinsed with an additional 3 ml of methanol,
and the solution is reduced again to a final 3 ml volume.
Adjust the volume of methanol used in this procedure to
reflect the total volume of combined fractions. The final
volume of methanol may then be tested as suggested
previously in Sections 2.2.8. and 2.3.8. It is important to
obtain and toxicity test a methanol-only blank in addition
to the solvent exchanged methanol blank.

2.6.3 Alterna five SPE Sorben ts and
Techniques
In the SPE method described above, C,, bonded

silica is used as the solid phase for fractionating and
isolating non-polar organic toxicants. C,, bonded silica
was selected because, with proper conditioning, it does
not usually contribute artifactual toxicity to sample or
sample fractions, it often achieves the required degree of
separation and isolation of non-polar organic compounds,
and it is commercially available in inexpensive, easy to
use, disposable columns. There is, however, no restric-
tion on the solid phase that is used in the TIE procedure,
as long as it results in the isolation and separation of non-

polar organic toxicants and at the same time does not
contribute amfactual  toxicity. We have evaluated several
sorbents other than C, bonded silica to use for this
purpose (Durhan et al., 6993).

We evaluated two prepurified XAD sorbents, XAD-
4 and XAD-7 (Rohm and Haas,  Philadelphia PA) and a C,
bonded silica sorbent. Of these sorbents, only XAD-4, a
non-polar styrene-divinyl benzene copolymer performed
as well as C,, bonded silica in the fractionation of non-
polar organic compounds. One disadvantage of using an
XAD sotbent such as XAD-4 is that it is not commercially
available in prepacked  disposable columns. In addition, it
is important to obtain prepurified XAD-4 sorbent that is
free of toxic artifacts, otherwise extensive, time consum-
ing cleanup procedures are required before the sorbent
can be used in a toxicity based fractionation. We found
that on XAD-7, an acrylic ester copolymer, non-polar
organic compounds were inadequately fractionated be-
cause of resolution and co-elution problems. The C,
bonded silica yielded results that were similar but signifi-
cantly inferior to those obtained with C,, bonded silica.

Traditionally, SPE is carried out with the solid
phase particles packed in a cylindrical column or car-
tridge. An alternative form of SPE has been developed,
the Empore TM Extraction Disk, in which C,, bonded silica
particles are enmeshed in an inert PTFE matrix which is
then formed into a disk. The manufacturer (3M, St. Paul,
MN) claims good recovery of non-polar organics with flow
rates as high as 100 ml/min, which would make this an
attractive alternative form of SPE. We have evaluated this
technique to a limited degree with acutely toxic effluents
and sediment pore waters and feel it has great potential in
a toxicity based fractionation scheme. Especially attrac-
tive is the high flow rate which would allow for large
volumes of sample to be processed quickly. However, a
procedure for eluting non-polar organics from the disk into
several fractions has not yet been developed and could
prove to be a challenge.
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Section 3
Ammonia

3.1 General Overview
Unlike Phase II procedures for non-polar or-

ganic compounds or metals, the toxicant  identification
methods described in this section are specific for ammo-
nia. The procedures used in this phase of the study
assume that Phase I tests and ammonia measurements
(see below) have implicated the pH sensitive toxicant,
ammonia as causing the acute or chronic toxicity (see
Phase I; EPA, 1991A; EPA, 1992). Other compounds
with toxicities that increase directly with pH may lead to
confounding results or may give results similar to ammo-
nia. For instance, experiments at our laboratory have
shown that C. dubia are more acutely sensitive to cad-
mium, nickel, and zinc in acute tests at high pH levels
(Section 4). The testing in Phase II should help to
discern the toxicity caused by ammonia from that caused
by other compounds that might also become more toxic
as pH increases. The methods described below can be
used to identify ammonia as the toxicant  and these data
could also be used in Phase III confirmation.

Ammonia is relatively unique in its behavior as
pH changes. When ammonia (NH,) dissolves in water,
some of the molecules react to form the ammonium ion
NH,+, and the equilibrium between these two species is
affected by both pH and temperature (EPA, 1985A).  The
term “total ammonia” refers to the sum of the un-ionized
(NH,) and the ionized (NH,+) forms and is referred to as
N+. The toxicity of ammonia to some aquatic species
appears to be primarily caused by the un-ionized form.
The equilibrium shifts to increase the un-ionized ammo-
nia concentration with increasing pH and increasing
temperature. In a constant temperature situation, Table
3-1 shows that as pH increases by one unit, there is
nearly a lo-fold increase in the percent of un-ionized
ammonia NH, present in aqueous solutions at pH 6.0-
8.5. The data in Table 3-l are calculated using the
dissociation constants for ammonia (EPA, 1979). There
are two effects to consider for ammonia as the pH
increases; first, the concentration of NH, increases (Table
3-1) and second, the toxicity of NH, decreases (Tables
3-2 and 3-3). One possible explanation for the second
effect is that NH,+ is contributing to the toxicity (EPA,
1985A). Measuring and maintaining the
solution and understanding the effect
toxicity of ammonia are very  important.

pH of the test
of pH on the

As discussed in EPA’s ammonia water quality
criteria document (EPA, 1985A), the slope of the LCXO-
pH curve for acute toxicity is similar for different aquatic
species (i.e., an average slope can be used for many
species). A model was developed to describe the pH
dependence of ammonia toxicity, primarily with data for
fishes and cladocerans (i.e., daphnids, fathead minnows,
rainbow trout, and coho  salmon, see EPA, 1985A). This
model has been used with acute toxicity data generated
at a pH of 8 and a temperature of 25°C for both C. dubia
and fathead minnows, to predict the LC50 of NH, at other
pH values (Tables 3-2 and 3-3). It is apparent that the
toxicity of NH, is about seven times less at pH 7.0 than at
pH 6.0, but the amount of NH, is ten times greater at pH
7.0 than at pH 6.0. Similarly, at pH 8.0, NH, is three times
less toxic than at pH 7.0 but ten times more is available at
pH 8.0. Ammonia can be implicated as the cause of
toxicity if the effluent toxicity and the suspect toxicant
exhibit both of these pH effects. Acute toxicity test data
generated at ERL-D indicate that this model is not appro-
priate for all species. For example, the trend of pH-
dependence has not been observed in acute tests
conducted with the amphipod, Hyalella  azteca,  over a
range of pH values in reconstituted waters (EPA, 1991 B)
until the hardness is greater than 160 mg/l.  In hard or very
hard waters, H. azfeca is more sensitive to NH, at higher
pHs (P. Monson, personal communication, University of
Wisconsin, Superior, WI). We recommend that the effect
of pH on the toxicity of ammonia be characterized for the
TIE organism, if it has not been done, so that accurate
predictions can be made for the organism.

It has not yet been determined whether the pH
dependence of ammonia toxicity described for acute tox-
icity is appropriate for chronic toxicity. The chronic toxicity
of ammonia to species typically used in effluent tests, at
temperatures similar to those used in TIES and a variety
of pHs is presented in Table 3-4. If chronic ammonia
toxicity has not been characterized with respect to pH for
the TIE species, it is prudent for the investigator to
generate the ammonia toxicity data for at least three
distinct pH levels.

Generally, three procedures are used to implicate
ammonia in addition to measuring the ammonia in the
effluent. These are 1) the graduated pH test (in place of
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Table3-1. Percent  Un-Ionized Ammonia in Aqueous Solutions Aqueous Solutions for Selected Temperatures and Temperatures and pHpH   Values1Values1

Temperature(%)Temperature(%)

PHPH 1515 2020 2121 2222 2323 2424 2525 2626 2727___-___-

6.06.0 0.02740.0274 0.0397 0.04270.0427 0.0459 0.0493 0.05300.0530 0.05680.0568 0.06100.0610 0.06540.0654
6.16.1 0.03450.0345 0.05000.0500 0.05370.0537 0.05780.0578 0.06210.0621 0.06670.0667 0.07160.0716 0.07680.0768 0.08230.0823
6.26.2 0.04340.0434 0.06290.0629 0.06760.0676 0.07270.0727 0.07810.0781 0.08390.0839 0.09010.0901 0.09660.0966 0.1040.104
6.36.3 0.05460.0546 0.07920.0792 0.08510.0851 0.09150.0915 0.09830.0983 0.1060.106 0.1130.113 0.1220.122 0.1300.130
6.46.4 0.06870.0687 0.08650.0865 0.1070.107 0.1150.115 0.1240.124 0.1330.133 0.1430.143 0.1530.153 0.1640.164
6.56.5 0.08650.0865 0.1250.125 0.1350.135 0.1450.145 0.1560.156 0.1670.167 0.1800.180 0.1930.193 0.2070.207
6.66.6 0.1090.109 0.1580.158 0.1700.170 0.1820.182 0.1960.196 0.2100.210 0.2260.226 0.2420.242 0.2600.260
6.76.7 0.1370.137 0.1990.199 0.2140.214 0.2300.230 0.2470.247 0.2650.265 0.2840.284 0.3050.305 0.3270.327
6.86.8 0.1720.172 0.2500.250 0.2690.269 0.2890.289 0.3100.310 0.3330.333 0.3580.358 0.3840.384 0.4110.411
6.96.9 0.2170.217 0.3140.314 0.3380.338 0.3630.363 0.3900.390 0.4190.419 0.4500.450 0.4820.482 0.5170.517

7.07.0 0.2730.273 0.3960.396 0.4250.425 0.4570.457 0.4910.491 0.5270.527 0.5660.566 0.6070.607 0.6500.650
7.17.1 0.3430.343 0.497 0.5350.535 0.5750.575 0.6170.617 0.6630.663 0.7110.711 0.7620.762 0.8170.817
7.27.2 0.4320.432 0.6250.625 0.6720.672 0.7330.733 0.7760.776 0.8330.833 0.8930.893 0.9580.958 1.0271.027
7.37.3 0.5430.543 0.7860.786 0.8450.845 0.9080.908 0.9750.975 1.051.05 1.121.12 1.201.20 1.291.29
7.47.4 0.6830.683 0.9880.988 1.061.06 1.141.14 1.221.22 1.311.31 1.411.41 1.511.51 1.621.62
7.57.5 0.8580.858 1.241.24 1.331.33 1.431.43 1.541.54 1.651.65 1.771.77 1.891.89 2.032.03
7.67.6 1.081.08 1.561.56 1.671.67 1.801.80 1.931.93 2.072.07 2.212.21 2.37 ,2.37 , 2.542.54
7.77.7 1.351.35 1.951.95 2.102.10 2.252.25 2.412.41 2.592.59 2.772.77 2.972.97 3.183.18
7.87.8 1.701.70 2.442.44 2.622.62 2.822.82 3.023.02 3.243.24 3.463.46 3.713.71 3.973.97
7.97.9 2.132.13 3.063.06 3.283.28 3.523.52 3.773.77 4.044.04 4.324.32 4.624.62 4.944.94

8.08.0 2.662.66 3.823.82 4.104.10 4.39 4.704.70 5.035.03 5.385.38 5.755.75 6.146.14
8.18.1 3.333.33 4.764.76 5.105.10 5.465.46 5.855.85 6.256.25 6.686.68 7.147.14 7.617.61
8.28.2 4.164.16 5.925.92 6.346.34 6.786.78 7.257.25 7.757.75 8.278.27 8.828.82 9.409.40
8.38.3 5.185.18 6.436.43 7.857.85 8.398.39 8.968.96 9.569.56 10.210.2 10.910.9 11.611.6
8.48.4 6.436.43 9.079.07 9.699.69 10.310.3 11.011.0 11.711.7 12.512.5 13.313.3 14.114.1
8.58.5 7.977.97 11.1611.16 11.9011.90 12.712.7 13.513.5 14.414.4 15.215.2 16.216.2 17.117.1
8.68.6 9.839.83 13.613.6 14.514.5 15.515.5 16.416.4 17.417.4 18.518.5 19.519.5 20.720.7
8.78.7 12.0712.07 16.616.6 17.617.6 18.718.7 19.819.8 21.021.0 22.222.2 23.423.4 24.724.7
8.88.8 14.714.7 20.020.0 21.221.2 22.522.5 23.723.7 25.125.1 26.426.4 27.827.8 29.229.2
8.98.9 17.917.9 24.024.0 25.325.3 26.726.7 28.228.2 29.629.6 31.131.1 32.632.6 34.234.2

9.0 21.521.5 28.428.4 29.9 31.531.5 33.033.0 34.634.6 36.336.3 37.9 39.6

‘Data  from EPA, 1979.EPA, 1979.

the equitoxic solution test as described in the first Phase II
document; EPA, 1989A); 2) use of the zeolite resin to
remove the ammonia; and 3) air-stripping the ammonia
from the sample at a high pH (i.e., pH 11). For both the
zeolite resin method and the air-stripping method, subse-
quent toxicity tests and ammonia measurements are per-
formed on whole effluent and the post-treatment samples.

Depending on the presence of other toxicants in
the effluent, additional sample manipulations may be
needed before proceeding with the three basic tests. For
example, if toxic oxidants such as chlorine are also present
in the effluent, sodium thiosulfate must be added to the
sample before conducting the Phase II ammonia tests. To
date we have not seen ammonia and chlorine as co-
occurring toxicants in chronic tests, probably because
chlorine degrades rapidly in a test system at 25*C,  while
ammonia does not. If the additional toxicant  can be
removed by the C,* SPE column, it may be possible to
conduct Phase II tests for ammonia on post-C,, SPE
column effluent sample. However, the problem of artifac-
tual toxicity associated with the post-C,, SPE column
effluent may prevent the use of the graduated pH test
(EPA, 1992) and/or the air-stripping test (see Section 8 of
EPA, 1991A) on post-column samples.

The results of the graduated pH test, the post-
zeolite column test, and the air-stripping test, all will be
important in identifying ammonia as a toxicant in acutely
or chronically toxic samples. Use of pH changes where
graded responses are observed are particularly useful for
data evaluation in Phase III correlation steps. Some of the
Phase II tests for ammonia are the same steps that are
used for Phase Ill confirmation procedures; therefore,
tests such as spiking the effluent with ammonia and then
performing the graduated pH test or spiking the post-
zeolite effluent samples and then testing the samples
simultaneously with the Phase II tests will support the
confirmation steps in Phase III.

3.2 Toxicity Testing Concerns
A key issue in interpreting acute or chronic test

results for a pH dependent toxicant  such as ammonia is
monitoring pH changes during the test period. Toxicity
differences in Phase I manipulations may be misinter-
preted simply because differences in NH, toxicity can
occur with only a slight pH change. To illustrate, the
change in pH from 8.0 to 7.9 lowers the concentration of
NH, 20%,  as does a change in pH from 6.1 to 6.0, but a
20% difference is much more important to the toxicity
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Table 3-2. Calculated Un-ionized Ammonia LCSOs (mg/l)  Based on 24-h and 48-h Results of a Ceriodaphnia  dubia Toxicity
Test Conducted at pH 8.0 and 25%’

PH

Percent
Dissoc.
at 25°C

Unionized
Ammonia
Expected
24-h LC50

Total
Ammonia
24-h LCSO

Un-ionized
Ammonia
Expected
48-h LC50

Total
Ammonia
48-h LC50

6.0 0.0568 0.09
6.1 0.0716 0.12
6.2 0.0901 0.14
6.3 0.1134 0.18
6.4 0.143 0.22
6.5 0.180 0.27
6.6 0.226 0.33
6.7 0.284 0.40
6.8 0.358 0.48
6.9 0.450 0.58
7.0 0.566 0.69
7.1 0.711 0.81
7.2 0.893 0.93
7.3 1.12 1.06
7.4 1.41 1.21
7.5 1.77 1.34
7.6 2.21 1.48
7.7 2.77 1.61
7.8 3.46 1.73
7.9 4.32 1.83
8.02 5.38 1.93
8.1 6.68 2.01 ”
8.2 8.27 2.08
8.3 10.2 2.14
8.4 12.5 2.19
8.5 15.2 2.23
8.6 18.5 2.27
8.7 22.2 2.30
8.8 26.4 2.32
8.9 31.1 2.34
9.0 36.3 2.35

158
168
155
159
154
150
146
141
134
129
122
114
104
95
86
76 0

:8’
50
42
36
30
25
21
18
15
12
10
8.8
7.5
6.5

0.07 123
0.09 126
0.11 122
0.14 123
0.17 119
0.21 117
0.25 111
0.31 109
0.38 106
0.45 100
0.53 94
0.62 87
0.72 81
0.82 73
0.93 66
1.04 59
1.14 52
1.24 45
1.33 38
1.42 33
1.49 28
1.55 23
1.61 20
1.65 16
1.69 14
1.73 11
1.75 9.5
1.77 8.0
1.79 6.8
1.81 5.8
1.82 5.0

l LC5Os  for each pH interval were calculated using EPA’s water quality criteria document formula (EPA, 1985A)
shown below.

Formula LC50  =
(LC50[pH  = 8.0])(1.25)

I+ 1 o7.4-F

2The 24 h and 48 h LCSOs  to C. dubia are 1.93 mg/l and 1.49 mg/l, respectively, at pH 8.0. The formula was used to
generated expected LCSOs for pH values above 8, though the model is not recommended above pH 8, because
generally we have found C. dubia data to track with these predictions.

expressed by the ammonia at pH 8.0 than at pH 6.0. For
this reason frequent pH monitoring (at least daily) must be
performed on tests conducted to determine the trend of
ammonia toxicity. Ideally, continuous monitoring of pH is
desired. The pH should be measured on each test con-
centration and each replicate. Experience has shown that
the choice of pH meters and probes is critical to produce
reliable results. The pH meter used must read accurately
to two decimal places and should lock-on the stabilized
reading after the rate of change has diminished to a
specified rate. Routine cleaning of the probe and a stan-
dardized calibration procedure should be established.
The pH values can also be recorded after an elapsed time
of 60-90 sec. The pH readings should be made using a
constant and reproducible stirring rate. The stirring should
not result in excessive loss (or gain) of CO which will of
course change the pH. The choice of the ph electrode is
important. We have found that the glass-bodied combina-

3-3

tion electrodes provide the most consistent pH readings.
However, these should not be left in the test solutions for
longer than is needed to obtain constant readings of pH
because ions from the electrode reference solution can
leak into the test solution, potentially causing artifactual
toxicity.

For the Phase II ammonia toxicity tests more
replicates (at least double that used in Phase I) must be
used and tighter QA/QC  procedures must be adhered to
than those described in the acute or chronic Phase I
manuals (see Section 1.2). For example, a control and at
least four effluent dilutions using concentrations that more
closely bracket the effect and no effect concentrations
(that were determined in Phase I) are used. While param-
eters such as time to mortality or onset of symptoms in
the acute and chronic tests are not an integral part of the
tests described below, these observations may be very
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Table 3-3. Calculated Un-Ionized Ammonia LCSOs  (mg/l)  Based on 24-h, 48-h, 72-h, and 96-h Results of a Fathead Minnow (Pimephales
promelas)  Toxicity Test Conducted at pH 8:O and 25°C’

Un-ionized
Ammonia
Expected
72-h LC50

Un-ionized
Total

Ammonia at
96-h LC50PH

Percent
Dissoc.
at 25%

Un-ionized
Ammonia
Expected
24-h LC50

Total
Ammonia
24-h LCSO

Un-ionized
Ammonia
Expected

48-h LC50

Total
Ammonia
48-h LC50

Total
Ammonia
72-h LC50

Ammonia
Expected

96-h LC50

6.0 0.0568 0.075 131 0.064 113 0.049 86 0.036 63
6.1 0 0716 0.093 130 0.080 112 0.061 85 0.045 63
6.2 0.0901 0.12 128 0.10 111 0.076 84 0.056 62
6.3 0.1134 0.14 127 0.12 109 0.094 83 0.069 61
6.4 0.143 0.18 124 0.15 107 0.12 81 0.086 60
6.5 0.180 0.22 121 0.19 104 0.14 80 0.11 58
6.6 0.226 0.27 118 0.23 102 0.18 77 0.13 57
6.7 0.284 0.32 114 0.28 98 0.21 75 0.16 55
6.8 0 358 0.39 109 0.34 94 0.26 72 0.19 53
6.9 0.450 0.47 104 0.40 90 0.31 68 - 0.23 50
7.0 0.566 0.56 98 0.48 85 0.36 64 0.27 47
7.1 0.711 0.65 91 0.56 79 0.43 60 0.31 44
7.2 0.893 0.76 85 0.65 73 0.50 56 0.36 41
7.3 1.12 0.87 77 0.75 67 0.57 51 0.42 37
7.4 1.41 0.78 55 0.67 48 0.51 36 0.38 27
7.5 1.77 1.09 62 0.94 53 0.72 D 40 0.53 30
7.6 2.21 1.20 54 1.03 47 0.79 36 0.58 26
7.7 2.77 1.30 47 1.12 40 0.85 31 0.63 23
7.8 3.46 1.39 40 1.20 35 0.91 26 0.67 19
7.9 4.32 1.48 34 1.27 29 0.97 22 0.71 17
8.0 5.38 1.56 29 1.34 25 1.02 19 0.75 14

‘LCSOs  for each pH interval were calculated using EPA’s water quality criteria document formula (EPA, 1985A) shown below. The 24-h, 48-h,
72-h, and 96-h LCSOs to fathead minnows are 1.56 mg/l, 1.34 mg/l, 1.02 mg/l, and 0.75 mg/l, respectively, at pH 8.0.

Formula LC50 =
(LC50[pH  = 8.0])(1.25)

1+ 1074-pH

Table 3-4. Un-Ionized Ammonia Toxicity Values for Species Frequently Used in Effluent Testing

Species Method’ ‘PH Temp (“C) LC502  (mg/l) ChW

C. dub;& S, M
C. acanthia5,6 FT, M
Simocephalus ve tulusS  6 FT, M
C. dubid SM
C. dubi& SM
Daphnia magnS SM
P. promela9 FT, M
P. promelasS FT, M
P. promel& FT, M

C. dubia’ 4d-R,  M 6.03 25
C. dubia’ 4d-R, M 7.05 25
C. acanthi&6 7d-FT,  M 7.0-7.5 24-25
D. magna6 NR 7.6 20.2
C. dubia7 4d-R,  M 8.03 25
P. promelasS FT, M 8.0 24.0
P. promelas8 7d-R, M 7.5-7.6 25.0
P. promelas8 7d-R, M 7.5-7.7 25.0
P. promelas4 7d-R, M 8.4 25

Acute Data
6.2
7.1
7.1
7.2
8.2
8.2
7.8
8.0-8.3
8.1

Chronic Data

25 0.12
24 0.77
24 0.61
25 0.78
25 1.73
25 2.08
25.6 1.87
25.2 1.65
26.1 2.55

__
_-
__
_-
__
_-
__
_-

__

0.065
0.28
0.34
0.63
0.62
0.13
0.48
0.45
0.66

‘FT - flow-through; S = static; R = renewal of solutions at 24 or 48 h; M = measured concentration; NR = not reported.
248-h LC50 for invertebrates and 96-h LC50 for fish.
%hV = chronic value which is the geometric mean of the no observed effect concentration (NOEC) and the lowest observed effect concentration

(LOEC) or an IC25.
4Data generated at ERL-D.
5C. acanthla  is equivalent to C. dubia.
“Data from EPA, 1985A.
‘Data from 4-d C. dubia tests conducted at ERL-D; the effect level is an tC25 (mg/l)
aData  from Beigger, 1990.
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useful in describing the identification steps used in con-
firming ammonia as the cause of toxicity.

3.3 Measuring Ammonia Concentration
We have found that the ammonia-selective elec-

trode method has been satisfactory for measuring the
ammonia concentrations in most samples, (EPA, 1983;
APHA, 1992). Other methods for measuring ammonia are
available (such as distillation, nesslerization, and titration)
and can be used successfully for determining ammonia
concentrations in effluents (EPA, 1983; APHA, 1992).
The level of detection for total ammonia generally need
not be below 051.0  mg/l,  since concentrations of 11.0
mg/l of total ammonia have not been found to be toxic to
fathead minnows and C. dubia. If ammonia measure-
ments are below 1 mg/l and the sample is toxic, it is likely
that the toxicant  is not ammonia and other identification
procedures should be pursued.

The most reliable ammonia measurements are
obtained on fresh samples. However, samples can be
preserved by adding concentrated sulfuric acid and stor-
ing the samples at 4°C. The pH of the preserved samples
should be in the range of 1.5 to 2.0 (EPA, 1983; APHA,
1992). In recent experiments, we have used samples that
were stored without acidification at 10°C or refrigerated at
4°C for short periods with good success.

During several effluent tests, the amount of am-
monia in the test solutions (see test details below) has
decreased over the duration of the test. When levels are
in the range of O-30 mg/l,  it is prudent to measure the
initial concentration of ammonia in the test solution and
again after animals were exposed.

3.4 Graduated pH Test
The purpose of the Phase II graduated pH test is

to provide more definitive toxicity test data to implicate
ammonia as the toxicant  in Phase II. In turn, this data may
be used in Phase Ill to confirm the role of ammonia in the
toxicity of the effluent. More stringent pH control and pH
monitoring will be needed to interpret test results and
more precise toxicity estimates (i.e., more replicates,
more dilutions, larger number of organisms; see Section
1.2; EPA, 1991A; EPA, 1992) are needed in Phase II than
in Phase I. When it is important to predict the impact of
the toxicant  in the receiving water, the pH.of the dilution
water should be maintained at receiving water pH. The
test procedures discussed below provide good pH control
for the graduated pH test. Greater detail is provided for
some of the procedures in Phase I (EPA, 1991A: EPA,
1992).

The test chamber size, number of dilutions, species
to be tested, type of test (acute or chronic), and the
degree of toxicity of the effluent will dictate the volume of
effluent needed for the graduated pH test. As a general
guide for acute toxicity tests, 300 ml of effluent should
suffice for any of three pH adjustment tests described

below. The volume for chronic tests will vary based on the
type of chronic test performed, the species used, the
number of concentrations tested, and number of solution
renewals in addition to the items discussed above (Sec-
tion 1.2 and EPA, 1992).

The procedure for conducting the graduated pH
test is to evaluate and determine the toxicity of the
effluent at three different pHs (e.g., 6.0, 7.0, and 8.0). The
pH should be measured in all of the chambers. If the pH
drifts 0.2 pH units or more, the results may not be usable
and better pH control must be achieved. However, if pH
fluctuates more than 0.2 pH units and toxicity is present
only at one pH, the toxicity results may still be useful. The
pH levels selected must be within the physiological toler-
ance of the test species used (which generally is a pH
range of 6 to 9). We recommend use of two methods of
pH control and comparison of these results to determine
that the pH adjustment itself did not introduce an artifact
of toxicity. This type of testing may be critical to explaining
effects in Phase III (EPA, 1993A).

Regardless of the pH control method chosen, the
selection of the appropriate blank is difficult. The change
in pH of the dilution water or surface water is not compa-
rable to that of the effluent because the composition of the
solutions are different. For some effluents, the addition of
either acid or base can be used to adjust and hold the pH
within 0.1 pH unit. If this is possible, this technique can be
used to compare the results with either the CO,-pH
controlled test or the buffer-pH  controlled test. Test re-
sults should be similar and these comparisons can be
used as a basis for identifying ammonia as a toxicant.

3.4. I pH Control: Acid/Base Adjustments
The first method of pH adjustment is the acid/

base adjustment described in Phase I (EPA, 1991A; EPA,
1992). For this manipulation, the adjustment of pH is
relatively easy and quick, and the loss of volatile com-
pounds is minimized. However, the drawbacks are that:
toxicity enhancement from the additives may occur (espe-
cially in a chronic TIE), the addition of strong acid or base
disrupts the carbonate system equilibrium, the effects of
the pH change in the blanks may not selve as a toxicity
control for the effluent, the pH stabilization time is lengthy,
and pH tends to drift in longer term tests. In the pH range
6 to 9, the amount of high quality acid or base added is
usually negligible, and the likelihood of toxicity caused by
increased salinity levels is low.

The pH of each concentration and replicate must
be frequently monitored because a constant pH during
the toxicity test must be maintained. Larger test volumes
may be useful to prevent rapid pH fluctuations. The
amount of acid and/or base added should be recorded for
each pH adjustment to track the additive amount in the
effluent samples and the blanks. If toxicity increases
dramatically, the concentrations of salts should be calcu-
lated to be sure the salinity has not increased above the
tolerance level for the TIE species.
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3.4.2 pH Control: CO, Adjustments
The second method uses CO, to adjust and

control test solution pH. The pH is adjusted by varying
and controlling the CO, concentration of the gas phase
over the water or effluent sample in closed headspace
test chambers. It is necessary to maintain a constant pH
throughout the test period. The pH of most natural waters
and some effluents is controlled by the bicarbonate buff-
ering system and surface waters normally contain <IO
mg/l  of CO,. Therefore, the amount of CO, to add de-
pends on the desired pH and the chemistry of each test
solution. The CO, adjustment has the advantages that the
pH is controlled without placing additives directly into the
effluent test solutions, the pH change is easy to make,
and the pH is generally stable for at least 24 h if the gas-
tight container is not opened. Frequent pH measurements
are still possible because the headspace can be reflushed
with a predetermined concentration of CO,/air.  The disad-
vantages are that toxicity can occur from the CO,, the
concentration of COJair  varies for each dilution and efflu-
ent (which requires sample specific experimentation) and
the manipulations for chronic tests can be time-consum-
ing relative to the acid/base adjustment method. We have
not observed any increased toxicity from the addition of
CO, unless the concentration in the chamber is over 10%.

Adjustments of the pH to 6.0 or 7.0 can be made
by using CO, with or without first adding HCI to the test
concentrations. The CO, is purchased in pure form through
local commercial gas suppliers, and if particular concen-
trations of CO,/air are frequently used, a cylinder of gas of
the desired concentration may prove to be resource-
efficient. The amount of CO, needed to adjust the pH of
the solution is dependent upon sample volume, the test
container volume, the desired pH, the temperature, and
the effluent constituents (e.g., dissolved solids). Some
preliminary work is needed to determine the concentra-
tion of CO, to add to achieve the desired pH. When
dilutions of an effluent have the same hardness and initial
pH as the effluent, about the same amount of CO will
usually be needed for each dilution. Sometimes, hfgher
concentrations of CO, are needed for the higher test
concentrations. Use of a dilution water of similar hardness
as the effluent may make the CO, volume adjustments
easier. A different dilution water may only be used in
these tests if the toxicity has not been shown to be
dependent on water hardness at any pH.

In our laboratory, we have found that glass can-
ning jars with rubber seals and metal balers work well as
a gas-tight testing chamber. The testing chamber should
be large enough to hold the desired number of test cups,
with sufficient headspace to ensure proper DO levels. For
example, a 2-quart glass canning jar lying on its side will
easily hold 6-l oz cups. We simultaneously test C. dubia
and fathead minnows in the same chamber using the test
solution volumes described in Section 1.2. Since many
plastics are permeable to CO,, glass containers are rec-

ommended. When CO,/air is flushed into the headspace
of the test chamber, the pH of the test solutions will
usually reach equilibrium in about 1 h and a reliable pH
can be achieved. Generally, as the alkalinity increases,
the concentration of CO, that is needed to maintain the
pH also increases. After 1 h, check the pH of the solutions
and flush the chambers again. Check the pH again after
2-3 h and from these data determine the concentration of
CO, to add for initial pH adjustment for the actual toxicity
test and the amount needed for reflushing after the cham-
ber is opened for feeding or pH measurements. In most
instances, the amount of CO, produced by the test organ-
isms will not cause further pH shifts. When testing with
fish, which usually increase in size during the test, a pH
fluctuation may occur that would require flushing with
different (e.g., slightly lower) concentrations of CO,.

When the concentration of CO, to inject for the
target pH values has been determined, prepare test solu-
tions, add test organisms (and food if necessary) and
inject the appropriate concentration of CO, in air using a
l-liter gas tight syringe, and quickly close the test cham-
ber. The chambers should be flushed with the CO air
mixture several times to ensure the displacement of? air
currently in the chambers. Place the chamber out of direct
laboratory light, as temperatures tend to rise out of the
desirable test range in the closed chambers.

For effluents that have initial pH values from 7.8
to 8.5, O-l 0% CO, concentration in the chamber has been
used to lower the pH to 6.0. Experiments in hard reconsti-
tuted water have shown that up to 8% CO, can be
tolerated by C. dubia and fathead minnows in acute tests,
but 8% has been toxic to C. dubia and fathead minnows in
the 7-d tests. About 2-3.5%  usually will lower the pH of
most effluents to 657.0. If more than 10% CO, for acute
tests or 5% CO, for chronic tests is needed to lower the
pH of the test solutions, before adding test animals adjust
the pH with high quality acid (EPA, 1991 A; EPA, 1992)
and then flush the headspace with COdair. The neces-
sary concentration of CO, to use must first be determined
experimentally with effluent test solutions adjusted to the
appropriate pH with acid solutions. Sometimes >5% CO
cannot be used for the dilution water pH adjustment tes?
without the CO, causing toxicity.

The use of a single enclosed test chamber for
controlling the pH at all test concentrations may allow the
transfer of volatile compounds among treatments. We
have experienced volatilization of ammonia in tests and
therefore, individual test chambers for each effluent con-
centration are preferable. Methods that use continuous
flow of a CO,/air  mixture, such as tissue cell incubators,
may be preferable and give better pH control provided
that volatilization or cross contamination is not a problem.
At this time we have not attempted to use a continuous
flow of COdair mixture and therefore cannot recommend
a system to use.
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Maintaining pH above the air equilibrium pH (gen-
erally above pH 8.3) is difficult without buffers (Section
3.4.3). The pH control in this high range is much more
difficult because the concentration of CO, must be very
low and microbial respiration can increase the CO, levels
in the test chamber. Use of CO,-free air in the headspace
may work or flushing a mixture of CO,-free air and normal
air through the headspace or test solution may be suc-
cessful. Because such small CO concentrations are
needed and because CO, evolution by microorganisms or
test organisms can significantly alter the CO, concentra-
tion, frequently flushing (two to four times a day) of the
headspace in static tests will probably be required to
adequately control pH. For the chronic tests, we have not
attempted to use the CO,-free air bubbled through the
test solution, because more CO, evolution tends to occur
during the chronic tests and the need for reflushing makes
the test labor intensive.

For the CO,pH  controlled tests, the pH should be
measured at least every 24 h for both acute and chronic
tests and ideally, continuously during pH controlled tests.
At each reading, flush the headspace with the COdair
mixture. A small amount of experimentation will confirm
whether the concentration of CO, previously determined
is adequate, or whether the amount required for flushing
will be less than that used for the initial pH adjustment.

For chronic tests, daily renewal solutions should
be prepared, pH adjusted with HCI if necessary, dis-
pensed into test cups, and placed into a second glass jar
chamber and flushed with appropriate concentration of
CO,. These should be left to equilibrate at least 1-2 h.
Measure the pH quickly and transfer the animals to new
test cups and place them into the glass jar. Flush the
headspace again with the appropriate COJair  mixture.

Table 3-5. Percent Un-Ionized Ammonia in Aqueous Solutions at
25°C and Various TDS Levels’

TSD pH

(m@) 6.0 7.0 8.0 9.0

0 0.0568 0.566 5.38 36.2

250 0.0521 0.519 4.96 34.3

500 0.0505 0.503 4.81 33.6

750 0.0494 0.492 4.71 33.1

1000 0.0485 0.483 4.63 32.7

1500 0.0471 0.469 4.50 32.0

2000 0.0460 0.458 4.40 31.5

3000 0.0443 0.441 4.24 30.7

‘Data from Skarheim (1973).

For the 7-d tests with fathead minnows, the chambers
must be opened once more each day to accommodate
the feeding schedule. The experimenter can take advan-
tage of this by making a pH reading prior to placing food
into the test cups. CO,Jair must again be flushed into the
chamber. It is important to note that in the fathead min-
now test, the pH most likely will be lower after 24 h than in
the C. dubia test because of the food added and the
respiration of the fish which is considerably greater than
that of C. dubia.

Measurements of pH must be made rapidly to
minimize the CO, exchange between the sample and the
atmosphere. Avoid vigorously stirring unsealed samples
because at lower pH values, the CO, lost during the
measurement can cause a substantial pH rise. If possible,
measure the DO at the same time because ammonia may
have different toxicities when DO is decreased (EPA,
1985A). Keep in mind that if the test animals have been
dead for awhile, the pH and/or DO of the test water most
likely will have changed.

The controls in the CO, chamber and the baseline
test act as checks on the general health of the test
organisms, the dilution water and most test conditions. If
the effluent pH in the baseline test is close to the pH of the
adjusted test solutions (at their respective LCSOs, IC25s
or IC5Os),  the toxicity expressed in the two tests should
be similar. Significantly greater toxicity in the pH-adjusted
test may suggest interference from other factors such as
the ionic strength related toxicity if the pH was adjusted
with either HCI or NaOH, or possibly CO, toxicity. Dilution
water blanks at the various pH levels may or may not be
appropriate since the effluent matrix may differ from that
of the dilution water. The dilution water blank will be
useful in checking the acids and bases that are added for
artifactual toxicity. Monitoring the acid and base additions
may be useful in determining if artifactual toxicity resulted
from the increase in salt content. Monitoring conductivity
of the effluent solutions after the addition of the acids and
bases may also be helpful in determining artifactual toxic-
ity. The ionic strength of hardwaters or saline waters
results in a decreased level of un-ionized ammonia (Table
3-5). For values of TDS from O-500 mg/l,  the dissociation
constants are expected to be more accurate than values
above 500 mg/l that were based on somewhat tenuous
assumptions (Skarheim, 1973; see Table 3-5).

3.4.3 pH Control: Buffer pH Aa’justments
The third method of pH control uses the addition

of standard buffers to the effluent and dilution water to
adjust the pH. This method has the advantage in that pH
is stable with the buffer addition, the pH change during a
test is slow, frequent pH measurements are possible
because test vessels are not in air-tight chambers, and
the test method set-up is rapid. The disadvantages are
that toxicity enhancement or interference from buffers
may occur, not all buffers can be used without additional
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acid/base adjustments, and the pH stabilization time may
be lengthy.

Hydrogen ion buffers are used to maintain the pH
level in the graduated pH test (EPA, 1991A;  EPA, 1992).
Three hydrogen ion buffers were used by Neilson et al.
(1990) to control pH in toxicity tests in concentrations
ranging from 2.5 to 4.0 mM. These three buffers were
chosen based on the work done by Ferguson et al.
(1980). These buffers are: 2-(N-morpholino) ethane-sul-
fonic acid (Mes) (pK, = 6.15),  3-(N-morpholino) propane-
sulfonic acid (Mops) (pK, = 7.15)  and piperazine-N,N’-bis
(2-hydroxypropane) sulfonic acid (Popso)  (pKB  = 7.8). We
have also used two additional buffers: N-(2-hydroxyethyl)
piperazine-N’-2-hydroxypropanesulfonic acid (Heppso)
(pKa = 7.8) and N-tris-(hydroxymethyl) methyl-3-
amrnopropanesulfonic acid (Taps) (pK, = 8.4). The Taps
buffer is more frequently used than the Heppso buffer.
We have experienced problems of having to add an
excessive amount of base to obtain the desired pH with
the Popso buffer. The Taps buffer effectively maintains
the pH above 7.8. Keep in mind that pH is best main-
tained at or near the pKa of the buffer.

The acute toxicity of these buffers is low to both
C. dubia and fathead minnows (EPA, 1991A) and 4 mM
concentration or less of all five buffers has not caused
chronic toxicity to C. dubia  or the fathead minnow. The
buffers are added at sublethal (e.g., NOEC) levels to
maintain the pH of test solutions. While these buffers
serve to prevent the pH from drifting during the test, pH
adjustment to the desired level is required in the prepara-
tion of the solution. A portion of the buffer compound is
weighed out and added to the aliquots of whole effluent
and dilution water, and both are then pH adjusted with
acid or base solutions to the desired pH values. Serial
dilutions are made, replicates prepared, and test organ-
isms are added. Care should be taken to ensure equilib-
rium of buff erect  solutions, which may take at least l-2 h.
Dilutions should also be left to equilibrate and minor pH
adjustments should be made. In certain situations, it may
be desirable to prepare the solutions the day before tests
begin. At present, we have found we can use batch
solutions prepared ahead of time for solution renewals.
Our experience also indicates that the amount of any
buffer needed to hold any pH is effluent specific. Experi-
mentation with effluents will be required to determine the
lowest concentration of buffer needed to maintain the
desired PH. The test solutions need not be covered tightly
to maintain pH; however, pH should be measured at each
test reading at all dilutions.

Use of the buffers is still being developed and the
effects caused by interferences from the buffers them-
selves have not been fully studied. It is possible that the
buffers may reduce the toxicity of some toxicants, but this
has not generally been seen.

3.5 Zeolite Resin Method
Zeolite is composed of naturally occurring or

synthetically created crystalline, hydrated alkali-aluminum
silicates. The general formula is M”+O*Al,O,*ySiO,*zH,O;
M = group IA or IIA element, n = +2 for group IA, +l for
group IIA, y>2, and z = the number of water molecules
contained in the interconnected voids or channels within
the zeolite (Windholz, et al., 1983). When zeolite is placed
in aqueous solutions, the positively charged group IA or
IIA elements (Mn+) of the zeolite are mobile and can
undergo exchange with other cations in the water. As
such, zeolite has frequently been employed as ion ex-
change resins to remove the ammonium ion (NH,+) from
aqueous solutions in TIE work (Ankley et al., 19906;
Burkhard and Jensen, 1993). Because of its ability to
exchange other cations such as heavy metals, and its use
as molecular sieves, filter adsorbents and catalysts, zeo-
lite was not suggested for use in Phase I, except as a
subsequent test (EPA, 1991 A). Zeolite can be effective in
Phase II, if Phase I results implicate ammonia as the
toxicant and establish that other types of toxicants (such
as non-polar organics  and metals) play no role in the
effluent toxicity.

For the acute TIE procedure, zeolite particles
should be screened to be in the range of 32 to 95 mm, to
ensure efficient ion exchange while preventing channel-
ing or excessive resistance to flow. Extremely large or
small particles can be removed by screening the zeolite
with sieves or mesh screens. The zeolite column can be
prepared by taking 30 g of aquarium zeolite (Argent Chemi-
cal Laboratories, Redmond, WA) and adding it to 60 ml of
high-purity water. The zeolite slurry is poured into a
chromatography column (11 mm i.d. x 15 cm) and three
bed volumes of dilution water are passed through the
column. The last 10 ml of dilution water is collected for
use as a zeolite blank and should not be toxic. Next, 200
ml of 100% effluent is passed through the column at a
rate of 2 ml/min.  The post-column effluent that is collected
will be toxicity tested and its ammonia concentration
measured. Temperature and pH should be recorded at
test initiation to provide the means to calculate both total
and un-ionized ammonia in the sample.

For chronic toxicity tests larger amounts of zeolite
should be used. This can be scaled up proportionally from
the amounts used in the acute zeolite work. The amounts
of solution needed for testing and ammonia measure-
ments will dictate the amount of sample to prepare.
Typically a slurry of 60 g of zeolite and 120 ml of high
purity water is sufficient for levels of ammonia in the range
of 5-50 mg/l and for processing 2,000 ml of effluent. The
post-zeolite effluent is collected in aliquots, then each is
toxicity tested. In this manner, break-through of ammonia
can be measured and toxicity of the various samples with
different ammonia levels can be estimated.

3-8

RB-AR27911



Toxicity tests and ammonia measurements are
conducted on the effluent and post-zeolite column efflu-
ent. Removal of toxicity by the zeolite column and re-
moval of the ammonia concentration will add to the
evidence implicating ammonia as the toxicant. An aliquot
of the effluent sample (not having passed through the
zeolite column) is used for ammonia analysis and the
baseline toxicity test. These data will be compared with
the same data for the post-zeolite column effluent to
determine if the post-column reduction in effluent toxicity
is consistent with ammonia removal by the zeolite. The
control for test organism survival, dilution water quality
and other test conditions will be provided through toxicity
tests on dilution water. Dilution water (at the same hard-
ness as the effluent) should be passed through the zeolite
column, and will act as a blank for toxic artifacts leached
from the zeolite. Increased toxicity in the post-zeolite
effluent, relative to the whole effluent, indicates the pres-
ence of toxic artifacts. Since many cations will be ex-
changed, adding solids in the acute tests, such as the
YCT food (yeast-CerophyKtrout  food) fed to C. dubia,
might improve control survival. Additional clean-up tech-
niques for the zeolite (such as Soxhlet extraction) or
alternate uncontaminated sources of zeolite might be
needed. Column packing, effluent pH, ammonia levels,
and flow rate through the column can all affect the effi-
ciency of the cation exchange process. Lowering effluent
pH prior to zeolite treatment and/or lowering flow rate
through the column might also result in greater removal of
ammonia. Occluded gas between zeolite particles might
also impair the column’s capacity to remove ammonia. If
this appears to be a problem, the zeolite slurry should be
degassed by using a vacuum prior to pouring it into the
column.

Zeolite columns can be regenerated, but fresh
zeolite should be used to pack columns the first time. If
the graduated pH test and the zeolite test results are
consistent with ammonia toxicity, Phase III confirmation
procedures should be started.

Once ammonia is identified and confirmation is
initiated, the post-zeolite samples can be .spiked with
ammonia at the same concentrations as are present in
the effluent. These tests are an integral part of the Phase
III confirmation process (EPA, 1993A).

3.6 Air-Stripping of Ammonia
This method of ammonia removal takes advan-

tage of the fact that the relatively volatile un-ionized
ammonia (NH,) predominates in a solution with a pH
above 9.3. For this reason, one might expect that ammo-

,

nia would be removed during the Phase I pH 11 adjust-
ment/aeration test (acute testing) or the pH 10 adjustment
and aeration test (chronic testing). Based on our experi-
ence ammonia is not removed by this method, most likely
because the Phase I aeration manipulation is done in a
graduated cylinder, which has a low surface-to-volume
ratio. By stirring the sample for a longer period of time
(>I h) at a high pH (pH 9.0 or higher) in a container that allows
a large surface area to volume ratio, most of the ammonia
can be removed from aqueous samples.

A measured amount of effluent for subsequent
analysis and testing is pH adjusted to IO or 11 and placed
into a large shallow glass container (e.g., 1000 ml crystal-
lizing dish). The solutions are then agitated (stirred) con-
tinuously. The length of time the sample must be stirred is
dependent on the concentration of total ammonia in the
sample. We have found that for most samples of 10400
mg/l of total ammonia, 1-6 h is adequate to remove most
of the ammonia. After air-stripping is completed, the
volume of effluent should be measured and any appre-
ciable loss replaced with high purity water or toxicity might
be caused by the concentration of other components in
the effluent. The ammonia concentration should be mea-
sured immediately after air-stripping and after volume
adjustment is complete to ensure ammonia levels are
reduced before toxicity tests are initiated. Toxicrty  tests on
the air-stripped solution can then be conducted for both
acute and chronic TIE work. Dilution water blanks at the
various pHs may or may not be appropriate since the
effluent matrix will probably differ from that of the dilution
water. Monitoring the acid and base additions may be
useful to determine if artifactual toxicity resulted from the
increase in salt content and subsequent evaporation that
occurred during the air-stripping process. Monitoring con-
ductivity of the effluent solutions after the addition of the
acids and bases may also be helpful in determining
artifactual toxicity. The dilution water blank should be
treated in the same manner as the effluent although it
may not serve as a true toxicity control for the effluent.

If the ammonia is decreased and the toxicity is
reduced or absent after air-stripping, ammonia is strongly
implicated as a contributing factor to the toxicity of the
effluent. The results of this test should be compared with
the aeration test results of Phase I, the baseline effluent
test and the other graduated pH tests. Other compounds
could precipitate as a result of the pH adjustment and
during the air-stripping procedure. Precipitates may form
during the air-stripping process and not dissolve after the
volume is readjusted, leaving these compounds unavail-
able.
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Section 4
Metals

4.1 General Overview
This section contains procedures that can be

used to identify suspect metal toxicants. The initial evi-
dence used to implicate metallic toxicants is obtained
from the Phase I characterization tests, with the results
of the EDTA (ethylenediamine tetraacetic acid) addition
test providing the best indication of the presence of a
metal toxicant. When certain cationic  metal toxicants are
present, a reduction in sample toxicity with the addition
of EDTA should be obsewed.  Other Phase I manipula-
tions that remove or reduce sample toxicity and suggest
the presence of a cationic  metal include the sodium
thiosulfate addition test, the use of a C,, SPE column,
and filtering the sample when combined with minor pH
adjustments. One additional indication of metal toxicity
may be when the organisms’ response in the toxicity test
is atypical of the expected dose response relationship
(i.e., partial mortalities in several test concentrations,
Schubauer-Berigan et al., 1993B).

Subsequent Phase I tests such as using ion
exchange resins might also lead one to the conclusion
that a metal is the toxicant. Toxicity removal or reduction
after a sample. is treated with an anion exchange resin
might implicate toxicants that exist as anionic oxides in
water, such as arsenic, chromium, and/or selenium.
These anionic oxides will not be specifically removed or
rendered biologically unavailable by the routine Phase I
tests. Therefore, when the Phase I tests do not seem to
show any toxicity reduction, toxicants such as these
might be suspected and subsequent tests as discussed
above could be useful (see Phase I, EPA, 1991A; EPA,
1992). These situations should be approached on an
individual basis since other classes of toxicants might
demonstrate the same behavior in Phase I (e.g., total
dissolved solids (TDS)).

Further discussion and interpretation of the Phase
I results which would lead to the conclusion that a
cationic  metal toxicant  was present in a sample are
provided in the Phase : TIE documents (EPA, 1991A;
EPA, 1992).

Other information, such as process details from
the discharger and infcrmation  from past TREs  and/or
TIES, might also help to implicate cationic metals as the

toxicants. However, this type of information should be
interpreted and used with caution as it might bias the TIE
efforts.

If the EDTA addition test in Phase I showed that
toxicity was removed or reduced one should proceed to
the metal analysis section (Section 4.2). This section
provides guidance and recommendations for analyzing
samples for metals so that a list of suspect metal toxi-
cants can be obtained. This section also discusses clean
metal techniques, detection limits, a prioritization process
for analyzing for specific metals, dissolved vs biologically
available metals, and provides the rationale for assem-
bling the list of suspect metal toxicants. Prioritizing metals
to analyze from Phase I results is strongly recommended
in order to save money and time in the TIE process.

If other Phase I tests implicate a metal but EDTA
does not, it may be helpful to acquire additional test
information through the use of EDTA addition tests, so-
dium thiosulfate addition tests, graduated pH tests, and
ion-exchange resins. This additional toxicity testing (Sec-
tion 4.3) may be useful in certain situations before analyz-
ing for metals, even when EDTA additions reduced toxicity.
These situations include: when the addition tests of EDTA
and sodium thiosulfate in Phase I were performed using a
single sample concentration (i.e., no dilutions), when the
time it takes to obtain results of metal analyses is lengthy,
or when Phase I results indicate another type of toxicant
(non-metal) is present. The data obtained from the addi-
tional testing can then be included in the prioritization
process for metals analysis. Professional judgement is
required to decide when you have sufficient and appropri-
ate toxicity testing data to proceed to metals analysis.

After processing one sample, a list of suspects
may be generated. As future samples are evaluated, the
correlation between toxicity of a sample and the
concentration(s) of metal(s) over time may also be used
to narrow the list of suspect toxicant( In Phase III, the
suspect metal toxicant is implicated based upon the cor-
relation of effluent toxicity and metal concentrations, ref-
erence suspect metal toxicity data, the use of additives
that chelate metal toxicants, and changes in toxicity ob-
served during manipulations of water quality characteris-
tics.
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The procedures in this chapter are generally ap-
plicable for both acute and chronic toxicity. The main
differences between the acute and chronic procedures
are the concentrations of additives used in the EDTA and
sodium thiosulfate addition tests, lower analytical detec-
tion limits, and generating non-toxic blanks for the ion
exchange resins for chronic toxicity testing. The use of
species other than C. dubia or fathead minnows will
require consideration of appropriate test volumes and
additive concentrations.

4.2 Analysis of Metals

4.2.1 Prioritizing Metals for Analysis
Many cationic  metals can be analyzed in a spe-

cific sample, but to simplify the amount of analytical effort
needed for metals analysis, we suggest a prioritizing
process be performed before analyzing any samples. The
prioritization process is more valuable when the metal
analyses are performed by AA instrumentation since each
metal requires an individual analysis. Conversely, with
ICP (inductively coupled plasma) instrumentation, numer-
ous metals can be analyzed at once, and the prioritization
process is less valuable in this instance. With both ICP
and AA methods, a list of metals and required levels of
detection will be needed before the samples are ana-
lyzed.

This prioritization is based primarily upon acute
toxicity data with C. dubia. Its applicability to chronic
toxicity and other species is expected to be similar but
has not yet been determined. The toxicity test results from
the EDTA additions, sodium thiosulfate additions, and
graduated pH tests performed in Phase I form the basis
for prioritization. When available, Phase II results from
using the procedures in Section 4.3, should be included in
this evaluation. Because we do not have a complete
understanding of the effects of these procedures for each
metal, the following should be taken as a starting point for
metals analysis.

Information regarding historical discharge moni-
toring data, past or current TRE and/or TIE information, or
process information may be useful in prioritizing metals
for analysis. For example, if a discharger uses zinc in their
manufacturing process and EDTA removed the toxicity, it
would be logical to analyze for zinc first. If zinc was
present at nontoxic concentrations or at concentrations
too low to cause the observed toxicity, analysis for addi-
tional metals would be performed. If zinc was present at
concentrations high enough to cause the observed toxic-
ity, Phase III procedures (EPA, 1993A) should then be
started to confirm zinc as the identified suspect toxicant.

When EDTA additions reduce or remove the
toxicity of the sample, initially copper, lead, cadmium,
nickel, and zinc should be measured. When sodium thio-
sulfate additions reduce or remove the toxicity of the
sample, copper, cadmium, and silver should be mea-
sured.

Phase I results would not normally lead to the
conclusion that an anionic toxicant  was present (i.e.,
cationic  metals that exist in aqueous samples as anionic
oxides). If additional Phase I tests had been performed
which characterized anionic toxicants or other specific
discharger information was available, measurements of
arsenic, chromium, and selenium should be made.

As stated above, these metals should be a start-
ing point for metals analysis. Further interpretation of the
Phase I results could be done by including the results of
the graduated pH test and by jointly examining the results
of the EDTA addition, thiosulfate addition, and graduated
pH tests.

When multiple toxicants of different classes are
present, Phase I data are often difficult to interpret. One
should try to identify and confirm as soon as possible the
role of one toxicant when multiple toxicants are present.
By defining the role of one toxicant, efforts can be better
focused on the remaining unidentified toxicants.

4.2.2 Metal Analysis Methods
There are three types of chemical instrumenta-

tion available for the analysis of cationic  elements; these
are AA, inductively-coupled plasma-atomic emission spec-
troscopy (ICP-AES), and inductively-coupled plasma-mass
spectrometry (ICP-MS).

EPA methods using ICP-AES, ICP-MS, and AA
(EPA, 1983; EPA, 19910) are available for quantifying
cationic metals in aqueous samples. Tables 4-l and 4-2
summarize method detection limits for the analysis of
cationic metals in aqueous samples using AA with direct
aspiration, AA with the furnace procedure, ICP-AES, and
ICP-MS.

The detection limits required in Phase II for the
identification of suspect cationic  metal toxicants will be
determined by the toxicity of metals for the TIE species. In
some cases, especially for chronic toxicity, the effect level
might be lower than the detection limits listed in Tables 4-I
and 4-2. Detection limits should be improved to obtain
optimal levels of detection (i.e., at least two times lower
than the effect level).

Toxicity data for some species and test types for
many metals have not been determined, especially for 7-d
chronic toxicity tests. Therefore, to determine the needed
levels of detection, effect levels for specific metals may
have to be determined.

The required level of detection will often dictate
the method needed for performing the metal measure-
ment. It will be beneficial for laboratories to compile a
database containing method detection limits and toxic
effect levels for cationic  metals using data from their
organisms, analytical methods, and toxicity testing condi-
tions. These data are not necessary in advance but this
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Table 4-1. Atomic Absorption Detection Limits and Concentration Ranges’

Metal

Direct Aspiration Furnace Method2

Detection Optimum Detection Optimum
Limit Concentration Limit Concentration
(m9/l) Range(  mg/l) @9/l) Range @9/j)

Aluminum 0.1
Antimony 0.2
Arsenic3 0.002
Beryllium 0.005
Cadimum 0.005
Calcium 0.01
Chromium 0.05
Cobalt 0.05
Copper 0.02
Lead 0.1
Magnesium 0.001
Manganese 0.01
Mercury4 0.0002
Molybdenum (p) 0.1
Nickel(p) 0.04
Potassium 0.01
Selenium2 0.002
Silver 0.01
Sodium 0.002
Tin 0.8
Vanadium (p) 0.2
Zinc 0.005

5 - 50
I-40

0.002 - 0.02
0.05 -2
0.05 -2
0.2 -7

0.5 - 10
0.5 -5
0.2 -5
1 -20

0.002 - 0.5
0.1 -3

0.0002 - 0.01
l-40
0.3 - 5
0.1 -2

0.002 - 0.02
0.1 - 4

0.03 - 1
10 -300
2- 100
0.85 - 1

3
3

0.2
0.1

1

0.2

2 5- 100
0.2 1 - 25

5
4

0.05

20 - 200
20 - 300
5- 100
l - 3 0

0.5 - 10

5- 100
5-100
5- 100
5- 100

l - 3 0

3 - 60
5 - 50

20 -300
10 - 200
0.2 - 4

‘The estimated detection limits and concentration ranges were taken frpm EPA, 1983.
211e listed furnace values are those expected when using a 20 ~1 injection and normal gas flow except in
the case of arsenic and selenium where gas interrupt is used. The symbol (p) indicates the use of pyrolytic
graphite with the furnace procedure.

* Qaseous  hydride method.
‘Cold vapor technique.

Table 4-2. Estimated Instrumental Detection Limits for ICP-MS and
ICP-AES

Estimated Detection Estimated Detection
Element Limit, ICP-MS @g/I) limit, ICP-AES2  @g/l)

Aluminum 0.05 45
Arsenic 0.9 53
Antimony 0.08 32
Beryllium 0.1 0.3
Cadmium 0.1 4
Calcium 10
Chromium 0.07 7
Cobalt 0.03 7
Copper 0.03 6
Lead 0.08 42
Magnesium 30
Manganese 0.1 2
Molybdenum 0.1 8
Nickel 0.2 15
Potassium -3

Selenium 5 75
Silver 0.05 7
Sodium

0.02
29

Vanadium 8
Zinc 0.2 2

l The estimated instrumental detection limits are taken from EPA,
1991 D. They are given as a guide for instrumental limits, the actual
detection limits are sample dependent and may vary as the sample
matrix vanes.

2The estimated instrumental detection limits as shown are taken from
EPA, 1983. They are given as a guide for an instrumental limit. The
actual method detection limits are sample dependent and may vary
as the sample matrix varies.

3Highly dependent on operating conditions and plasma.

type of information will be very useful for future TIE
efforts.

When toxicity effect levels appear to be below the
detection limits of current analytical methods, the use of
“clean” analytical techniques may be required through all
steps in the analysis of the sample because background
contamination is the major cause of inadequate levels of
detection. Some general principles of clean metal tech-
niques include the use of contamination free reagents,
acid cleaned plastic labware,  acid cleaned membrane
filters (not glass fiber), class 100 benches for sample
preparation, proper sample collection, preservation, and
storage procedures; and proper QAQC procedures using
blanks, spiked matrixes, and replicate analyses. A sum-
mary of clean metal techniques and procedures for lower-
ing the levels of detection can be found in Nriagu et al.,
1993; Patterson and Settle, 1976; and Zief and Mitchell,
1976.

Some cationic  metals, such as arsenic, selenium,
and chromium, have different stable oxidation states in
aqueous samples and more importantly the different oxi-
dation states may have different toxicities. In Section
4.23, procedures to determine the concentration of the
different oxidation states are provided.

In some TIES, a measurement of the metals
associated with the suspended solids may be needed
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(Section 4.2.4). Procedures for preparing suspended sol-
ids removed by filtration for metals analysis are available;
see EPA method 200 (EPA, 1983) and EPA method
200.2 (EPA, 19910).

4.2.3 Metal Specia  tion
The procedures suggested above (Section 4.2.2)

are used to determine the total concentration of a metal in
an effluent. Many metals exist in water in different forms
due to the various stable oxidation states of the metal.
Arsenic (A!$+, As5+),  chromium (W+, W+), and selenium
(Se4+,  Se6+)  are important metals that exist in different
forms in water. Determining the speciation for these met-
als may be important in the TIE since the toxicities are
different for the various forms of each metal. For example,
W+ is the form that is of toxicological concern while W+
is generally not toxic (EPA, 1985D).

For chromium, methods for measuring the
hexavalent form (Ca’) such as method 218.5 (EPA, 1983)
are available. The amount of the trivalent form of chro-
mium (less toxic form) is determined by taking the differ-
ence between the concentrations for total and hexavalent
chromium.

* For arsenic, the method of Ficklin (1983) is sug-
gested for speciation measurements. This method uses
an anion-exchange resin to separate the arsenite (As3+)
and arsenate (As5+, more toxic form) species. Graphite
furnace atomic-absorption spectroscopy is then used to
measure the concentrations of each form.

For selenium, the method of Oyamada and lshizaki
(1986) is recommended for speciation. This method (like
that for arsenic) uses column chromatography with an
anion-exchange resin to separate the selenite (Se4+)  and
selenate Se6+ (more toxic form) and graphite furnace
atomic-absorption spectroscopy to measure each form.

Ion chromatography can also be used to deter-
mine the different forms of the above metals (EPA, 1991 D),
but we have not used this technique to date.

4.2.4 Identification of Suspect Metal Toxicants
Initial implication of suspect metals based on a

comparison of total metal analyses data and effluent
toxicity test results should be made. Then analysis for
dissolved and suspended metals can be made if neces-
sary. These metal values should be compared to avail-
able toxicity values, but tests on reference metals might
have to be conducted with matching effluent conditions,
such as pH and hardness to obtain comparable toxicity
values. Side-by-side tests with individual reference metal
standards and effluent samples might prevent being mis-
lead by different test designs and are worth the effort.
Literature summaries of metal toxicity data are also avail-
able (EPA, 1980; EPA, 19858; EPA, 1985D; EPA, 1985E;
EPA, 1985F;  EPA, EPA, 1986; EPA, 1987; EPA, 19888;

and AQUIRE, 1992). In addition to matching the hardness
and pH of the dilution water to the effluent sample by the
addition of the appropriate ratios of magnesium carbon-
ate and calcium carbonate, it might be possible in some
cases to mimic the wastewater total suspended solids
(SS) and total organic carbon (TOC) in the water used to
test the metal. For example, TOC and SS from the
addition of the YCT food can be at levels such that the
total SS level in the dilution water might be similar to that
found in the effluent. TOC may also be modified by the
addition of humic acid. If the dilution water does not
closely match the effluent, nonstandard dose-response
relationships are observed in the toxicity test, i.e., several
test concentrations exhibit partial mortality. In addition, a
trend is noticed that as metal concentrations decrease at
the effluent LC5Os or IC25s, toxicity of the effluent in-
creases.

If a sample is to be filtered, a membrane filter(s),
such as a 0.45 um.polycarbonate  filter should be pre-
pared by rinsing with high purity water, followed by an
appropriate volume of dilution water needed for blank
toxicity tests and analysis. The toxicity test guidance is
described in Section 1.2 and in the Phase I documents
(EPA, 1991 A; EPA, 1992). An appropriate quantity (~50
ml) of the last portion of the high purity water passing
through the filter should be collected as an analytical
blank to check for metals contamination from the filter and
the filtration apparatus. An aliquot of the effluent is then
filtered through the 0.45 urn membrane filter(s). If more
than one filter is required for the effluent, a portion of each
can be combined for testing.

The filtered and unfiltered effluent samples and
the filtration blank should be tested for toxicity to measure
the effect of filtration on sample toxicity. The toxicity test
techniques are described in the non-polar organic section
(Sections 2.2.3 and 2.3.3) unless data are needed for
Phase III confirmation and then, greater replication and
randomization will be needed (see Section 1.2). The
toxicity tests should be performed for the test species
using a dilution water (e.g., reconstituted water) of a
similar hardness and pH to that of the effluent. If toxicity is
reduced or removed upon filtration (and effluent toxicity
has not previously been affected by C,, SPE or filtration
through a glass fiber filter), it is possible that metals were
retained by the 0.45 urn filter. Analysis for metals retained
by the filter may help in interpreting sample data.

Metals analyses should be performed on the
analytical blank collected from the filter and on the filtered
and unfiltered effluent samples. The choice of metals to
measure will be determined by the prioritization process
described above. As stated previously, the level of detec-
tion for the metal of interest should be lower than the
effect concentration for the metal.

Biologically Available Metals: Traditionally, dis-
solved metals for aqueous samples have been defined as
those that pass through a 0.45 urn membrane filter, i:e.,
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polycarbonate filter. The dissolved metals are in no way
synonymous with the biologically available metals. Other
than the use of an aquatic organism there is no technique
to determine the biologically available fraction of the total
metal. Furthermore, only rudimentary techniques are avail-
able to specifically identify the individual species of a
metal (e.g., free charged metal ions [M”+],  inorganic ion
pairs or complexes such as aquoions, [M(H,O)n+m],
hydroxoions [M(OH)pn-P+],  oxoions [M0,“-29’1,  organtc  com-

’ plexes and chelates [M x EDTA], metal species bound to
high molecular weight organic material [M x lipid] or metal
species in the form of highly dispersed colloids or sorbed
on colloids [M x clay]). Stumm and Morgan (1981) have
listed some general methods for assisting in identification
of individual species. In some cases, binding of metals to
inorganic and organic ligands in effluents will reduce the
bioavailability of the metals and cause the metal concen-
tration at the effluent LC50, IC50, or IC25 to be larger
than the metal concentration determined in the metal
dilution water toxicity test. For a set of effluent samples
with a wide range of toxicities, better agreement should
occur between the effect concentration of the metal in a
dilution water toxicity test and the more toxic effluent
samples (where the toxicity testing matrix of the effluent
more closely matches that of the dilution water). Methods
for determining the bioavailable fraction of the total metal
are limited.

Some indication of the binding of metals to organ-
its in the effluent may be arrived at through hexane
extraction of an aliquot of the sample (Stary, 1964).
Theoretically, metals bound to organic materials that are
soluble in hexane should be extracted from the effluent.
The hexane can then be evaporated and the residue
reconstituted and analyzed for metals. Additionally, the
loss of metals can be estimated by repeating the metal
analysis on the extracted effluent and comparing this
result to the hexane extract results. The toxicity attributed
to metals associated with organics  might be estimated by
performing a toxicity test on the solvent extracted effluent.
Traces of hexane must be removed from the extracted
effluent by aeration prior to toxicity testing. The effects of
aeration on sample toxicity must also be considered in
this analysis. In any case, metals strongly suspected of
causing or contributing to sample toxicity should be tested
in dilution water as described above with the TIE test
species.

The effects of variable water quality characteris-
tics on metal toxicity must be evaluated over the effluent
sampling period. One way to assess this is to collect
several samples over a short time span. As an example,
for an acutely toxic effluent, collect six grab samples in 24 h, and
calculate the correlation coefficient for sample metal concen-
tration (or summed toxic units of metals) versus sample
toxicity for each sample. The set of correlation coeffi-
cients for multiple sampling events might give results less
affected by hardness, SS, and TOC, assuming that water
quality characteristics affecting metal toxicity will vary less
during short time periods. For chronic toxicity, it might be

useful to measure concentrations of metals in several
daily samples and conduct separate chronic tests on
each sample. Obviously, metal concentrations must vary
enough to provide a sufficient range for correlation. When
one reaches this stage, Phase III work should start using
Phase III methods. Symptoms, species sensitivity, spik-
ing, water quality adjustments and correlation are all
applicable Phase III approaches to confirm the cause of
toxicity.

4.3 Additional Toxicity Testing Methods
Guidance on EDTA addition tests, sodium thio-

sulfate addition tests, graduated pH tests, and the use of
ion-exchange resins for use in Phase II are presented in
this section. These procedures might be used before
performing analyses for cationic  metals, but most often
they will be used to refine a list of suspect metal toxicants
and to provide data to support the identified suspect in
Phase III.

In the acute Phase I, EDTA and sodium thiosul-
fate addition tests can be conducted by adding incremen-
tal amounts of EDTA or sodium thiosulfate to a, single
effluent concentration. To provide further evidence in
Phase II, these two tests should be conducted with efflu-
ent dilutions to assess the toxicity reduction (see EPA,
1992). The data generated from these procedures pro-
vide a powerful tool for identifying the cause of toxicity in
samples containing mixtures of cationic  metals. For ex-
ample, toxicity caused by either copper or zinc could be
determined by using the following test information: toxicity
of both metals would be removed by EDTA addition
(Section 4.3.1), sodium thiosulfate can remove toxicity
caused by copper but not zinc (Section 4.3.2), and copper
is more toxic at higher pH levels while zinc is not (Section
4.3.3). Depending on how the toxicity of the sample
changes with these tests, one could eliminate one of
these metals from the list of suspect metal toxicants.

Results of this type of testing will be used to
develop evidence implicating the identified suspect metal.
These tests would be performed on a number of samples
over time to demonstrate the consistency of the cause of
toxicity. In addition, when a mixture of toxicants is present,
additions of EDTA or thiosulfate could be used to remove
the cationic  metal toxicity after performing other Phase II
manipulations, e.g., C,, SPE.

4.3. I EDTA Addition Test
Any reduction in effluent toxicity effected by the

addition of EDTA suggests that certain cationic  metals
might be present in the effluent at toxic levels. Back-
ground information and discussion of the behavior of
EDTA and cationic  metals can be found in Phase I (EPA,
1991A;  EPA, 1992).

Ideally, the amount of EDTA added would be just
enough to chelate the toxicant  without causing EDTA
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toxicity or substantially changing the water quality. For
either C. dubia or fathead minnows, we have found it
useful to add two different EDTA concentrations to two
separate effluent tests (with dilutions). Controls without
EDTA must be included. The EDTA stock solution is
added after the effluent dilutions are prepared so that the
EDTA concentration is the same at each effluent dilution
(see Phase I, EPA, 1991A;  EPA, 1992).

In Phase II, conducting simultaneous EDTA addi-
tion tests on effluent and the suspect metal in matching
test water can provide evidence supporting the suspect
metal as the toxicant  if the results of these two tests are
similar. If the metal is chelated by EDTA in the dilution
water test but not in the effluent test then either there is a
strong matrix effect from the effluent or it is the incorrect
suspect metal. It is important to use the same pH in both
tests in case there is any pH effect on the metal’s toxicity.

In addition to removing toxicity caused by metals,
EDTA reduces the acute toxicity of some cationic surfac-
tants. This reduction of toxicity might also occur in chroni-
cally toxic effluents, and the toxicity reduced by EDTA
should not be assumed to be due only to cationic  metals.

4.3.2 Sodium Thiosulfate Addition Test
The acute Phase I oxidant reduction test (EPA,

1991A) or the chronic sodium thiosulfate addition test
(EPA, 1992) is used to determine to what extent constitu-
ents reduced by the addition of sodium thiosulfate
(Na,S,O,)  are responsible for the effluent toxicity. Al-
though the use of the sodium thiosulfate test was de-
signed to determine if oxidative compounds (such as
chlorine) were responsible for effluent toxicity, experience
has also shown that thiosulfate can also form a stable
non-toxic complex with some metals. Since the complexing
ability of thiosulfate is more metal specific than EDTA, this
reagent can be used to determine if a specific metal is
responsible for the effluent toxicity. Recent work by Mount

Table 4-3. Metal LCSOs with Respect to Test pH1

LCSO  (pg/l)

Metal Species pH 6.2 pH 7.2 pH 8.2

Zn C. dubia >530 360 95
P. promelas 830 333 * 502

Ni C. dubia . >200 137 13
P. promelas >4000 3360 3080

Pb C. dubia 280 >2700 >2700
P. promelas 810 >5400 >540

cu C. dubia 10 28 201
P. promelas 15 44 >200

Cd C. dubia 563 350 121
P. promelas 54 74 <5

jLC50 values were determined at 48-h for C. dubia and 96-h for
P. promelas. Data taken from Schubauer-Berigan et al., 1993A.

(1991) has shown that in acute toxicity tests with C. dubia
in moderately hard water that Cu2+,  Cd2+, Hg2+, Ag+, and
Se6+  can be complexed using sodium thiosulfate (see
EPA, 1991 A for more details). This complexing ability
might not be applicable to chronic toxicity. For example, in
a C. dubia 7-d test with copper, the toxicity was not
reduced with sodium thiosulfate addition but was reduced
with EDTA addition.

If the addition of sodium thiosulfate does not
reduce the effluent toxicity thought to be related to metals,
the use of SO, (EPA, 1991A) additions followed by the
addition of sodium thiosulfate is recommended. In some
situations, the thiosulfate concentration may be reduced
by non-toxic oxidants and thus, not be available for
complexing the toxic metal. The addition of SO should
preferentially reduce these non-toxic oxidants which will
allow the now available thiosulfate to complex the toxic
metals. Depending upon the complexation ability of so-
dium thiosulfate for a specific metal, it might or might not
complex the toxic metal. If the suspected metal toxicant
can be complexed (e.g., cadmium, copper, selenium (as
selenate), mercury; see EPA, 1991A;  EPA, 1992),  then a
reduction in sample toxicity should occur with the addition
of sodium thiosulfate. If the suspected metal cannot be
complexed (e.g., zinc, lead, manganese, and nickel), then
no reduction in sample toxicity should occur with the
addition of the sodium thiosulfate.

As with the EDTA addition test, sodium thiosul-
fate additions should be conducted concurrently on the
effluent and on dilution water spiked with the suspect
metal toxicant. Care must be used to conduct these tests
at similar pH levels. When toxicity test results are consis-
tent with the expected behavior, strong evidence relating
the suspected metal toxicant  to the cause of the effluent
toxicity has been obtained. These results in conjunction
with the ion exchange test, analytical measurements for
toxic metals, and the EDTA addition test provide evidence
sufficient for one to proceed to toxicant  confirmation,
Phase Ill, of the TIE.

Both sodium thiosulfate and EDTA can reduce
the toxicity of some metals and this information can be
helpful in identifying the toxicant. However to date, this
effect of thiosulfate/metal  complexation has not been
demonstrated for chronic toxicity. Knowing which metals
are bound by both sodium thiosulfate and EDTA and
which metals are complexed with only one or the other
additive can be very helpful in narrowing down the pos-
sible toxicant.

4.3.3 Metal Toxicity Changes with pH
In Phase I, the graduated pH test is performed to

evaluate the presence of compounds whose toxicity var-
ies with pH. For ammonia, toxicity is greatest at pH 8.5
and least at pH 6.5 for some species. Therefore, as
suggested in the first Phase II document, that for samples
in which toxicity is enhanced at elevated pH, the identifi-
cation effort should focus on ammonia. However, some
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effluent and sediment pore water TIES have indicated that
some toxicity caused by metals can be affected by pH
within the range of pH 6 to 9 (Schubauer-Berigan et al.,
1993A). Some metals, notably zinc, nickel and cadmium,
exhibit greater toxicity at elevated pH, which could con-
fuse their characterization with that of ammonia (Table 4-
3), while copper and lead show elevated toxicity at pH
6.2. These pH-dependent  toxicities can be used as a tool
for the identification (and confirmation) of toxicity caused
by these metals. For example, toxicity to C. dubia  in a
sediment pore water sample was completely removed by
additions of EDTA. The sample also exhibited greater
toxicity at pH 6.5 than at 8.5, and metal concentrations
indicated that only copper was present at toxicologically
significant concentrations. The pH dependent toxicity of
the sample along with the EDTA addition results and
metal analysis supported the identification of copper as
the toxicant.

4.3.4 Ion-Exchange Test
Ion-exchange resins have been used in TIES  for

generating supporting evidence for identifying the cause
of toxicity in effluents (Doi and Grothe, 1989; Phase II
zeolite test). For cation exchange resins, removal of toxic
cations such as NH,+, Cd*+, and Pb*+  from the effluent
occurs with the corresponding release of cations (i.e.,
counter ions) such as H+ and Na+ into solution. Similarly,
for anion exchange resins, removal of toxic anions such
as Cr,O,*- and AsO,*-  from the effluent occurs with the
corresponding release of anions such as OH- and Cl- into
solution. For both cation and anion exchange resins,
charge neutrality exists between the resin and aqueous
phase and therefore, if the resins remove 5 pmoles  of
Cd*+ from solution, IO umoles  of H+ would be released
into solution. The exchange process is concentration
dependent and is reversible. Cations removed from the
solution may then be recovered from the exchange resin
by passing an acidic solution over the resins (e.g., 1 N
HCI for analysis of metals).

We have had limited experience with ion ex-
change resins but the following general guidance can be
provided. First, ion exchange resins are not chemical
specific but rather remove a wide range of cations or
anions, metallic and non-metallic. We have observed that
anion exchange resins can remove cations (e.g., Zn*+)
from solution quite efficiently. The reasoning that only
cationic  materials are removed by cation ion exchange
resins is not always reliable. Experimental verification of
which materials were removed by the resin will be neces-
sary on a case-by-case basis. Second, wide changes in
the pH of the post-column effluent can occur depending
upon the type of cation or anion released by the resin.
These changes in pH will cause problems in interpreting
toxicity tests if the pH is not adjusted prior to the toxicity
test. Third, many of the ion exchange resins are based
upon a styrene or acrylic divinylbenzene backbone and
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this material can remove other types of toxicants such as
non-polar organics.  Consequently, because of its non-
specificity the removal of toxicity by an ion exchange
column should not be used as the only piece of evidence
to implicate a metal as the toxicant.

Resins under evaluation and/or those which have
been used include IRA-35, IRA-68, IRA-94, IRA-900,
IRC-718, and GT-73 (Rohm and Haas, Philadelphia PA)
and aquarium zeolite (Argent Chemical Laboratories,
Redmond WA). The key to obtaining useable  data from
an ion exchange test is to obtain non-toxic blanks. Since
numerous ion exchange resins exist, guidance for prepar-
ing all resins for TIE work cannot be provided. A variety of
procedures have been used in our laboratory to condition
the columns and to obtain non-toxic blanks.

Effluent volumes ranging from 1,000 to 10,000 ml
have been used, and the volume is dependent on the
hardness of the dilution water, bed volume of the column,
strength and type of the ion change resin, which ions
were being exchanged, the toxicity of the effluent, and the
species being tested. For example, for acutely toxic efflu-
ents, glass chromatography columns (11 mm i.d.) are
packed with about 10 cm of resin and the solutions are
pumped up through the column at a flow rate of 4 to 5 ml/
min. First, a small volume of high purity water (e.g., 200
ml) is passed through the column, and discarded. Next,
the dilution water (volumes are variable, i.e., 1 ,OOO-
5,000 ml) is passed through the column until the pH of the
post-column dilution water is above 7.0.

Following this procedure, the necessary volume
of dilution water to use for toxicity testing is passed
through the column and collected. The type of dilution
water to use is effluent specific and in general, should be
the same as the dilution water used in the toxicity test for
the effluent. The pH of the post-column dilution water
should be monitored and the pH adjusted to return the
water solution to its original pH. Toxicity tests are then
performed on the post-column dilution water sample (col-
umn blank). After obtaining non-toxic blanks for a particu-
lar batch of resin, the conditioning process can be used
on other aliquots of the resin with a similar procedure;
however, column toxicity blanks must always be tested.

To identify acute toxicity, we generally begin by
using 200 ml of effluent (filtered or unfiltered) and collect
the post-column effluent. The pH of the post-column
effluent is checked and if necessary the pH is adjusted to
that of the baseline test, and tested for toxicity. For
chronic toxicity, the volume of effluent needed for the
toxicity test will dictate the amount of resin and the size of
the column. When evaluating a new resin, use propor-
tions of water, effluent, and resin, similar to those de-
scribed above for acutely toxic effluents. New aliquots of
resins should be prepared and used for each ion ex-
change test. By doing so, artifactual toxicity problems
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from other effluents and sample manipulations can be
avoided.

We have had limited success in the elution of the
ion exchange resin to recover the exchanged toxicant(
therefore, we cannot provide specific guidance. in theory,
cations and anions can be eluted from ion exchange
resins using a strong acidic (HCI) or basic (NaOH) solu-
tion. Performing successful toxicity testing on these solu-
tions is extremely difficult because of artifactual  toxicity
problems.

When toxicity is removed by the ion exchange
test, useful information about the toxicant  may be

obtained. However, as discussed above, the removal of a
toxicant by the column may not be as straightforward as
first perceived. The use of other manipulations and ana-
lytical measurements on the pre- and post-column efflu-
ents will be required to establish the significance of the
results of the manipulation.

When toxicity is not removed by the ion exchange
test and non-toxic blanks are obtained, the conclusion
that the toxicant  is not a cation or anion can be made.
However, the slight possibility exists that the resin may
not be able to exchange the toxicant  because of steric
and size considerations.
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Section 5
Chlorine

-

5.1 General Overview
One of the first analytical measurements recom-

mended in the Phase I documents (EPA, 1991A; EPA,
1992) upon arrival at the laboratory is for total residual
chlorine (TRC) in each effluent sample. Chlorine is a
commonly used biocide and oxidant and is frequently
found at acutely toxic concentrations in municipal efflu-
ents (EPA, 19856). Sublethal chronic toxicity from chlo-
rine in effluent samples is not as likely to occur due to the
degradation of chlorine (see below) with holding of the
sample. Chlorine is unstable in aqueous solutions and
decomposition is more rapid in solutions when chlorine is
present at low concentrations. From the TRC measure-
ment and the Phase I tests (sodium thiosulfate addition
and aeration tests), further steps to identify the effects
that might be due to chlorine can be taken. Oxidants
other than chlorine occur in effluents and the removal of
toxicity by the addition of sodium thiosulfate does not
prove that chlorine was the cause of effluent sample
toxicity.

Molecular chlorine or hypochlorite dissociates
into free aqueous chlorine, hypochlorous acid, and hypo-
chlorite ion when added to effluents. Chlorine can also
combine with ammonia to form chloramines, i.e., mono- ,
di-, and tri-chloramines and with organic compounds,
especially organic nitrogen (APHA, 1992). The measured
total residual chlorine (TRC) of an effluent is the concen-
tration of free and combined forms (mentioned above)
added together. The portion of the TRC associated with
an individual form is matrix dependent. Chlorinated in-
dustrial and wastewater effluents normally contain only
the combined form of chlorine (APHA, 1992).

These various forms of combined chlorine may
have different effect concentrations for toxicity, and the
toxicities of these individual forms are not all known for
acute or chronic toxicity to C. dubia or fathead minnows.
However, while the TRC level in the effluent samples
may be the same, the concentration of the various forms
may be different because of the matrix inherent to the
effluent. This matrix of TRC may also be variable from
sample to sample for the same discharger.

Another complication is that current analytical
methods for measuring TRC are not chlorine specific.
Other oxidizing compounds, e.g., bromine, iodine, hydro-

gen peroxide, ozone, and manganese, will be quantified
as chlorine by the analytical methods for measuring TRC
and may provide the analyst with a false positive for
chlorine.

5.2 Tracking Toxicity and TRC Levels
Several methods are available for measuring to-

tal TRC (EPA methods 330.1, 330.2, 330.3, 330.4, and
330.5 (EPA, 1983)). Measurements of TRC in the effluent
upon arrival of the sample at the laboratory should always
be made. If TRC is not detected, chlorine should not be
considered a suspect toxicant since the analytical meth-
ods do not yield false negatives.

For acutely toxic effluents, grab samples both
before and after the chlorination process should be col-
lected simultaneously (i.e., within minutes of each other).
Upon arrival of these samples at the laboratory, a baseline
toxicity test should be initiated and at pre-determined
intervals after day 1 (e.g., day 2, day 3, day 5, day 8) to
evaluate whether the toxicity is degrading. TRC determi-
nations should be performed in conjunction with each
toxicity test.

Generally the TRC in most effluent samples stored
at 4°C degrades in 2 to 5 d after collection. Therefore, if
residual chlorine is a toxicant  the toxicity of the post-
chlorination sample should decrease as TRC levels de-
crease, and pre- and post-chlorination samples should
have the same toxicity after the decay of TRC.

The toxicity of chlorine in an effluent sample will
be dependent on the matrix of the effluent and the spe-
cies tested. If chlorine toxicity data does not exist for the
species being used, it will be necessary to measure the
LC50 or IC25 of chlorine using the TIE organisms and
dilution water. Using those LC50 and/or IC25 values, the
comparison of TUs of the effluent to the TUs of residual
chlorine is useful to evaluate the effects of the TRC.
When the TU comparison data and pre- and post-chlori-
nation toxicity data indicate TRC as a suspect toxicant
Phase III procedures should be initiated.

With the measurable levels of TRC at sample
collection, the loss of toxicity with the corresponding
decreasing levels of TRC, and the pre- and post-chlorina-
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tion samples exhibiting similar toxicity with the decrease the toxicant  is chlorine since other oxidants will be de-
in TRC, Phase III confirmation should begin (EPA, 1989.6; tected  by the TRC measurement techniques.
EPA, 1993A). However, these steps will not insure that
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Section 6
Identifying Toxicants Removed by Filtration

6.1 General Overview
If the results of Phase I .tests indicate that the

filtration manipulation removed or reduced toxicity, the
investigator should carefully compare these results to
those of the other manipulations before trying to identify
the toxicants that might be on the filter. We have ob-
sewed that metals, non-polar organic compounds and
volatile compounds can all be removed under certain
filtering conditions, but these observations have been
dependent on the individual effluent or the sediment pore
water samples. Other Phase I manipulations (e.g., EDTA,
C,, SPE extraction) can lead to subsequent Phase II
identification steps. However, for toxicity reductions ef-
fected by filtration, more intermediate steps of Phase I
type manipulations must be done before analytical proce-
dures are used to identify the toxicant( In addition,
some other manipulations may provide specific informa-
tion regarding the identity of toxicants that may have been
removed by filtration; these include additions of PBO
(Section 2.5.1), the graduated pH test (Phase I tests for
determining toxicity caused by ammonia, metals and
ionizable organic compounds), and the sodium thiosulfate
test (Phase I test for detecting toxicity caused by volatile
oxidants such as chlorine or metals). If one or more of
these manipulations removes toxicity, then identification
work should proceed as described in the previous sec-
tions to identify the cause of toxicity.

It is important to consider that all toxicity removed
by filtration may not be actually removed by the process
of filtering. For example, when the pH of the sample is
altered, the mechanism(s) for removal by filtration can
change. While ammonia is predominantly ionized at a
sample pH of 8.3, the ammonia would not tend to be
removed through volatilization if a vacuum was applied
for filtration purposes. Yet by adjusting the sample pH to
11, the ionized ammonia concentration decreases to 1.7%
at 25°C.  When a sample is adjusted to a pH of 11,
volatilization of a toxicologically significant amount of the
un-ionized ammonia could occur and the toxicity results
would indicate that filtration removed toxicity. Also, changes
in speciation at elevated pH render many metals in-
soluble, which could result in their removal by the filter at
pH 11 (Schubauer-Berigan et al., 1993B).

If the toxicant  is thought to be a non-polar organic
toxicant, and filtration partially removes toxicity, it may be

useful and save toxicity testing time to eliminate the
filtration step altogether before applying the sample to the
C, SPE column (discussion in Section 2.2.2 and Section
24.2).

6.2 Filter Extraction
When filtration has been the only manipulation to

affect the toxicity, then extraction of the filters and track-
ing the toxicity of the extracts should be attempted. In
addition, the use of other types of filters should be evalu-
ated (i.e., nylon, teflon, and polycarbonate) to see if
toxicity removal is a function of the filter type. In using the
extraction procedures, the idea is to separate the toxic
compounds associated with the filter by extracting them
into a solvent. Next, efforts are made to concentrate the
toxic compounds in the filter extract and test them at a
concentration that can be related to the original sample
and evaluate the efficiency of the extraction. Identifying
the filter-removable contaminants without additional infor-
mation can be difficult because of the lack of specificity of
the filtration process. But once a suspect candidate has
been discovered, then measurements can be made to
determine whether a toxicologically significant concentra-
tion of the suspect toxicant  had indeed been removed
by filtration. If this is the case, then it may not be neces-
sary to consider further extractions of the filters. If, how-
ever, the concentrations of the suspect toxicant  are not
decreased after filtration then it may be useful to attempt
additional identifications by solvent extraction of the filters
as described below.

One technique we have used with filterable toxic-
ity is to extract the filters with either polar or non-polar
solvents. To remove toxicants from the filter we have
used either organic solvents (methanol, methylene chlo-
ride) or pH 3 high purity water as the extraction solvent.
The solvent is then toxicity tested to track toxicity (methyl-
ene chloride must first be exchanged into methanol),
additional Phase I tests are performed to characterize the
filter extract, and then chemically analyzed using Phase II
procedures. It is important to remove all of the methylene
chloride before toxicity testing a filter extract and these
procedures are described in detail in Section 2.6.2. To
date, methanol has been used to extract toxicity from
filters used with effluent samples and methylene chloride/
methanol solutions have been used to extract filters from

6-1

RB-AR27923



sediment pore water. The experiences described below
are based on acute toxicity experiments, and efforts to
recover filterable toxicity for chronically toxic effluent have
not yet been needed.

To isolate a toxicant  removed through filtration,
several filters can be combined and extracted simulta-
neously if necessary. The volume of sample passed
through the filters is important for calculating concentra-
tion factors, and should be recorded. The filtrate should
also be reserved for toxicity comparisons and analytical
testing. Sufficient sample should I% passed through the
filter to allow for both toxicity testing and chemical analy-
sis on both the filtered sample and the filter-extract solu-
tion (generally >200 ml). Carefully move the filters to a
glass (acid leached) or plastic beaker, then soak the
filters (l-5) in 20 ml of solvent for 1 h. Cool water sonica-
tion is optional to attempt to recover particle-associated
compounds. Carefully remove the filters and save (store
at 4°C) in case additional extractions are necessary. If pH
3 high purity water is used as the extraction solvent, the
extract should be readjusted to the initial pH of the
sample, then toxicity tested. If methanol is used, it is
evaporated to -2 ml under a stream of nitrogen. Be
careful to rinse the sides of the containers with methanol
to ensure complete solubilization of organic compounds.
This methanol solution can then be toxicity tested using
SPE fraction testing procedures (Section 2.2.8). Alterna-
tively, if a methylene chloride/methanol solvent is used,
the solvent should first be exchanged into pure methanol
(Section 2.6.2)  then treated as the methanol extract
described above. The concentration of the solvent extract
will depend on the volume originally passed through the
filters, which depends on the desired high test concentra-
tion, and the volume of extract and filtered sample re-
quired for analytical purposes. Blank filters (through which
has been passed a volume of dilution water) should be
extracted and tested identically to the sample filters to
ensure that the solvents do not introduce artifactual  toxic-
ity.

For any of the extraction techniques, the solu-
tions should be tested at the same time as the baseline
test (unfiltered) and filtered sample test to compare the
toxicity recovered by the filter extraction with that re-
moved from the sample.

Another option for toxicants removed by filtration
is to try other techniques to remove the toxicants which
avoid filtration. For example, sediment pore water samples
have been centrifuged at relatively high speeds (lO,OOO-
20,000 g) for 30 min prior to passing the sample over the
C,, SPE column and filtration could thus be eliminated.

Filter extractions (EPA, 1991 A) have been used
in several sediment TIE studies, with procedures sug-
gested for both non-polar organics  and metals (Schubauer-
Berigan et al., 1990; Schubauer-Berigan and Ankley,
1991). In some effluent and pore water samples, toxicity
thought to be caused by non-polar organic compounds
(e.g., PAHs and polymers) has also been removed by
filtration. These compounds may be associated with par-
ticulate material, and be physically filtered from the sample,
or removed by association with oil and grease that sorbs
to the filter.

In some cases, binding of metals or organic
compounds to inorganic and organic ligands in effluents
or sediment pore waters will reduce their bioavailability
and when toxicity testing filter extracts, it is always a
concern that the matrix of the sample has been removed
and that chemicals might become available when they
were not in the original sample. If this were to happen, the
extracts might be more toxic than expected and chemi-
cals might be added to the suspect toxicant  list errone-
ously. This kind of mistake should be caught by obtaining
a good toxicity value for the suspect in an appropriate
matrix (more detailed discussion in Section 26.1). There-
fore, additional confirmation steps might be needed to
eliminate the false suspects.

6-2
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Table A-l. Effluent Volume Calculation Worksheets

SPE Fractionation of the Effluent

1) Volume of effluent:
See Table 2-6 for initial suggestions
for the volume of effluent.

ve ml

2) SPE fractionation:
Eluate volume from the SPE column:

See Table 2-l for approximate eluate volume
or measure volume.

Concentration factor for eluate: b, = ve + a

3) Testing organism and conditions:
Toxicity test volume/replicate:

C. dubia 1 O-l 5 ml/replicate (acute/chronic)
D. magna 1 O-l 5 ml/replicate (acute)
D. pulex 1 O-l 5 ml/replicate (acute)
P. piomelas 1 O-200 ml/replicate (acute)
P. pfomelas 50-250 ml/replicate (chronic)

Number of replicates:
Initial sample + number of renewals
Highest test concentration:
Is the methanol concentration okay?’

ml eluate = f x c + b,
%methanol  = ml eluate x 100 + c

4) Volume of eluate needed for toxicity testing:
If no dilutions: g=cxdxexf+b,
If using 0.5 dilution factor:

h=2xcxdxexf+b,
If using dilutions by spiking each concentration2  directly:

i=f+f+2+f+4+f+8
j=jXcxdxe+b,

Total volume of eluate used: k = g, h, or j

5) Volume of eluate remaining after toxicity testing:

m, = a - k

a ml

h X

C ml

d

; X

g

h

ml

ml

i ml

k ml

4 ml

‘Acceptable levels of methanol for C. dubia and fathead minnows are 10.6% and l%, respectively.
2An example of using four test concentrations, the number of dilutions may vary.

A-2
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Table A-l. Continued

Toxlclty Testing and GUMS Analysls of the SPE Concentrate

1) SPE Concentration of the SPE fraction:
Eiuate  volume from the SPE column:

See Table 2-3 for approximate &ate volume
or measure volume.

Concentration factor for the eluate: b, = b, x m, + a

2) Testing organism and conditions:
Toxicity test volume/replicate:

C. dubia 1 O-l 5 ml/replicate (acute/chronic)
D. magna 1 O-25 ml/replicate (acute)
D. pulex 1 O-25 ml/replicate (acute)
P. promelas 1 O-200 ml/replicate (acute)
P. promelas 50-250 ml/replicate (chronic)

Number of replicates:
initial sample + number of renewals:
Highest test concentration:

3) Volume of eluate needed for toxicity testing:
If no dilutions: g=cxdxexf+b,

If using 0.5 dilution factor:
h=2xcxdxexf+b,

If using dilutions by spiking each concentration directly:
l=f+f+2+f+4+f+8
j=lxcxdxe+b2

Total volume of eluate used: k = g, h, or j

4) Amount of eluate used for GC/MS analysis:

5) Volume of eluate remaining after toxicity testing:
m* = a - k - l

a

h

C

d

P

g

h

ml

X

ml

X

ml

ml

ml

ml

ml

ml

A-3
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Table A-l. Continued

HPLC Fractionation of the SPE Concentrate

1) HPLC Fractionation of the SPE concentrate:
HPLC Fraction volume:

See Sections 2.2.10 and 2.3.10
a ml

Concentration factor for the eluate: b, = b, x m2 + a b, X

2) Testing organism and conditions:
Toxicity test volume/replicate:

C. dubia 1 O-l 5 ml/replicate (acute/chronic)
D. magna 1 O-25 ml/replicate (acute)
D. pulex 1 O-25 ml/replicate (acute)
P, promelas 1 O-200 ml/replicate (acute)
P. promelas 50-250 ml/replicate (chronic)

Number of replicates:
Initial sample + number of renewals:
Highest test concentration:

ml

X

3) Volume of eluate needed for toxicity testing:
If no dilutions: g=cxdxexf+b,

If using 0.5 dilution factor:
h=2xcxdxexftb,

If using dilutions by spiking each concentration directly:
l=f+ft2+f+4+f+8
]=ixcxdxe+b,

Total volume of eluate used: k = g, h, or j

5) Volume of eluate remaining after toxicity testing:
m3 = a - k - l

g ml

h ml

i

k

ml

ml

ma ml

A-4
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Table A-1. Continued

Concentration of the HPLC Fraction for Toxicity Testing and GUMS Analysis

1) SPE Concentration of the SPE fraction:
Eluate volume from the SPE column:

See Table 2-3 for approximate eluate volume
or measure volume.

a ml

Concentration factor for the eluate: b, = b, x m3 + a b, X

2) Testing organism and conditions:
Toxicity test volume/replicate:

C. dubia 1 O-l 5 ml/replicate (acute/chronic)
D. magna 1 O-25 ml/replicate (acute)
D. pulex 1 O-25 ml/replicate (acute)
P. promelas 1 O-200 ml/replicate (acute)
P. promelas 50-250 ml/replicate (chronic)

Number of replicates:
Initial sample + number of renewals:
Highest test concentration:

ml

X

3) Volume of eiuate needed for toxicity testing:
If no dilutions: g=cxdxexf+b,

If using 0.5 dilution factor:
h=2xcxdxexf+b,

If using dilutions by spiking each concentration directly:
i=f+f+2+f+4+f+8
j=ixcxdxe+b,

Total volume of eluate used: k = g, h, or j

4) Amount of eluate used for GUMS  analysis:

5) Volume of eluate remaining after toxicity testing:
m4 = a - k - l

g ml

h ml

ml

k ml

I ml

m4 ml

A-5
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Table A-2. Effluent Volume Calculation Worksheets (Example)

SPE Fractionation  of the Effluent

1) Volume of effluent:
See Table 2-6 for initial suggestions
for the volume of effluent.

ve 20,000 ml

2) SPE fractionation:
Eluate volume from the SPE column:

See Table 2-1 for approximate eluate volume
or measure volume.

Concentration factor for eluate: b, q ve + a

3) Testing organism and conditions:
Toxicity test volume/replicate:

C. dubia 1 O-l 5 ml/replicate (acute/chronic)
D. magna 1 O-l 5 ml/replicate (acute)
D. pulex 1 O-1 5 ml/replicate (acute)
P. promelas 1 O-200 ml/replicate (acute)
P. promelas 50-250 ml/replicate (chronic) ’

Number of replicates:
Initial sample + number of renewals
Highest test concentration:
Is the methanol concentration okay?’

ml eluate = f x c + b,
%methanol  = ml eluate x 100 + c

4) Volume of eluate needed for toxicity testing:
If no dilutions: g=cxdxexftb,
If using 0.5 dilution factor:

h=2xcxdxexf+b,
If using dilutions by spiking each concentration* directly:

i=f+f+2+f+4
j=ixcxdxe+b,

Total volume of eluate used: k = g, h, or j

5) Volume of eluate remaining after toxicity testing:

9 = a - k

a 40 ml

b, 500 x

C 10 ml

d

f!

5
7
2 x

g m l

h ml

i 2.45 ml

k 2.45 m l

ml m l37.55

‘Acceptable levels of methanol for C. dubia and fathead minnows are 10.6% and l%, respectively.
*Example uses three test concentrations.

-
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Table A-2. Continued

Toxicity Testing and GC/MS Analysis of the SPE Concentrate

-

1) SPE Concentration of the SPE fraction:
Eluate volume from the SPE column:

See Table 2-3 for approximate eluate volume
or measure volume.

Concentration factor for the eluate: b, = b, x m,+ a

2) Testing organism and conditions:
Toxicity test volume/replicate:

C. dubia 1 O-l 5 ml/replicate (acute/chronic)
D. magna 1 O-25 ml/replicate (acute)
D. pulex 1 O-25 ml/replicate (acute)
P. piomelas 1 O-200 ml/replicate (acute)
P. promelas 50-250 ml/replicate (chronic)

Number of replicates:
Initial sample + number of renewals:
Highest test concentration:

3) Volume of eluate needed for toxicity testing:
If no dilutions: g=cxdxexf+b,  D

If using 0.5 dilution factor:
h=2xcxdxexftb,

If using dilutions by spiking each concentration directly:
i=f+f+2+f+4
I =ixcxdxetb,

Total volume of eluate used: k = g, h, or j

4) Amount of eluate used for GUMS  analysis:

5) Volume of eluate remaining after toxicity testing:
m2= a - k - l

b*

C

d 5
e 7
f 4 x

cl

h

m*

0.44 ml

42,670 x

10 ml

ml

ml

0.057 ml

0.057 ml

0.018 ml

0.365 ml

-
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Table A-2. Continued

HPLC Fractionation of the SPE Concentrate

1) HPLC Fractionation of the SPE concentrate:
HPLC Fraction volume:

See Sections 2.2.10 and 2.3.10
Concentration factor for the eluate: b, = b, x m2 -+ a

2) Testing organism and conditions:
Toxicity test volume/replicate:

C. dubia 1 O-l 5 ml/replicate (acute/chronic)
D. magna 1 O-25 ml/replicate (acute)
D. pulex 1 O-25 ml/replicate (acute)
P. promelas 1 O-200 ml/replicate (acute)
P. promelas 50-250 ml/replicate (chronic)

Number of replicates:
Initial sample + number of renewals:
Highest test concentration:

3) Volume of eluate needed for toxicity testing:
If no dilutions: g=cxdxexf+b,

If using 0.5 dilution factor:
h=2xcxdxexf+b,

If using dilutions by spiking each concentration directly:
i=f+f+2+f+4
j=ixcxdxe+b3

Total volume of eluate used: k = g, h, or j

5) Volume of eluate remaining after toxicity testing:
m,=a-k

d 5
e 7
f 8x

g ml

h ml

i

k

0.315 ml

0.315 ml

0.685 ml
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Table A-2. Continued

Concentration of the HPLC Fraction for Toxicity Testing and GUMS Analysis

1) SPE Concentration of the SPE fraction:
Eluate volume from the SPE column:

See Table 2-3 for approximate eluate volume
or measure volume.

a 0.22 m l

Concentration factor for the eluate: b, = b, x m3+ a b, 48.495x

2) Testing organism and conditions:
Toxicity test volume/replicate:

C. dubia 1 O-l 5 ml/replicate (acute/chronic)
0. magna 1 O-25 ml/replicate (acute)
0. pulex 1 O-25 ml/replicate (acute)
P. promelas 1 O-200 ml/replicate (acute)
P. promelas 50-250 ml/replicate (chronic)

Number of replicates:
Initial sample + number of renewals:
Highest test concentration:

IO ml

5
7

16x

3) Volume of eluate needed for toxicity testing:
If no dilutions: g=cxdxexftb,

If using 0.5 dilution factor:
h=2xcxdxexf+b,

If using dilutions by spiking each concentration directly:
i=f+f+2+f+4
j=ixcxdxe+b4

Total volume of eluate used: k = g, h, or j

4) Amount of eluate used for GUMS  analysis:

5) Volume of eluate remaining after toxicity testing:
m, = a - k - i

9

h ml

m l

0.202 ml

0.202 ml

0.018 ml

---o- ml

*U.S. GOVERNMENT PRINTING OFFICE:1993-750-002/80303
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Foreword

This Phase III document is the last in a series of guidance documents
intended to aid dischargers and their consultants in conducting aquatic organism
toxicity identification evaluations (TIES). TIES might be required by state or federal
agencies as the result of an enforcement action or as a condition of a National
Pollutant Discharge Elimination System (NPDES) permit. These documents should
aid individuals in overseeing and determining the adequacy of effluent TIES as a part
of toxicity reduction evaluations (TREs).

There are two major reasons to require the confirmation procedures. First the
effluent manipulations used in Phase I characterizations (EPA, 1988; EPA, 1991 A;
EPA, 1992) and Phase II identifications (EPA, 1989A; EPA, 1993A) might (with some
effluents) create artifacts that might lead to erroneous conclusions about the cause
of toxicity. Therefore in Phase III confirmation steps, manipulations of the effluent are
avoided and/or are minimized, therefore artifacts are far less likely to occur. Some-
times, toxicants will be suspected through other approaches (such as the treatability
route) which on their own are not definitive and in these instances, confirmation is
necessary. Secondly, there is the probability that the substances causing toxicity
might change from sample to sample, from season to season or some other
periodicity. As toxicity is a generic measurement, measuring toxicity cannot reveal
variability of the suspect toxicant  whereas the Phase III confirmation procedures are
designed to indicate the presence of variable toxicants. Obviously, this crucial
information is essential so that remedial action may be taken to remove toxicity.

t

Confirmation, whether using the procedures described in this document or
others, should always be completed because the risk is too great to avoid or eliminate
this step. Especially for discharges where there is little control over the influent  or for
discharge operations that are very large or complex, the probability that different
constituents tiill cause toxicity over time is great. Most of the approaches in Phase III
are applicable to chronically toxic effluents and acutely toxic effluents.

In this confirmation document, guidance is included when the treatability
approach (EPA, 19898; EPA, 1989C) is taken. Use of the treatability approach
requires confirmation as much as or more than the toxicant identification approach
(Phase II). The reader is encouraged to use both the acute Phase I characterization
(EPA, 1991 A) and the chronic Phase I characterization (EPA, 1992) documents for
details of quality assurance/quality control (CWQC),  health and safety, facilities and
equipment, dilution water, sampling and testing. The TIE methods are written as
general guidance rather than rigid protocols for conducting TIES and these methods
should be applicable to other aqueous samples, such as ambient waters, sediment

” elutriate or pore waters, and 1eachate.s

. . .
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Abstract

In 1989, the guidance document for acutely toxic effluents entitled Methods
for  Aquatic Toxicity Identification Evaluations: Phase Ill Toxicity Confirmation Proce-
dures was published (EPA, 19890). This new Phase Ill manual and its companion
documents (EPA, 1991 A; EPA, 1992; EPA, 1993A)  are intended to provide guidance
to aid dischargers in confirming the cause of toxicity in industrial and municipal
effluents. The toxicity identification evaluation (TIE) starts with a characterization of
the effluent toxicity using aquatic organisms to track toxicity; this step is followed by
identifying a suspect toxicant  and then confirming the suspect toxicant  as the cause
of toxicity.

This Phase III confirmation document provides greater detail and more
insight into the procedures described in the acute Phase III confirmation document
(EPA, 1989D). Procedures to confirm that all toxicants have been correctly identified
are given and specific changes  for methods applicable to chronic toxicity are included.
Adifficult aspect of confirmation occurs when toxicants are not additive, and therefore
the effects of effluent matrix affecting the toxicants are discussed. The same basic
techniques (correlation, symptoms, relative species sensitivity, spiking, and mass
balance) are still used to confirm toxicants and case examples are provided to
illustrate some of the Phase III procedures. Procedures that describe the techniques
to characterize the acute or chronic toxicity (EPA, 1988) and to identify (EPA, 1989A)
toxicants have also been rewritten (EPA, 1991 A; EPA, 1992; EPA, 1993A).

-
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Section 11
Introduction

The final confirmation phase of a toxicity identifi-
cation evaluation (TIE) consists of a group of steps
intended to confirm that the suspect cause(s) of toxicity is
correctly identified and that all the toxicity is accounted
for. Typically this confirmation step follows experiments
from the toxicity characterization step (Phase I) and
analysis and additional experiments conducted in toxicity
identification (Phase II) (EPA, 1991A;  EPA, 1992; EPA,
1993A). However, there often may be no identifiable
boundary between phases. In fact, all three phases might
be underway concurrently with each effluent sample and
depending on the results of Phase I characterization, the
Phase II identification, and Phase III confirmation activi-
ties might begin with the first sample evaluated. Phase Ill
confirmation procedures should also follow after toxi-
cants have been identified by other means or when
treatability approaches are used. Rarely does one step or
one test conclusively prove the cause of toxicity in Phase
III. Rather, all practical approaches are used to provide
the weight of evidence that the cause of toxicity has been
identified. The various approaches that are often useful
in providing that weight of evidence consist of correlation,
observation of symptoms, relative species sensitivity,
spiking, mass balance estimates and various adjust-
ments of water quality.

The approaches described in this document have
been useful in TIES at ERL-D. While the guidance pro-
vided in this manual is based largely on experience with
wastewater effluents, in general the methods discussed
are applicable to ambient waters (Norberg-King et al.,
1991) and sediment pore or elutriate water samples as
well (EPA, 19918). However, specific modifications of
the TIE techniques might be needed (e.g., sample vol-
ume) when evaluating these other types of samples.

Confirmation is important to provide data to prove
that the suspect toxicant  is the cause of toxicity in a
series of samples and to assure that all other toxicants
are identified that might occur in any sample over time.
There may be a tendency to assume that toxicity is
always caused by the same constituents, and if this
assumption carries over into the data interpretation but
the assumption is false, erroneous conclusions might be

reached. That is why the correlation step (Section 2) is
accompanied by other approaches (i.e., Sections 3-9)
because each approach aids in revealing any changes in
the toxicant  in the confirmation phase of the TIE.

Seasonal trends in toxicants have been observed
in publicly owned treatment works (POTW) effluents and
some sediment samples. For example, organophosphate
pesticides have been observed to increase in concentra-
tions in wastewaters during the late winter and spring
months (Norberg-King et al., 1989). Therefore, the confir-
mation steps of Phase III might need to include seasonal
samples. This effort cannot always be pre-determined.
The presence of a different toxicant  must be consid-
ered throughout the TIE, and when samples are collected
over several months the seasonality of a suspect toxicant
should be carefully considered and studied. When reme-
dial action requires treatment changes, one must be
certain that toxicity from specific toxicant  is consistently
present and that the suspect toxicant  accounts for all
the toxicity. Treatment modifications will not necessarily
result in removal of all toxicants to acceptable concentra-
tions. If toxicity is caused by a variety of toxicants present
at varying intervals, the remedial actions that are practical
might differ from the remedial action required when toxic-
ity is caused by the same constituents consistently.

c
TIES conducted at ERL-D have shown that toxi-

cants often are not additive or toxicants are present in
ratios such that the toxicity contribution by one might be
diluted out in the range of the effluent effect concentration
(e.g., LC50 or ICp value). Thus, the toxicant  present at
lower yet toxic concentrations may not be readily dis-
cerned. The frequency of occurrence and impact on data
interpretation of either of the above cases was not ad-
dressed previously (EPA, 1989D) but are now discussed
in Section 2. Toxicants that do not express their toxicity
because of the presence of other toxicants (either the
toxicants are non-additive or the toxicants occur in dispar-
ate ratios) are referred to as hidden toxicants (Section 9).
Detection of hidden toxicants is one of the most difficult
aspects of confirmation. It is a mistake to search for a
concentration of any chemical present in the effluent at a
toxic concentration and to declare any found as the cause

l - l
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of toxicity. Matrix effects of the effluent samples make
conclusions such as these subject to error without further
work as either the hidden toxicant or the principal
toxicant are likely to be missed using such an ap-
proach.

There is a strong tendency to shorten or eliminate
the confirmation steps because by the time Phase III
confirmation has been reached, the investigators might
be convinced of the cause of toxicity and the confirmation
steps seem redundant. However, one cannot expect to
concentrate the effluent on a C,, solid phase extraction
(SPE) column and not change a complex mixture such as
effluents, and arrive at some false conclusions about the
toxicants in the earlier phases.

Not all approaches discussed in the following
sections will be applicable to every effluent, and addi-
tional approaches might need to be developed during the
TIE. The various approaches need not be performed in
any particular sequence, and the list of possible ap-
proaches will get larger as experience is gained. To
effectively evaluate effluent samples from one particular
discharger to obtain a correlation, substantial calendar
time could be required and any steps for correlation
should be initiated at the beginning stages of Phase III.
Judgement must be made as to how many of the ap-

proaches  described in Phase III confirmation should be
used and how many samples for each should  he CXKR
pleted. How completely Phase III confirmation is done will
determine the authenticity of the outcome. The amount of
confidence in the results of the TIE that is required is
dependent at least in part on the significance of the
decision that will be based on the results. For example, if
a suspect toxicant can be removed by pretreatment or by
a process substitution, a higher degree of uncertainty
may be acceptable than if an expensive treatment plant is
to be built. Such considerations are subjective and cannot
be reduced to a single recommended decision making
process with a specified number of samples.

Time and resources might be conserved if identi-
fication (Phase II) and confirmation (Phase Ill) can be
started on the very first effluent sample used in the Phas’e
I characterization. However, this is only possible when the
results from the Phase I characterization are definitive
enough to allow the investigators to proceed to identifica-
tion and confirmation. In the acute Phase III confirmation
document (EPA, 1989D),  although perhaps not explicitly
stated, performing Phase I characterizations on several
samples before attempting Phases II and III was implied.
Initiating the Phase Ill confirmation steps earlier in the TIE
is often particularly useful. In addition, many regulatory
agencies have adopted a policy that requires that the
previous TIE approach be modified. For some discharg-
ers, action might be required after the first exceedence in
toxicity, which means that each effluent sample collected
for toxicity testing is of equal regulatory concern when the
toxicity is greater than the permit allows. This regulatory

practice was not in place in 1989 when the earlier TIE
guidance was available (EPA, 1989D) and at that time we
did not expect that the cause of toxicity in one sample
could be sufficiently deduced as we have been able to do.
The importance of confirmation on several samples is not
reduced by the importance of conducting confirmation
steps on single samples; rather, the cause of toxicity for
each sample must be confirmed.

In addition to the importance of each sample with
toxicity greater than the allowable amount specified in a
permit, a sample that is quite different from the previous
samples must be evaluated to determine if the data point
must be included in the Phase III correlation final data
analyses. For each effluent sample, the data points must
be explainable. If one sample is quite different than other
samples it can cause the correlation to be less useful;
however, if it can be shown to have a different toxicant  the
data point for that sample can be eliminated from the
correlation. For example, suppose five consecutive
samples during a Phase III evaluation exhibited toxicity
that correlated well with a suspect toxicant. Then a sixth
sample exhibits greater toxicity than previous samples
while the measured concentration of the suspect toxicant
is much lower than measurements on previous samples.
In this sixth sample, the greater toxicity is thought to be
caused by a different toxicant. Now in plotting the data for
the correlation (Section 2), the datum point for the sixth
%3XV$p,  \4ciIl,  r;ryJ, & dW;a? +fi +& -j33rrh3  50-t tire ex’rst’rng
regression and could render the correlation non-signifi-
cant. If however, when the sixth sample is then subjected
to intensive study using Phase I characterization and
Phase II identification techniques, and if another toxicant
is identified (or even if Phase I only shows that the toxicity
has very different characteristics), datum for the sixth
sample can legitimately be excluded from the correlation.
This preserves the worth of the data for the previous five
samples. In confirmation, every effort should be made to
determine why a particular sample shows different re-
sponses in the various TIE steps from other samples.

This is not to imply that multiple effluent samples
need not be subjected to Phase I manipulations, even if
Phase II and/or Phase III are initiated on the first sample.
Most effluent samples tend to be representative of the
routine effluent discharge. However, determining what is
the characteristic discharge for each effluent is important
to the final success and completeness of the TIE.

When Phase III is completed, all results that were
obtained during the TIE should be explainable. Unless the
results make sense for all samples (aside from an occa-
sional aberrant data point) something has been missed or
is wrong. If so, the confirmation is not complete. Many
techniques used in Phase III require keen observations
and extensive or broad knowledge of both chemistry and
toxicology but above all the ability to synthesize small bits
of evidence in a logical sequence is essential. This TIE
work is most effective when scientists interact daily.

l-2
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A note of caution. If data obtained on early samples
during Phase I are to be used for Phase III purposes,
quality control will have to be suitable to provide defen-
sible data (cf., EPA, 1991A; EPA, 1992; EPA, 1993A). In
Phases I and II, the permissibility of using small numbers
of animals and replicates, and omitting measurements
such as pH, DO, and temperature that are required for
routine monitoring tests or single chemical tests was
discussed (EPA, 1989E; EPA, 1991 A; EPA, 1992; EPA,
1993A).  These modifications were made to reduce cost
and allow more testing, but at this point shortcuts must be
avoided because definitive data that constitute the basis
for important decisions are generated in Phase III. For
Phase III testing, the effluent test protocols that triggered
the TIE (EPA, 199X; EPA, 1993B) should be followed,
paying careful attention to test conditions, replicates,
quality of test animals, representativeness of the effluent
samples tested, and strict QA/QC analytical procedures
including blanks and recovery measurements. Analytical
work must be selective for the identity of the toxicant and
its concentration measurement. When small differences
in toxicity must be detected, concentration intervals should
be smaller to obtain partial effects (e.g., use dilution
factors of 0.60 or 0.65 versus 0.5). Remember, all of the
data from Phases I and II (for either acute or chronic
toxicity) are considered preliminary relative to Phase III
data. However, if a suspect toxicant  is identified and
Phases I and II data may be necessary for confirmation,
stricter QA/QC can be applied for each of the subsequent
Phases I and II techniques so that the data can be used in
Phase III.

For samples exhibiting chronic toxicity, modifica-
tions or ‘changes to some of the TIE procedures are
required for confirming the cause of chronic toxicity. Re-
member that for confirmation (as well as for Phases I and
II), only a single sample of effluent should be used for
each renewal in any chronic test (cf., EPA, 1992; EPA,
1993A). This is important because one cannot correlate a
measured concentration of a toxicant  with the toxicity
measured in a test if multiple samples are used for each

-

renewal and the toxicant is not present in some samples
but other toxicants appear. Even more likely, the ratios of
the toxicants, when more than one is present, might
change from sample to sample. In these instances, there
is no valid way to calculate the toxicity of a given toxicant.
Overall, considerations for chronic toxicity tests in Phase
III are not much different than acute toxicity tests in Phase
III. At present, permit requirements specify the 7-d test
and unless data are gathered to show that the 4-d and 7-
d tests yield the same results and that the same toxicants
are involved, the 7-d test should be used for confirmation
(cf., EPA, 1993A).  If the 4-d Ceriodaphnia  dubia test has
been used instead of the 7-d C. dubia test (see EPA,
1992) during Phases I and II, serious consideration should
be given to returning to the 7-d test for Phase III.

When identification of the toxicant  causing
chronic toxicity is desired, and the effluent also exhibits
acute toxicity, it might be possible to use acute toxicity as
a surrogate measure to characterize the toxicity in Phase
I and assist  in an identification in Phase II. It must be
demonstrated that the cause of the acute toxicity is the
same toxicant  as the toxicant  causing the chronic
toxicity. Yet for confirmation, use of chronic toxicity end-
points to confirm the cause of the chronic toxicity is
strongly recommended to avoid misleading the TIE re-
sults when using acute toxicity as a surrogate for chronic
toxicity. As discussed in the chronic Phase I manual
(Section 5.8; EPA, 1992),  effect levels for chronic tests
should be calculated using the linear interpolation method
rather than the hypothesis test (EPA, 1992). In order to
get more precise estimates of endpoints, test concentra-
tion intervals might have to be narrowed (see above).
However, when point estimation techniques for other than
survival endpoints (such as the inhibition concentration
(ICp); EPA, 1993B) are used, a point estimate effect
concentration can be estimated. The effect concentration
estimates will also be more accurate when intermediate
concentrations are used (i.e., use dilution factors of 0.6 or
0.65).

1-3
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Section 2
Correlation Approach

2.1 Correlation

The purpose of the correlation approach is to
show whether or not there is a consistent relationship
between the concentration of suspect toxicant  and
effluent toxicity. For the correlation approach to be useful,
the toxicity test results with the effluent must demonstrate
a wide range of toxicity with several effluent samples to
provide an adequate range of effect concentrations for
the regression analysis. For sediment samples, spatial
variability might be used to perform correlation analyses
(EPA, 19916).

The effluent effect concentration (i.e., LC50 or
ICp) data and the measured toxicant  concentration data
must be transformed to toxic units (TUs)  for the regres-
sion analysis to evaluate whether or not a linear relation-
ship exists. Effluent TUs are obtained by dividing 100%
by the effect concentration expressed in percent of the
effluent (cf., EPA, 199lA;  EPA, 1992). The suspect toxi-
cant concentration is converted to TUs by dividing the
measured toxicant  concentration by the LC50 or ICp for
that toxicant (data to make this comparison might have to
be generated; EPA, 1993A).  If more than one toxicant  is
present, the concentration of each one is divided by the
respective LC50 or ICp value and the TUs can then be
summed (cf., discussion below for non-additive toxicants).

Most of the effluents we have tested have exhib-
ited a wide range of toxicity with several different samples
and therefore the data can be used in the correlation
approach. Typically for the correlations that .we  have
conducted, the data used are from toxicity tests without
any manipulations and from chemical measurements on
the effluent samples for the concentrations of the suspect
toxicant. However for effluents where ammonia was the
cause of the toxicity, the effluent toxicity. results have not
varied in toxicity enough, nor have the ammonia concen-
trations fluctuated enough to use the data in a correlation.
Also, when the effect concentration is greater than 1 OO%,
this information is not useful since the data point cannot
be included in the regression analysis. However, when
samples are marginally toxic or when the suspect toxicant
concentrations do not vary enough from sample to sample
(i.e., ammonia is cause of toxicity), changes in toxicity can
be induced by sample manipulation (cf., EPA, 1993A) and
this toxicity data can be used to develop a different type of
correlation. For example, the toxicity of a given amount of

total ammonia can be changed by over an order of
magnitude by altering the pH of aliquots of the effluent
within an acceptable physiological range (e.g,  pH 6 to 9).
For some metals and some species, the toxicity can also
be changed by adjusting the pH and using dilution waters
of varying hardness. This type of data is useful in the
correlation step as providing additional weight of evi-
dence. Therefore, the idea of minimal manipulation(s)
and any risk of creating artifactual  toxicity are off set by the
utility of the data.

An example of the regression from an effluent
from a POTW in which the suspect toxicant  was diazinon
is given in Figure 2-l. The independent variable (x-axis) is
the TUs of diazinon and the dependent variable (y-axis) is
the effluent TUs.  The solid line is the observed regression
line obtained from the data points, and the dashed line is
the expected or theoretical regression line. If there is 1 .O
TU of the toxicant  in 100% effluent, then the effluent
should have 1 .O TU (i.e., the LC50 =lOO%).  Likewise for
2.0 TUs of suspect toxicant, the effluent TUs should be
2.0, et cetera. Thus, the expected line has a slope of one
and an intercept of zero. In Figure 2-1, the intercept (0.19)
is not significantly different from zero and the slope is very
close to 1 (1.05). The P value is 0.63 which, while not
high, indicates that the majority of the effluent toxicity is
explained by the concentration of the toxicant. As the r2
becomes lower, less confidence can be placed on slope
and intercept. In a small data set such as this, one datum
point that had 5.0 TUs for the effluent toxicity lowered the
r2 value substantially. As discussed in Section 1, if an
intensive effort had been expended on that sixth sample
and another toxicant  had been found, this particular
datum point could have been excluded and the P value
would have been higher.

In another POTW effluent, diazinon was also the
suspect toxicant. For these data (Figure 2-2)  the slope is
1.38, the intercept is 1.24 and the r2 value is only 0.15,
which all indicate poor fit for diazinon as the only toxicant.
The low r2 value indicates a large amount of scatter,
therefore little can be inferred from the slope and the
intercept. Based on this correlation, we returned to Phase
II analytical procedures and identified two other organo-
phosphates (chlorfenvinphos (CVP) and malathion). Tox-
icity data indicated that CVP was present at toxic

2-l
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1 2 3 4 5 6
TUs of Suspect Toxicant

Figure 2-1. Correlation of toxic units (TUs) for an effluent and one
suspect toxicant  in POTW effluent.

0
0

0
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0
0

1.24

Figure 2-2.

1 2 3 4 5 6
TUs  of Suspect Toxicarlt(s)

Correlation of toxic units iTUs) for an effluent and cne
suspect toxicanr in a POTW effluent when two toxicants
are the cause of toxicity.

concentrations while malathion was no?. After testing
each compound both separately and as a mixture, the
toxicity from all three chemicals was determined to be
additive, so a new correlation was begun with analytical
measurements made for all three chemicals. CVP and
diazinon have nearly identical LC50  values for the spe-
cies (C. dub@ used in this TIE. Malathion is about one-

.
fourth as toxic as CVP or diazinon. Since the measured
concentrations of malathion were lower than its toxicity, it
was not included in the regression analysis. In a new
correlation with data for the TUs summed for CVP and
diazinon versus the effluent TUs, the data show a much
better fit to the expected slope and intercept and a high r2
value (Figure Z-3). Malathion TUs  could also have been
included in the regression (although its contribution to
toxicity was minimal) because it was additive with other
toxicants. This type of situation is discussed below.

In addition to slope and intercept, some judge-
ment of the scatter about the regression line must be
made. This can be done statistically, but when the sample
size is large, the scatter can be very large and yet not
negate the relationship. A-suggested approach to avoid
the effect of sample size on the significance of scatter is
to set a lower limit on r2. This value (often expressed as
percent) provides the measure of how much of the ob-
served effluent toxicity is correlated to the measured
toxicant. It is not dependent on choosing the correct effect
concentration of the toxicant. The specific choice of the
minimum value of r2 should be made based upon the
consequences of the decision. It is important to recognize
that experimental error makes an r2 value greater th2r-r
0.80 or 0.85 difficult to obtain. Therefore, where minimal
chance of an incorrect decision is required, an r2 value of
nearly 0.80 may be used. Where an increased risk of an
incorrect decision (i.e., a lesser amount of the toxicity
accounted for) is acceptable, a lower value such as 0.60
may be used.

Since <I .O TU cannot be directly measured in the
effluent, such values are, of necessity, excluded from the
regression. (This comment is exclusive of the use of
concentrates such as the C,, SPE fractions’ where TUs of
~1 .O are possible.} However in some instances, when the
TUs based on chemical analyses are ~1 .O TU and efflu-
ent effect values are ~1 .O TU, the data support the validity
of the regression provided a suspect toxicant has been
found in several previous samples. In the correlation for
the effluent toxicity depicted in Figure 2-2, toxicity was
present in a different fraction (Phase II non-polar organic
identification) than where the pesticides were identified. A
specific toxicant was not identified in that fraction and
toxicity was not always measurable in that fraction. How-
ever, this additional toxicity may have decreased the r2
value.

Correlation might be more definitive when two or
more toxicants are present. For example, suppose three
toxicants are involved. If each toxicant  has the same
LC50 and each is strictly additive with the ratio of their
concentrations remaining the same, the slope will be the
expected but the intercept will be positive if all toxicants

ITUs can be calculated from toxicity tests with the fractions, the
concentrate or the HPLC fractions as described in Phase II (EPA,’
1993A).
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slope = 0.82
y-intercept = 0.46
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Figure 2-3. Correl?tion  of toxic units (TUs) for an effluent and two
toxicants in a POTW effluent.

are not identified. If the relative amounts (ratios) of each
toxicant vary from sample to sample, the slope, intercept
and r2 will be different from the expected if only one
toxicant is identified. If the toxicity of one of the toxicants
is substantially different, and if the ratios of the three
toxicants vary from sample to sample, then the slope,
intercept, and r2 value will all be different from expected if
all are not identified. Much can be learned from studying
the interrelationship of slope, intercept and the r2 value.
For example, a high r2 value and an intercept near zero
with a slope larger than 1 can be caused by using an
effect concentration for the toxicant  that is not appropriate
for the toxicant  in the effluent matrix (e.g., suspect toxi-
cant is more toxic in effluent matrix than in single chemi-
cal test). This error causes the toxicant TUs to be too few
relative to the effluent TUs (Figure 2-4) (cf., discussion
below on non-additive toxicants). If toxicant  concentra-
tions and effluent toxicity show a wide distribution, a
significant correlation will be easier to demonstrate than
for a narrow range.

Great care must be taken to understand whether
or not toxicants are additive or if the TUs for each toxicant
are so different that only one toxicant  determines the
effect level. For either situation, the resulting data will
have to be interpreted as though the toxicants are non-
additive. For example, suppose the ratio of TUs is so
disparate that at the effluent effect concentration, the
toxicant  with fewer TUs is always present at a fraction of a
TU (e.g., 0.25 of a TU). Whether the two toxicants are
additive or not is irrelevant because the major toxicant  will
set the effluent effect concentration. While 0.25 TUs of

the minor toxicant  appear to be relatively unimportant in
view of experimental variability, this affects the regres-
sion. If in one sample the effect concentration is 25% and
the 4 to 1 ratio of toxicants occurs, there are 4 TUs of the
major toxicant  and 1 TU of the minor toxicant. If the
toxicant  concentrations are summed, 5 TUs will be plotted
against 4 effluent TUs,  and this results in a 25% error.
When secondary toxicants are present in concentrations
that will not contribute to the effect concentration of the
effluent, they should not be included in the correlation
data set. Obviously if an effluent had several toxicants in
dissimilar ratios, the error of including the minor TUs in a
correlation plot could be large and may negate the corre-
lation significance. The investigator should evaluate the
data in regression plots to consider the significance of the
contribution of the secondary toxicant  especially if the
toxicants appear to be additive.

Unfortunately the minimum fraction of a TU that is
detectable will depend on the precision of the laboratory
performing the testing. And of course the precision of the
testing is not only dependent on the quality of the work,
but the inherent precision of measuring specific toxicant
TUs.  That is, the toxicity measurement for some chemi-
cals is more precise than for some other chemicals. In
general, a chemical such as NaCl whose toxicity is gener-
ally not affected by pH, alkalinity, hardness, total organic
carbon (TOC), suspended solids or solubility, can be
measured more precisely than a chemical whose toxicity
is affected by these factors, such as lead or copper.
Therefore, each laboratory must determine which frac-
tional value of a TU at the effect concentration is
unmeasurable, thus indicating which TUs contributed by
the minor toxicant should be deleted from the correlation
data set.

Clearly, if two or more toxicants are strictly non-
additive, then only the major one (the one present in the
most TUs) should be included in the correlation data set.
Since additivity might be easier to measure than the
minimum measurable contribution of a fraction of a TU, it
may be preferable to first determine if additivity occurs. If
substances appear to be partially additive, then very
careful work is required to properly add TUs.

Some very unusual decisions are required in
accepting data into the correlation database when toxi-
cants are strictly non-additive. For example, consider zinc
and ammonia in the same effluent sample; we have fcund
them to be strictly non-additive. Also consider that in
some samples zinc and ammonia occur in TU ratios of 3
to 1 and in other samples the ratio is 1 to 2. In the
regression for the 3 to 1 ratio samples, only zinc TUs
should be plotted. In the regression for the 1 to 2 ratio
samples, only ammonia TUs should be plotted. For this
particular example, 3 TUs for the first sample and 2 TUs
for the second sample would be used if the data is
interpreted correctly (i.e., plotting total TUs) or 4 and 3
TUs would be used respectively, if the data is interpreted
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Figure 2-4. Correct (top) and incorrect (bottom) plots of toxic units
(TUs) for non-additive toxicants.

incorrectly. The slopes for both plots would be 1 but a
negative intercept instead of an intercept of 0 would be
obtained for the incorrect plot. The more similar the TUs
of each toxicant  are to each other, the greater the error in
the correlation will be.

2.2 Correlation Problems Caused by Matrix
Effects
Correlation becomes much more difficult when

the toxicants interact with the other effluent constituents
in ways that change their toxicity and we refer to these
changes as matrix effecti. There are numerous matrix
effects and all of them will not be discussed here; instead

2-4

.
a framework is provided to aid in designing tests or test
conditions to validly incorporate matrix effects in such a
manner that useable  correlation data can be obtained.

Matrix effects generally fit into one of two catego-
ries. One category is when the toxicants change form in
some manner which exhibit a different toxicity. A very
common example is ammonia which changes from NH, to
NH,+ as pH decreases. NH,+ is so much less toxic than
NH, that it is often considered nontoxic? Another example
is HCN whose most toxic form is as un-dissociated HCN,
a form predominating at low pH values. As pH increases
the equilibrium shifts to more H+ and CN-. If metals are
present, metal-cyanide complexes form which are often
less toxic than HCN but metal-cyanide complexes might
vary in toxicity depending on the metal. For example, iron-
cyanide complexes are much less toxic than some of the
other metal complexes. Metal-cyanide complexes might
also photodecompose in sunlight releasing HCN or H+
and CN-, depending on PH.

A second category of matrix effects involves such
physical changes as sorption or binding in some manner
so as to make the toxicant  unavailable to the organism.
For example, non-polar organics sorb onto suspended
solids, and some metals, such as copper, also sorb o%o
suspended solids. The presence of organic matter on
suspended solids might increase the sorbtive capacity.
Predictably, changes in water chemistry often change the
sorption/solution equilibrium and thereby, change the por-
tion of total toxicant that is available to the organism.

To further complicate matters, biological charac-
teristics of the test organisms might change the availabil-
ity of the same toxicant  form. For example a non-polar
organic sorbed on suspended solids such as bacterial
cells, might be unavailable to a fish but readily available to
daphnids because cells might be ingested and digested
by daphnids. The uptake route then is through the diges-
tive tract but the toxicant has entered the body none-the-
less.

From the above discussion, it is obvious that one
method of correlation will not be applicable for all toxi-
cants. A temptation may be to remove the toxicant from
the effluent and then use the effluent as a diluent to
measure toxicity. However, because effluents are so com-
plex and undefined, there is virtually no way to remove
one or a few constituents and still be certain other charac-
teristics have not been changed. For example, zeolite
removes ammonia but it also removes some metals and
non-polar organics; the C,, resin removes metals as well
as non-polar organics; Ion exchange columns remove
ionized constituents, but non-polar organics also are re-
tained by the columns. Toxicant removal procedures have
utility but require very complicated simultaneous testing
of the effluent and proper blanks (cf., EPA, 1992; EPA,

*See specific discussion in Section 3, Phase II (EPA, 1993A).
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5 01993A)  is necessary to properly interpret results (cf.,
Section 9 on hidden toxicants).

In Phase III, quantitative comparisons are being
made between toxicity and concentrations of toxicants
rather than qualitative comparisons as in Phases I and II
(EPA, 199lA;  EPA, 1992; EPA, 1993A).  In the correlation
approach, such comparisons are the essence of the
technique. Therefore even small changes in form or avail-
ability might be unacceptable. This means that manipula-
tions and changes must be minimized when effluent
toxicity and toxicant concentrations are to be compared.

Solvent extraction, so commonly used for organic
analyses, is likely to extract biologically unavailable or-
ganics  as well as soluble forms. The total measured
concentration may be larger than the true exposure con-
centration. Use of the C, SPE column also is not free
from problems as the C,, SPE column is a finer filter than
the glass fiber filters commonly used for pre-column
filtration. Therefore solids are likely to be physically re-
tained on the upper part of the column. When the column
is eluted with methanol, the methanol extracts toxicant
from the solids (which might not be biologically available)
as well as elutes the C,, sorbent itself. For Phases I and
II, this might be unimportant, but for the Phase III correla-
tion step where careful quantitative comparison is neces-
sary, the effect might be unacceptable. Such problems
probably reach a maximum when working with samples
such as highly organic sediment pore water (with high
organic characteristics) where much of the chemical might
be biologically unavailable.

The central problem for either type of matrix
effect is the difficulty of analytically measuring the biologi-
cally available portion of the specific toxic form. A correla-
tion for a POTW effluent where for nickel was suspected
of causing the toxicity is shown in Figure 2-5. During
Phase I, the acute toxicity was removed with EDTA
additions, and in Phase II the nickel was measured at
toxic concentrations to C. dubia. The toxicity correlated
very well with total nickel concentration (r2 = 0.89 and a
slope of 1 .17)  and it appeared that only nickel seems to
be involved. But the intercept of -12.34 is quite different
from the expected zero. Such an intercept would be
expected if there were a relatively fixed amount of nickel
which was not biologically available in all samples. In this
example, because all other confirmation data corrobo-
rated nickel as the toxicant, a constant concentration of
nontoxic nickel was thought to provide the explanation for
the unexpected intercept value. However, there is no
obvious reason to think that the quantity, or even the
percentage of total toxicant, is the same across samples
for other toxicants, or for nickel in other matrices.

For the effluent samples that lose their toxicity in
a short time, the nontoxic effluent can be used for the
suspect toxicant  tests as a diluent in parallel tests
using a standard dilution water to elucidate matrix effects
on toxicity. Toxicity test results with quite different toxicity
would reflect matrix effects. If toxicity is persistent, devel-
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Figure 2-5. Correlation of toxic units (TUs) for a POTW effluent and
the suspect toxicant, nickel.

oping two separate correlations using pure cheplical  addi-
tions on two different effluent samples, each with sub-
stantially different toxicant  concentrations, might be useful.
If the toxicity test results indicate that the biologically
unavailable portion changes with measured concentra-
tions, the slope should be different than one. This ap-
proach requires careful work and the investigator must
consider incorporating equilibrium time experiments (cf.,
EPA, 1993A).

Metals can be especially difficult toxicants to
implicate using correlation because the toxicity of metals
is typically very matrix dependent. When the knowledge
of these characteristics is extensive for a chemical, as it is
with ammonia (see Phase II), testing can be tailored to
the chemical and a very powerful correlation obtained.
The large amount of available information on ammonia
does not exist for most metals. In these instances, the
logic pattern should to be reversed where the approach
has to become: if x is the toxicant, what are the matrix
effects?. These can be found by pure chemical testing
combined with Phases I or II manipulations. Once an
adequate understanding of matrix effects is obtained, the
information can be used to answer the question: Is the
effluent toxicant  behavior consistent with the matrix ef-
fects for the suspect toxicant?

Matrix effects will have varying impacts on toxi-
cant behavior that also depends on the effluent effect
concentration. For effluents which have effect concentra-
tions in the ~10% range, the test solutions will more
closely resemble the diluent water matrix than the efflu-
ent. If the effluent has effect concentrations in the 50% to
100% range, the matrix effects of the test solution will
most likely resemble those of the effluent, not of the
dilution water. Since effluent TUs are calculated from
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responses occurring in the dilution near the effect con-
centration, the matrix characteristics of that concentration
are of the most concern for correlation. Thus the impor-
tance of the effluent matrix effects diminishes as the
toxicity of the effluent is greater (i.e., matrix at effect level
is more like dilution water).

One can safely say that the difficulty of simulating
the matrix effects with a simulated effluent is quite large
so that the choice is clearly to use the actual effluent
when possible. An important reason for this choice is that
so few matrix effects have been studied extensively, and
beyond pH and hardness little data exists. Even then the
interrelationship between pH, alkalinity and hardness were
often ignored.

The above discussion does not provide all of the
options on how to handle matrix effects. However, it

.

should provide convincing evidence that more than the
correlation step alone is necessary to provide adequate
confirmation!

In summary, the TIE research experience has
revealed two major areas of potential problems in using
the correlation approach. The lack of additivity for toxi-
cants found in effluents requires careful analysis when
calculating TUs for regression purposes. Secondly, when
there are matrix effects, correlation becomes difficult be-
cause the effluent matrix might change from sample to
sample and because there are no analyses specific for
the toxic forms. For such effluents, other confirmation
techniques should be used more extensively to better
support the overall confirmatory efforts.

c
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Section 3
Symptom Approach

Different chemicals may produce similar or very
different symptoms in a test species. Probably no symp-
tom of intoxication is unique to only one chemical. There-
fore, while similar symptoms observed between two
samples means the toxicant  could be the same or
different, different symptoms means the toxicant  is
definitely different, or there are multiple toxicants in the
two samples. By observing the symptoms displayed by
the test organisms in the effluent and comparing them to
the symptoms displayed by test organisms exposed to
the suspect toxicants, failure to display the same symp-
toms means the suspect toxicant  is probably not the
true one or the only one.

Behavior of most test species is difficult to put
into words so that a clear image of behavior is obtained.
Behavioral and morphological changes of 30-d old fathead
minnows (Pimephales  promelas) were used as diagnos-
tic endpoints in 96 h flow-through single chemical tests.
Organic chemicals of various modes of action were tested
and video recordings were used to monitor the behav-
ioral response (Drummond et al., 1986; Drummond and
Russom, 1990). Substances within a single chemical
classification did not necessarily cause the same type of
response (Drummond and Russom, 1990). Therefore, it
is difficult to predict chemical classification using behav-
ioral monitoring alone.

This type of behavioral monitoring data does not
exist for the cladocerans or the newly hatched fathead
minnows or other species that are most frequently used
in the TIE process. However, noting various symptoms is
useful in the TIE. This is done by simply exposing the test
species to the suspect toxicant  and observing how
they react. By the time confirmation is initiated, toxicity
tests with the suspect toxicants will have been conducted
using pure compounds and symptoms may have been
observed. It is important to note the symptoms observed
during all testing because such characteristics can be
very helpful in confirmatory work.

The intensity of exposure concentrations might
change the symptoms observed with the suspect toxicant
in the effluent. Therefore, it is important to compare
symptoms at concentrations that require about the same
period of onset. This can be done by comparing symp-

toms at exposure concentrations that have similar TUs.  In
this way both the unknown (sample) and the known
toxicants (pure compound) can be set at the same toxicity
level.

Observations of the organisms should not be
delayed until the normal length of the test has elapsed.
With some toxicants, the test organisms will show distinc-
tive symptoms soon after the exposure begins, whereas
later, symptoms are often more generalized and less
helpful. For some other toxicants, a sequence of different
symptom types are displayed by the test organism over
the exposure period and the sequence may be more
definitive for a given chemical than the individual symp-
toms. In few cases will the symptoms be unique enough
to specifically identify the toxicant, but symptoms different
from those caused by the pure suspect toxicant  are
convincing evidence that the suspect toxicant  is not the
true or only one.

A second caution is needed regarding mixtures of
toxicants. Mixtures of toxicants can produce symptoms in
test animals different from the symptoms of the individual
toxicants comprising the mixture. When more than one
toxicant  is involved, the investigator must not only include
all the toxicants, but include them in the same ratio as
measured in the effluent. Often the toxicant  of the mixture
at the highest concentration relative to its effect concen-
tration will cause most of the symptoms. As for single
toxicants, the mixture concentration causing the same
endpoint in a similar exposure period should be com-
pared. Spiking effluent with the suspect toxicants and
comparing the results of the spiked effluent sample and
the unspiked effluent sample toxicity tests, both near their
effect concentrations, is a good approach to take (Sec-
tion 5).

Symptoms caused by the toxicant  might be
quite different among different species of organisms;
therefore the use of two or more species provides in-
creased definitiveness of the observations. For both spe-
cies, the researcher must compare symptoms at
concentrations that are equitoxic. The greater the differ-
ence in sensitivity, the more important this becomes, The
chemical concentration is unimportant; the important con-
sideration is that equitoxic concentrations are compared.
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Suppose, for example, species A and B have LC50
values for a suspect toxicant  of 1 and 80 mg/l. Then
concentrations of 2 and 160 mg/l  may be used to com-
pare symptoms of species A and 9, respectively. If the
onset of symptoms is rapid, then perhaps 1.25  and 100
mg/l  (1.25xLC50)  should be tried. Since symptoms vary
with the exposure intensity, using various multiples of the
LC50 (i.e., 0.5, 1, 2x) can add additional confirmation
data, if the same set of symptoms are seen in both series.
If more than one toxicant is involved, and the ratio of the
two species’ LC50  values for toxicant  A is markedly
different than for toxicant 9, C, D, . . . . then the definitive-
ness of using symptoms is even greater.

For acute toxicity, time-to-mortality at equitoxic
concentrations can be used as a symptom type of test.

Some chemicals cause mortality quickly and some cause
mortality slowly. If for two effluent samples, toxicity is
expressed quickly for one and for the other very slowly,
the toxicants are probably not the same.

In chronic testing, use of symptoms is also appli-
cable. For example, adult mortality, number of young/
female, death of young at birth, growth retardation, abor-
tion, or time to onset of symptoms, all can also be
monitored and such observations may be useful. The
shape of the dose response curve may also be a determi-
nant in assisting in confirmation. Some chemicals show
an all or none type of response (diazinon) while others
(i.e.. NaCI) display a relatively flat concentration-response
slope for chronic toxicity.

-
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Section 4
Species Sensitivity Approach

The effect concentrations can be compared for
the effluent of concern and the suspect toxicants, using
species of different sensitivities. If the suspect toxicant
is the true one(s), the effect levels of effluent samples
with different toxicity to one species will have the same
ratio as for a second species of different sensitivity. Also
the ratio for each species should be the same as for
known concentrations of the pure toxicant. The same
ratio of effect values for two species implies the same
toxicant  in both samples of effluent. Obtaining the same
effluent toxicity ratio among various effluent samples for
each species as is obtained by exposure to comparable
concentrations of known toxicants, implies that the sus-
pect toxicants are the actual ones present. However, if
other effluent characteristics affect toxicity and if they
vary, the ratios could also be affected.

The common notion that goldfish are resistant to
most toxicants and trout are sensitive to most toxicants is
not readily substantiated (AQUIRE, 1992). Many species
are more sensitive to certain groups of toxicants than
trout. Of course, there are generalizations that can be
made. For example, sunfish (Centrarchids), frequently
are much more resistant to metals than goldfish, min-
nows, and daphnids (AQUIRE, 1992). Daphnids tend to
be more resistant to chlorinated hydrocarbon insecticides
than many fish species and more sensitive to organo-
phosphate insecticides (AQUIRE, 1992). These differ-
ences must always be verified for the suspect toxicants;
generalities can only be used as an initial guide to
species selection. Sensitivity differences of 1 O-i 00x may
occur in some chemical groups and not in others. If
several toxicants are involved, interpreting the results
and designing the ancillary experiments is more difficult.
If successful, the power of the result for multiple toxicants
is much greater than for a single toxicant. The difference
in sensitivity between Ceriodaphnia  and fathead min-
nows has, on several occasions, revealed either a change
in the suspect toxicants present in a series of effluent
samples, or the presence of other toxicants in addition to
those suspected.

-

_

Comparison of sensitivity among species has
another very important use. Some species may evidence
toxicity from an effluent constituent that the TIE test
species did not. If this happens, then the above compari-
son will be confused, but at least there will be a warning
that the suspect toxicant may not be the cause of toxicity.
In order to determine what is happening, the investigator
should step back to Phase II, and possibly step back to
Phase I to characterize the additional toxicant  and then
identify the toxicant  using the new species. A second
Phase III effort might be necessary for this toxicant  and
species. It is important not to assume that tb resident
species have the same sensitivity as the TIE test species.
Especially for freshwater discharges into saltwater this
concern is critical when a saltwater organism triggered
the TIE, because at present the techniques and proce-
dures described in Phases I and II are most likely to be
done using freshwater organisms especially since the
effluent is freshwater. If the concern is for marine organ-
isms and their protection cannot be assumed (cf., Section
8, Phase I; EPA, 1991A), confirmation must be conducted
with marine organisms.

In chronic testing, chemical and physical condi-
tions might differ more among tests on different species
because food must be provided during the test period and
different foods are used for each species. For example,
the final pH of fathead minnow 7-d tests might be lower
than in acute fathead minnow tests and both are likely to
be lower than in Ceriodaphnia chronic tests due to greater
respiration rates for fish than cladocerans and food in fish
tests. If the investigation was to confirm ammonia toxicity,
this pH difference could result in confusing results by
showing the Ceriodaphnia to be more sensitive than the
fathead minnows when the reverse should be true (cf.,
EPA, 1993A; Phase II). The above example illustrates
reasons to maintain careful quality control in Phase III
work.

4-l
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Section 5
Spiking Approach

In spiking experiments, the concentration of the
suspect toxicant  is increased in the effluent sample
and then toxicity is measured to see whether toxicity is
increased in proportion to the increase in concentration.
While not conclusive, if toxicity increases proportionally
to an increase in concentration, considerable confidence
is gained about the true toxicant( Two principles form
the basis for this added confidence. To get a proportional
increase in toxicity from the addition of the suspect
toxicant  when it is in fact not the true toxicant, both the
true and suspect toxicants would to have 1) very similar
toxicity and 2) to be strictly additive. The probability of
both of these coinciding by chance is small.

Removing the suspect toxicants from the effluent
without removing other constituents or in some way
altering the effluent is usually not possible. The inability
to do this makes the task of establishing the true toxicity
of the suspect toxicants in the effluent difficult. For many
toxicants, effluent characteristics, such as TOC, sus-
pended solids, or hardness, affect the toxicity of a given
concentration, Some characteristics, such as hardness,
can be duplicated in a dilution water, but certainly not
TOC or suspended solids because there are many types
of TOC and suspended solids, and generic measure-
ments do not distinguish among the different types. For
example, effluent TOC occurs as both dissolved and
suspended solids. In POTW effluents, the source of the
TOC is likely to be largely from biological sources, both
plant and animal (e.g., bacteria) and bacteria are likely to
make up a large component of suspended solids.  If there
have been recent storms, oily materials from stormwater
runoff might be high. Simulating TOCs from such variable
sources is next to impossible because TOC is not solely
the result of man-made organic chemicals. For sus-
pended solids, shape, porosity, surface-to-volume ratio,
charge and organic content (all or any), will impact sorp-
tion characteristics. None of these qualities are mea-
sured by the standard methods for measuring suspended
solids nor can they be reproduced in a simulated effluent.

In a simple system, such as reconstituted soft
water, it is reasonable to expect that for most chemicals a
doubling of the chemical concentration will double the
toxicity, at least in the effect concentration range. If the
solubility of the toxicant is being approached or there are

effects from water characteristics such as suspended
solids, then the toxicity might not double or conceivably
could more than double. For example, if a chemical with a
large n-0ctanoVwater  partition coefficient (log P) is largely
sorbed on solids, doubling the total concentration might
more than double the toxicity because the added chemi-
cal might remain in solution. Another important issue is
that equilibrium might not be established during the entire
test period and is probably unlikely to occur before the
test organisms are added. For example, in our TIE re-
search, we found various surfactants sorb to solids and
can be removed by filtration (Ankley et al., 1996). In these
experiments, however, filtration failed to remove surfac-
tants immediately after they were spiked in an effluent but
surfactants were removed after a few days equilibrium
time. Other chemicals are likely to show similar behavior
in regard to equilibrium time.

If several toxicants are involved, then their inter-
action (additivity, independent action, synergism) must be
measured or otherwise included in the confirmation pro-
cess (cf., Section 2). Since ratios might be as important
as concentration, the best way to spike when multiple
toxicants are involved is to increase each toxicant by the
same number of TUs (e.g., by doubling each). In this way
the ratios of the toxicities remain constant.

The fact that two or more toxicants fail to show
additivity is useful evidence in confirmation. Interpreting
spiking data might require a very high level of compe-
tence in both toxicology and chemistry; otherwise the
data could be very misleading. Using more than one
species of differing sensitivity is effective in adding confi-
dence to the results. When matrix effects are compli-
cated, other types of spiking can be done to reduce the
effects of the effluent matrix characteristics. If a method
exists for removing the toxicants from the effluent, such
as the C,, SPE procedures (EPA, 1993A),  the extracts or
methanol fractions can be spiked with pure chemicals in
addition to spiking effluent, using the same principles as
described for effluents. The advantage in this approach is
that matrix characteristics such as suspended solids and
TOC will be absent or much reduced and will not affect
spiking experiments as much. The disadvantage is that
proof that the extracts or fractions contain the true toxi-
cants must be generated. Some approaches for doing
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this are given in Section 6. The use of the spiking ap-
proach is especially applicable to fractions from the C,,

I SPE column or the high performance liquid chromatogra-
phy (HPLC) column used for the isolation of non-polar
organics.  In these procedures, the constituents are sepa-
rated from much of the TOC, suspended solids and
hardness, so that spiked additions might be strictly addi-
tive where they might not be in the effluent. Suggestions
and precautions about ratios and all other previously
discussed concerns apply here too. In addition, concerns
about the methanol percentages in the toxicity tests, the
amount of SPE or HPLC eluate required for the toxicity
tests and the issue of toxicity enhancement by methanol
must be considered in order to generate the appropriate
toxicity data. Spiking the methanol fractions with suspect
toxicants, however, does not provide the same confi-
dence about the cause of toxicity in the effluent as spiking
the effluent directly. The mass balance approach de-
scribed in Section 6 could be coupled with spiking the
effluent with a portion of the fractions to make the data
more relevant to whole effluent toxicity.

For chronic testing spiking a portion of the metha-
nol fractions, such as C,, SPE methanol fractions into
dilution water to mimic the effluent, requires some special
considerations as discussed in the chronic Phase I (EPA,
1992) and the new Phase II (EPA, 1993A). For any test
species, the effects of the methanol at the effluent spiking
concentration for the test species must either be essen-
tially non-existent or clearly established so that proper
interpretation is applied. The use of spiking for chronic
toxicants of the methanol fractions is not as easy as the
spiking for acute toxicants due to the limitations in the
quantity of methanol that would be added with each
fraction for the toxicity test. If the chronic toxicity effect
level is around or ~25% effluent and the highest fraction
tested is 4x higher than the chronic effect level, add-back
tests can be conducted similar to the acute add-backs but
the quantity of methanol required for the testing and
analysis must be considered (cf., Section 2; EPA, 1993A).
As discussed in Phase II, once a suspect toxicant  has

been tentatively identified, the steps of confirmation should
be started although sample volumes of methanol eluates
might limit the amount of testing (see Phase II, Secticn  2;
EPA, 1993A) with chronically toxic samples. Spiking of
appropriate levels for chronic toxicity for single chemicals
(or mixtures) is limited as sublethal data are not as
plentiful as acute data. The acute toxicity of some chemi-
cals might be altered by methanol (i.e., surfactants). The
possibility that this is occurring must be checked and a
correction applied if warranted. Spiking fractions also has
applicability for hidden toxicants; refer to Section 9 for
further details.

Spiking can also be done effectively when the
suspect toxicant  of concern can be removed. However,
since other toxicants might also be removed, the data
must be carefully interpreted. Ammonia is a good ex-
ample (cf., Phase II; EPA, 1993A) to use with this tech-
nique where one toxicant  can be removed. Ammonia can
be removed from the effluent by passing samples over
the zeolite resin, after which the concentration can be
restored in the post-zeolite effluent by the addition of
ammonia. If toxicity is also restored, then it is likely that
there is sufficient ammonia to cause the toxicity observed.
However, it cannot be concluded from these data alone,
that ammonia is the cause of toxicity because the zeolite
can also remove substances other than ammonia. An-
other substance which is non-additive with ammonia yet
present at a lesser or the same number of TUs could
cause the initial effluent toxicity but not be discernable by
this removal technique. This is an example of a hidden
toxicant  (see Section 9). For acute toxicity, zinc could
behave exactly this way because it is non-additive with
ammonia yet zinc is also removed by zeolite. Using other
ammonia removal methods, such as high pH stripping,
followed by spiking to the initial ammonia concentration
will enhance confidence that a hidden toxicant  is not
present. Other examples involving the C,, SPE column
and various ion exchange resins would be approached
and interpreted similarly.
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Section 6
Mass Balance Approach

This approach is applicable only to those situa-
tions in which the toxicant  can be removed from the
effluent and recovered in subsequent manipulation steps.
The objective is to account for all toxicity to assure that
small amounts of toxicity are not being lost. This concern
is partly covered by the correlation approach (Section 2);
however, a totally different toxicant  present at a small
concentration could appear as experimental variability in
the correlation and go unnoticed.

The mass balance concept is best described by
illustration for acutely toxic effluents and the C,, SPE
fractions. As described in Phase II (Section 2.2.7; EPA,
1993A) for acutely toxic effluents, the effluent has been
passed over a C,, SPE column which is then eluted with
the methanol/water fractions. After the toxicity tests on
the individual fractions are completed, add-back tests
can be initiated to determine whether all of the toxicity in
the original sample was accounted for in the SPE frac-
tions. For this step, there are three separate tests (with
dilutions and replicates to calculate effect endpoints) that
must be conducted which consist of the all-fraction test,
the toxic-fraction test, and the nontoxic-fraction test. As-
suming a complete recovery of all non-polar organics
from the SPE column, this should yield a solution of non-
polar organic compounds equal to the original sample
concentrations, In the mass balance approach, these
add-back tests are conducted using an aliquot of the
effluent that has passed through the C,, SPE column
(post-SPE column nontoxic effluent) or an aliquot of
dilution water. Each toxic fraction is added back to the
post-SPE column effluent, so that each is present at
original effluent concentrations (i.e., lx effluent concen-
tration). For example for acutely toxic effluents, the toxic-
fraction test solution is prepared using methanol
concentrations as described in Phase II (i.e., Section
2.2.7; EPA, 1993A) and for each fraction where toxicity
was observed in the fraction toxicity test, 30 ul of each is
added to the same IO ml of nontoxic post-C,, SPE
column effluent (or dilution water). A portion of each of
the remaining fractions where toxicity was not demon-
strated are now added to a second post-SPE column
aliquot at effluent concentrations for the nontoxic-fraction
test. Finally portions of all the fractions (e.g., n= 8 for
acutely
column

toxic’ effluents) are added to a third post-SPE
aliquot at effluent concentrations for the all-frac-

tion test. If all the toxicity is exhibited in the toxic-fraction
test, then the all-fraction test results and the toxic-fraction
test results should be the same as in the unaltered
effluent. Results from the nontoxic-fraction test should
indicate that no toxicity is present. This mass balance (or
add-back) approach allows the researcher to ascertain
whether or not the toxicity in the toxic-fraction test equals
the effluent toxicity. Small amounts of toxicity can be
undetectable in the toxic-fractions when tested separately
or the toxicant  might not have been eluted from the C,,
SPE columns. Unless mass balance experipents  are
conducted, such loss of toxicity might not be detected. In
the effluent example discussed in Section 2, the toxicity
was contained usually in the 75%, 80%, and 85% frac-
tions and occasionally in the 70% fraction! The r2-value,
slope, and intercept were all close to the expected values
if two toxicants (diazinon and CVP) were causing the
effluent toxicity (Figure 2-3). However, in Table 6-l the
results of mass balance tests indicate that toxicity from
the all-fraction test was greater than the toxicity of the
toxic-fraction test. While this difference is small, it did
seem to be real and was attributed to a small amount of
another toxicant in the 70% fraction. In 11 of 12 samples,
the results from the all-fraction tests indicate there was
greater toxicity than was found in the toxic-fraction tests.
On the few occasions when the 70% fraction was toxic, it
did not contain any of the three suspect toxicants. Without
the mass balance data, consistent presence of the addi-
tional toxicant would not have been discovered.

At the stage where the toxic-fractions have been
identified, the test of the fractions in a mass-balance test
is highly desirable. For chronic toxicity testing, the amount
of eluate available might be limited following the fraction
toxicity tests. Using eluate for the add-back tests might be
a trade-off between tracking toxicity and having sufficient
eluate to concentrate for further analysis. This limits the
add-back tests broad applicability for chronic toxicity TI Es
unless the effluent is toxic enough that at 4x the chronic
effect level, the methanol concentrations do not exceed

3During development of the non-polar organic procedures, various
elution profiles were used that included the 70% methanol/Water
fraction.
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Table 6-1. Comparison of Eff Lent Toxicity and Toxicity Measured in
Effluent Fraction Add-back Tests

Sample Effluent

12/03/87 1.18

01/l 2/88 2.00

01/13/88 1.93

02/03/88-P cl .oo

02/03/88-II 2.00

03/03/88-la 1.15

03/03/88-II 1.33

03/23/88-l 3.70

03/23/88-H 2.86

04128188 2.27

05/ 17188 2.27

05/l 7188 2.27

Toxic Units (TUs)
All-fractions

1.64

2.94

2.86

1.15

1.75

1.06

1.52

3.03

2.86

1.72

2.04

1.67

Toxic-fractions

1.43

3.13

2.53

<I .oo

1.64

cl .oo

1.13

2.86

2.44

1.64

2.00

1.59

Mean 2.13 2.18 2.00

aValues excluded from mean calculations due to less than values.

the organisms tolerance. For chronically toxic samples,
the all-fraction add-back test with C. dubia  is not possible
due to high methanol concentrations in test cups unless
chronic toxicity is below 25% and add-backs are done
using 25% effluent as the high test concentration (cf.,
Phase II; EPA, 1993A). The data from the individual
methanol/water tests may be summed; however this ap-
proach must be considered more tentative than add-back
tests (see below).

A deficiency in the above approach to mass
balance is that there can be some toxicity in the post-SPE
column effluent which has not been removed by the C,,
SPE but which is not present in concentrations high
enough to detect. The above mass balance approach
alone will not identify this. However, if the add-back tests
described above are repeated using a standard dilution
water, residual toxicity in the post-SPE column effluent
should cause the toxic-fraction test and all-fraction test to
show more toxicity when added to the post-SPE column
effluent than when added to dilution water. A confounding
effect of this approach is that if the toxicity is changed by
matrix effects (suspended solids or TOC), then the toxic-
ity will be different in the clean water test. Matrix effects
can be discerned, in part, by a third spiking experiment
where a portion of all of the fractions and a portion of each
toxic-fraction test are spiked into whole filtered effluent
(which has not passed through the C,, SPE column). If
the addback tests in dilution water indicates greater toxic-
ity than the addback  tests with the post-SPE column
effluent, and the same type of addback  test experiment
with filtered effluent (i.e., 1 lrn filter) indicate that the
fractions are exactly additive, then matrix effects are
indicated.

Some post-SPE column effluent samples develop
fungal or bacterial growth or perhaps a precipitate forms
after the effluent passes through the column. For the
fungal  type of growth, this is thought to occur when some
methanol bleeds into the effluent as it passes through the
column and more rinsing will not eliminate this problem.
Some effluents consistently develop this type of growth in
the post-column effluent while others exhibit this pattern
in only an occasional sample. To alleviate this problem,
conditioning the column with acetonitrile has helped (cf.,
the acute Phase I (EPA, 1991A)  and chronic Phase I
(EPA, 1992) for details). When methanol fractions are
spiked into the effluent this problem might or might not be
enhanced; we have found this to be an effluent-specific
occurrence.

Caution is warranted in situations where toxicity
is contained in more than one SPE fraction. The re-
searcher should not necessarily expect the toxicity ex-
pressed by each individual fraction that is tested separately
to add up to the total effluent toxicity. First, toxicants may
not be additive and second, some toxicity which cannot
be detected in individual fractions may add to the whole
toxicity. For example, any one C,, SPE fraction may not
show toxicity but may contain some of the toxicant that is
in the adjacent toxic-fraction. In this case, the toxicity of
the toxic-fraction test would be less than expected. If this
happens in more than one pair of fractions, the sum of the
toxicity from the toxic-fraction test will be less than the
effluent toxicity or all-fraction test. These concerns are
especially important when several toxicants are involved
and one or more occur in more than one fraction.

For effluents where the C SPE column is not
used, but where the toxicants can%e  removed from the
sample, the same objectives should be achievable, but
the methods will be different. For example, if an effluent
appears to contain a volatile toxicant, the mass balance
could be done on the trap and on the purged sample.
Since we have not yet done mass balance on samples
such as these we have no experience from which to offer
additional guidance or advice.

Some of the mass balance process begins in
Phase II, and there is a subtle difference in the purpose of
mass balances in Phases II and III. In Phase II, usually
only a few samples are used and mass balances are
necessary to determine the need for more identification in
those few samples. The mass balance is useful in early
stages of Phase II as well before toxicants are identified
at all, because it allows the investigator to decide if the
toxicants present at 2x or 4x whole effluent concentra-
tions are also expressing toxicity at lower concentrations.

In Phase III as many samples are tested, the
mass balance approach can provide information over
time with many samples whether or not the suspect
toxicants consistently account for all or the majority of the
toxicity. As illustrated above, the power of the mass
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balance approach to detect small degrees of toxicity is
better than for the correlation approach.

from the sample does not remove biologically non-avail-
able portions. An example of this situation may be the

When a portion of the toxicant  is not biologically
alternative solvent extraction procedures which may re-

available and therefore does not contribute to toxicity,
move a bound toxicant  sorbed on suspended solids
with the solvent and is now toxic, yet it was not toxic in the

care must be taken to assure that removal of the toxicant unaltered sample.
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Section 7
Deletion Approach

In some situations, particularly for industrial dis-
charges, keeping the suspect toxicants out of the waste
stream influent  or effluent for short periods of time and
also conducting toxicity tests on the wastewater simulta-
neously may be practical. When this approach can be
used, it offers the most convincing evidence obtainable
that the suspect toxicants are the true ones. Care must
be taken however, that other substances are not deleted
or that some characteristic such as pH does not change
also. If a researcher can be certain that all changes are
known, then this approach is definitive. Changes in the

toxicants with time are as much of a concern here as in
any other approach. These can be handled by the ap-
proaches outlined in earlier sections and the deletion
approach need not be done repeatedly; however, if it
were practical to do so, it would certainly be effective. If
some samples do not contain one or more suspect toxi-
cants, these effluent samples can be used to the advan-
tage in confirmation in much the same way as intentional
deletions described in this section can be used to confirm
toxicity.

*
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Section 8
Additional Approaches

-

This section mentions only a few of many steps
that can be used to further confirm the cause of toxicity.
The steps mentioned are mostly those that we have used
and found helpful and practical.

The pH is one of the most important effluent
characteristics that changes toxicity. The pH of POTW
effluents, sediment pore or elutriate waters, and ambient
waters will almost always rise when they are exposed to
air, especially in the small test volumes used in TIE work.
Commonly, pH in an effluent sample at 25°C  will .rise
from 7.1-7.3 to 8.3-8.5 during a 24 h period. That pH
change is enough to increase ammonia toxicity (based
on total ammonia) about three fold. Such pH changes
can destroy work for some purposes, but by regulating
these pH changes, the pH fluctuations can be used to
great advantage for other purposes.

Phase II (EPA, 1993A) describes the use of pH
change to identify ammonia toxicity. The toxicity of some
metals, hydrogen cyanide and hydrogen sulfide among
others, is altered by pH change. Other characteristics,
such as hardness, can also be varied to see if the
changes in toxicity follow a predictable pattern. The
toxicity of some metals could be approached in this way.
Not all equilibria are as rapid as the ammonia equilibrium,
so the amount of time for equilibria to occur should be
controlled and standardized (cf., Phase II; EPA, 1993A).
Various time . periods may have to elapse before the
expected changes occur and this may differ with each
effluent. With the improved methods of pH control de-
scribed in the Phase I documents (EPA, 1991; EPA,
1992), much more use can be made of pH manipulation.

Often chemicals in effluent samples may not be
biologically available, and if they are not, then they are
not likely to cause toxicity. They may be made biologi-
cally available through some manipulation in Phase I and
subsequently identified in Phase II. Through confirma-
tion, the toxicity due to such a toxicant  will become
apparent when the correlation indicates a poor fit (cf.,

Section 2). For many toxicants, biological availability can
be demonstrated by measuring body uptake. If the con-
stituent of concern enters the body from the effluent, it is
certainly biologically available. Exposure to pure com-
pounds may be necessary to establish which particular
organ should  be evaluated for the toxicant. In acute metal
exposures using fish, most metals concentrate first in the
gills while non-polar organics concentrate in fatty tissues
such as the liver. When a chemical is metabolized by the
organism, a residue measurement for that compound is
not a valid measure of the lethal body burden because it
is unknown whether the metabolite is more of less toxic
than the parent compound. If the suspect toxicant  has a
known mode of action, such as the acetylcholinesterase
inhibition produced by organophosphate pesticides, this
exposure effect can be measured to assess if toxic effects
conform with the predicted effect. The use of enzyme
blockers such as piperonyl butoxide (PBO) is also an aid
in confirming toxicity caused by specific classes of toxi-
cants (cf., Phase II: EPA, 1993A).

As additional steps are needed for confirming the
cause of toxicity, combinations of various Phase I and
Phase II procedures should always be used whenever
practical. When several results are combined and all
results are indicating the same type of toxicant, the data
are more conclusive than when only one procedure yields
predicted results.

Total dissolved solids (TDS) are a common prob-
lem in certain areas of the country and for certain indus-
tries. TDS will not cause toxicity from osmotic stress (this
can easily be shown because their toxicity is not related to
osmotic pressure) but rather TDS acts as a set of specific
toxicants. For toxicity caused by TDS, the ratios and
concentrations of the major cations and anions can be
measured analytically. A similar mix of these major ions
can be added to a dilution water to see if the expected
toxicity is present. By testing various mixtures, the re-
searcher can ascertain which of the TDS components
contribute most to the toxicity.
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Section 9
Hidden Toxicants

In the previous section, references were made to
the problem of hidden toxicants. Essentially there are two
situations which may produce the problem of hidden
toxicants. The first situation occurs when disparate ratios
of TUs of two toxicants are present in the effluent sample.
Since the effect concentration is measured by diluting the
effluent, when disparate ratios occur, the TUs of the
toxicant present in fewer TUs in 100% effluent are so low
at the effect diluent, that its contribution if any, is not
measurable. This problem exists whether the toxicants
are additive or non-additive. This situation generally will
not be encountered in effluents that have very slight
toxicity (i.e., effect concentration 75% to 100%) because
little or no dilution is required to achieve the effect con-
centration. For those toxicants present in disparate ratios
in effluents with marginal toxicity, the chemical present at
the low levels may be nontoxic even in 100% effluent.

The second situation where hidden toxicant
occurs is when the toxicants are non-additive or partially
additive in the effluent sample. These toxicants may
occur at approximately equal TUs or at disparate ratios of
TUs, as long as those present at lesser TUs are present
at 1 TU in the 100% effluent (cf., discussion of performing
correlation on these types of toxicants, contained in
Section 2).

If confirmation is being conducted for both acute
and chronic toxicity or if acute toxicity is being used as a
surrogate for chronic toxicity, the acute to chronic ratio
must also be considered. For example, consider an
effluent with toxicants A and B for which the acute-to-
chronic ratios are 3 and 12, respectively and the TUs for
acute toxicity are 2 and 1 in an effluent sample for A and
B, respectively. By definition, 1 acute TU (TU,) for toxi-
cant A equals 3 chronic TUs (TUJ and for B, 1 TU, = 12
TU,. In this example, the acute toxicity of the effluent will
be determined by A and the chronic toxicity will be
determined by B. If in another situation, the acute-to-
chronic ratios for two compounds were similar, then one
of the toxicants would determine the effect concentration
for both acute and chronic toxicity. These examples
illustrate the importance of acute-to-chronic ratios for
non-additive toxicants. Acute-to-chronic ratios have spe-
cial importance for additive toxicants when acute toxicity
is being used as a surrogate measure for chronic toxicity.

If acute toxicity is being used as a surrogate it must be
demonstrated that the cause of the acute toxicity is the
same as the chronic toxicity. When acute toxicity is used
as a surrogate for chronic toxicity in Phases I and II,
interpretation of the results can easily be biased and
these  considerations are important.

When a toxicant  can be removed from the efflu-
ent and recovered, the identification of the presence of a
hidden toxicant  is more readily known. For example, the
use of the C,, SPE column may remove hidden toxicants.
The toxicant  is recovered in the eluate a&measured
both analytically and toxicologically. This type of hidden
toxicant  may be observed if ammonia is present at con-
centrations that could cause toxicity. For example, in an
effluent sample ammonia is present at 3 TUs. Ammonia
will not be removed by the C,, SPE column and yet an
additional 1.5 TU of a non-polar organic toxicant  is evi-
dent when the C,, SPE eluate test is conducted. If the
discharger applied remedial treatment they would be able
to remove the ammonia toxicity yet the effluent would still
be toxic. The same concept of hidden toxicants can be
found when toxicants are removed by sublation which is
followed by recovery and concentration of toxicity (cf.,
Phase I; EPA, 1991 A; EPA, 1992). For example, sublation
can separate some surfactants, resin or fatty acids, and
polymers from such constituents as metals and ammonia.
Hydrogen sulfide can be removed by a purge and trap
method, thereby separating it from other effluent constitu-
ents.

Specific blockers of toxicity such as EDTA for
metals and PBO for organophosphates are also useful in
establishing the cause of toxicity. The more specific the
blocker, the more definitive are the results, However,
present knowledge does not allow us to be certain that
compounds such as EDTA do not also affect the toxicity
of other chemicals. Use of two specific blockers such as
EDTA and sodium thiosulfate for copper, allows more
definitive conclusions (cf., Phase I; EPA, 1992).

Manipulating characteristics such as pH is useful
but can easily mislead thinking. For example, if the efflu-
ent has ammonia toxicity, the toxicity due to ammonia
should disappear if the pH is lowered appropriately. These
results do not allow a conclusion that there are no hidden
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toxicants. If, however, the pH is lowered so as to eliminate
ammonia toxicity but the effluent toxicity exists or even
increases, then the likelihood of a hidden toxicant  is high.
Unfortunately a complication to this rationale is that the
toxicity expressed at the lower pH may be totally artifac-
tual due to mechanisms of pH adjustments.

The best approach to find hidden toxicants is to
first use, those methods that alter the effluent the least,
can remove and recover removed hidden toxicants, and
are most specific for a few toxicants. This advice is most
applicable where the effort is to try to find out if some
specified type of toxicant is a hidden one, e.g., is there a
non-polar organic as a hidden toxicant.

If, however, the search is for any type of hidden
toxicant  then every conceivable technique should be used
that would help to distinguish a hidden toxicant  from the
suspect toxicant( Hidden toxicants are very hard to find
when ammonia is the primary toxicant. Various tests used
to identify ammonia as the toxicant, i.e., use of the zeolite
resin, graduated pH tests and air-stripping (EPA, 1993A),
all have a reasonable probability of changing the toxicity
of many other potential toxicants. For instance, it is known
that zeolite removes some non-polar organics and met-
als. Air-stripping (at pH 11) could also remove or destroy
many other chemicals as it often must be done for a
extended period of time to achieve good ammonia re-
moval. The graduated pH test results might also implicate
a metal as a toxicant  (EPA, 1993A). If these tests were
conducted in Phase II (E?A, 1993A) and the results
consistently indicated ammonia toxicity, these .data  indi-
cate that there are no hidden toxicants. The required
characteristics for a hidden toxicant to behave exactly as
ammonia are very specific and obtaining results like those
described above for a toxicant  other than ammonia is
unlikely.

,

If the hidden toxicant is additive with the suspect
toxicant  but occurs in a disparate ratio, the confirmation
effort must first emphasize confirming the cause of toxic-
ity (or remove the toxicity) of the primary toxicant. Then
toxicity from the hidden toxicant  should be measurable.
The probability a hidden toxicant that has additive toxicity
will not express its toxicity using several Phase I or Phase
II techniques is less than the probability that a non-
additive toxicant  will express its toxicity using several of
the same techniques.

If the remedial action for a primary toxicant  is
specific and easy, such as a product substitution, the
search for hidden toxicants perhaps should be done after
the remedial action has reduced or eliminated the primary
toxicant from the effluent. The remedial action (especially
if it is treatment) may also eliminate the hidden toxicant(
What must be avoided if at all possible, is to carry out
expensive remedial action only to find that the effluent is
still toxic.

The problem of hidden toxicants is a major rea-
son a researcher should not accept the presence of toxic
concentrations of suspect toxicant as sufficient confirma-
tion (cf., Section 1). The presence of biologically unavail-
able forms (cf., Section 8) is a compelling reason not to do
so.

A thorough confirmation is resources well spent
in most instances. Non-additivity and disparate ratios
complicated by non-availability occur too frequently to by-
pass confirmation. Seasonal changes or changes without
a pattern, in effluent toxicants are further reasons to
perform the confirmation over a period of time to assure
that the entire suite of toxicants has been found.
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Section IO
Conclusions

Often the most laborious and difficult part of the
TIE is developing data to adequately establish the cause
of toxicity. In our experience, frequently the suspect
cause of toxicity is found without difficulty but developing
a convincing case to prove that the suspect cause is the
true toxicant  is the challenge.

Especially for POTW plants, this confirmation
phase must be performed over a considerable period of
time to be certain that the cause of toxicity is not chang-

ing. TIES on POTWs  and some industrial categories are
not likely to be a one time event but will have to be
repeated as long as the inputs to the plant change. Our
current wastewater treatment plants were not designed to
remove specific chemicals, so there is no reason to
expect that they will remove everything which they re-
ceive. Especially where the control over the influent  is not
complete, as is the case with POTW plants, a solid case
must be developed to assure that the cause of toxicity is
not changing.
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Section 11
When the Treatability Approach Has Been Used

As discussed in Phase I, two main approaches
may be used to remove a toxicity problem--toxicant  iden-
tification and source control or treatability. Phases I and II
involve the first approach while treatability procedures
accompanied by toxicity testing are used in the second
(EPA, 19898; EPA 1989C).

In the second approach, treatment methods are
varied to determine which will remove toxicity without
identifying the specific toxicants. The treatability approach
requires as much confirmation as the toxicant identifica-
tion approach. Since the treatability approach should
remove toxicity, the confirmation procedures are some-
what different.

Repeat samples should be tested to ensure that
toxicity has been successfully removed. This should be
done over a sufficient length of time to assure that the
range of conditions are included during the confirmation
phase. Such events as seasonal changes, production

changes, storms, and intermittent operations all should
be included during the confirmation phase. Toxicity should
be consistently removed or appropriately reduced, as
required. Either acute or chronic toxicity removal can be
confirmed this way.

One must be absolutely sure that the toxicity to
resident species has been successfully removed. As has
been pointed out in Phases I and II, the effluent constitu-
ents producing toxicity to one species may not be the
same for other species. Toxicity by a given treatment
method may remove all toxicity for one species but not for
another. The species of concern must be tested in the
effluent from the treatment method selected. If chronic
toxicity is the concern, this testing may be more difficult
because chronic testing methods may not be available for
resident species. In selected cases, symptoms may be
substituted for the usual endpoints of chronic tests but
their use would be case specific.
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NOTICE AND DISCLAIMER

This document provides guidance to NPDES regulatory authorities and persons interested in
whole effluent toxicity testing.  This document describes what EPA believes to be sources of
variability in the conduct of whole effluent toxicity testing under the Clean Water Act.  The
document is designed to reflect national policy on these issues.  The document does not, however,
substitute for the Clean Water Act, an NPDES permit, or EPA or State regulations applicable to
permits or whole effluent toxicity testing; nor is this document a permit or a regulation itself.  The
document does not and cannot impose any legally binding requirements on EPA, States, NPDES
permittees, and/or laboratories conducting whole effluent toxicity testing for permittees (or for States
in the evaluation of ambient water quality).  EPA and State officials retain discretion to adopt
approaches on a case-by-case basis that differ from this guidance based on an analysis of site-
specific circumstances.  This guidance may be revised without public notice to reflect changes in
EPA policy.
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EXECUTIVE SUMMARY

Background

The Federal Water Pollution Control Act, commonly known as the Clean Water Act, was enacted in
1972 with the objective of  “restoring the chemical, physical, and biological integrity of the Nation’s
waters.” Among the U.S. Environmental Protection Agency’s (EPA’s) efforts toward this objective is the
National Pollutant Discharge Elimination System (NPDES) program.  This program is designed to control
toxic discharges, implement water quality standards, and restore waters to “fishable and swimmable”
conditions.  Point sources that discharge pollutants must do so under the terms and conditions of an NPDES
permit.  One approach EPA employs to control toxic pollutants under the NPDES permits program is using
whole effluent toxicity (WET) controls.  

EPA is issuing this document to both address questions raised on WET test method variability and to
satisfy a requirement of a July 1998 settlement agreement with litigants for the Western Coalition of Arid
States (WestCAS) and Edison Electric Institute et al.  This document was developed by an EPA workgroup
consisting of EPA’s Office of Water’s (OW) Headquarters, Office of Enforcement and Compliance
Assurance, Office of Research and Development, and Regional staff.  The document was externally peer
reviewed in accordance with EPA’s peer review guidelines.  The document addresses WET test method
variability by identifying the potential sources of variance associated with WET testing, discusses how to
minimize it and, finally, describes how to address it within the NPDES permitting program.  The document
cites both Agency and external ongoing research on this topic and scientific findings, particularly technical
information that support efforts to minimize WET test result variability.

While the document provides recommendations on how to reduce or minimize WET test variability,
the document does not supersede current Agency guidance, policy, or regulation, including EPA’s
promulgated test methods (40 CFR Part 136), which remain in effect.  EPA expects that implementation of
the NPDES program and NPDES permits will continue to comply with regulatory requirements and follow
applicable EPA guidance and policy.

Why WET Testing?

Whole effluent toxicity is the aggregate toxic effect of an aqueous sample (e.g., effluent, receiving
water) measured directly by an aquatic toxicity test.  Aquatic toxicity tests are laboratory experiments that
measure the biological effect (e.g.,  growth, survival, and reproduction) of effluents or receiving waters on
aquatic organisms.  In aquatic toxicity tests, organisms of a particular species are held in test chambers and
exposed to different concentrations of an aqueous sample, for example, a reference toxicant, an effluent, or
a receiving water, and observations are made at predetermined exposure periods.  At the end of the test, the
responses of test organisms are used to estimate the effects of the toxicant or effluent.

Whole effluent toxicity test results are an integral tool in the assessment of water quality.  For the
protection of aquatic life, the integrated strategy includes the use of three control approaches: the chemical-
specific control approach, the WET control approach, and the biological criteria/bioassessment/bioassay
approach.  The primary advantage of using WET control over individual, chemical-specific controls is that
WET integrates the effects of all chemical(s) in the aqueous sample.  Reliance solely on chemical-specific
numeric criteria or the narrative criterion of bioassessment controls would result in only a partially effective
State toxics control program.  These toxicity tests therefore must be performed using best laboratory
practices, and every effort must be made to enhance repeatability of the test method.  This document presents
EPA’s approaches to achieve the goals listed below.

RB-AR28047



Understanding and Accounting for Method Variability in WET Applications Under the NPDES Program

xii  June 30, 2000

Effect of This Guidance

This document clarifies several issues regarding WET variability and reaffirms EPA’s guidance in the
Technical Support Document for Water Quality-Based Toxics Control (TSD, USEPA 1991a).  This document
provides NPDES regulatory authorities and all stakeholders, including permittees, with guidance and
recommendations on how to address WET variability.  EPA’s recommendations and conclusions are detailed
in Chapter 7, and Appendix C provides sample NPDES permit language reflecting these recommendations.

The most significant recommendation is to use and report the values for the percent minimum
significant difference (PMSD) with all WET data results.  The minimum significant difference (MSD), which
is also referred to as error mean square (EMS), represents the smallest difference between the control mean
and a treatment mean that leads to the statistical rejection of the null hypothesis (i.e., no toxicity) at each
concentration of the WET test dilution series.  The MSD provides an indication of within-test variability and
test method sensitivity.  Using this information, the regulatory authority and permittees can better evaluate
WET test results.

This document makes several other recommendations, such as continue to use the TSD statistical
approach without adjusting for test method variability, obtain sufficient representative effluent samples,
verify effluent toxicity data against reference toxicant data, maintain clear communication between the
regulatory authority and permittee, and maintain good laboratory checks and certification programs. 

Three Goals of This Document

This document describes three goals EPA has defined to address issues surrounding WET variability.
In addition, the document is intended to satisfy the requirements of a settlement agreement to resolve
litigation over rulemaking to standardize WET testing procedures. 

1. Quantify the variability of promulgated test methods and report a coefficient of variation (CV) as
a measure of test method variability (see Chapter 3 and Appendix A).

2. Evaluate the statistical methods described in the Technical Support Document for Water Quality-
Based Toxics Control (TSD) for determining the need for and deriving WET permit conditions (see
Chapter 6 and Appendix G).

3. Suggest guidance for regulatory authorities on approaches to address and minimize test method
variability (Chapter 6).  In addition, the document is intended to provide guidance to regulatory
authorities, permittees, and testing laboratories on conducting the biological and statistical methods
and evaluating test effect concentrations (Chapter 5). 

Data Evaluated

EPA assembled a comprehensive data base to examine variability in the WET test methods from the
EPA Regions, several States, and private laboratories, which represent a widespread sampling of typical
laboratories and laboratory practices.  EPA applied several criteria to the data before they were accepted,
including detailed sample information, strict adherence to published EPA WET test methods, and test
acceptability criteria (TAC).  The resulting data base contains data from 75 laboratories for 23 methods for
tests concluded between 1988 and 1999.

Approach Taken To Evaluate Test Method Variability

The variability that EPA is assessing is associated with replicate tests using reference toxicants and
WET testing methods within analytical laboratories.  The focus of this guidance is not to quantify test
variability between laboratories or to quantify the total variability of WET tests conducted on effluents.
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Rather, the purpose is to quantify method variability within laboratories (repeatability) to enable NPDES
programs to distinguish between variability caused by the testing method and variability associated with
toxicity of multiple effluent samples taken from the same facility.

To quantify test method variability within and between laboratories using this data base, EPA examined
two key parameters:  (1) the effect concentrations [effect concentration (EC25), lethal concentration (LC50),
no observed effect concentration (NOEC)] estimated by the test, which are used to derive WET permit limits
and evaluate self-monitoring data with those limits; and (2) the minimum significant difference (MSD),
which summarizes the variability of organism responses at each test concentration within an individual test.
The MSD represents the smallest difference that can be distinguished between the response of the control
organisms and the response of the organisms exposed to the aqueous sample.  The MSD provides an
indication of within-test variability and test method sensitivity.

Principal Conclusions

The principal conclusions of this document follow.

Evaluation of Test Method Variability

• Comparisons of WET method precision with analytes commonly limited in NPDES permits
clearly demonstrate that the variability of the promulgated WET methods is within the range
of variability experienced in other types of analyses.  Several independent researchers and
studies also have concluded that method performance improves when prescribed methods are
followed closely by experienced analysts (Section 4.1.2).

• This document provides interim CVs for promulgated WET methods in Appendix A, Tables
A-1 (acute methods) and A-2 (chronic methods), pending completion of between-laboratory
studies, which may affect these interim CV estimates.

Evaluation of Approach To Incorporate Test Method Variability

• EPA’s TSD presents guidance for developing effluent limits that appropriately protect water
quality, regarding both effluent variability and analytical variability, provided that the WET
criteria and waste load allocation (WLA) are derived correctly (Section 6 and Appendix G).

• EPA’s analysis of data gathered in the development of this document indicates that the TSD
approach appropriately accounts for both effluent variability and method variability.  EPA does
not believe that current proposals for alternative approaches are available that would discount
the effects of method variability using the TSD procedures, because the current proposals
would not ensure adequate protection of water quality (Section 6.1.1 and Appendix G).

Development of Guidance to Regulatory Authorities

• EPA recommends that regulatory authorities implement the statistical approach as described
in the TSD to evaluate effluent for reasonable potential and to derive WET limits or monitoring
triggers (Section 6.1 and Appendix G).

• EPA recommends that regulatory authorities calculate the facility-specific CVs using point
estimate techniques to determine the need for and derive a permit limit for WET, even if self-
monitoring data are to be determined using hypothesis testing techniques, for example, to
determine a “no effect’ concentration (“NOEC”).  This document describes such facility-
specific calculations (Section 3.4.1 and 6.2).
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Additional Recommendations and Guidance

This document also provides recommendations and guidance on minimizing variability in three specific
areas in order to generate sound WET test results:  (1) obtaining a representative effluent sample; (2)
conducting the toxicity tests properly to generate the biological endpoints; and (3) conducting the appropriate
statistical analysis to obtain defensible effect concentrations (EC25, LC50, NOEC).  If these
recommendations are addressed, the reliability of the test endpoint values should improve.

• Regulatory Authorities:  Design a sampling program that collects representative effluent samples
to fully characterize effluent variability for a specific facility over time (Sections 6.1.3 and 6.2).

• Regulatory Authorities:  Ensure proper application of WET statistical procedures and test
methods (Sections 5.2 through 5.5).

• Regulatory Authorities:  Incorporate both the upper and lower bounds using the percent minimum
significant difference (PMSD) to control and to minimize within-test method variability and
increase test sensitivity.  To achieve the PMSD upper bound, either the replication should increase
or within-test method variability should decrease, or both (Section 6.4 and Table 3-6).

• Testing Laboratories:  Encourage WET testing laboratories to maintain control charts for PMSD
and the control mean and report the PMSD with all WET test results (Section 5.3.1.1). 

• Regulatory Authorities:  Participate in the National Environment Laboratory Accreditation
Program and routine performance audit inspections to evaluate laboratory performance (Section
5.3.1.1).

• Regulatory Authorities:  Incorporate EPA’s guidance on error rate assumption adjustments,
concentration-response relationships, confidence intervals, acceptable dilution waters, how to block
by parentage for the chronic Ceriodaphnia dubia test, and control of pH drift (USEPA 2000a).
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LIST OF ACRONYMS AND ABBREVIATIONS1

ACR acute-to-chronic ratio

AML average monthly limit

ANOVA analysis of variance

APHA-AWWA-
WEF

American Public Health Association-American Water Works Association-Water
Environment Federation

ASTM American Society for Testing and Materials

BSAB Biomonitoring Science Advisory Board

CCC criteria continuous concentration

CFR Code of Federal Regulations

CMC criteria maximum concentration

CV coefficient of variation

CWA Clean Water Act

DMR discharge monitoring report

EMS error mean square [also referred to as mean square error (MSE)]

EPA U.S. Environmental Protection Agency (also, the Agency)

FR Federal Register

IC inhibition concentration

IWC instream waste concentration (sometimes referred to as receiving water
concentration)

LC50 lethal concentration, 50 percent

LOEC lowest observed effect concentration

LTA long-term average (LTAa = acute LTA; LTAc = chronic LTA; 
LTAa,c = acute-to-chronic LTA)

MDL maximum daily limit

MSD minimum significant difference

MSE mean square error [also referred to as error mean square (EMS)]

MZ mixing zone

NELAP National Environment Laboratory Accreditation Program

NOEC no observed effect concentration

NPDES National Pollutant Discharge Elimination System

NTRD National Toxicant Reference Database

PAI Performance Audit Inspections

PMSD percent minimum significant difference
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QA quality assurance

QC quality control

rMSE square root of the mean square error

RP reasonable potential

RWC receiving water concentration (sometimes referred to as instream waste
concentration)

SCTAG Southern California Toxicity Assessment Group

SETAC Society of Environmental Toxicology and Chemistry

TAC test acceptability criteria

TIE toxicity identification evaluation

TMDL total maximum daily load

TRE toxicity reduction evaluation

TSD EPA’s Technical Support Document for Water Quality-based Toxics Control
(March 1991, EPA505/2-90-001)

TU toxic unit (TUa = acute toxicity; TUc = chronic toxicity)

VF variability factor

WET whole effluent toxicity

WLA waste load allocation

WQBEL water quality based effluent limit
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GLOSSARY

Acute Toxicity Test is a test to determine the concentration of effluent or ambient waters that causes an
adverse effect (usually death) on a group of test organisms during a short-term exposure (e.g., 24, 48, or 96
hours).  Acute toxicity is measured using statistical procedures (e.g., point estimate techniques or a t-test).

Acute-to-Chronic Ratio (ACR) is the ratio of the acute toxicity of an effluent or a toxicant to its chronic
toxicity.  It is used as a factor for estimating chronic toxicity on the basis of acute toxicity data, or for
estimating acute toxicity on the basis of chronic toxicity data.

Ambient Toxicity is measured by a toxicity test on a sample collected from a receiving waterbody.

ANOVA is analysis of variance.

Average Monthly Limit (AML) is the calculated average monthly limit of waste load allocation assigned
by a State or EPA for a particular facility.

CCC are water quality criteria for chronic exposure (criteria continuous concentrations).  

Chronic Toxicity Test is a short-term test in which sublethal effects (e.g., reduced growth or reproduction)
are usually measured in addition to lethality.  Chronic toxicity is defined as TUc = 100/NOEC or TUc =
100/ECp or ICp.

CMC are water quality criteria for acute exposures (criteria maximum concentration).  

Coefficient of Variation (CV) is a standard statistical measure of the relative variation of a distribution or
set of data, defined as the standard deviation divided by the mean.  It is also called the relative standard
deviation (RSD).  The CV can be used as a measure of precision within (within-laboratory) and between
(between-laboratory) laboratories, or among replicates for each treatment concentration.

Confidence Interval is the numerical interval constructed around a point estimate of a population parameter.

Effect Concentration (EC) is a point estimate of the toxicant concentration that would cause an observable
adverse effect (e.g., death, immobilization, or serious incapacitation) in a given percent of the test organisms,
calculated from a continuous model (e.g., Probit Model).  EC25 is a point estimate of the toxicant
concentration that would cause an observable adverse effect in 25 percent of the test organisms.

Hypothesis Testing is a statistical technique (e.g., Dunnett’s test) for determining whether a tested
concentration is statistically different from the control.  Endpoints determined from hypothesis testing are
NOEC and LOEC.  The two hypotheses commonly tested in WET are:

Null hypothesis (Ho):  The effluent is not toxic.
Alternative hypothesis (Ha):  The effluent is toxic.

Inhibition Concentration (IC) is a point estimate of the toxicant concentration that would cause a given
percent reduction in a non-lethal biological measurement (e.g., reproduction or growth), calculated from a
continuous model (i.e., Interpolation Method).  IC25 is a point estimate of the toxicant concentration that
would cause a 25-percent reduction in a non-lethal biological measurement.

Instream Waste Concentration (IWC) is the concentration of a toxicant in the receiving water after mixing.
The IWC is the inverse of the dilution factor.  It is sometimes referred to as the receiving water concentration
(RWC).
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LC50 (lethal concentration, 50 percent) is the toxicant or effluent concentration that would cause death in
50 percent of the test organisms.

Lowest Observed Effect Concentration (LOEC) is the lowest concentration of an effluent or toxicant that
results in adverse effects on the test organisms (i.e., where the values for the observed endpoints are
statistically different from the control).

Long-term Averages (LTAs) of pollutant concentration or effluent toxicity are calculated from waste load
allocations (WLAs), typically assuming that the WLA is a 99th percentile value (or another upper bound
value) based on the lognormal distribution.  One LTA is calculated for each WLA (typically an acute LTA
and a chronic LTA for aquatic life protection).  The LTA represents expected long-term average performance
from the permitted facility required to achieve the associated WLA.

Maximum Daily Limit (MDL) is the calculated maximum WLA assigned by a State or EPA for a particular
facility.

Minimum Significant Difference (MSD) is the magnitude of difference from control where the null
hypothesis is rejected in a statistical test comparing a treatment with a control.  MSD is based on the number
of replicates, control performance, and power of the test.

Mean Square Error (MSE) is the average dispersion of the items around the treatment means.  It is an
estimate of a common variance, the within variation, or variation among observations treated alike. [Also
referred to as error mean square (EMS).]

Mixing Zone is an area where an effluent discharge undergoes initial dilution and is extended to cover the
secondary mixing in the ambient waterbody.  A mixing zone is an allocated impact zone where water quality
criteria can be exceeded as long as acutely toxic conditions are prevented.

No Observed Effect Concentration (NOEC) is the highest tested concentration of an effluent or toxicant
that causes no observable adverse effect on the test organisms (i.e., the highest concentration of toxicant at
which the values for the observed responses are not statistically different from the controls).

National Pollutant Discharge Elimination System (NPDES) program regulates discharges to the nation’s
waters.  Discharge permits issued under the NPDES program are required by EPA regulation to contain,
where necessary, effluent limits based on water quality criteria for the protection of aquatic life and human
health.

Power is the probability of correctly detecting an actual toxic effect (i.e., declaring an effluent toxic when,
in fact, it is toxic).

Precision is a measure of reproducibility within a data set.  Precision can be measured both within a
laboratory (within-laboratory) and between laboratories (between-laboratory) using the same test method and
toxicant.

Quality Assurance (QA) is a practice in toxicity testing that addresses all activities affecting the quality of
the final effluent toxicity data.  QA includes practices such as effluent sampling and handling, source and
condition of test organisms, equipment condition, test conditions, instrument calibration, replication, use of
reference toxicants, recordkeeping, and data evaluation.

Quality Control (QC) is the set of more focused, routine, day-to-day activities carried out as part of the
overall QA program.

Reasonable Potential (RP) is where an effluent is projected or calculated to cause an excursion above a
water quality standard based on a number of factors.
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Reference Toxicant Test is a check of the sensitivity of the test organisms and the suitability of the test
methodology.  Reference toxicant data are part of a routine QA/QC program to evaluate the performance of
laboratory personnel and the robustness and sensitivity of the test organisms.

Significant Difference is defined as a statistically significant difference (e.g., 95 percent confidence level)
in the means of two distributions of sampling results.

Statistic is a computed or estimated quantity such as the mean, standard deviation, or coefficient of variation.

Test Acceptability Criteria (TAC) are specific criteria for determining whether toxicity test results are
acceptable.  The effluent and reference toxicant must meet specific criteria as defined in the test method (e.g.,
for the Ceriodaphnia dubia survival and reproduction test, the criteria are as follows:  the test must achieve
at least 80 percent survival and an average of 15 young per surviving female in the controls).

Total Maximum Daily Load (TMDL) is a determination of the amount of a pollutant, or property of a
pollutant, from point, nonpoint, and natural background sources, including a margin of safety, that may be
discharged to a water quality-limited waterbody.

t-Test (formally Student’s t-Test) is a statistical analysis comparing two sets of replicate observations, in the
case of WET, only two test concentrations (e.g., a control and 100 percent effluent).  The purpose of this test
is to determine if the means of the two sets of observations are different [e.g., if the 100-percent effluent
concentration differs from the control (i.e., the test passes or fails)].

Type I Error (alpha) is the rejection of the null hypothesis (Ho) when it is, in fact, true (i.e., determining
that the effluent is toxic when the effluent is not toxic).

Type II Error (beta) is the acceptance of the null hypothesis (Ho) when it is not true (i.e., determining that
the effluent is not toxic when the effluent is toxic).

Toxicity Test is a procedure to determine the toxicity of a chemical or an effluent using living organisms.
A toxicity test measures the degree of effect of a specific chemical or effluent on exposed test organisms.

Toxic Unit-Acute (TUa) is the reciprocal of the effluent concentration  (i.e., TUa = 100/LC50) that causes
50 percent of the organisms to die by the end of an acute toxicity test.

Toxic Unit-Chronic (TUc) is the reciprocal of the effluent concentration (e.g., TUc = 100/NOEC) that
causes no observable effect (NOEC) on the test organisms by the end of a chronic toxicity test.

Toxic Unit (TU) is a measure of toxicity in an effluent as determined by the acute toxicity units (TUa) or
chronic toxicity units (TUc) measured.  Higher TUs indicate greater toxicity.

Toxicity Identification Evaluation (TIE) is a set of procedures used to identify the specific chemicals
causing effluent toxicity.

Toxicity Reduction Evaluation (TRE) is a site-specific study conducted in a step-wise process designed
to identify the causative agents of effluent toxicity, isolate the source of toxicity, evaluate the effectiveness
of toxicity control options, and then confirm the reduction in effluent toxicity.

Variance is a measure of the dispersion in a set of values, defined as the sum of the squared deviations
divided by their total number.

Whole Effluent Toxicity (WET) is the total toxic effect of an effluent measured directly with a toxicity test.

Waste Load Allocation (WLA) is the portion of a receiving water’s total maximum daily load that is
allocated to one of its existing or future point sources of pollution.
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1.0  INTRODUCTION

1.1 Background 

The Federal Water Pollution Control Act, commonly known as the Clean Water Act (CWA), was
enacted in 1972 with the objective of “restoring the chemical, physical, and biological integrity of the
Nation’s waters.”  Several goals and policies were established in the Act, including the following:

• Eliminating the discharge of pollutants into navigable waters by 1985;

• Wherever attainable, achieving an interim goal of water quality that provides for the protection and
propagation of fish, shellfish, and wildlife, and provides for recreation in and on the water by
November 1, 1983; and

• Prohibiting the discharge of toxic pollutants in toxic amounts.

In the 28 years since the CWA was enacted, the U.S. Environmental Protection Agency (EPA) and
States authorized to administer EPA’s National Pollutant Discharge Elimination System (NPDES) permitting
program have made significant progress toward achieving these goals.  NPDES is designed to control toxic
discharges, implement a water quality standards program, and restore waters to “fishable and swimmable”
conditions.  A point source that discharges pollutants to waters of the United States must do so under the
terms and conditions of an NPDES permit.  In setting these terms and conditions, EPA and the States have
integrated their control of toxic pollutants through combined use of three approaches [Technical Support
Document for Water Quality-based Toxics Control (USEPA 1991a, referred to as the TSD)]:

• Chemical-specific controls,

• Whole effluent toxicity (WET) controls, and

• Biological criteria/bioassessments and biosurveys.

The WET approach to protection of water quality is the primary subject of this document.

In 1989, EPA defined whole effluent toxicity as “the aggregate toxic effect of an effluent measured
directly by an aquatic toxicity test” [54 Federal Register (FR) 23868 at 23895, June 2, 1989].  Aquatic
toxicity tests are laboratory experiments that measure the biological effect (e.g., growth, survival, and
reproduction) of effluents or receiving waters on aquatic organisms.  In aquatic toxicity tests, groups of
organisms of a particular species are held in test chambers and exposed to different concentrations of an
aqueous test sample, for example, a reference toxicant, an effluent, or a receiving water.  Observations are
made at predetermined exposure periods.  At the end of the test, the responses of test organisms are used to
estimate the effects of the toxicant or effluent.

In the early 1980s, EPA published methods (USEPA 1985, 1988, 1989) for estimating the short-term
acute and chronic toxicity of effluents and receiving waters to freshwater and marine organisms.  WET data
gathered in the 1980s indicated that approximately 40 percent of NPDES facilities nationwide discharged
an effluent with sufficient toxicity to cause water quality problems.  Further reductions in the toxicity of
wastewater discharges were necessary to achieve compliance with narrative water quality standards
expressed as “no toxics in toxic amounts.”  In response to these findings, EPA implemented a policy to
reduce or eliminate toxic discharges.  The Policy for the Development of Water Quality-based Permit
Limitations for Toxic Pollutants (49 FR 9016, March 9, 1984) introduced EPA’s integrated toxics control
program.  To support this policy, EPA developed the TSD (USEPA 1991a).  The TSD provides guidance to
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regulators in implementing WET testing requirements in NPDES permits.  In 1989, EPA promulgated
regulations specifying procedures for determining when water quality-based effluent limitations are required
in NPDES permits [40 CFR, 122.44(d)].  On October 26, 1995, EPA promulgated WET test methods
(USEPA 1993, 1994a, and 1994b) and added them to the list of EPA methods approved under
Section 304(h) of the CWA (40 CFR, 136) for use in the NPDES program.  Although the rulemaking was
challenged in court, that challenge has been stayed pending completion of a settlement agreement.  The
rulemaking remains in force and effect unless and until EPA takes further action.

1.2 Effect of This Guidance

This document attempts to clarify several issues regarding WET variability and reaffirms EPA’s earlier
guidance and recommendations published in the TSD (USEPA 1991a).  This document is intended to provide
NPDES regulatory authorities and all stakeholders, including permittees, with guidance and
recommendations on how to understand and account for measurement variability in WET testing.  The
document’s recommendations and conclusions are detailed in Section 7.  Appendix C provides sample
NPDES permit language reflecting these recommendations.

The most significant recommendation is to use and report the values for the percent minimum
significant difference (PMSD) with all WET data results.  The minimum significant difference (MSD) is the
smallest difference that can be distinguished between the response of control organisms and the response of
test organisms at each concentration of the WET test dilution series.  The MSD provides an indication of the
within-test variability and test method sensitivity.  Using this information, the regulatory authority and
permittees can better evaluate WET test results.

This document also recommends the following:  

• Continue to use the EPA TSD statistical approach for NPDES permit limit development (no test
method variability adjustments are needed); 

• Collect and evaluate a sufficient number of representative effluent samples; 

• Verify effluent toxicity data carefully along with reference toxicant data; 

• Maintain good communication between the regulatory authority and permittee throughout all
phases of the permitting process; 

• Implement the PMSD to evaluate both WET and reference toxicant data to minimize within-test
method variability and increase test sensitivity; 

• Maintain laboratory checks with good laboratory certification programs to encourage experienced
laboratories and skilled analysts for the toxicity testing program for individual WET laboratory
performance.

1.3 Three Goals of This Document 

EPA prepared this document to achieve the following three goals:  

1. Quantify the variability of promulgated test methods and report a coefficient of variation (CV) as
a measure of test method variability (see Chapter 3 and Appendix A).
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2. Evaluate the statistical methods described in the Technical Support Document for Water Quality-
Based Toxics Control (TSD) for determining the need for and deriving WET permit conditions (see
Chapter 6 and Appendix G).

3. Suggest guidance for regulatory authorities on approaches to address and minimize test method
variability (Chapter 6).  In addition, the document is intended to provide guidance to regulatory
authorities, permittees, and testing laboratories on conducting the biological and statistical methods
and evaluating test effect concentrations (Chapter 5). 

This document does not address effluent variability.  It does, however, discuss how handling effluent
samples can affect tests.  Chapter 2 provides definitions of terms used and discusses the ways in which
variability can be quantified.  Chapter 3 describes the variability of the effect concentration estimates (EC25,
LC50, and NOEC) and the variability of endpoint measurements (survival, growth, and reproduction).
Chapter 4 discusses WET variability in the context of chemical-specific method variability.  Chapter 5
provides guidance to permittees, testing laboratories, and regulatory authorities to minimize test method
variability.  Chapter 6 provides guidance to regulatory authorities on how to determine reasonable potential
(RP) and derive permit limits or monitoring triggers and evaluate self-monitoring data.  Chapter 7 presents
EPA’s principal conclusions.  Chapter 8 is a bibliography containing a list of documents cited herein and
additional reading material.
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2.0  DEFINITION AND MEASUREMENT OF METHOD VARIABILITY 
IN WET TESTING

The terms used to express toxicity test results are defined in this chapter, and methods for quantifying
WET test method variability are discussed.  Additional terms used throughout this document, along with their
definitions, are provided in the Glossary as part of the front matter of this document.

2.1 Terms and Definitions 

Biological endpoints are the biological observations recorded when conducting toxicity tests.  These
observations may include the number of surviving organisms or the number of young produced.  There are
two basic types of biological endpoints:  responses recorded as response/no response (e.g., dead or alive) are
quantal data; responses recorded as a measured response (e.g., weight) or as a count (e.g., number of young
produced) are considered continuous data.  For most WET tests, the observations for each tested
concentration are combined and then reported as an average or percentage to represent the biological
endpoint.  For example, the fathead minnow larval survival and growth chronic test method has two
biological endpoints (i.e., percent survival and average dry weight for each test concentration).

Effect concentrations are concentrations of a test material (i.e., effluent, referent toxicant, receiving
water) derived from the observed biological endpoints followed by data analysis using either hypothesis
testing procedures or point estimate techniques.  Effect concentrations derived using point estimation
techniques represent the concentration of a test material at which a predetermined level of effect occurs.  For
example, LC50 is the lethal concentration at which 50 percent of the organisms respond.  Effect
concentrations commonly estimated for WET methods are LC50, EC50 (effect concentration at which a 50-
percent effect occurs), and IC25 (inhibition concentration at which a 25-percent effect occurs).  Hypothesis
test methods are used to determine the no observed effect concentration (NOEC).  The NOEC represents the
highest effect concentration in the test concentration response that is not significantly different from the
control response.  Multiple statistical endpoints can be derived for each WET method.  For example, the
endpoints for the fathead minnow larval survival and growth chronic test can be reported as an EC25 for
growth, an NOEC for growth, an LC50 (or EC50) for survival, and an NOEC for survival.

2.2 Defining WET Test Variability

As with any measurement process, WET tests have a degree of variability associated with the test
method performance.  Three measures of variability related to WET tests are within-test variability, within-
laboratory variability, and between-laboratory variability.

• Within-test (intra-test) variability is the variability in test organism response within a
concentration averaged across all concentrations of the test material in a single test.

• Within-laboratory (intra-laboratory) variability is the variability that is measured when tests
are conducted using specific methods under reasonably constant conditions in the same laboratory.
Within-laboratory variability, as used in this document, includes within-test variability.  The
American Society for Testing and Materials (ASTM) uses the term “repeatability” to describe
within-laboratory variability.  Repeatability is estimated (as a sample variance or standard
deviation) by repeating a test method under realistically constant conditions within a single
laboratory.  

• Between-laboratory (inter-laboratory) variability is the variability between laboratories.  It is
measured by obtaining results from different laboratories using the same test method and the same
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test material (e.g., reference toxicant).  Between-laboratory variability, as used in this document,
does not include the within-laboratory component of variance.  ASTM uses the term
“reproducibility” to describe between-laboratory variability.  Reproducibility is estimated by
having nearly identical test samples (duplicates or splits) analyzed by multiple laboratories using
similar standard methods.  Although reproducibility is generally synonymous with between-
laboratory variability, estimates of reproducibility may combine within-laboratory and between-
laboratory components of variance, making between-laboratory variability numerically larger than
within-laboratory variability as defined above.  

For  purposes of consistency, EPA uses the terms within-laboratory and between-laboratory variability
throughout this document.

Numerous factors can affect the variability of any toxicity test method.  These factors include the
number of test organisms, the number of treatment replicates, randomization techniques, the source and
health of the test organisms, the type of food used, laboratory environmental conditions, and dilution water
quality.  The experience of the analyst performing the test, analyzing the data, and interpreting the results
may also affect variability (Grothe et al. 1996, Fulk 1996).

2.3 Quantifying WET Test Variability 

Historically, information on the variability of toxicity tests has been developed using effect
concentrations, such as the NOEC, EC25, EC50, and LC50 for survival, fecundity, and growth.  Variability
measures should be quantified based on the end use of the data (i.e., effect concentrations) and be directly
related to the WET permit requirement.  Typically, the effect concentrations are the endpoints used for
evaluating self-monitoring results.  The variability of the effect concentrations is quantified by obtaining
multiple test results under similar test conditions using the same test material.  For example, the sample
standard deviation and mean for EC25 obtained from multiple monthly reference toxicant tests for the
fathead minnow survival and growth chronic test conducted at one laboratory would quantify “within-
laboratory” variability for that laboratory.  EPA used this approach to evaluate data for the development of
this document (see Chapter 3).

Examining variability for each effect concentration of each biological endpoint for each test method
is essential.  The biological endpoints may be different for various toxicants and effluents.  One biological
endpoint, such as reproduction, may be more sensitive to a certain toxicant than another endpoint, such as
survival.  That sensitivity may be reversed for a different toxicant.  Alternatively, an endpoint may be more
sensitive to one toxicant than another toxicant.

Three other measures of variability (which are not addressed in this document) that have been applied
to WET tests are:  

1. Determine the variability of the biological endpoint response.  For example, the variance of the
biological response (e.g., growth and survival) can be calculated.  This approach is useful, but does
not quantify variability of the WET test effect concentration, which is important in the context of
this document.

2. Quantify the uncertainty of each test point estimate (e.g., the EC50, EC25, or LC50) using
confidence intervals, which reflect within-test variability.

3. Use the standard deviation to quantify the uncertainty in the mean of the replicate response at each
concentration within a particular test.  For example, laboratories can compare the standard
deviations of the average weight of fathead minnow larvae in four chronic tests at one test
concentration, such as 1 mg/L sodium chloride.  These standard deviations may be pooled across
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all the concentrations when data have been transformed (if necessary) to give similar variances at
each concentration.  From the pooled variance, one may calculate a minimum significant difference
(MSD) value, which is a useful indication of test sensitivity (see Chapters 3 and 5).  In this
document, the standard deviation at each concentration was not evaluated as a measure of
variability.  However, the MSD was considered as a measure of WET test variability.
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3.0  VARIABILITY OF WET TEST METHODS

Chapter 3 describes the variability of effect concentration estimates (EC25, LC50, and NOEC) and
endpoint measurements (survival, growth, and reproduction).  For definitive studies of the variability of WET
methods, readers should also refer to the TSD (USEPA 1991a, Part 1.3.3) and to WET methods manuals
(USEPA 1993, 1994a, 1994b).  EPA will complete and report on a new between-laboratory study of
promulgated methods in 2000 or 2001.  

3.1 Acquisition, Selection, and Quality Assurance of Data Presented in This Document 

EPA solicited data for reference toxicant tests from laboratories that conduct WET tests and use
reference toxicant testing as part of their quality control (QC) program.  Reference toxicant testing is
required, as specified in EPA toxicity test methods, to document laboratory performance over time for
laboratories conducting self-monitoring tests.  When laboratories are conducting effluent tests, at least one
reference toxicant test must be conducted each month using the same toxicant, test concentrations, dilution
water, and data analysis methods.  These reference toxicant tests must be conducted using the same test
conditions (type of dilution water, temperature, test protocol, and species) that are used for WET tests
conducted by the laboratory.  

Reference toxicant tests were used to characterize method variability because, in contrast to effluent
samples, fixed concentrations of known toxicants are used.  Only with this standardization is it possible to
conclude that variability of the effect concentration estimates is derived from the sources discussed above,
rather than from changes in the toxicant.  

EPA received reference toxicant test data from several States, private laboratory sources, and the EPA
Regions.  Data sources used for these analyses include the EPA National Toxicant Reference Database
(NTRD), the EPA Region 9 Toxicity Data Base, and laboratory bench sheets voluntarily submitted by
independent sources.  Although the data do not represent a random sample of laboratories or tests, they do
represent a widespread sampling of typical laboratories and practices.  

EPA required that reference toxicant tests included in its data base meet the following four criteria: 

1. Test records documented the test method, organism, test date, laboratory, reference toxicant, and
individual biological responses in the concentration series.

2. Data for each replicate were provided as required in the published method using the current test
method.  

3. The test used at least five toxicant concentrations and a control for the most commonly reported
chronic toxicity test methods—(1) 1000.0, fathead minnow larval survival and growth; (2) 1002.0,
Ceriodaphnia survival and reproduction; and (3) 1006.0, inland silverside survival and growth.  For
other chronic toxicity test methods, the test used at least four toxicant concentrations and a control
because the methods permitted, in the recent past, the use of only four concentrations.

4. EPA personnel or an EPA contractor calculated the effect concentration, verified that all test
acceptability criteria (TAC) had been met, and verified that the statistical flowchart had been
followed correctly.  Thus, all summary statistics and estimates were calculated from the replicate
data and strictly followed the most current EPA test methods.  
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 Details of data quality assurance and test acceptance are provided in a separate document, available
at EPA’s Office of Water docket, located in the Office of Science and Technology [“Whole Effluent Toxicity
(WET) Data Test Acceptance and Quality Assurance Protocol”].  An attachment to that document provides
a laboratory-by-laboratory listing of quality assurance flags, test dates, and toxicant concentrations, as well
as summary statistics by laboratory for the NOEC, EC25, and LC50 estimates and test endpoints (survival,
growth, reproduction, etc.).  Laboratories are not identified by name.

The data set of reference toxicant tests includes information from 75 laboratories for 23 methods for
tests conducted between 1988 and 1999.  This document addresses, and provides specific guidance on, the
variability of methods promulgated by EPA in 40 CFR Part 136 (Table 3-1).  The data are also used to
develop between-laboratory interim estimates of method variability for the promulgated methods
(Appendix A).  The Agency identifies these CVs as “interim;” EPA may revise some or all of these estimates
based on between-laboratory studies to evaluate some of the promulgated test methods.

The next section presents summary statistics for the promulgated methods.  Summary statistics for all
methods in the data set appear in Appendix B.  For methods represented by a few laboratories, summary
statistics should not be considered representative of method performance.  For example, EPA’s Office of
Water usually relies on acceptable data from at least six laboratories (USEPA 1996b) when it conducts a
multi-laboratory study to quantify method performance.  The data used here have not been obtained under
conditions as rigorous as those applied to a between-laboratory study and for that reason, may overestimate
variability, particularly for the extremes.  

Coefficients of variation are used as descriptive statistics for NOECs in this document.  Because
NOECs can take on only values that correspond to concentrations tested, the distribution (and CV) of NOECs
can be influenced by the selection of experimental concentrations, as well as additional factors (e.g., within-
test variability) that affect both NOECs and point estimates.  This makes CVs for NOECs more uncertain
than the CVs for point estimates, and the direction of this uncertainty is not uniformly toward larger or
smaller CVs.  Despite these confounding issues, CVs are used herein as the best available means of
expressing the variability of interest in this document and for general comparisons among methods.  Readers
should be cautioned, however, that small differences in CVs between NOECs and point estimates may be
artifactual; large differences are more likely to reflect real differences in variability (a definition of what is
“small” or “large” would require a detailed statistical analysis and would depend upon the experimental and
statistical details surrounding each comparison).  NOECs can only be a fixed number of discrete values; the
mean, standard deviation, and CV cannot be interpreted and applied as they are for a continuous variable
such as the EC25 or EC50.  For instance, the typical reference toxicant test might result in only three
observed NOEC values, most of them at one or two concentrations.  The mean will fall between tested
concentrations, as will the stated confidence intervals; thus, these do not actually represent expected
outcomes, only approximations of the expected outcome.

As an alternative to CVs, ratios are used to quantify variability of EC25, EC50, and NOEC
measurements in Appendix B.  Ratios of measurements have been used previously to quantify and compare
variability of NOEC and EC50 (Chapman et al. 1996b, Dhaliwal et al. 1997).

3.2 Variability of EC25, LC50, and NOEC 

3.2.1 Within-Laboratory Variability of EC25, LC50, and NOEC

This section characterizes the within-test and within-laboratory variability of effect concentration
estimates.  Tables 3-2 through 3-4 summarize variation across laboratories of the within-laboratory
coefficients of variation (CVs), without respect to reference toxicant tested.  Tables showing more extensive
summaries appear in Appendix B (Tables B-1 through B-3).
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Table 3-1.  Promulgated WET Methods Included in This Report 

Test 
Method No. Test Method

EPA Data Base

Toxicants Tests Labs

Freshwater Methods for Chronic Toxicitya 
1000.0 Pimephales promelas, Fathead Minnow Larval

Survival and Growth Test
Cd, Cr, Cu, KCl, NaCl,

NaPCP, SDS
205 19

1000.0 Pimephales promelas, Fathead Minnow Embryo-
Larval Survival and Teratogenicity Test

0 0

1002.0 Ceriodaphnia dubia, Water Flea Survival and
Reproduction Test

Cd, Cu, KCl, NaCl, NaPCP 393 33

1003.0 Selenastrum capricornutum,b Green Alga Growth
Test

Cu, NaCl, Zn 85 9

Marine & Estuarine Methods for Chronic Toxicityc

1004.0 Cyprinodon variegatus, Sheepshead Minnow
Larval Survival and Growth Test

Cd, KCl 57 5

1005.0 Cyprinodon variegatus, Sheepshead Minnow
Embryo-larval Survival and Teratogenicity Test

0 0

1006.0 Menidia beryllina, Inland Silverside Larval
Survival and Growth Test

Cr, Cu, KCl, SDS 193 16

1007.0 Americamysis (Mysidopsis) bahia, Mysid
Survival, Growth, and Fecundity Test

Cr, Cu, KCl 130 10

1008.0 Arbacia punctulata, Sea Urchin Fertilization Test 0 0

1009.0 Champia parvula, Red Macroalga Reproduction
Test

Cu, SDS 23 2

Methods for Acute Toxicity d,e 
2000.0 Fathead Minnow Survival Test Cd, Cu, KCl, NaCl, NaPCP 217 21

2002.0 Ceriodaphnia dubia Survival Test Cd, Cu, KCl, NaCl, NaPCP 241 23

2004.0 Sheepshead Minnow Survival Test SDS 65 3

2006.0 Inland Silverside Survival Test Cd, KCl, SDS 48 5

2007.0 Mysid (A. bahia) Survival Test Cd, Cu, SDS 32 3

2011.0 Mysid (H. costata) Survival Test Cd, SDS 14 2

2019.0 Rainbow Trout Survival Test Cu, Zn 10 1

2021.0 Daphnia magna Survival Test Cd 48 5

2022.0 Daphnia pulex Survival Test Cu, NaCl, SDS
Cd, Cu, NaCl, NaPCP

57 6

a See publications EPA/600/4-89-001 (USEPA 1989) and EPA/600/4-91-002 (USEPA 1994b).
b The genus and species names for Selenastrum capricornutum have been changed to Raphidocelis subcapitata.  In this

document, however, Selenastrum capricornutum is used to avoid confusion.
c See publication EPA/600/4-91-003 (USEPA 1994a) and EPA/600/4-87/028 (USEPA 1988).
d See publications EPA/600/4-85/013 (USEPA 1985) and EPA/600/4-90/027F (USEPA 1993).
e EPA did not assign method numbers for acute methods in EPA/600/4-90/027F.  The numbers assigned here were created for

use in this document and in related materials and data bases.
Reference toxicant codes:
Cd cadmium
Cr chromium
Cu copper
KCl potassium chloride

NaCl sodium chloride
NaPCP sodium pentachlorophenate
SDS sodium dodecyl sulfate
Zn zinc
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Table 3-2. Quartiles (25th and 75th) and Median (50th) of the Within-Laboratory Values of CV for
EC25 (Chronic Tests)

Test Methoda

Test 
Method

No.
Endpoint

b
No. of 
Labs

Percentiles of CV

25th 50th 75th

Fathead Minnow Larval Survival & Growth 1000.0 G 19 0.21 0.26 0.38 

Fathead Minnow Larval Survival & Growth 1000.0 S 16 0.11 0.22 0.32 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 0.17 0.27 0.45 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 25 0.11 0.23 0.41 

Green Alga (Selenastrum) Growth 1003.0 G 6 0.25 0.26 0.39 

Sheepshead Minnow Larval Survival & Growth 1004.0 G 5 0.09 0.13 0.14 

Sheepshead Minnow Larval Survival & Growth 1004.0 S 2 0.15 0.16 0.17 

Inland Silverside Larval Survival & Growth 1006.0 G 16 0.18 0.27 0.43 

Inland Silverside Larval Survival & Growth 1006.0 S 13 0.22 0.35 0.42 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 F 4 0.30 0.38 0.41 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 0.24 0.28 0.32 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 7 0.17 0.21 0.28 

Red Macroalga (Champia parvula) Reproduction 1009.0 R 2 0.58 0.58 0.59 
a Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia
b G = growth, S = survival, R = reproduction, F = fecundity

Table 3-3. Quartiles (25th and 75th) and Median (50th) of the Within-Laboratory Values of CV
for LC50

Test Methoda
Test

 Method No.
Endpoint

b
No. of 
Labs

Percentiles of CV

25th 50th 75th

Freshwater Methods for Chronic Toxicityc

Fathead Minnow Larval Survival & Growth 1000.0 S 19 0.15 0.23 0.31 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 33 0.10 0.16 0.29 

Sheepshead Minnow Larval Survival & Growth 1004.0 S 5 0.07 0.08 0.12 

Inland Silverside Larval Survival & Growth 1006.0 S 16 0.16 0.28 0.35 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 10 0.16 0.26 0.27 

Methods for Acute Toxicityd,e

Fathead Minnow Larval Survival 2000.0 S 21 0.10 0.16 0.19 

Ceriodaphnia (Cd) Survival 2002.0 S 23 0.11 0.19 0.29 

Sheepshead Minnow Survival 2004.0 S 5 0.12 0.14 0.21 

Inland Silverside Larval Survival 2006.0 S 5 0.15 0.16 0.21 

Mysid (Ab) Survival 2007.0 S 3 0.17 0.25 0.26 

Mysid (Hc) Survival 2011.0 S 2 0.27 0.30 0.34 

Rainbow Trout Survival 2019.0 S 1 0.23 0.23 0.23 

Daphnia (Dm) Survival 2021.0 S 5 0.07 0.22 0.24 

Daphnia (Dp) Survival 2022.0 S 6 0.19 0.21 0.27 
a Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia magna, 

Dp = Daphnia pulex
b S = survival
c See publications EPA/600/4-89-001 (USEPA 1989) and EPA/600/4-91-002 (USEPA 1994b).
d See publications EPA/600/4-85-013 (USEPA 1985 and EPA/600/4-90/027F (USEPA 1993).
e EPA did not assign method numbers for acute methods in EPA/600/4-90/027F.  The numbers assigned here were created for

use in this document and in related materials and data bases.
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Table 3-4. Quartiles (25th and 75th) and Median (50th) of the Within-Laboratory Values of
CV for NOEC

Test Methoda

Test
Metho

d
No.

Endpoint
b

No. of 
Labs

Percentiles of CV

25th 50th 75th

Freshwater Methods for Chronic Toxicityc

Fathead Minnow Larval Survival & Growth 1000.0 G 19 0.22 0.37 0.53 

Fathead Minnow Larval Survival & Growth 1000.0 S 19 0.26 0.39 0.48 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 0.25 0.33 0.49 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 33 0.21 0.30 0.43 

Green Alga (Selenastrum) Growth 1003.0 G 9 0.40 0.46 0.56 

Marine & Estuarine Methods for Chronic Toxicityd

Sheepshead Minnow Larval Survival & Growth 1004.0 G 5 0.34 0.40 0.44 

Sheepshead Minnow Larval Survival & Growth 1004.0 S 5 0.14 0.18 0.24 

Inland Silverside Larval Survival & Growth 1006.0 G 16 0.31 0.46 0.57 

Inland Silverside Larval Survival & Growth 1006.0 S 16 0.30 0.42 0.55 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 F 4 0.17 0.36 0.40 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 0.35 0.39 0.43 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 10 0.28 0.33 0.38 

Red Macroalga (Champia parvula) Reprod.  1009.0 R 2 0.85 0.10 0.12 

Methods for Acute Toxicitye,f

Fathead Minnow Larval Survival 2000.0 S 21 0.18 0.22 0.34 

Ceriodaphnia (Cd) Survival 2002.0 S 23 0.18 0.35 0.41 

Sheepshead Minnow Survival 2004.0 S 3 0 0.31 0.33 

Inland Silverside Larval Survival 2006.0 S 5 0 0.33 0.35 

Mysid (Ab) Survival 2007.0 S 3 0.29 0.38 0.43 

Mysid (Hc) Survival 2011.0 S 2 0.21 0.26 0.31 

Rainbow Trout Survival 2019.0 S 1 0.35 0.35 0.35 

Daphnia magna (Dm) Survival 2021.0 S 5 0.09 0.36 0.47 

Daphnia pulex (Dp) Survival 2022.0 S 6 0.21 0.38 0.61 
a Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia

magna, Dp = Daphnia pulex
b G = growth, S = survival, R = reproduction, F = fecundity
c See publications EPA/600/4-89-001 (USEPA 1989) and EPA/600/4/4-91-002 (USEPA 1994b).
d See publication EPA/600/4-91-003 (USEPA 1994a) and EPA/600/4-87/028 (USEPA 1988).
e See publications EPA/600/4-85/013 (USEPA 1985) and EPA/600/4-90/027F (USEPA 1993).
f EPA did not assign method numbers for acute methods in EPA/600/4-90/027F.  The numbers assigned here were

created for use in this document and in related materials and data bases.

Effect concentrations having a p-percent effect are symbolized as ECp and may be calculated for
sublethal and lethal (survival) endpoints (USEPA 1993,1994a,1994b).  Effect concentrations commonly
estimated for WET methods are LC50, EC50, IC25, and EC25.  The symbol ECp is more general and may
be used to represent an LCp, ECp, or ICp endpoint.  To simplify presentation of results in this document, the
term EC25 is used to represent the concentration at which a 25-percent effect has occurred for either lethal
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or sublethal endpoints.  The term LC50 is used to represent the concentration at which a 50-percent effect
has occurred for lethal endpoints.  The EC25 for survival is not routinely used in generating self-monitoring
data and is presented here for comparison to the EC25 for sublethal endpoints (i.e., IC25).  Estimates of
EC25, LC50, and NOEC were calculated for this document as required in the EPA test methods (USEPA
1993, 1994a, 1994b).  A CV is reported for NOEC measurements in this document.  See Appendix A for
further details.

The results in Tables 3-2 through 3-4 were obtained as follows, using as an example the EC25 of the
growth endpoint in Method 1000.0 (fathead minnow larval chronic test) on the first row of Table 3-2.  The
CV of the EC25 estimates was calculated for each laboratory.  This calculation resulted in 19 CVs (one per
laboratory with each laboratory tested using one toxicant).  The sample percentiles were calculated for this
set of 19 CVs.  In Table 3-2, the column headed “50th” shows the 50th percentile (median value) of CV found
across these 19 laboratories; the 50th percentile value is 0.26.  In the column headed “75th,” the 75th percentile
CV is reported as 0.38.  When a method is represented by fewer than four laboratories, the minimum and
maximum CVs are shown in the columns headed “25th” and “75th,” respectively.  Note that these CVs
represent within-laboratory variability, and that Tables 3-2 through 3-4 show the quartiles and median of the
within-laboratory CVs.  These tables thus report the typical range of within-laboratory test method variation.

Variation across laboratories in the CV for effect concentration estimates (Tables 3-2 through 3-4) may
be summarized as follows, ignoring methods represented by only one or two laboratories.  [Refer to the
column headed “75th” (the 75th percentile).]

For the EC25 of the growth and reproduction endpoints in chronic toxicity tests, 75 percent of
laboratories have a CV no more than 0.14 to 0.45 depending on the method (Table 3-2).  For the two most
commonly used methods (1000.0, fathead minnow larval chronic test; and 1002.0, Ceriodaphnia chronic
test), 75 percent of the laboratories have CVs no more than 0.38 and 0.45, respectively.

For the LC50 of the survival endpoint in chronic toxicity tests, 75 percent of laboratories have a CV
no more than 0.12 to 0.35, depending on the method.  For the two most commonly used methods (1000.0 and
1002.0), 75 percent of laboratories have CVs no more than 0.31 and 0.29, respectively (Table 3-3).  For the
LC50 in acute toxicity tests, 75 percent of laboratories have a CV no more than 0.19 to 0.29, depending on
the method.  For the two most commonly used methods (2000.0 and 2002.0), 75 percent of laboratories have
CVs no more than 0.19 and 0.29, respectively.  

For the NOEC of growth or reproduction endpoints in chronic toxicity tests, 75 percent of laboratories
have a CV no more than 0.40 to 0.57, depending on the method.  For the two most commonly used methods
(1000.0 and 1002.0), 75 percent of laboratories have CVs no more than 0.53 and 0.49, respectively (Table
3-4).  For the NOEC of survival in chronic toxicity tests, 75 percent of laboratories have a CV no more than
0.24 to 0.55, depending on the method.  For the two most commonly used methods (1000.0 and 1002.0), 75
percent of laboratories have CVs no more than 0.48 and 0.43, respectively.  For the NOEC of survival in
acute toxicity tests, 75 percent of laboratories have a CV no more than 0.34 to 0.61, depending on the
method.  For the two most commonly used acute methods (2000.0 and 2002.0), 75 percent of laboratories
have CVs no more than 0.34 and 0.41, respectively.  

Appendix B discusses the range of toxicant concentrations reported as the NOEC.  For chronic toxicity
tests, most laboratories report the NOEC to within two to three concentration intervals, and half the
laboratories report most NOECs within one to two concentration intervals for reference toxicants.  For acute
toxicity tests, most laboratories report NOECs at one or two concentrations.  This outcome agrees with
EPA’s expected performance for these methods.  The normal variation of the effect concentration estimate
in reference toxicant tests has been reported for some EPA WET methods (USEPA 1994a, 1994b) to be plus
or minus one dilution concentration for the NOEC and less for LC50.  
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3.2.2 Between-Laboratory Variability of EC25, LC50, and NOEC

The data set compiled for this document provided reasonable estimates of between-laboratory
variability for only a few methods.  For many methods and toxicants, there were too few laboratories in the
data base.  Additional summaries of between-laboratory variability of WET methods are included in the TSD
(USEPA 1991a, Part 1.3.3) and the WET methods manuals (USEPA 1994a, 1994b).  EPA also intends to
provide new data in a forthcoming EPA between-laboratory study of promulgated methods.  

Using the data set, credible estimates of between-laboratory variability could be made for a few
toxicants and methods having data for six or more laboratories (Table 3-5).  The statistical methods are
described in Appendix B.  Table 3-5 shows values of the square root of within-laboratory and between-
laboratory variance components (i.e., standard deviations, F).  The standard deviations and mean are
expressed in units of toxicant concentration (e.g., g/L or mg/L).  Between-laboratory Fb estimates the
standard deviation for laboratory means of EC25, LC50, and NOEC.  The “Mean” column in Table 3-5
shows the mean of the laboratory means, not the mean for all tests.  Because the number of tests differed
among laboratories, these two means are different.  These data suggest that between-laboratory variability
(Fb) is comparable to within-laboratory variability (Fw) for the methods listed in the table.

In Table 3-5, the ratio of Fb to the mean is an estimate of the relative variability (CVb) of laboratory
means around their combined mean.  The ratio of Fw to the mean may approach the value of the average
within-laboratory CV when the sample of laboratories is large, but to characterize within-laboratory CVs,
readers should use Tables 3-2 through 3-4.  

Table 3-5. Estimates of Within-Laboratory and Between-Laboratory 
Components of Variabilitya 

Test
Methodb

Test EC
Estimate Toxicant

End-
Pointc Tests Labs

Within-lab
FFW

Between-lab
FFb Mean CVw CVb

1000.0 EC25 NaCl G 73 6 0.67 0.44 2.63 0.25 0.17

1000.0 LC50 NaCl S 73 6 1.14 0.45 4.15 0.27 0.11

1000.0 NOEC N Cl G 73 6 0.72 0.35 2.18 0.33 0.16

1000.0 NOEC NaCl S 73 6 0.96 0.51 2.43 0.40 0.21

1002.0 EC25 NaCl R 292 23 0.29 0.27 0.92 0.32 0.29

1002.0 LC50 NaCl S 285 23 0.48 0.24 1.78 0.27 0.13

1002.0 NOEC NaCl G 292 23 0.28 0.18 0.74 0.38 0.24

1002.0 NOEC NaCl S 292 23 0.47 0.26 1.42 0.33 0.18

1006.0 EC25 Cu G 130 9 45.1 52.4 97.4 0.46 0.54

1006.0 LC50 Cu S 130 9 48.4 70.7 127.0 0.38 0.56

1006.0 NOEC Cu G 130 9 51.8 44.4 80.1 0.65 0.55

1006.0 NOEC Cu S 130 9 34.2 39.5 65.4 0.52 0.60

2000.0 LC50 NaCl S 154 14 1.05 1.24 7.46 0.14 0.17

2002.0 LC50 NaCl S 167 15 0.36 0.38 1.97 0.18 0.19
a Fw = within-laboratory standard deviation, Fb = between-laboratory standard deviation 

CVw = within-laboratory coefficient of variation, CVb = between-laboratory coefficient of variation
b EPA did not assign method numbers for acute methods in EPA/600/4-90/027F.  The numbers assigned here

were created for use in this document and in related materials and data bases.
c G = growth, S = survival, R = reproduction
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3.3 Variability of Endpoint Measurements

This section characterizes the within-laboratory precision of endpoint measurements (e.g., growth,
reproduction, and survival).  Endpoint variability in methods for chronic toxicity is characterized here using
sublethal endpoints.  The sublethal endpoint was designed to be more sensitive than the survival endpoint,
and it incorporates the effect of mortality (i.e., it incorporates biomass).  For example, for the chronic
survival and growth fathead minnow larval test, the total dry weight at each replicate is divided by the
original number of larvae, rather than the surviving number of larvae.

EPA reports measures of test precision based on the control CV [(control standard deviation)/(control
mean)] and the “Percent MSD” [100×MSD/(control mean)], symbolized as PMSD.  Recall that MSD, the
“minimum significant difference,” is calculated as [d /EMS /(2/r)], where “d” is the critical value of
Dunnett’s statistic when comparing “k” treatments to a control, EMS is the error mean square from the
analysis of variance of the endpoint responses, and “r” is the number of replicates at each concentration
(USEPA 1993, 1994a, 1994b).  These measures of test precision quantify within-test variability, or the
sensitivity of each test to toxic effects on the biological endpoint.  

Measures of variability relative to the control mean are used for two reasons.  First, a laboratory having
consistently large mean endpoint values for the control will also tend to have larger values of MSD and
control standard deviation.  Second, PMSD is readily interpreted as the minimum percent difference between
control and treatment that can be declared statistically significant in a WET test.  A significant effect occurs
when (control mean - treatment mean) exceeds the MSD.  Dividing by the control mean and multiplying by
100 states this relationship in terms of the percent difference between control and treatment.

To characterize the distribution of values of PMSD, values from all laboratories and toxicants for a
given method and endpoint were combined, and sample percentiles reported.  Percentiles are also reported
for the CV of the control, which also indicates variability among replicates under non-toxic conditions and
may be a useful indicator of uniformity of the test organisms.  The sample percentiles are reported in more
detail in Appendix B; the 10th and 90th percentiles are shown in Table 3-6.  Method 1009.0 (red macroalga) is
omitted from Table 3-6 because it would be inadvisable to characterize method variability using only 23 tests
from only two laboratories.

The 90th percentile may be used as an upper PMSD bound (i.e., a limit on the insensitivity of a test).
The 10th percentile may be used as a lower PMSD bound for declaring a significant difference or a lower
limit to test sensitivity.  The 90th percentile has been used in other WET programs (Chapter 5).  The 95th

percentile is used as a practical upper limit for the variability of analytical results in well-controlled between-
laboratory  studies that use a standard protocol and specific quality assurance procedures (ASTM 1992, 1998;
USEPA 1993, 1996a, 1996b).  The tests summarized here have not been subjected to the rigorous
standardization and quality assurance of collaborative studies, and the data have not been screened for
outliers as specified by ASTM Practices D2777 and E691 (ATSM 1992, 1998).  These considerations justify
using the sample 90th percentile to set an upper bound.  A lower bound is necessary to avoid creating a
disincentive for improving test precision and to objectively specify a limit to the test sensitivity achieved in
practice.  If no more than ten percent of tests are more precise than this lower bound, then in practice, the
analytical method rarely detects toxic effects of this small magnitude.  

When comparing values in Table 3-6 to a test result, it is important that the test’s MSD be calculated
according to procedures described in the EPA method manuals (USEPA 1993, 1994a, 1994b) for Dunnett’s
test for multiple comparisons with a control (see Section 6.4.1).  An analysis of variance (ANOVA) is
conducted using several treatments, including the control.  EPA methods require excluding from the ANOVA
those concentrations for which no organisms survived in any replicate.  For a sublethal endpoint,
concentrations are excluded from the analysis if they exceed the NOEC for survival.  The MSD is calculated
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using the square root of the error mean square (rEMS) from the ANOVA, and using Dunnett’s critical value
(which depends on the number of replicates and concentrations used in the ANOVA).

Table 3-6. Range of Relative Variability for Endpoints of Promulgated WET Methods, Defined
by the 10th and 90th Percentiles from the Data Set of Reference Toxicant Testsa

Test Methodb Endpointc
No. of
Labs

No. of
Tests

PMSD Control CVd

10th 90th 10th 90th 

1000.0 Fathead Minnow G 19 205 9.4 35 0.035 0.20

1002.0 Ceriodaphnia dubia R 33 393 11 37 0.089 0.42

1003.0 Green Alga G 9 85 9.3 23 0.034 0.17

1004.0 Sheepshead Minnow G 5 57 6.3 23 0.034 0.13

1006.0 Inland Silverside G 18 193 12 35 0.044 0.18

1007.0 Mysid G 10 130 12 32 0.088 0.28

2000.0 Fathead Minnow S 20 217 4.2 30 0 0.074

2002.0 Ceriodaphnia S 23 241 5.0 21 0 0.11

2004.0 Sheepshead Minnow S 5 65 0e 55 0 0

2006.0 Inland Silverside S 5 48 7.0 41 0 0.079

2007.0 Mysid (A. bahia) S 3 32 5.1 26 0 0.081

2011.0 Mysid (H. costata) S 2 14 18 47 0 0.074

2021.0 Daphnia (D. magna) S 5 48 5.3 23 0 0.11

2022.0 Daphnia (D. pulex) S 6 57 5.8 23 0 0.11
a The precision of the data warrants only three significant figures.  When determining agreement with these values, one may

round off values to two significant figures (e.g., values >3.45000... and #3.5000... are rounded to 3.5).  Method 1009.0 (red
macroalga) is not reported because it is inadvisable to characterize method variability using only 23 tests from just two
laboratories. 

b EPA did not assign method numbers for acute methods in EPA/600/4-90/027F.  The numbers assigned here were created for
use in this document and in related materials and data bases.

c G = growth, R = reproduction, S = survival 
d CVs were calculated using untransformed control means for each test.
e An MSD of zero will not occur when the EPA flow chart for statistical analysis is followed.  In this report, MSD was

calculated for every test, including those for which the flow chart would require a nonparametric hypothesis test.  EPA
recommends using the value 4.2 (the 10th percentile shown for the fathead minnow acute test) in place of zero as the 10th

percentile PMSD (lower PMSD bound) for the sheepshead minnow acute test.

The MSD was calculated for all test results reported here, including those for which non-normality and
heterogeneity of variance were indicated.  Thus, this document presents MSD as an approximate index of
test sensitivity.  Estimates of power are also approximate.  The MSD generally will be related to test
sensitivity, even when the assumptions for ANOVA and Dunnett’s test are not strictly satisfied.   

Table 3-7 shows the number of laboratories in the WET variability data set having tests exceeding the
upper PMSD bound reported in Table 3-6.  One-half to two-thirds of the laboratories never or infrequently
exceeded the bound, and roughly one in five exceeded it in at least 20 percent of their tests.  By definition
of the 90th percentile, about 10 percent of all the tests exceeded the bound.  
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Table 3-7. Number of Laboratories Having a Given Percent of Tests Exceeding the PMSD
Upper Bound for the Sublethal Endpoint

Test Method
No. 
Labs Endpointsa

Number of Labs with Various Percentages of Tests 
Exceeding the PMSD Upper Bound

0% 0%-10% 10%-20% 20%-50% 50%-100%

1000.0 Fathead Minnow 19 G 8 2 7 2 0

1002.0 Ceriodaphnia dubia 33 R 15 7 5 6 0

1003.0 Green Alga  9 G 6 1 0 2 0

1004.0 Sheepshead Minnow  5 G 3 1 0 1 0

1006.0 Inland Silverside 16 G 6 5 1 4 0

1007.0 Mysid (growth) 10 G 5 2 0 3 0
a G = growth, R = reproduction

3.4 Conclusions about Variability of WET Methods 

3.4.1 Variability of EC25, LC50, NOEC

For EC25, the quartiles of the within-laboratory CVs ranged across the promulgated methods from 0.09
to 0.45, and the median CV ranged from 0.13 to 0.38.  For LC50, the quartiles of the within-laboratory CVs
ranged from 0.07 to 0.35, and the median CV ranged from 0.08 to 0.30.  For NOEC, the quartiles of the
within-laboratory CVs ranged from 0 to 0.61, and the median CV ranged from 0.10 to 0.46.  This summary
applies to those methods represented by at least 20 tests and three laboratories.

EPA concludes from Tables 3-2 through 3-4 that point estimates are substantially less variable than the
NOEC for the same method and endpoint, and that the LC50 for an acute toxicity test usually is less variable
than the LC50 for a chronic toxicity test.  The estimated NOEC is more variable than ECp using current
experimental designs because NOEC can take only those values equal to the concentrations tested, while ECp
interpolates between tested concentrations (there may be other, more technical reasons as well).  In principle,
NOEC could be estimated more accurately and precisely by changing the experimental design to use more
concentrations at narrower dilution ratios and by using more replicates.  The greater variability of the NOEC
underscores the desirability of using point estimates to characterize effluent toxicity.   

Tables 3-2 through 3-4 may be used as benchmarks for variability, allowing comparison of one
laboratory’s CV for reference toxicant testing with CVs reported by experienced laboratories reporting tests
that passed the TAC.  However, CVs for methods represented by too few laboratories in the table may be
atypical.  

The CVs in Tables 3-2 through 3-4 may be used as an adjunct to the control chart.  If the CV for
reference toxicant tests is above the 75th percentile in Tables 3-2 through 3-4, variability likely can be
reduced, even if the individual EC25 or LC50 values fall within the control limits.  If a control chart is
constructed using an unreasonably large standard deviation, the control limits will be unreasonable.  If a high
CV is not fully explained by an unusually small mean, the standard deviation of EC25 or LC50 should be
reduced to bring the CV within the normal range.  If the CV exceeds the 90th percentile (Appendix B), there
is no question that variability is unacceptably large.  Detailed guidance is provided in Chapter 5
(Section 5.3.1.1).  

 Tables 3-2 through 3-4 indicate the magnitude of the analytical variability that becomes part of the
variability of effluent test results under certain conditions.  This occurs when effluent test results (NOECs,
LC50s, or EC25s) fall between the lowest and highest concentrations tested.  Under other conditions, these
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CVs may not accurately represent analytical variability.  If tests give results consistently near or at the lowest
or highest concentrations tested, or if the tests often produce “less than” or “greater than” results, Tables 3-2
through 3-4 will not accurately characterize the analytical CV for such tests.  To measure the analytical CV
under such conditions, reference toxicant tests would have to be designed to have the effect concentration
at or near the lowest or highest concentration.  The CV and standard deviation measured under such
conditions are unknown, but are likely to differ from those for standard reference toxicant tests.  

The data set did not contain information supporting an analysis of the causes of between-laboratory
variability.  Possible causes may include laboratory differences in concentration series, incorrect or
ambiguous calculation or reporting of concentrations (e.g., concentration of the metal ion versus the salt),
laboratory differences in dilution water (e.g., water hardness or pH), laboratory differences in foods and
feeding regimes, and laboratory differences in cultures (genotypic and phenotypic differences in sensitivity
to various toxicants).

The lack of a standard or common reference toxicant creates a problem for permittees and regulatory
authorities attempting to evaluate and compare laboratories.  Real or apparent differences occur between
laboratories in the mean values of EC25, LC50, and NOEC.  Some of this difference is random and reflects
only the within-laboratory variance; some may be systematic.  Systematic, between-laboratory differences
can be inferred reliably only when laboratories use the same test method, use the same reference toxicants
and dilution series, use similar dilution waters, and report a sufficient number of tests.  

3.4.2 Variability of Endpoint Measurements 

EPA has selected the PMSD to characterize endpoint variability for WET test methods because it
integrates variability from several concentrations (always including the control), and it represents the MSD
used in the WET hypothesis test.  The control CV, by itself, does not fully represent the variability affecting
a WET hypothesis test or point estimate.  The PMSD also represents the variability affecting point estimates
because it is calculated using the EMS for the endpoint measurement.  (However, the standard error of a
point estimate of an effect concentration may be a complicated function of the EMS.) 

PMSD for sublethal endpoints ranged from 6 to 37 across the promulgated chronic methods.  For the
fathead minnow chronic method, PMSD ranged from 9 to 35; for the Ceriodaphnia chronic method, PMSD
ranged from 11 to 37.  Thus, most chronic tests were able to distinguish a reduction of 37 percent or smaller
in the endpoint.  Further analysis in Chapter 5 shows that most tests were unable to distinguish consistently
a 25-percent reduction.  For the survival endpoint of promulgated acute methods, PMSD ranged from 0 to
55.  For the two most commonly used acute methods (fathead minnow and Ceriodaphnia), PMSD ranged
from 4 to 30 and from 5 to 21, respectively.  Thus, PMSD varied markedly for some acute methods and not
for others.

As shown by the size of PMSD, test sensitivity to detect substantial toxic effects is occasionally
insufficient at some laboratories and routinely insufficient at a few laboratories.  Inadequate test sensitivity
is not always signaled by control charts of EC25, LC50, and NOEC.  Laboratories should consider
maintaining control charts for MSD or PMSD, and should report MSD and the control mean with all WET
tests.  

Some portion of MSDs in the WET variability data set could be considered exceptionally large, if not
outliers.  This observation underscores the importance of a careful review for each WET test, including an
examination of means and standard deviations for endpoint responses at each concentration; the plotting of
replicate data (not just concentration means); and, when necessary, a search for possible causes of excessive
variability.  The tables and plots in the promulgated methods (USEPA 1994a, 1994b) provide good examples.
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4.0  VARIABILITY IN CONTEXT

EPA manages the regulation of WET in the same way it manages the regulation of chemical-specific
pollutants in order to determine reasonable potential (RP), derive permit limits, determine data quality
control, and evaluate self-monitoring data.  Many similarities between chemical-specific toxicant and WET
controls can be found in the TSD (USEPA 1991a).  Determining RP in both cases uses many of the same
strategies.  Permit limit derivation makes similar exposure assumptions and relies on nearly identical
toxicological data bases.

Considering a value other than the best analytical estimate as a measure for WET or for specific
chemical analytes is inappropriate.  All analytical results, in either chemical-specific analyses or WET tests,
incorporate some estimated range of uncertainty.  While infrequently discussed for chemical methods,
uncertainty does play a role in the meaning of analytical results.  One end of the confidence interval likely
will be less protective of aquatic resources than the other.  The derived limit and therefore final reported
analytical results become the best estimate of the actual ecological need and assessment of the effect.  

Significant debate has occurred over assertions that WET data have too much inherent variability for
reliable use in the NPDES program.  This debate has engendered considerable evaluation of WET precision.
Groups of scientists and individual researchers have repeatedly concluded that currently promulgated WET
methods are technically sound and that the observed precision is within the range of precision of other
analyses frequently required in NPDES permits (Grothe et al. 1996).  The findings of some of the significant
sources of these conclusions are summarized below.  

4.1 Society of Environmental Toxicology and Chemistry Pellston WET Workshop

The 1995 Society of Environmental Toxicology and Chemistry (SETAC) Pellston Workshop on Whole
Effluent Toxicity convened 47 experts in the discipline to assess applied methods and their application in
the regulatory process.  Representation at the workshop was intentionally balanced among government,
business, and academic participants.  These scientists published consensus conclusions and recommenda-
tions, including the following.

4.1.1 General Conclusions and Recommendations

Grothe et al. (1996) state “Existing WET testing methods (USEPA 1985, USEPA 1988, USEPA
1989) are technically sound, but certain modifications would improve endpoint interpretation.
Such changes involve implementing improvements to currently used statistical procedures,
establishing acceptable limits for MSD values, and adding confidence limits to WET test
endpoints.”

“A number of problems with WET tests are caused by misapplication of the tests,
misinterpretation of the data, lack of competence of the laboratories conducting WET testing,
poor condition/health of test organisms, and lack of training of laboratory personnel, regulators,
and permittees.  More widespread use of WET related guidance provided in USEPA’s TSD
(1991a) would help alleviate some of these problems.  In addition, an effective QA/QC program
will improve data quality and reduce test variability.”

“Increase training opportunities for regulators and permittees to improve the implementation of
WET objectives and to promote national consistency in permitting and compliance issues.”
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“Implement a broadly based and standardized QA/QC program to improve WET testing
performance and data quality.”

“Quantify the ‘confidence’ around test endpoints to improve interpretation of WET test results.
Specific statistical methods that could improve precision are presented in Chapter 3 of this
document and processes to reduce variability are discussed in Chapter 5.  In addition, WET tests
should be performed using a dilution series of exposure concentrations to establish a dose-
response relationship.”

4.1.2 Conclusions about Data Precision

Ausley (1996) compared CVs of chemical analyses and aquatic toxicity tests conducted by North
Carolina NPDES permittees.  Ausley found that CVs of reported values for chemical analytes (including
metals, organic analytes, and non-metal inorganic analytes) ranged from 11.8 percent to 291.7 percent.
Coefficients of variation for toxicity parameters (acute and chronic Ceriodaphnia dubia, acute and chronic
Pimephales promelas, acute Daphnia pulex, and acute Mysidopsis bahia) ranged from 14.8 percent to
67.6 percent.  From this review, he concluded that “the precision of toxicity analyses is within the range of
that being reported for commonly analyzed and regulated chemical parameters.” Ausley highlighted the
difficulty in comparing precision estimates of chemical analytes and WET analyses (particularly NOECs),
noting that while chemical precision is often determined well above analytical detection, WET precision is
often based on the minimum detection level.  An assumption that WET precision will vary among toxicants
is also logical.  To establish “inherent variability,” considering toxicants that cause minimal variability in
the analysis may be appropriate.  The high coefficients of variation for some chemical parameters reported
by Ausley reflect the fact that, in practice, analytical precision can vary widely in individual studies in which
the effects of a single (or a few) poorly operating laboratory can adversely affect precision estimates.  In
practice, this kind of data must be screened for quality prior to use to evaluate self-monitoring data or
estimates of overall method quality.

Ausley’s results closely approximate analytical precision of chemical analytes referenced in the TSD
(USEPA 1991a, Chapter 1.2).  The CVs for metals (aluminum, cadmium, chromium, copper, iron, lead,
manganese, mercury, silver, and zinc) ranged from 18 percent to 129 percent at the low end of the
measurement detection range.  Between-laboratory CVs for organic analytes ranged from greater than
12 percent to 91 percent.  The CVs for non-metal analytes (alkalinity, residual chlorine, ammonia nitrogen,
Kjeldahl nitrogen, nitrate nitrogen, total phosphorus, biological oxygen demand, chemical oxygen demand,
and total organic carbon) ranged from 4.6 percent to 70 percent in between-laboratory studies of precision.

Burton et al. (1996) concluded that “USEPA-published methods are functional and appropriate in the
context of effluent toxicity control programs.”  They recommended developing limits on within-test
variability, a quality assurance and audit program, and guidance for permittee procurement of WET
analytical services.

Denton and Norberg-King (1996) cited various studies that favorably compare WET methods with
chemical analytical methods (Grothe and Kimerle 1985, Rue et al. 1988, Morrison et al. 1989, Grothe et al.
1990).  They proposed that improvements in test result consistency could be accomplished by limiting the
range of within-test variability through controls of upper and lower statistical power (e.g., limits on test
MSD).  Three practices to control within-test variability most effectively are (1) controlling within-test
sensitivity, (2) following well-defined test methods, and (3) maintaining communication within the regulatory
community.  For example, the permittee and regulatory authorities should discuss any facility-specific issues
to fully characterize the appropriate permit conditions.   
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4.2 Water Environment Research Foundation Study

Another publication, “Whole Effluent Toxicity Testing Program:  Evaluation of Practices and
Implementation” (DeGraeve et al. 1998), presents the results of a survey of publicly owned treatment works
and State regulatory programs about WET issues.  The Water Environment Research Foundation (WERF)
sponsored this study.  Conclusions by DeGraeve et al. (1998) include the following:

“The project team believes that the results demonstrate that the test methods can be routinely
completed successfully by well-trained, competent WET testing laboratories and that the results,
considered collectively, suggest that the test methods that are being used to measure WET are
technically sound.”

“There is a need for better training/guidance in WET-related issues for both the regulatory staff
responsible for implementing WET requirements and for permittees responsible for meeting WET
limits.”

DeGraeve et al. (1998) considered the conclusions of the SETAC Pellston WET publication concurring
that between-laboratory CV values of toxicity test methods were low, training of regulatory and permittee
staff is needed nationally, and strengthened quality assurance (QA)/quality control (QC) practices could
improve performance of analyses.  Unlike the SETAC Pellston WET conclusions, they found that there are
enough laboratories to meet the current market demand for analyses.  Like the SETAC effort, DeGraeve et
al. (1998) concluded that a national center of expertise on WET issues would be beneficial to provide
guidance to regulatory agencies, permittees, and laboratories.

WERF also funded a project entitled “Whole Effluent Toxicity Testing Methods:  Accounting for
Variance” (Warren-Hicks et al. 1999).  This study compared within- and between-laboratory results of
reference toxicant test variation as measures of reproducibility and comparability, respectively.  The authors
concluded that some laboratories could consistently reproduce test results, while others could not and
inferred that test precision is a factor of laboratory experience and not inherent methodological weakness.
The authors recommended that national studies be conducted to evaluate within- and between-laboratory
precision of promulgated WET test methods.  (EPA has already initiated this study.)  They also
recommended that additional test acceptability criteria (TAC), such as upper and lower bounds of MSD, be
established and incorporated in the NPDES process.  The latter recommendation corroborates other
researchers’ recommendations discussed above.

4.3 Minimizing Variability by Adhering to WET Toxicity Test Methods

Specific factors that affect variability in WET analyses have been described in several papers (Burton
et al. 1996, Ausley 1996, Erickson et al. 1998, Davis et al. 1998).  The most important initial consideration
in developing precise data is a laboratory’s experience and success in performing a specific analysis.  Most
critical reviews of WET data precision emphasize this initial consideration.  Experienced professionals most
likely will be able to develop the most consistent and reliable information and can interpret anomalous
conditions in the testing or results.   

An additional factor in considering WET test method variability is whether the prescribed methods
(e.g., the EPA toxicity test methods promulgated in 40 CFR Part 136) are being followed appropriately (see
Chapter 5).  If tests are submitted that do not meet specified TAC or are produced when laboratory QA
testing indicates analyses are beyond control limits, these results should not be used in the NPDES process.
Tests performed on effluent samples that have not met required temperature maxima or holding times should
not be considered for regulatory purposes.  Rigorous QA practices are critical to the success of any analytical
program.  Both the regulatory authority and permittee should strive to ensure that such practices are in place
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for any program developing WET data, whether by national laboratory accreditation, State regulatory
certification, direct permittee oversight, or specific contractual agreement with the laboratory.

Comparisons of WET method precision with analytes commonly limited in NPDES permits clearly
demonstrate that the promulgated WET methods are within the range of variability experienced in other
analyses.  Several researchers also noted clear indications that method performance improves when
prescribed methods are followed closely by experienced analysts (Grothe et al. 1996, DeGraeve et al. 1998).

A review of WET test results confirms that imprecise WET data are being reported.  As with any
analytical technique, inexperienced individuals can perform analyses incorrectly or fail to follow appropriate
methods and quality assurance practices.  Using the training that is available for these methods and quality
assurance techniques referenced by this document will help ensure that data of maximum reliability are used
and that sound decisions are made based on those results.  The Western Coalition of Arid States conducted
a study in 1997 (Moore et al. 2000), which reported the results of 16 tests with a non-toxic test sample using
the Ceriodaphnia dubia chronic test.  These results indicated that 43 percent of the tests showed toxicity.
EPA is in the process of reviewing the paper and the raw data.

Persons interested in WET issues may consult another source of information developed by the SETAC
Whole Effluent Toxicity Expert Advisory Panels.  This group, established under a cooperative agreement
with EPA, provides scientific opinion and training on WET technical issues.  This information is available
on the Internet at the SETAC web site, http://www.setac.org.  Appendix D contains frequently asked
questions with answers prepared by the SETAC WET Expert Advisory Panels.  The expert panels have
identified and discussed various factors that affect WET variability.

4.4 Conclusion

When the variability of WET analyses is viewed in the context of the NPDES program, these techniques
produce data that are as precise as those from chemical analyses.  As with any other analytical system, lack
of experience in performing the analyses, adherence to prescribed QA practices, or good laboratory practices
will reduce the precision of the results.  Studies of these factors by independent researchers from both the
regulatory and regulated communities support these conclusions.  While examples of poor-quality, highly
variable results from chemical analyses have also been publicized, these results are frequently influenced by
the shortcomings mentioned above.  Permittees that must generate and use WET data should become well-
educated in data quality interpretation, and permittees should require that QC practices be followed by
laboratories generating the data.  Various sources of information presented in this chapter should assist
permittees, testing laboratories, and regulatory authorities with this education process.  Examples of practices
that can further reduce the imprecision of analyses are also discussed in Chapters 5 and 6 of this document.
Additional refinements of TAC can likewise improve test power to detect effects (or the lack thereof) and
increase the statistical confidence in results.
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5.0  GUIDANCE TO REGULATORY AUTHORITIES, LABORATORIES 
AND PERMITTEES:  GENERATING AND EVALUATING 

EFFECT CONCENTRATIONS

5.1 Steps for Minimizing Test Method Variability

This chapter provides the background and recommendations on WET test procedures related to
sampling, conducting the toxicity test methods, and conducting the statistical methods.  Implementing these
recommendations should decrease or minimize WET test method variability, thereby increasing confidence
to make regulatory decisions (see Figure 5-1).  EPA stands behind the technical soundness of the current
WET test methods.  The critical steps in minimizing WET test method variability are (1) obtaining a
representative effluent sample, (2) conducting the toxicity tests properly to generate the biological endpoints,
and (3) conducting the appropriate statistical analysis to obtain powerful and technically defensible effect
concentrations.  Minimizing variability at each step increases the reliability of the WET test results.  For
example, factors that affect variability include sampling procedures; sample representativeness; deviations
from standardized test conditions (e.g., temperature, test duration, feeding); test organisms; source of dilution
water; and analyst experience and technique in conducting the toxicity tests properly (Burton et al. 1996).

5.2 Collecting Representative Effluent Samples

The goal of effluent sampling is to obtain a representative sample that reflects real-world biological
responses.  Factors affecting the representativeness of effluent samples may include the sampling location,
frequency, and type (e.g., composite or grab), and sample volume, container, preservation methods, and
holding time.  Burton et al. (1996) concluded that the above factors considerably influence test result
variability.  
 

Effluent samples must be collected at a location that represents the entire regulated flow or discharge.
Typically, the sampling site is designated in the discharge permit.  As with sampling for any parameter,
effluent samples should be collected from a location where the flow is turbulent and well-mixed.
Additionally, effluent samples should be collected at a frequency that enables adequate characterization of
the discharge over time (e.g., accounts for daily to seasonal changes and variations in effluent quality).
Major facilities should conduct WET testing monthly or quarterly, while minor facilities should conduct
WET testing semi-annually or annually.  

Appropriate sample types should be collected to represent the effluent fully.  When the effluent is
variable, collecting composite samples may be necessary.  When the effluent is less variable, grab samples
may be sufficient (e.g., from long-term retention pond facilities).

Sample containers should be non-reactive so that they do not affect sample characteristics.  Table II of
40 CFR Part 136 requires that toxicity test samples be collected in glass or plastic containers, as specified
in the methods.  Sufficient sample volume should be collected for the type of test being conducted, including
the number of test dilutions.  When samples are collected in Cubitainers®, headspace should be minimized.

Samples must be properly preserved.  Part 136 of 40 CFR requires that samples for WET testing be
cooled to 4EC when shipped off-site and between test sample renewals.  Samples must be cooled during all
phases of collection, transportation, and storage to minimize physicochemical changes.  Samples must be
tested within the specified maximum holding times before significant changes occur, such as volatilization
or biological or chemical degradation.  If samples are not tested within specified maximum holding times,
the test is invalid and must be repeated by collecting a new effluent sample and conducting a new toxicity
test to comply with the NPDES permit.
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Figure 5-1.  Steps to minimize WET test method variability.

5.3 Conducting the Biological Test Methods

Four main components of WET tests afford opportunities to control and minimize variability within
tests and within and between laboratories:   (1) quality control (QC) procedures; (2) experimental design;
(3) test power; and (4) test acceptability criteria (TAC) beyond the minimum requirements specified in
EPA’s WET test methods.
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5.3.1 Quality Control Procedures

Quality assurance (QA) practices for toxicity tests address all aspects of the tests that affect data
quality.  These practices include effluent sampling and handling, test organism source and condition,
equipment condition, test conditions, instrument calibration, replication, use of reference toxicants,
recordkeeping, and data evaluation.  The EPA WET toxicity testing manuals specify the minimum
requirements for each aspect.  Regulatory authorities have the discretion to prepare and implement additional
guidance beyond the minimum requirements specified in EPA’s WET test methods.

An integral part of the QA program is quality control (QC).  The QC procedures are the more focused
and routine activities conducted under the overall QA program.  An important QC component in WET testing
is the requirement to conduct reference toxicant tests with effluent tests.  The WET test methods outline
when reference toxicant tests are to be conducted.  (See sections on quality of test organisms in the
manuals.)  Reference toxicant testing serves two purposes:  (1) determine the sensitivity of the test organisms
over time; and (2) assess the comparability of within- and between-laboratory test results.  Reference toxicant
test results can be used to identify potential sources of variability, such as test organism health, differences
among batches of organisms, changes in laboratory water or food quality, and performance by laboratory
technicians.  In the QA section of each promulgated test method (USEPA 1993, 1994a, 1994b), EPA
recommends sodium chloride, potassium chloride, cadmium chloride, copper sulfate, copper chloride, sodium
dodecyl sulfate, and potassium dichromate as suitable reference toxicants.  The methods do not, however,
specify a particular reference toxicant or the specific test concentrations for each test method.

The current characterization of WET test method variability is limited by the ability to quantify sources
of within- and between-laboratory variability, because laboratories can use different reference toxicants and
test concentrations for a particular method.  Future evaluations of method variability would be greatly
enhanced by having data to analyze from multiple laboratories for the same reference toxicant, the same
dilution water at similar pH and hardness, and the same test concentrations.  By standardizing reference
toxicants, testing laboratories could compare test results, permittees and regulatory authorities could better
compare and evaluate laboratories, and the data could be used to further quantify within- and between-
laboratory test precision.  Specification of the reference toxicant and test concentrations for a method across
laboratories would provide a much larger and consistent data base to assess the comparability of within- and
between-laboratory test results.

Standardizing reference toxicants and test concentrations has been discussed in the literature.  For
example, the chronic methods manual for West Coast species (USEPA 1995) specifies the reference toxicant
and test concentrations for each test species.  The Southern California Toxicity Assessment Group
(SCTAG) is comprised of representatives from permittees, testing laboratories, regulatory authorities, and
academic institutions that met to discuss technical aspects of WET testing (e.g., standardization of reference
toxicants, control charts).   The SCTAG (1996) prepared a report to standardize reference toxicants for the
chronic freshwater test methods.  This report evaluated an extensive data base of reference toxicant data.
The report recommended specific reference toxicants and test concentrations for these methods.  The SCTAG
(1997) also prepared a QA/QC checklist to help toxicity testing laboratories establish and maintain
appropriate data quality measures.  Regulatory authorities should review these publications when
standardizing reference toxicants.  

The selection of reference toxicants and test concentrations should be based on specific criteria.  The
following criteria, recommended in the SCTAG report, provide an excellent basis for selecting standardized
reference toxicants:

1. The toxicant should provide precise and reliable measures of toxicological sensitivity.

2. Toxicant disposal should not be legally or environmentally problematic.
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3. The toxicant should produce a concentration-response effect for the test organism.

4. The toxicant should be quantifiable.

5. The toxicant should not pose an unacceptable health hazard to laboratory personnel.

6. The toxicant should be readily available.

Most recently, Warren-Hicks et al. (1999) recommended that national acceptance criteria be specified
with upper and lower acceptance limits for reference toxicant test results, which all laboratories would need
to achieve to obtain accreditation.  Variability could decrease nationally if testing laboratories are provided
with more detail on the evaluation and interpretation of reference toxicant control charts (APHA-AWWA-
WEF 1998).  For example, such guidance could describe how to evaluate test results within the warning
limits.  Both Environment Canada (1990, 2000) and APHA-AWWA-WEF (1998) have prepared guidance
on evaluating control chart data.  The Environment Canada (2000) report specifies using zinc as an inorganic
reference toxicant and phenol as an organic reference toxicant for many aquatic tests.  The report also
specifies eight criteria for selecting specific reference toxicants.  

1. Previous use

2. Availability in a pure form 

3. Solubility 

4. Stability in solution 

5. Stability during storage 

6. Ease of analysis 

7. Stable toxicity with normal changes in qualities of laboratory water 

8. Ability to detect abnormal organisms

Regulatory authorities may want to evaluate the above reports and the SCTAG reference toxicant
recommendations for the chronic freshwater test methods.  Regulatory authorities may also want to evaluate
and recommend a standard reference toxicant and a specific concentration series for each acute and chronic
test method each using data from this guidance document.

5.3.1.1 Guidance Related to Quality Control Charts and Laboratory Audits

Ausley (1996) recommends some oversight of data quality, such as evaluating tests in meeting QC
criteria, using randomization procedures, and operating in allowed reference toxicant ranges to ensure that
QC procedures are properly implemented.  Another integral component of QC is the maintenance of control
charts for reference toxicants and effluents.  Laboratories should provide regular review of control charts.
EPA suggests keeping a control chart for each combination of test material, test species, test conditions, and
endpoints with a maximum of 20 test results.  Modern software makes accumulating data and reviewing key
test statistics possible with relatively little effort.  Elementary methods can identify problems contributing
to variability.  Laboratories should practice regular control charting of test PMSDs and control performance
for all tests along with control charting of effect concentrations such as NOEC and point estimates for
reference toxicants tests.  Successive tests should be compared occasionally to detect repeated patterns, such
as one replicate’s being consistently higher or aberrant, or a trend over time.  Time sequence plots of
concentration means and standard deviations would be useful in this regard.  Occasionally, a set of 5 to 20
tests, in which block positions (see Appendix A in USEPA 1994b) have been recorded, should be subjected
to ANOVA for block or position effects.  If such effects are significant or large, the laboratory should seek
advice on randomizing the replicates and concentrations.
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If a laboratory’s CV exceeds the 75th percentile CV from Tables 3-2 through 3-4, EPA recommends
calculating warning and control limits based on the 75th and 90th percentiles, respectively, of CVs for the
method and endpoint (Tables 3-2 and 3-3 and Appendix Tables B-1 and B-2).  For example, suppose the
mean EC25 for a series of Ceriodaphnia chronic tests (Method 1002.0 with reproduction as the
endpoint) conducted at one laboratory with reference toxicant is 1.34 g/L NaCl.  Also suppose that the
standard deviation of the EC25s for these tests is 0.85.  The CV for this set of EC25s is thus 0.63.  In Table
3-2, the 75th percentile of CVs for this test’s reproduction endpoint is 0.45.  Calculate the standard deviation
corresponding to the 75th percentile CV, SA.75 = 1.34 × 0.45 = 0.60.  In Appendix Table B-1, the 90th

percentile of CVs is 0.62 for this method and endpoint.  Calculate SA.90 = 1.34 × 0.62 = 0.83.  Because the
CV for this series of EC25s exceeds the 90th percentile reported in Table B-1, EPA recommends the
following:  

• Set control limits using SA.90 = 0.83, 

• Set warning limits using SA.75 = 0.60, 

• Promptly take actions to bring results within the control limits, and

• Attempt to bring results within the warning limits in 3-12 months.  

If the CV for the set of EC25s is less than the 90th percentile reported in Table B-1, use that CV to set
control limits.  If the CV for the set of EC25s is less than the 75th percentile in Table 3-2, do not set warning
limits using the latter value.  

In addition, Burton et al. (1996) encourage regulatory programs to have a laboratory audit component
to document the existence and effectiveness of a QA/QC program directed at toxicity testing, including
analyst training and experience.  Regulatory authorities should use the National Environment Laboratory
Accreditation Program (NELAP) (USEPA 1999a) and routine Performance Audit Inspections to evaluate
individual laboratory performance.  Inspections should evaluate the laboratory’s performance with QC
control charts based on reference toxicants, examine procedures for conducting the toxicity test procedures,
and examine procedures for analyzing test results.

Regulatory authorities should develop a QC checklist to assist in evaluating and interpreting toxicity
test results.  Appendix E presents examples of State WET implementation procedures related to reviewing
reference toxicant data and information on additional QA/QC criteria that have been developed and
implemented.  Regulatory authorities should also provide additional guidance related to the interpretation
of QC control charts.  This additional guidance could be that laboratories maintain control charts on within-
test variability (e.g., PMSD) and use warning and control limits based on the 75th and 90th percentiles of CVs
for the test method and endpoint.  

5.3.2 Experimental Design

Experimental design includes randomizing the experimental units (i.e., treatments, organisms,
replicates); establishing the statistical significance level (i.e., alpha level); and specifying the minimum
numbers of replicates, test organisms, and treatments.  Oris and Bailer (1993) recommend that test design
and TAC be based, not only on a minimum level of control performance, but also on the ability to detect a
particular level of effect (i.e., test power).  

A Type I error (i.e., “false positive”) results in the false conclusion that an effluent is toxic when it is
not toxic.  A Type II error (i.e., “false negative”) results in the false conclusion that an effluent is not toxic
when it actually is toxic.  Power (1 - beta) is the probability of correctly detecting a true toxic effect (i.e.,
declaring an effluent toxic when it is in fact toxic).  Acceptable values for alpha range from 0.01 to 0.10 (1
to 10 percent).  The current EPA test methods recommend an alpha rate of 0.05 or 5 percent in the toxicity
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testing manuals.  Currently, EPA is preparing guidance on when an alpha rate of 0.01 or 1 percent would be
considered acceptable (USEPA 2000a).
 
5.3.2.1 False Positives in WET Testing 

The hypothesis test procedures prescribed in EPA’s WET methods provide adequate protection against
incorrectly concluding that an effluent is toxic when it is not.  The expected maximum rate of such errors is
the alpha level used in the hypothesis test.  The hypothesis test procedure is designed to provide an error rate
no greater than alpha when the default assumptions are met.  The statistical flow chart provided with each
EPA WET method identifies cases when default assumptions are not satisfied and, therefore, when data
transformations or alternative statistical methods (e.g., a nonparametric test) should be used.

 Alpha and beta are related (i.e., as alpha increases, beta decreases), assuming that the sample size
(number of treatments, number of replicates), size of difference to be detected, and variance are held
constant.  The alpha and beta error rates depend on satisfying the assumptions of the hypothesis test.  To
ensure that statistical assumptions and methods are properly applied, testing laboratories should review the
statistical procedures used to produce WET test results and other factors, such as biological and statistical
quality assurance, and verify that test conditions and test acceptability criteria were achieved.  

If a test is properly conducted and correctly interpreted, identifying any particular outcome as a “false
positive” is impossible.  An effluent that is deemed toxic test may require that the permittee conduct
additional toxicity tests to determine if toxicity is re-occurring.  Even if no toxicity is demonstrated in follow-
up tests, that does not rule out that the original toxic event was a true toxic spike in the effluent.  False
negatives, however, impact the environment by allowing the discharge of harmful toxicants without
identification.  This may occur because the toxic effects are not identified as statistically significant due to
lack of test sensitivity (see Sections 5.3.3 and 6.4). 

Measurement error should not affect the protection against false positives provided by hypothesis tests
and confidence intervals when they are appropriately applied.  Measurement error, in the case of WET test
treatment mean values, likely consists largely of sampling errors (e.g., variability among organisms or
containers), although errors in counting, weighing, and other procedures may also occur.  Such sources of
imprecision are implicitly accounted for in WET test statistical inferences, because the sample variance
among the replicates within each treatment (dilution) is used for inference.  The test “size” 1 - alpha will
protect adequately against false positives.  A larger variance among replicates, however, could make
detecting real toxicity (i.e., false negatives) more difficult unless the number of replicates is increased to
provide more test sensitivity and power, which will reduce the rate of false negatives.  

5.3.2.2 False Negatives in WET Testing

 For a given alpha, beta decreases (power increases) as the sample size increases and the variance
decreases.  Decreasing alpha from 0.05 to 0.01 without otherwise changing the hypothesis test will reduce
the ability of the test to detect toxicity, that is, will reduce the power of the test.  Thus, as alpha for the
hypothesis test is decreased, there is an inevitable trade-off between the rate of false positives when toxicity
is not present and the ability to detect toxicity when it is present (i.e., statistical power). 

To limit within-test variability and thus increase power, EPA developed a minimum significant
difference (MSD) criterion that must be achieved in the chronic West Coast marine test methods (USEPA
1995).  The MSD is a measure of the within-test variability and represents differences between treatments
and the control that can be detected statistically.  Distributions of the MSD values of multiple tests for a
specific reference toxicant and test method can be used to determine the level of test sensitivity achievable
by a certain percentage of tests.  Denton and Norberg-King (1996) analyzed several chronic test methods to
quantify the effect size based on the existing toxicity test method experimental design and MSD distributions.
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Denton and Norberg-King found when setting the beta error rate at 0.20 (power = 0.80), the effect size
detected varies from at least a 15-percent reduction from the control response for the chronic red abalone
larval development test to a 40-percent reduction from the control response for the chronic Ceriodaphnia
dubia test.  In this document, EPA has calculated power for each test method (see Section 5.3.3).

5.3.3 Test Power To Detect Toxic Effects

This section describes the statistical power and ability to detect toxic effects achieved by the current
WET methods, as inferred from the WET variability data set used to develop this document.  These
inferences are approximate, because assumptions of normality and homogeneity of variance were not always
satisfied.  

Power can be characterized only by repeated testing.  Power is an attribute not of a single test, but of
a sequence of many tests conducted under similar conditions and with the same test design.  Therefore, in
this document, EPA used the sample averages for each laboratory’s data set to characterize each laboratory.
The following two parameters were required:  (1) the mean endpoint response in the control (growth,
reproduction, survival); and (2) the mean value of the error mean square (EMS) for tests.  

 EPA evaluated the ability to detect toxic effects using three approaches for each test method:
(1) number of replicates required to detect a 25-percent difference from the control with power of 0.80;
(2) percent difference from the control that can be detected with power of 0.80; and (3) power to detect a 25-
percent difference from the control.  All calculations are based on a one-sided, two-sample t-test at a level
of 0.95 (alpha of 0.05).  The power for a multiple comparison (Dunnett’s or Steel’s test) will be less than the
power for this two-sample t-test.

Table 5-1 summarizes the results for this evaluation.  Depending on the method, between 30-percent
and 80 percent of the laboratories were able to detect a 25-percent effect for the sublethal endpoint
consistently.  Between 60 percent and 100 percent of the laboratories were able to detect a 33-percent effect.

To examine whether the upper bounds presented in Table 3-6 provide adequate test precision, EPA
calculated an estimate of the power to detect a 25-percent effect on a sublethal endpoint when the PMSD
equals the upper bound reported in Table 3-6.  The upper bounds of the PMSD are shown in Table 3-6 in
Chapter 3.   At the lower PMSD bound, the power always exceeded 0.98.  Tests with PMSD equaling the
upper bound are not often able to detect a 25-percent effect.  This finding does not mean that the upper bound
is ineffective.  The PMSD varies between tests, and each laboratory has a distribution of PMSDs.  To avoid
exceeding this upper bound often, a laboratory would have to achieve substantially lower PMSDs in most
tests. 

5.3.3.1 Attainment of the PMSD Related to Power

The power of the current experimental design could be reevaluated by comparing it to alternative
designs that use increased number of replicates or number of test concentrations (Chapman et al. 1996).  In
this document, EPA found that about half of the laboratories in the data set were able routinely to detect a
25-percent difference between control and treatment.  About two-thirds of the laboratories could routinely
detect a 33-percent difference (Table 5-2).  For example, mere attainment of the 90th percentile PMSD values
shown in Table 3-6 will not ensure the ability to detect a 25-percent effect (Table 5-2).  If every acceptable
test has a PMSD below that upper bound, however, the average PMSD will be lowered.  Based on the within-
laboratory variability of PMSD,1 the average PMSD likely will be substantially lower than the upper bound
in Table 3-6, if most tests conducted by a laboratory are to have acceptable PMSDs.
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Table 5-1. Tests for Chronic Toxicity:  Power and Ability To Detect a Toxic Effect on the
Sublethal Endpoint

Test Method
No.

Labs

No. Labs with
Power

Power
(Range)

No. Labs Having
Power at Least
0.8 To Detect

Effect of

Effect Detected
with Power 0.8
as Percent of

Control Mean
(Range)$$ 0.8 $$ 0.5 ## 25% ## 33%

1000.0 Fathead Minnow 19 6 14 0.21 - 1.00 6 13 8.2 - 62

1002.0 Ceriodaphnia 33 10 29 0.38 - 1.00 10 19 14 - 45

1003.0 Green Alga  9  7  8 0.33 - 0.99 7 8 13 - 49

1004.0 Sheepshead Minnow  5 4 5 0.77 - 1.00 4 5 8.6 - 26

1006.0 Inland Silverside 16 7 13 0.23 - 0.97 7 12 17 - 59

1007.0 Mysid (growth) 10 5 8 0.21 - 0.91 5 8 21 - 70

Note:  Power was calculated for a two-sample, one-sided t-test at alpha = 0.05, for a 25-percent difference from the control. 
Effect size detected was calculated for the same test using power 0.80.  Calculations used the average EMS from all tests at
each laboratory and the minimum number of replicates reported for those tests.  Calculations assumed that the parametric
mean and variance equal the corresponding sample estimates.  They also assumed approximate normality of means and
homogeneity of variance.  Because these assumptions may be violated, the results here are approximate.  By saying “detect a
25-percent difference from control,” this alternative hypothesis is intended:  (control mean - treatment mean) > 0.25 ×
control mean.  

Table 5-2. Power To Detect a 25-Percent Difference from the Control at the 90th Percentile
PMSD

Chronic Method Replicates
90th Percentiles 

of PMSD

Three 
Treatments

Four 
Treatments

Five 
Treatments

alpha =
 0.05

alpha =
 0.05/3

alpha =
 0.05

alpha =
 0.05/4

alpha =
 0.05

alpha = 
0.05/5

1000.0 Fathead Minnow 3 35 0.39 0.25 0.39 0.19 0.39 0.15

4 35 0.41 0.30 0.42 0.26 0.43 0.23

1002.0 Ceriodaphnia 10 37 0.39 0.31 0.41 0.30 0.43 0.30

1003.0 Green Alga 3 35 0.39 0.25 0.39 0.19 0.39 0.15

4 35 0.41 0.30 0.42 0.26 0.43 0.23

1004.0 Sheepshead Minnow 3 23 0.72 0.69 0.72 0.62 0.73 0.55

4 23 0.73 0.71 0.74 0.68 0.75 0.66

1006.0 Inland Silverside 3 23 0.72 0.69 0.72 0.62 0.73 0.55

4 23 0.73 0.71 0.74 0.68 0.75 0.66

1007.0 Mysid 8 32 0.48 0.41 0.50 0.40 0.52 0.40

Notes:  Values are rounded to two significant figures.  Number of treatments is the number of concentrations compared with the
control in the hypothesis test.  The calculations assumed (1) the usual assumptions of the test are satisfied (approximate
normality, homogeneity of variances); and (2) equal replication in treatments and control.  Because these assumptions may be
violated, the results here are approximate.  Because the MSD/mean implies a value for [root (error mean square)/mean], the
latter could be calculated from the MSD, Dunnett’s critical value, and the number of replicates, and then used in a calculation of
power.  Calculations apply to a one-sided, two-sample t-test of equal means, assuming equal variances and equal replication,
with hypotheses Ho:{control mean - treatment mean = 0} versus Ha:{control mean - treatment mean > 0.25 × control mean}. 
The power achieved by Dunnett’s multiple comparison procedure will lie between the two-sample power at alpha = 0.05 and
that for alpha = 0.05/(no. of treatments).  
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Testing laboratories and permittees can examine the EMS or MSD in Tables B-14 and B-15
(Appendix B) to estimate the ability of a WET test to detect toxic effects.  Some regulatory authorities may
require a comparison between the control and the receiving water concentration, which requires a two-
sample, one-sided test.  Others may require the multiple comparisons procedure described in the EPA WET
methods (Dunnett’s or Steel’s tests, one-sided, with alpha of 0.05).  The power of Dunnett’s procedure falls
between the power of the one-sided, two-sample t-test with alpha of 0.05 and alpha of 0.01, assuming that
no more than five toxicant concentrations are compared to a control.  The power of Steel’s procedure will
be related to, and should usually increase with, the power of Dunnett’s procedure and the t-tests.  Tables
B-14 and B-15 in Appendix B also provide an appropriate guide to achieving power using a nonparametric
test.

Recently, the State of Washington (1997) issued guidance specifying an acute and chronic statistical
power standard to be achieved for compliance testing.  EPA’s sediment toxicity testing manuals (USEPA
1994c, USEPA 2000) include power curves for various numbers of experimental units, CV ranges, and
associated alpha and beta levels.  Sheppard (1999) is a good source to provide a simple explanation of how
power helps determine how large a sample should be.  Additional information on power may be obtained at:
http://www.psychologie.uni-trier.de:8000/projects/gpower/literature.html.

EPA recommends that regulatory authorities specify in their State WET implementation procedures that
individual test results achieve a level of within-test sensitivity by using the upper and lower PMSD test
sensitivity bounds (see Section 6.4).  To achieve the test sensitivity bounds, testing laboratories may need
to minimize within-test variability (e.g., EMS) or increase the number of replicates tested, or both.  If
laboratories cannot achieve PMSD values of less than 25 percent for the toxicity test methods that require
a minimum of only three replicates (Methods 1000.0, 1004.0, 1006.0), then the numbers of replicates may
need to be increased.  Appendix B (Section B.4) provides information related to the number of replicates
needed and discusses the relationship between test power and effect size achieved.  The magnitude of the
effect size achieved relates to the test sensitivity.

5.4 Test Acceptability Criteria

EPA test methods have specific TAC that the effluent and reference toxicant tests must meet.  A test
is considered invalid if the TACs are not met.  The recommended test conditions for each test method specify
the minimum requirements and the TAC.  For example, control survival must be 80 percent or greater and
average control reproduction at least 15 young per surviving female in the chronic Ceriodaphnia dubia
survival and reproduction test.

 The chronic West Coast marine methods (USEPA 1995) require additional TAC.  For example, to limit
the degree of within-test variability, the methods specify a maximum allowable value for PMSD (see
Section 5.3.3 on experimental design).  Some States have additional TAC in their State WET implementation
policies.  North Carolina (1998) for example, requires that the chronic Ceriodaphnia dubia analyses meet
an additional TAC of complete third brood neonate production by at least 80 percent of the control organisms
and that the control reproduction CV be less than 40 percent.

Additional TAC might be specified to minimize variability among replicates.  Variability of any toxicity
test result is influenced by the number of replicates used, number of organisms tested, and variability among
replicates at each test concentration and the control.  Variability among replicates has been quantified by
treatment CV, EMS, or MSD.  The application of a maximum acceptable value for CV or MSD helps ensure
adequate laboratory QA/QC and increases the reliability of submitted data.  One benefit of requiring a
maximum allowable within-test variability limit is that laboratories will improve culturing, test handling, and
housekeeping, which are usually incorporated into the laboratories’ standard operating procedures.  For
example, the CV requirement might be incorporated directly into the NPDES permit.  Sample EPA Region
6 permit language reads:
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1. The coefficient of variation between replicates shall be less than or equal to 40 percent in the
control.

2. The coefficient of variation between replicates shall be less than or equal to 40 percent at the
instream waste concentration (IWC).

3. Test failure may not be construed or reported as invalid due to a CV of greater than 40 percent.
A repeat test shall be conducted within the required reporting period if any test is determined to
be invalid.

Occasionally, statistical analyses indicate a test failure when as little as 15-percent mortality has
occurred in a test dilution.  Permit language has been developed to address this occurrence, as in the
following example:

If all TAC conditions are met and the percent survival of the test organism is greater than or
equal to 80 percent (in a chronic test) or 90 percent (in an acute test) in the critical dilution
concentration and all lower dilution concentrations, the test shall be considered to be a valid test,
and the PERMITTEES shall report an NOEC of not less than the critical dilution for the
discharge monitoring report (DMR) reporting requirements.  

Regulatory authorities may consider providing guidance or imposing additional TAC, such as those
implemented by EPA Region 6 or like some States have implemented (North Carolina 1998, Washington
1997).  Appendix E provides additional examples of States that have implemented further guidance on WET
QA/QC procedures and TAC.  Warren-Hicks (1999) also recommended that additional national TAC be
established for each test method (e.g., upper and lower bounds on the MSD).  Therefore, EPA recommends
that regulatory authorities require that additional TACs be implemented in permits to minimize within-test
variability and increase test sensitivity (see Section 6.4 and Appendix C for sample permit language).

5.5 Conducting the Statistical Analysis To Determine the Effect Concentration

EPA test methods currently recommend two statistical approaches to estimate a chemical or effluent
concentration for each biological effect endpoint (e.g., survival, growth, and reproduction).  One approach
is to derive the NOEC by hypothesis testing, which equates biological significance with statistical
significance.  The second approach is to estimate an effect concentration that reduces the control response
by 25 percent for chronic methods.  The expanded use of WET tests in the NPDES program has brought
increased attention to the statistical analysis of toxicity test data.  A common goal for both regulatory
authorities and permittees is to confirm that the effect concentrations were derived correctly using the
appropriate analysis approaches.  Reliable effect concentrations lead to increased confidence in the data used
for making regulatory decisions, such as determining reasonable potential, deriving a permit limit or
monitoring trigger, and generating self-monitoring test results.

Another important consideration in conducting statistical analyses is the inconsistent use of statistical
programs.  The proliferation of statistical packages has been helpful in data analysis; however, these
packages also can result in the misapplication of the statistical methods.  APCA-AWWA-WEF
(1998) cautions the user to confirm the results of each analysis with each package before accepting them.
The data user is responsible for evaluating all data submitted to the regulatory authorities.

The 1995 SETAC Pellston Workshop discussed unresolved scientific issues and highlighted significant
research needs associated with WET testing.  The attendees recommended the following:

Immediately instigate studies to evaluate improvements in the statistical analysis of WET test
data.  These studies should include, but not necessarily be limited to, the following activities:
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(a) investigate the implications of concurrent application of NOEC/MSD, tests of bioequivalence,
and ECp estimators (Chapman et al. 1996a).

In response to this recommendation, EPA began projects to evaluate the bioequivalence approach and
additional point estimate models for the WET program.  At present, two test methods are being used for this
evaluation:  (1) the chronic Ceriodaphnia dubia survival and reproduction tests and (2) the giant kelp
germination and germ-tube length test with reference toxicants.

The bioequivalence approach poses the following question:  Do the mean responses of the effluent
concentration and the control differ by more than some amount?  For example, the control response and the
response at the critical effluent concentration (i.e., instream waste concentration) must differ by no more than
a fixed value in order to accept the hypothesis of no significant difference (i.e., no toxicity).  This approach
could address the concern that an imprecise test might not detect toxicity when toxicity is present or that a
small but statistically significant effect would detect toxicity that may not be biologically important.  Some
researchers have suggested that the bioequivalence approach could provide a positive incentive for
dischargers to produce test results with lower within-test variability to demonstrate that no toxicity occurs
at a level greater than a biologically (bioequivalence approach) significant amount (Shukla et al. 2000, Wang
et al. 2000).

Bailer et al. (2000) evaluated the proposed regression-based estimators with the current EPA point
estimate models.  They found that it appears reasonable to incorporate parametric estimation models in the
WET program.  Bailer et al. (2000) concluded that these models are appropriate for all response scales (i.e.,
dichotomous, count, and continuous) and can incorporate monotonicity without bias.  However, confidence
intervals still need to be developed for these parametric models. 

In this document, EPA has not recommended either the bioequivalence or additional point estimate
models to supplement the current statistical approaches as described in the testing manuals.  EPA, however,
does encourage an independent, peer-reviewed workshop to evaluate the benefits of these alternative
statistical approaches to enhance the statistical approaches currently applied.

5.6 Chapter Conclusions

In this chapter, EPA provides guidance to permittees and testing laboratories on collecting
representative effluent samples, conducting the biological test methods, and evaluating the statistical
analyses.  EPA recommends that States implement the lower and upper PMSD test sensitivity bounds to
achieve an acceptable level of test sensitivity and minimize within-test variability (see Section 6.4).  EPA
also provides guidance to permittees and testing laboratories on the number of replicates required to achieve
the PMSD bounds.  Testing laboratories should maintain and evaluate both effluent and reference toxicant
data using a measure of within-test variability such as the PMSD.  

Permittees and toxicity testing laboratories may need to increase replication in order to reduce PMSD
below the upper bound.  Table B-15 can be used for initial planning of replication, given knowledge of
typical values of the error mean square (EMS) or MSD and the number of concentrations used in the multiple
comparison hypothesis test.  To ensure that all PMSD values fall below the upper bound in Table 3-6, a
laboratory would select the largest EMS value experienced in its past testing.

EPA recommends that testing laboratories require a minimum of four replicates for the fathead minnow,
sheepshead minnow, and inland silverside chronic test methods (Methods 1000.0, 1004.0, and 1006.0,
respectively).  Four replicates are needed to execute the statistical flow chart when a nonparametric test is
needed.  Three replicates are also sometimes insufficient to keep PMSD below the recommended upper
bound.  In addition, four replicates are needed to help achieve the upper PMSD bound.
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6.0 GUIDANCE TO REGULATORY AUTHORITIES:  
DETERMINING REASONABLE POTENTIAL 
AND DERIVING WET PERMIT CONDITIONS

EPA developed the TSD (USEPA 1991a) to support implementation of national policy to control the
discharge of toxic pollutants.  The TSD presents a statistical approach for determining the need for and the
method of deriving water quality-based effluent limits (WQBELs) based on aquatic life (including WET),
human health, and wildlife criteria.  This approach accounts for the uncertainty associated with small data
sets and data variability by assuming a statistical distribution of effluent data (usually lognormal) and
calculating a CV or using a default CV to describe data variability.

6.1 Analytical and Sampling Variability in Calculations for Reasonable Potential 
and Permit Limits

Section 6.1 discusses use of the CV of sample measurements of toxicity to make a reasonable potential
determination and to calculate permit limits.  Two points must be understood:  (1) this CV is to be calculated
using toxic unit (TU) values (USEPA 1991a) (see Section 6.2); and (2) EPA strongly recommends that point
estimates (not NOEC or LOEC values) be used to calculate the TU values (USEPA 1994a, 1994b).

Water quality-based effluent limits are required when a discharge causes, has reasonable potential to
cause, or contributes to an instream excursion above a water quality standard.  Throughout this document,
EPA uses the commonly understood, shorthand reference “reasonable potential” to refer to this standard for
determining the need for a water quality-based effluent limit.

6.1.1 “Adjusting for Analytical Variability” in Calculations for Reasonable Potential and
Permit Limits

Adjustment approaches (see Appendix G.3) have been suggested to “adjust for analytical variability”
when deriving permit limits and determining the need for a WET limit in the first place.   EPA does not
recommend these adjustment approaches (Appendix G.3) and strongly reaffirms the statistical approach and
methods for calculating permit limits provided in the TSD (USEPA 1991a).  EPA recommends that
regulatory authorities use the statistical approach and calculation methods in the TSD.  The TSD methods
were designed to provide a reasonable degree of protection for water quality (i.e., to avoid exceedances of
water quality criteria), while providing a reasonable degree of protection from the variability of effluent
toxicity and analytical variability.  The various “adjustment” approaches would undermine these objectives.

The TSD limit calculation for a point source can be divided into two steps:  first, convert the wasteload
allocation (WLA) to a long-term average (LTA), and then convert the LTA to effluent limits (maximum
daily, average weekly, and average monthly limits).  WET limit calculations include an intermediate step in
which the acute WLA is converted to a WLAa,c.  These calculations employ a facility-specific CV based
upon effluent sampling data.  The TSD approach uses this CV in both steps.  

Adjustment approaches intended to account for analytical variability, discussed in detail in Appendix G,
would inappropriately use different CVs in these two steps.  The first step would use an estimate of the CV
of “true” effluent toxicity, which is smaller than the CV for measured toxicities.  This approach would result
in a larger calculated LTA.  The second step would use the CV for the measured toxicities, which is the same
CV used in both steps of the TSD approach.

Use of such adjustment approaches would frequently result in setting an average monthly permit limit
(AML) that exceeds the chronic WLA.  Appendix G demonstrates that such outcomes (i.e., the AML exceeds
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the chronic WLA) generally can be expected to occur when various adjustment approaches are used.
Appendix G, Table G-1, presents a numerical example of how an adjustment approach would allow
calculation of an AML exceeding the chronic WLA (a four-day average value), even when sampling
frequency for the calculation is set at the recommended minimum of four samples per month.  [It is
acceptable for the maximum daily limit (MDL), which applies to a single sample, to exceed the chronic
WLA.  It is also acceptable for the AML to exceed the chronic WLA, if the AML calculation is based on
fewer than four samples per month.  Note, however, that the TSD recommends always assuming at least four
samples per month when calculating the AML.]

The TSD reasonable potential calculation first calculates the percentile represented by the maximum
observed TU value.  For example, the maximum of 10 reported TU values is identified with the 63rd

percentile.  Then the sample CV is used to project the 95th or 99th percentile TU value, using a table of
reasonable potential multiplying factors.  This value is combined with the appropriate mixing-zone dilution
to project a maximum receiving water toxicity, which is compared with the applicable water-quality criterion.
If an adjustment were applied to the reasonable potential calculation, the CV would be adjusted downward
and the maximum projected receiving water toxicity would be smaller.  This would make a determination
of need for a permit limit less likely.

 Because of these considerations, EPA strongly recommends that no adjustment be made to the CV or
variance of toxicity, either for reasonable potential or permit limit calculations.  The TSD statistical
approaches already account for analytical variability appropriately.  EPA continues to recommend the TSD
approach, which ensures that effluent limits and, thereby, measured effluent toxicity or pollutant parameter
concentrations are consistent with calculated WLAs.  

6.1.2 Analytical Variability and Self-monitoring Data 

EPA determines compliance with permit limits on the basis of self-monitoring data, and these data
include some measure of analytical variability.  The influence of analytical variability is accounted for in the
TSD statistical procedures used to set water-quality limits and determine the potential for toxicity, as
explained in Appendix G.

The permittee is responsible for ensuring that measured discharge toxicity never exceeds the permit
limits.  No special allowance is made for analytical variability in assessing compliance.  The maximum
discharge toxicity should incorporate a margin of safety, which will account for sampling and analytical
variability.  In other words, to avoid exceeding permit limits, the facility’s treatment system should be
designed so that the maximum toxicity is somewhat lower than its permit limits.

6.1.3 Precision of WET Measurements and Estimates of Effluent CV

Single measurements on effluent involve some uncertainties about the true concentration or toxicity
related to representativeness of the sample, including sample holding time and conditions, and the analytical
measurement system.  Like all analytical measurements, WET measurements (NOEC, EC25, LC50) are
inexact.  That is, the exact toxicity of an analyte in a sample can be specified only within some range.  This
imprecision can be reduced by using a suitable number of organisms and replicates for each test (see
Section 5.3.3 on experimental design).  

The numbers of organisms and replicates required for EPA WET method test acceptability are specified
as minimums.  Test precision will be approximately proportional to the square root of the number of
replicates.  Thus, doubling the number of replicates may decrease the MSD to approximately 70 percent of
its former value.  Increased replication also tightens the confidence interval for a point estimate of the effect
concentration (e.g., EC25 and LC50).  
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EPA strongly recommends that toxicity measurements of an effluent be obtained at least quarterly for
three years to provide a good basis for determining the need for limits and for calculating limits.  One year
should be regarded as the minimum duration needed to characterize effluent variability (due to seasonal,
stream flow, or process fluctuations), and ten the minimum number of measurements, unless scientific and
technical knowledge supports a shorter period as representative of the distribution of pollutant types and
concentrations of toxicity.  

Estimates based on multiple measurements involve the same uncertainties that apply to single
measurements.  They also may involve larger uncertainties related to sampling error, that is, the chance that
typical levels of toxicity or concentrations of pollutant may not be encountered during the sampling program.
The sampling program may not fully characterize effluent variability if too few samples are taken, the
sampling times and dates are not representative, or the duration of the sampling program is not long enough
to represent the full range of effluent variability.  When determining the need for limits and calculating
limits, the variance or the CV of toxicity measurements is key.  The larger the number of samples, the more
precise is the estimate.  Confidence intervals for the variance and CV can be calculated and carried through
the calculations for reasonable potential and effluent limits (Appendix G).  Even when assumptions are not
strictly met, confidence intervals provide a useful perspective on the uncertainty of the results and the need
for more samples.  The minimum number of measurements recommended for calculating estimates of the CV
for effluent toxicity is 10.

6.1.4 Between-Laboratory Variability

Between-laboratory variability may increase the CV as discussed in Section 6.1.1, if the toxicity tests
were conducted by more than one laboratory for a specific facility.  A concern to permittees is that this may
increase the likelihood of making a finding of reasonable potential.

Within-laboratory variability is the component of analytical variability that should be reflected in
regulatory calculations.  If the data used for reasonable potential or permit limit calculations are effluent
measurement data reported by at least two laboratories, there are ways to appropriately estimate the variance
to be used in TSD statistical calculations.  

For example:

• If the same laboratories continue to be used in the same proportion or frequency and the
measurements from the individual laboratories represent different sampling dates, the measurement
data can be treated as if they were generated by a single laboratory.  This approach may increase
the estimated variance and the AML, which is not in the interest of the permittee.  Selecting one
laboratory for future monitoring, based on the variance of its reported reference toxicant test
results, should mitigate this problem.  

• If only one laboratory has reported data on each sampling date, and the other laboratories report
over different time spans or over the same time span on alternating dates, EPA recommends
forming a pooled estimate of variance.  Calculate the sample variance (S2) of log(TU) for each
laboratory separately, and combine these using the formula:  

pooled variance of log(X) = [(N1 - 1)S1
2 + (N2 - 1)S2

2] / [(N1 - 1) + (N2 - 1)] 

An analogous formula is used for more than two laboratories.  The same result can be obtained by
conducting a one-way analysis of variance on log(TU) (with laboratories treated as the groups or
classes) and using the reported EMS.  
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Changing a laboratory may change analytical (within-laboratory) variability of measurements and test
sensitivity (i.e., PMSD values).  That is, the average effect concentration may change (e.g., Warren-Hicks
et al. 1999).  Ideally, the permittee will anticipate and plan for a change of testing laboratory.  Permittees
should compare reference toxicant test data for current and candidate replacement laboratories, selecting one
with acceptable variability and a similar average effect concentration.  

6.2 Determining Reasonable Potential and Establishing Effluent Limits

Effluent characterization is an essential step in determining the need for an NPDES permit limit.
NPDES regulations under 40 CFR Part 122.44(d)(1)(ii) specify that reasonable potential include “whether
a discharges causes, has the reasonable potential to cause, or contributes to an instream excursion above
a State water quality standard.”  Calculations for reasonable potential determination and for permit limits
should follow EPA guidance in the TSD (USEPA 1991a).  In particular, the TSD statistical methods should
be used.  Such calculations should use TUs for WET data, not effect concentrations (percent whole effluent).
Toxic units are defined (USEPA 1991a, Chapter 1.3.1, page 6) as the reciprocal of the effect concentration
times 100, where the effect concentration is expressed as a percentage of whole effluent, thus TUa = 100/
LC50 and TUc = 100/ECp.

When characterizing an effluent to determine whether a permit limit is necessary, permit writers can
use the available effluent WET data and a water-quality model to perform a reasonable potential analysis.
The TSD outlines the statistical approach.  This approach uses existing effluent data to project a maximum
pollutant concentration or a maximum toxicity in the effluent (USEPA 1991a).  The projected maximum
concentration or toxicity is used as an input in the water quality model to determine whether the effluent has
the reasonable potential to cause or contribute to an excursion of ambient water quality criteria.  If reasonable
potential exists, the permit writer must derive a WET permit limit for that facility.1

The variability of the existing effluent data, as measured by the CV, has a significant effect on the
projected maximum pollutant concentration or toxicity.  The higher the CV, the higher the projected
maximum, and the more likely that there is reasonable potential and a limit is needed.  EPA recommends that
regulatory authorities use all valid, relevant, and representative data in making reasonable potential
determinations.  EPA is developing a national policy clarifying use of the TSD procedures for determining
reasonable potential for WET.  Important components of this policy include specifying the minimum number
of valid WET tests necessary to calculate facility-specific CVs,2 as well as recommending a step-wise
approach to determining the need for WET permit limits.  This approach reflects a strong preference by EPA
and its stakeholders to rely on facility-specific WET testing, based on adequate frequency and duration of
effluent sampling, for making reasonable potential determinations for toxicity.

 EPA recommends that point estimates be used to estimate effluent variability, to determine the need
for limits, and to set permit limits.  This is recommended whether the self-monitoring test results will be
determined using hypothesis tests or point estimates.  Point estimates have less analytical variability than
NOECs using current experimental designs, as shown in Chapter 3.  Point estimates make the best use of the
WET test data for purposes of estimating the CV, LTA, and RP factor and calculating the permit limit.
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MSD ' dsw (1/n1)% (1/n)

PMSD '
MSD

control mean
× 100

6.3 Development of a Total Maximum Daily Load for WET

Total maximum daily loads (TMDLs) may be indicated when there is acute or chronic toxicity in a
waterbody, leading to the listing of the waterbody as impaired under CWA Section 303(d), and when there
are multiple sources of the toxicity.  EPA believes that TMDL calculations should be performed on the
pollutants causing toxicity whenever possible.  In these situations, EPA suggests that the first step of the
analysis is to conduct ambient toxicity identification evaluations to identify the pollutant(s) and the
source(s) causing the toxicity.  Once the pollutant(s) and source(s) causing toxicity have been identified for
the waterbody, then a TMDL should be developed for the individual pollutant(s).  

6.4 Accounting for and Minimizing Variability In the Regulatory Decision Process

A common goal for the permittee and the regulatory authority is to have confidence in the test results
from the biological and statistical procedures.  Both permittees and regulatory authorities would then have
more confidence in taking regulatory actions, such as evaluating multiple effluent samples to determine
reasonable potential and derive permit conditions (e.g., permit limits, monitoring triggers).  If steps such as
collecting a representative effluent sample to conducting the toxicity tests properly, as discussed in Sections
5.2 through 5.4, and requiring additional TACs (Section 6.4) are used to reduce or minimize within-test
variability, then the reliability of the WET test results increases.  

6.4.1 Recommended Additional TACs:  Lower and Upper Bounds for PMSD

Reference toxicant data from a large number of tests and laboratories were used to generate PMSD
values; percentiles of these values are reported in Table 3-6.  The MSD represents the smallest difference
between the control mean and a treatment mean that leads to the statistical rejection of the null hypothesis
(i.e., no toxicity) using Dunnett’s multiple comparison test.  MSD values are divided by the control mean
and multiplied by 100 to produce a “percent MSD” (PMSD) value.  The PMSD allows comparison of
different tests and represents the smallest significant difference from the control as a percentage of the
control mean.  Thus, it represents the smallest significant value of the relative difference [100 (control mean -
treatment mean)/control mean].  The MSD is often expressed as a percentage of the biological endpoint in
the control response.

The following formula is used to calculate MSD (as recommended by USEPA 1995):

where
d = critical value for the Dunnett’s procedure

sw = the square root of the error mean square (EMS)
n1 = number of experimental units in the control treatment
n = the number of experimental units per treatment, assuming an equal number at all other

treatments

Percent MSD is calculated as follows:

EPA recommends that regulatory authorities implement both the lower and upper PMSD bound
approach to minimize within-test variability when using hypothesis testing approaches to report an NOEC.
The implementation of the upper PMSD bound should also apply when using point estimate techniques.
There are five possible outcomes for regulatory decisions (see Figure 6-1).  Two outcomes imply unqualified
acceptance of the WET test statistical result:
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Test:  Unacceptable
Lacks Sensitivity

Very Small
Determine the NOEC

(Section 6.4.2)

PASS

FAIL

MIN

MIN

MAX

MAX (0c - 0IWC) = PMSD

0IWC = instream waste concentration mean

0c = control mean

(0c - 0IWC)

Percent
Minimum

Significant
Difference

Figure 6-1. Paradigm that incorporates the lower and upper
percent minimum significant difference.

1. Unqualified Pass–The test’s PMSD is within bounds and there is no significant difference between
the means for the control and the instream waste concentration (IWC) treatment.  The regulatory
authority would conclude that there is no toxicity at the IWC concentration.

2. Unqualified Fail–The test’s PMSD is larger than the lower bound (but not greater than the upper
bound) in Table 3-6 and there is a significant difference between the means for the control and the
IWC treatment.  The regulatory authority would conclude that there is toxicity at the IWC
concentration.

3. Lacks Test Sensitivity–The test’s PMSD exceeds the upper bound in Table 3-6 and there is no
significant difference between the means for the control and the IWC treatment.  The test is
considered invalid.  A new effluent sample must be collected and another toxicity test must be
conducted.

4. Lacks Test Sensitivity–The test’s PMSD exceeds the upper bound in Table 3-6 and there is a
significant difference between the means for the control and the IWC treatment.  The test is
considered valid.  The regulatory authority would conclude that there is toxicity at the IWC
concentration.

 5. Very Small but Significant Difference–The relative difference (see Section 6.4.2, below) between
the means for the control and the IWC treatment is smaller than the lower bound in Table 3-6 and
this difference is statistically significant.  The test is acceptable.  The NOEC is determined as
described in Section 6.4.2 below.

Regulatory authorities should examine the sample permit language as provided in Appendix C, for
incorporation of the PMSD bound language in a NPDES permit.

Note that “unqualified acceptance” of a WET test result requires that all of the following must be
achieved:  (1) collect the effluent sample properly; (2) conduct the toxicity test methods as specified in the
toxicity manuals; (3) meet the required TACs; (4) meet the proper water quality parameters (e.g., such as
temperature, pH); and (5) conduct the proper statistical calculations.  All these conditions must be reviewed
and deemed acceptable before a test is evaluated for self-monitoring data and reporting.
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Figure 6-2. Implementing applications of upper and lower PMSD bounds for effluent
toxicity testing requirements.

Figure 6-2 provides a decision tree that regulatory authorities can use when implementing the lower and
upper PMSD bounds.
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6.4.2 How to Determine the NOEC Using the Lower PMSD Bound

If the permit specifies that self-monitoring data are to be generated using hypothesis testing approaches,
then the analyst should report the NOEC as the following.  Find the smallest concentration for which (a) the
treatment mean differs significantly from the control mean and (b) the relative difference (see example
below) is not smaller than the 10th percentile in Table 3-6.  Therefore, the NOEC is the next smaller test
concentration.

In other words, concentrations having a very small relative difference with control (smaller than the
lower PMSD bound) would be treated as if they do not differ significantly from control (even if they do so),
for the purpose of determining the NOEC.

Table 6-1 illustrates the application of the lower PMSD bound for the reproduction endpoint of a
Ceriodaphnia chronic test.  In this example, the test’s PMSD was 9.9, smaller than the 10th percentile value
of 11 found in Table 3-6.  The IWC concentration differed significantly from the control.  The test falls under
outcome number 5, a significant but very small difference at the IWC.  The first step is to calculate the
relative differences from control (Table 6-1) as [(control mean - treatment mean) divided by (control mean)]
× 100.  The next step is to determine which relative differences exceed the PMSD lower bound, 11 in this
case (see the last column of Table 6-1).  Finally, the NOEC is determined as described above.  The NOEC
is 12.5 percent effluent for this example.

Table 6-1. Example of Applying the Lower PMSD Bound for the Chronic
Ceriodaphnia Test with the Reproduction Endpoint

Concentration
(percent effluent)

Reproduction
(mean of ten
replicates)

Relative
Difference

from Control

Does Relative
Difference
Exceed 11?

100% 5.08 * 82 Yes

50% 12.4 * 56 Yes

25% 23.4 * 17 Yes

IWC = 12.5% 25.3 * 10 No

6.25% 26.1 7.4 No

Control 28.2 0 No

NOTE:   The lower PMSD bound for this method and endpoint is 11 (Table 3-6).  In this
example, the NOEC is 6.25 percent effluent using the test’s (very small) PMSD.  Therefore, the
reported NOEC should be 12.5 percent effluent after applying the lower PMSD bound.

* Differs statistically from the control as determined by MSD = 2.8 neonates.  Thus, treatment
means that are less than 28.2 - 2.8 = 25.4 would be statistically significant.  These correspond
to relative differences greater than 100 (2.8 / 28.2) = 9.9 percent.  

6.4.3 Justification for Implementing the Test Sensitivity Bounds

A lower bound is needed to avoid penalizing laboratories that achieve unusually high precision.  The
10th percentile PMSD represents a practical limit to the sensitivity of the test method because few laboratories
are able to achieve such precision on a regular basis and most do not achieve it even occasionally.  Several
independent researchers have evaluated and provide support for using the MSD approach as additional TAC
for the toxicity test methods.  Thursby et al. (1997) advocate and provide reasons for using an empirical data
base of minimum significant differences to provide TAC using statistical performance assessment.  The State
of California (Hunt et al. 1996, Starrett et al. 1993) and the West Coast marine toxicity test methods (USEPA
1995) have implemented an upper PMSD bound to minimize insensitive tests.  Also the State of North
Carolina has implemented additional requirements for the Ceriodaphnia chronic tests that reduced method
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variability.  North Carolina’s evaluation of these additional TACs and subsequent improvements in test
sensitivity appears in Appendix F.  

The North Carolina data base affords the opportunity to evaluate the effectiveness of additional TAC
and changes to the toxicity test procedures as they relate to the variability of WET test results (see
Appendix F).  For example, for PMSD, the median value decreased from 21 percent to 16 percent, while the
90th percentile decreased from 39 percent to 31 percent, indicating an overall increase in test sensitivity.  The
range in median values across all laboratories before adopting additional TACs was 12 percent to 36 percent.
After adopting additional TACs, the range in median values was 10 percent to 27 percent, indicating a
decrease in the overall spread between laboratories.  The range in control CVs within a laboratory was from
21 percent to 79 percent before adopting TACs, compared to the range in control CVs within a laboratory
after adopting TACs, which was narrowed to 17 percent to 36 percent.  Overall, laboratories are generating
data with more consistency within and between laboratories, after implementation of the additional TACs
and additional method guidance provided by the State for the chronic Ceriodaphnia dubia test method.

6.4.4 Guidance to Testing Laboratories on How to Achieve the Range of Performance for
PMSD

EPA recommends that regulatory authorities use the upper bounds (90th percentiles for PMSD in Table
3-6) to identify tests that are insufficiently sensitive.  If PMSD exceeds this upper bound more often than
occasionally, the laboratory should thoroughly investigate ways to reduce variability.  There are three
principal ways to reduce PMSD:  (1) decrease within-test variability (that is, decrease the error mean square
and therefore the standard deviation at each concentration); (2) increase the control mean; and (3) increase
the number of replicates.  The number of replicates required could be determined by trial-and-error
calculations using the error mean square values obtained from a series of WET tests.  At least 20 tests are
recommended.  The number “n” in the formula for MSD (number or replicates) would be increased and MSD
re-calculated for each error mean square value.  This approach uses a sample of tests specific to a particular
laboratory and reveals the variation among tests.  This approach would demonstrate how many replicates
would be needed to achieve the upper PMSD bound, as required in Table 3-6.

6.5 Additional Guidance That Regulatory Authorities Should Implement to Further Support
the WET Program

As discussed in Section 5.3, regulatory authorities have the discretion to develop and implement
additional WET program requirements and guidance to ensure that WET test method variability is reduced
by specifying additional guidance beyond the minimum requirements of EPA’s WET test method’s QA/QC
and TACs.  Appendix E provides a snapshot of State approaches to implementing NPDES WET programs
to minimize WET test variability. 

These State approaches include WET information to assist the regulated community with the following:

• Guidance regarding the evaluation of reference toxicant and effluent test results

• Guidance regarding how the State reviews reference toxicant data for laboratory performance

• Guidance regarding additional QA/QC criteria the State has developed and implemented

• Guidance regarding efforts the State has made to minimize test method variability

• Description of how the State reviews or conducts performance laboratory audits

• Description of specific implementation guidance that the State has developed to assist permit
writers

• Description of how the State provides or uses toxicity test training
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States contemplating such changes should consult with EPA to ensure the changes will be appropriate
in the context of the State’s overall NPDES WET program.  In addition, States should implement a step-wise
approach to address toxicity when the permit limit or monitoring trigger is exceeded in their State WET
implementation plans.

For example, when an effluent is deemed toxic, then the permittee should take appropriate steps to
demonstrate the magnitude, frequency, and potential source(s) of the toxicity.  The components of the step-
wise approach could include increased frequency of toxicity testing to characterize the magnitude and
frequency of toxicity.  If continued toxicity is demonstrated, then the permittee could conduct a Toxicity
Reduction Evaluation/Toxicity Identification Evaluation (TRE/TIE) with toxic effluent sample(s) (USEPA
1991b, 1992).  For example, EPA Regions 9 and 10 have prepared WET implementation guidance to assist
their States (Denton and Narvaez 1996).  This guidance provides sample permit language for a step-wise
approach to address toxic samples (see Appendix C).

6.6 Chapter Conclusions

The TSD statistical approach to reasonable potential determination and permit limit derivation
considers combined effluent and analytical variability through the CV of measured effluent values.  Because
determination of effluent variability is based on empirical measurements, the variability estimated for
effluent measurements includes the variability of pollutant levels, sampling variability, and a smaller
component owed to method variability.  Steps should be taken to reduce these sources of variability.  EPA
believes that the TSD statistical procedures are appropriately protective in considering both effluent and
analytical variability in reasonable potential and effluent limit calculations.

EPA recommends that regulatory authorities use a sampling program that conducts at least ten
representative WET tests over a period of three years to represent the full range of effluent variability.
Regulatory authorities should use recommended procedures in the TSD to determine when numeric WET
limits or WET monitoring triggers are needed.  Other permit conditions may include monitoring triggers,
such as increased toxicity testing, TREs/TIEs, and follow-up actions initiated because a permit limit is
exceeded or a monitoring trigger is not met.  Regulatory authorities should implement the additional test
sensitivity requirements by requiring that each test result not exceed the upper PMSD bound.  In addition,
regulatory authorities should determine the appropriate NOEC for test results below the lower PMSD bound
as described in Section 6.4.2.  These efforts should lead to increased confidence in the effect concentrations
that are generated to evaluate self-monitoring data.
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7.0  CONCLUSIONS AND GUIDANCE TO LABORATORIES, PERMITTEES,
AND REGULATORY AUTHORITIES

This document was prepared to address whole effluent toxicity (WET) test variability.  The document
has three goals:  (1) quantify the variability of promulgated test methods and report a coefficient of variation
(CV) as a measure of test method variability; (2) evaluate the statistical methods described in the TSD for
determining the need for and deriving WET permit conditions; and (3) suggest guidance for regulatory
authorities on approaches to address and minimize test method variability.  This document quantified the
variability of toxicity test methods based on the end use of the data, that is, the effect concentrations (e.g.,
NOEC, LC50, EC25).  The within-laboratory variability of these effect concentrations was quantified by
obtaining multiple test results under similar test conditions using the same reference toxicant.  The major
conclusions of this document are discussed below.

7.1 General Conclusions

• EPA’s Technical Support Document for Water Quality-based Toxics Control (referred to as the
TSD) presents guidance for developing effluent limits based on three key components:  (1) water
quality criteria; (2) a calculated dilution factor used to derive a waste load allocation (WLA) from
the criteria; and (3) a statistical calculation procedure that uses a CV based on effluent data to
calculate effluent limits from the WLA.  EPA’s TSD statistical approach is appropriately
protective, regarding both effluent and analytical variability, provided that the criteria and WLA
are derived correctly.  It is inappropriate to adjust the TSD statistical methodology for determining
when water quality-based effluent limits are needed and for calculating such limits (Section 6 and
Appendix G).

• EPA’s analysis indicates that the TSD approach appropriately accounts for both effluent variability
and method variability.  EPA does not believe a reasonable alternative approach is available to
determine a factor that would discount the effects of method variability using the TSD procedures
(Section 6.1.1 and Appendix G).

• Interim CVs are identified for promulgated WET test methods [Appendix A, Table A-1 (acute
methods) and Table A-2 (chronic methods)], pending completion of between-laboratory studies,
which may affect these interim CV estimates.

• Comparisons of WET method precision with method precision for analytes commonly limited in
the National Pollutant Discharge Elimination System (NPDES) permits clearly demonstrate that
the variability of the promulgated WET methods is within the range of variability experienced in
other types of analyses.  Several researchers also noted that method performance improves when
prescribed methods are followed closely by experienced analysts (Section 4.1.2).

• The hypothesis test procedures prescribed in EPA’s WET methods will provide adequate protection
against false conclusions that an effluent is toxic.  However, the incidence of false negatives can
be high because of high within-test variability, making it difficult to detect toxicity when toxicity
is truly present.  Therefore, evaluating the power of current experimental designs is desirable.  EPA
expects that regulatory authorities will make prompt and measurable progress toward the goal of
requiring all WET tests to detect a toxic effect of 25 percent to 33 percent with power of 0.80
(Section 5.3.3 and Appendix B.4).

• Quality assurance problems became apparent when evaluating the data for this study, especially
for the metal reference toxicants and sodium dodecyl sulfate (SDS).  Standardizing the choice of
reference toxicant and the concentrations to be tested may be appropriate, as well as establishing
bounds on the range of acceptable effect concentrations for each test method.  As a result,
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quantifying between-laboratory variability will be difficult unless these issues can be resolved
(Appendix G.2.6).

• The data analysis did not reveal the potential sources and causes of variability, such as using
different sources of test organisms, dilution water, and food.  To assess the sources of variability
fully, experimenters must carefully design new studies (Section 3.4.1).

7.2 Recommendations for Minimizing Variability and Its Effects

Three critical areas are identified to minimize WET test method variability:

• Obtaining a representative effluent sample, 

• Conducting the toxicity tests properly to generate biological endpoints, and 

• Calculating the appropriate statistical endpoints to have confidence in the effect concentration.

This document provides guidance to toxicity testing laboratories, permittees, and regulatory authorities
in conducting biological and statistical methods and evaluating test effect concentrations.  It also develops
guidance for regulatory authorities on approaches to address and minimize test method variability.  The
principal aspects of the guidance are presented in Table 3-6 and re-presented here.

Range of Relative Variability for Endpoints of Promulgated WET Methods, Defined by the 10th

and 90th Percentiles from the Data Set of Reference Toxicant Testsa

Test Methodb Endpointc
No. of
Labs

No. of
Tests

PMSD Control CVd

10th 90th 10th 90th 

1000.0 Fathead Minnow G 19 205 9.4 35 0.035 0.20

1002.0 Ceriodaphnia dubia R 33 393 11 37 0.089 0.42

1003.0 Green Alga G 9 85 9.3 23 0.034 0.17

1004.0 Sheepshead Minnow G 5 57 6.3 23 0.034 0.13

1006.0 Inland Silverside G 18 193 12 35 0.044 0.18

1007.0 Mysid G 10 130 12 32 0.088 0.28

2000.0 Fathead Minnow S 20 217 4.2 30 0 0.074

2002.0 Ceriodaphnia S 23 241 5.0 21 0 0.11

2004.0 Sheepshead Minnow S 5 65 0e 55 0 0

2006.0 Inland Silverside S 5 48 7.0 41 0 0.079

2007.0 Mysid (A. bahia) S 3 32 5.1 26 0 0.081

2011.0 Mysid (H. costata) S 2 14 18 47 0 0.074

2021.0 Daphnia (D. magna) S 5 48 5.3 23 0 0.11

2022.0 Daphnia (D. pulex) S 6 57 5.8 23 0 0.11
a The precision of the data warrants only three significant figures.  When determining agreement with these values, one may

round off values to two significant figures (e.g., values >3.45000... and #3.5000... are rounded to 3.5).  Method 1009.0 (red
macroalga) is not reported because it is inadvisable to characterize method variability using only 23 tests from just two
laboratories. 

b Method numbers from 2000.0 through 2022.0 are acute toxicity methods.
c G = growth, R = reproduction, S = survival 
d CVs were calculated using untransformed control means for each test.
e An MSD of zero will not occur when the EPA flow chart for statistical analysis is followed.  In this report, MSD was

calculated for every test, including those for which the flow chart would require a nonparametric hypothesis test.  EPA
recommends using the value 4.2 (the 10th percentile shown for the fathead minnow acute test) in place of zero as the 10th

percentile PMSD (lower PMSD bound) for the sheepshead minnow acute test.
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7.2.1 Guidance to Toxicity Testing Laboratories

• Testing laboratories should maintain quality assurance/quality control (QA/QC) control charts for
percent minimum significant difference (PMSD) along with the statistical endpoints such as NOEC,
LC50, and EC25.  Testing laboratories should regularly plot the individual raw test data and the
average treatment responses to examine possible causes of excessive variability (Section 5.3.1.1).

• The minimum number of replicates for the chronic toxicity tests should be four for the chronic
fathead minnow, sheepshead minnow, and inland silverside test methods (Section 5.3.3.1).

• Testing laboratories should take steps to ensure that the test PMSD does not exceed the upper
bound provided in the table above (Sections 3.3, 5.3.3, and 6.4 and Table 3-6).  This may require
ensuring more uniformity among test organisms and/or using more replicates.  Tables are provided
to aid in choosing the number of replicates (Tables B-14 and B-15).

• Testing laboratories should examine the power tables to ensure that test results will meet the
recommended test sensitivity criteria.  These tables can be used to make decisions about
replication, given the knowledge of typical values for error mean square (EMS) and number of
tested concentrations (Section 5.3.3 and Tables B-9 through B-15).

7.2.2 Guidance to NPDES Permittees

• Permittees should select and conduct all data analyses with one qualified toxicity testing laboratory
to determine reasonable potential, derive permit limits, and generate self-monitoring test results.
Conducting all effluent testing consistently using one reference toxicant is also prudent (Section
6.1.4 and Appendix G.2.5).

• Permittees should generate WET data (n = 10) that have been accumulated over a year or more to
fully characterize effluent variability over time.  The sampling dates and times should span a
sufficient duration to represent the full range of effluent variability (Sections 6.1.3 and 6.2 and
Appendix G.2.4).

• Permittees should examine testing laboratories’ QA/QC control charts.  If the CV for reference
toxicant tests is greater than the 75th percentile in Tables 3-2 through 3-4, variability can likely be
reduced, even if the individual EC25 and LC50 values fall within the control limits (Section
5.3.1.1).  

• Permittees should examine toxicity test data to ensure that data being submitted to regulatory
authorities meet specified effluent holding times, temperature, laboratory control limits, and test
acceptability criteria, such as requirements for test sensitivity lower and upper PMSD bounds
(Sections 5.2 through 5.4).

• Permittees should anticipate and plan for a change if switching to a different testing laboratory.
The permittee should compare reference toxicant test data from the current laboratory with data
from the candidate replacement laboratory in order to ensure acceptable variability and a similar
average effect (Section 6.1.4).
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7.3 Guidance to Regulatory Authorities

Guidance to Regulatory Authorities Related to Determining Reasonable Potential and Deriving Permit
Limits:

• Regulatory authorities should use EPA’s recommended statistical approach in deriving permit
limitations.  The statistical approach outlined in the TSD represents an effective and appropriately
protective approach to effluent limit development (Section 6.1 and Appendix G.1).

• Regulatory authorities should calculate the facility-specific CV using point estimate techniques for
determining RP and for setting a permit limit, even if the self-monitoring test results will be
determined using hypothesis test procedures (Sections 3.4.1 and 6.2).

• Regulatory authorities that need to cite a characteristic CV for a promulgated method may use
Tables A-1 and A-2 in Appendix A, which show the median CV from Tables 3-2 through 3-4.

• EPA recommends that regulatory authorities evaluate the merits of a step-wise approach to address
toxicity.  This approach can determine the magnitude and frequency of toxicity and appropriate
follow-up actions for test results that indicate exceedance of a monitoring trigger or a permit limit
(Section 6.5).

Guidance to Regulatory Authorities Related to Collecting Effluent Samples, Conducting the Toxicity
Test, and Evaluating the Effect Concentrations:

• Regulatory authorities should design a sampling program that collects representative effluent
samples to fully characterize effluent variability for a specific facility over time.  At least 10
samples are needed to estimate a variance or CV with acceptable precision for a specific facility
(Sections 6.1.3 and 6.2).

• Regulatory authorities should ensure that statistical procedures and test methods have been properly
applied to produce WET test results.  Evaluating other factors and data, such as biological and
statistical quality assurance, and ensuring that test conditions and test acceptability criteria (TAC)
have been met would be prudent (Sections 5.2 through 5.5).

• Regulatory authorities should apply both the upper and lower bounds using the PMSD as an
additional TAC (Section 6.4 and Table 3-6).  The State of North Carolina implemented an effective
WET program that required additional TAC and guidance for test methods that served to minimize
test method variability (Appendix F).

• Regulatory authorities should develop a QC checklist to assist in evaluating and interpreting
toxicity test results (Section 5.3.1.1).  See Appendix E for examples of State WET implementation
procedures.

• Regulatory authorities should consider participation in the National Environment Laboratory
Accreditation Program and should conduct routine performance audit inspections to evaluate
individual laboratory performance.  Inspections should determine compliance with minimum
acceptable criteria for collecting appropriate and representative effluent samples, conducting the
toxicity test procedures, and analyzing test results (Section 5.3.1.1).

• Regulatory authorities should incorporate revised technical guidance recently published by EPA
captioned “Method Guidance and Recommendations for Whole Effluent Toxicity (WET) Testing”
(40 CFR Part 136) (USEPA 2000a).  The guidance addresses:  (1) error rate assumption
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adjustments; (2) concentration-response relationships; (3) incorporation of confidence intervals;
(4) acceptable dilution waters for testing; (5) guidance on blocking by parentage for the chronic C.
dubia test method; and (6) procedures for controlling pH drift.

7.4 Future Directions

• An independent peer-reviewed workshop should be convened to evaluate alternatives to the
statistical approaches currently used in EPA’s WET test methods.  Such a workshop might suggest
alternatives regarding (1) WET statistical flowcharts, (2) WET statistical methods used to estimate
effect concentrations, and (3) test data interpretation and review guidelines (Section 5.5).

• Such a workshop might also evaluate additional QC requirements and recommendations regarding
the specification of a reference toxicant and the concentrations to be tested for each test method
(Section 5.3.1).
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INTERIM COEFFICIENTS OF VARIATION OBSERVED WITHIN
LABORATORIES FOR REFERENCE TOXICANT SAMPLES ANALYZED

USING EPA'S PROMULGATED WHOLE EFFLUENT TOXICITY METHODS

Tables A-1 and A-2 identify interim coefficients of variation for each promulgated WET method.  The
Agency identifies these as “interim” because EPA may revise some or all of these estimates based on
between-laboratory studies currently underway to evaluate some of the test methods.  For the acute toxicity
methods, only “primary” organisms identified in the EPA method manuals (USEPA 1994a, 1994b) are
reported in the tables.  The primary data used to calculate these CVs were estimated effect concentrations
(EC25, LC50, and NOEC) in units of concentration (e.g., mg/L of toxicant).  Most CVs in Tables A-1 and
A-2 come directly from Tables 3-2 through 3-4.  Those data were supplemented as necessary with data from
EPA publications (USEPA 1991, 1994a, 1994b).  In Table 3-2, the NOEC values are reported separately for
each test endpoint.  In Tables A-1 and A-2, however, the NOEC values are reported as the most sensitive test
endpoint.  The data for a given method represent a variety of toxicants.  In general, laboratories reported data
for only one toxicant for a given method.  Some of the data taken from EPA publications involved tests using
different toxicants but conducted at one laboratory.  In such cases, CVs were calculated separately for each
toxicant.  

Tables A-1 and A-2 report a default value when results were available from fewer than three
laboratories and a similar species could be used as a basis for the default value of the CV.  The sources of
default values are identified in the footnotes to Tables A-1 and A-2.  For methods and endpoints represented
by fewer than three laboratories, the interim CV should be regarded as highly speculative.

Coefficients of variation are used as descriptive statistics for NOECs in this document.  Because
NOECs can take on only values that correspond to concentrations tested, the distribution (and CV) of NOECs
can be influenced by the selection of experimental concentrations, as well as additional factors (e.g., within-
test variability) that affect both NOECs and point estimates.  This makes CVs for NOECs more uncertain
than those of point estimates, and the direction of this uncertainty is not uniformly toward larger or smaller
CVs.  Despite these confounding issues, CVs are used herein as the best available means of expressing the
variability of interest in this document and for general comparisons among methods.  Readers should be
cautioned, however, that small differences in CVs between NOECs and point estimates may be artifactual;
large differences are more likely to reflect real differences in variability (a definition of what is “small” or
“large” would require a detailed statistical analysis and would depend upon the experimental and statistical
details surrounding each comparison).

These results are based on tests conducted using reference toxicants.  These CVs may not apply to
tests conducted on effluents and receiving waters unless the effect concentration (i.e., the EC25, LC50, or
NOEC) happens to fall in the middle of the range of concentrations tested.  More often, tests of effluents and
receiving waters show smaller effects at the middle concentrations.  Many effluent tests also demonstrate
that the effect concentration equals or exceeds the highest concentration tested.  In such cases, the sample
standard deviation and CV tend to be smaller than reference toxicant CVs.  
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Table A-1. Interim Coefficients of Variation for EPA’s Promulgated Whole Effluent
Toxicity Methods for Acute Toxicity  

Test 
Method No. a Test Organism Estimate CV

No. of 
Laboratories

2002.0 Ceriodaphnia dubia LC50 0.19b 23

2021.0 Daphnia magna LC50 0.22b 5

2022.0 Daphnia pulex LC50 0.21b 6

2000.0 Pimephales promelas LC50 0.16b 21

2019.0 Oncorhynchus mykiss LC50 0.16c nac

NA Salvelinus fontinalis LC50 0.16c nac

2004.0 Cyprinodon variegatus LC50 0.14b 5

2006.0 Menidia beryllina LC50 0.16b 5

2007.0 Mysidopsis bahia LC50 0.25b 3

 a These codes for acute methods were developed specifically for this document.
  b From Table 3-3.
  c Default values.  These values are identified for methods represented by fewer than three laboratories.  Default values

for the trout (Salvelinus fontinalis) are based on Method 2000.0.  Default values for Menidia menidia and M.
penisulae (not shown) are based on the median for M. beryllina.   

NOTE:  CVs represent the median coefficient of variation observed within laboratories for WET tests conducted on
reference toxicant samples.  The test endpoint is survival.
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Table A-2. Interim Coefficients of Variation for EPA’s Promulgated Whole Effluent
Toxicity Methods for Short-Term Chronic Toxicity

Test 
Method No. Test Organism Endpoint Estimate CV 

No. of
Laboratories

1000.0
Pimephales promelas

Growth
Survival

Most sensitive

EC25
LC50
NOEC

0.26a

0.23a

0.31a

19
19
19

1001.0
Pimephales promelas

Embryo-larval 

Mortality +
Teratogenicity

Mortality +
Teratogenicity

Mortality +
Teratogenicity

EC01
LC50
NOEC

0.52b

0.07c

0.22c

1
na
na

1002.0 Ceriodaphnia dubia
Reproduction

Survival
Most sensitive

EC25
LC50
NOEC

0.27a

0.16a

0.35a

33
33
33

1003.0
Selenastrum

capricornutumd
Cell count
Cell count

EC25
NOEC

0.26a

0.46a

6
9
9

1004.0
Cyprinodon variegatus

Growth
Survival

Most sensitive

EC25
LC50
NOEC

0.13
 0.08
 0.38c

5
5
5

1005.0
Cyprinodon variegatus

Embryo-larval 

Mortality +
Teratogenicity

Mortality +
Teratogenicity

Mortality +
Teratogenicity

EC10
LC50
NOEC

0.19e

0.07e

0.22e

1
1
1

1006.0 Menidia beryllina
Growth
Survival

Most sensitive

EC25
LC50
NOEC

0.27a

0.28a

0.46a

16
16
16

1007.0 Mysidopsis bahia
Growth
Survival

Most sensitive

EC25
LC50
NOEC

0.28a

0.26a

0.40a

10
10
10

1008.0 Arbacia punctulata
Fertilization
Fertilization

EC25
NOEC

0.36e

 0.50c 
2
na

1009.0 Champia parvula
Cystocarp production
Cystocarp production

EC25
NOEC

 0.59a, e

 0.85a, e
3
3

a Tables 3-2 through 3-4.
b USEPA 1994b, USEPA 1991.
c Default values.  These values are identified, when possible, for methods represented by fewer than three

laboratories.   The default value for Cyprinodon is based on Pimephales.  Default values for Menidia menidia and
M. penisulae (not shown) are based on the median for Menidia beryllina.  Default values for Method 1001.0 were
based on Method 1005.0.   The default value for Method 1008.0 was based on Method 1016.0 of Table B-3 in
Appendix B. 

d Genus and species recently changed to Raphidiopsis subcapitata.
e USEPA 1994a, USEPA 1991.
NOTE:  CVs represent the median coefficient of variation observed within laboratories for WET tests conducted on
reference toxicant samples.  NOEC estimates are reported for the most sensitive endpoint.  This means that, for each
test, the NOEC value was recorded for the endpoint that produced the lowest NOEC test result. 
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SUPPLEMENTARY INFORMATION FOR REFERENCE TOXICITY DATA

Appendix B contains technical and explanatory notes, and supplementary tables pertaining to the
statistical analyses of reference toxicant test results presented in Chapters 3 and 5.

B.1 Acquisition, Selection, and Quality Assurance of Data

Details of data quality assurance and test acceptance are provided in a separate document, available
from the EPA Office of Water’s Office of Science and Technology (“Whole Effluent Toxicity (WET) Data
Test Acceptance and Quality Assurance Protocol”).  On request, EPA will also make available a list by
laboratory of quality assurance (QA) flags, test dates, toxicant concentration, and summary statistics for the
NOEC, EC25, and EC50 estimates and the test endpoints (survival, growth, reproduction, etc.).  Laboratories
are not named.  Data were obtained as data sets from the data base and statistical software packages TOXIS®

and TOXCALC® (see Chapter 8 for citations).

TOXIS® software produces an acceptability criterion field code based on the TAC specified by the EPA
WET test methods.  The tests having “I” (Incomplete) or “F” (Failed) values in this field were eliminated
from consideration.  TOXCALC® data were examined at the individual test level.  The first step, before data
entry, consisted of examining the test for TAC from bench sheets.  The data were then imported into
TOXCALC® for analysis.  However, TOXCALC®, unlike TOXIS®, does not generate error codes but issues
a warning on the screen.  These messages were examined and decisions were made case-by-case following
EPA test methods.  In the second step, a QA program code was written in SAS® to check the TAC listed in
the WET test methods for acute and chronic toxicity tests.

The effect concentration values produced using TOXCALC® or TOXIS®, along with related test
information, were exported to spreadsheets and then imported into a SAS® data set.  All statistical analyses,
other than calculations of effect concentration estimates, were conducted using SAS®.  Various data QA tests
were conducted.  Checks were made to ensure that data were within acceptable concentration-response
ranges.  Also, the frequency of tests, laboratories, and toxicants were compared for initial and final data sets
to ensure that the data were properly imported and exported.  Furthermore, TOXIS® effect concentrations
having unacceptable error codes such as 905 (i.e., exposure concentrations for LC/EC values unrealistically
high due to small slope and estimates well beyond the highest concentration used) and 904 (i.e., non-
homogeneity of variance for a Probit estimate) were rejected.  The TAC were not verified independently of
TOXIS®, although the data used passed the required TAC.  Because TOXIS® does not export the qualifier
for censored endpoint values (i.e., “>” for greater than and “<” for less than), these qualifiers were later
added to cases in which the point estimate equaled the maximum or minimum concentration in the dilution
series.  The methods having two biological endpoints per test method (e.g., survival and reproduction) had
to pass both endpoint TACs to be included in the data analysis.

Non-standard laboratory codes were investigated by follow-up with the data provider; such cases were
resolved either by reconfirming the laboratory identity or in a few cases by flagging the data as unusable.
Duplicate data sets were identified and eliminated; this involved comparing the test methods, organisms,
laboratory codes, test dates, test codes, concentration series, and replicate endpoint means.  Concentration
units were standardized for each toxicant.  Errors in concentration units (e.g., µg versus mg) were identified
and resolved.  The number of organisms and number of replicates were not used to select or reject tests.  For
example, the minimum number of replicates was three for Method 1000.0 (which applied to only a few tests,
since most tests used four replicates, but some used three) and seven for Method 1002.0 (which was
exceptional since most tests used ten replicates).

Only the 20 most recent tests were used if more were submitted.  Only laboratories having at least six
data points were reported for the toxicants potassium chloride (KCl) and sodium chloride (NaCl) for two
common methods:  Method 1000.0 (fathead minnow larval survival and growth) and Method 1002.0
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(Ceriodaphnia survival and reproduction).  For other toxicants and methods, the minimum number of data
points per laboratory was set at four.  The within-laboratory statistics based on only four tests can be
imprecise and should be regarded with caution.

In past protocols, the growth and reproduction effect values for the fathead minnow test (Method
1000.0), inland silverside test (Method 1006.0), and mysid test (Method 1007.0) were determined by dividing
the weight or reproduction by the number of survivors.  In contrast, the currently promulgated methods
require that the weight or reproduction values be divided by the original (starting) number of organisms.  All
such results herein were calculated as currently required, using the weight or reproduction divided by the
original number of organisms.  

Note that data for Method 1016.0 (purple urchin fertilization test) and Method 1017.0 (sand dollar
fertilization) included three different test methods with primary method differences including different
sperm-egg ratios, sperm collection procedures, and sperm exposure time.  This method has since been
standardized and included in the West Coast chronic marine test methods manual (USEPA 1995).

A large percentage of data from a few laboratories was censored (i.e., recorded as “<” or “>”) because
the effect concentration was outside the range of the concentration series.  In some cases, the data were
censored because of the number or range of toxicant concentrations tested.  When many data are censored,
a reversal in the most sensitive endpoint can occur.  For example, in the data for Method 1006.0 (Menidia
beryllina larval survival and growth test), the NOEC for the survival endpoint indicated a more sensitive
response than the sublethal endpoint for some tests.  

B.2  Summary Statistics for IC25, LC50, and NOEC

B.2.1 Within-Laboratory Variability of EC25, EC50, and NOEC

Test data were not screened for outliers as provided for in ASTM Practices D2777 and E691 (ASTM
1992, 1998).  Thus, maximum and minimum values for the laboratory statistics summarized in Tables B-1
through B-6 may be distorted by outliers.  Therefore, EPA concluded that the maximum and minimum values
are not necessarily reliable and has not reported them in these tables.  EPA recommends that the 10th and 90th

percentiles reported in Tables B-1 through B-6 be used to characterize the range of test variability.

Tables B-1 through B-3 show percentiles of the within-laboratory coefficients of variation (CVs) for
EC25, EC50, and NOEC for all methods in the variability data set.  However, when a method is represented
by few laboratories, this summary cannot be considered typical or representative.  When there were fewer
than ten laboratories for a method, the 10th and 90th percentiles could not be estimated in an unbiased manner.
Columns P10 and P90 show the minimum and maximum in such cases.  Similarly, when there were fewer
than four laboratories, columns P10 and P25 show the minimum and columns P75 and P90 show the
maximum.  An unbiased estimate of the median is always shown.  

These percentiles are found by interpolation between two sample order statistics.  The kth sample order
statistic has an expected probability estimated by Pk = (k - 0.375)/(N + 0.25).  Linear interpolation between
two order statistics (X k and Xk+1) having expected probabilities Pk < P < Pk+1 provides the estimate of the Pth

quantile.  

Tables B-4 through B-6 summarize variation across laboratories for the within-laboratory normal ratio
of extremes for the EC25, EC50, and NOEC estimates.  Instead of using the ratio of largest-to-smallest
observations, which is vulnerable to outliers, the ratio of the 90th to the 10th percentiles (symbolized P90:P10)
was used to provide some robustness to outliers.  This ratio is a measure of variability in terms of
concentration ratio.  About 80 percent of observations are expected to fall between these percentiles.  Thus,
if P90:P10 equals 4, about 80 percent of observations are expected to fall within a dilution ratio of 4 (e.g.,
0.25 mg/L to 1.00 mg/L).  
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The ratio is dimensionless and a more useful measure of the “range” of test results than the
concentration range.  For example, NOECs may vary at one laboratory between 0.5 mg/L and 2.0 mg/L
(giving a range of 1.5 mg/L) and at another laboratory between 0.25 mg/L and 1.0 mg/L (giving a range of
0.75 mg/L), yet both NOECs span two standard concentrations having a ratio of 1:4.   Also, using a ratio
allows direct comparison among different toxicants having different concentration units.  Further,  toxicity
tests often require a log scale (that is, a ratio scale) of concentration to provide an approximately linear curve
of endpoint response (Collett 1991).  Environment Canada (2000) expects that plotting and statistical
estimation for WET tests will employ a logarithmic scale.  In EPA publications, logarithmic (constant-ratio)
graphical scales are used for concentrations (USEPA 1994a,1994b).  

Tables B-4 through B-6 provide an easy way to quantify the ratio among effect concentrations expected
for 80 percent of tests.  For example, in Table B-6 under the NOEC for the growth endpoint of Method
1000.0, the median laboratory has a ratio of 2.0.  This means that for half of the laboratories, repeated
reference toxicant tests gave NOECs, 80 percent of which differed by no more than one standard dilution.
That is, most NOECs occurred at only one concentration or at two adjacent concentrations at half of the
laboratories.  Note that most tests used 1:2 dilutions, so for the NOEC, the only exact ratios possible for each
test are 1:1, 1:2, 1:4, 1:8, and 1:16.  Thus, for NOECs, the results presented in the tables may be interpreted
by rounding to these ratios.  

The ratios P90:P10 in Tables B-4 through B-6 can be summarized as follows.  For the NOEC in most
of the promulgated WET methods, 75 percent of laboratories achieve a ratio of no more than 1:4, and half
of the laboratories routinely achieve ratios of 1:1 or 1:2.  For the LC50 (survival endpoint) for most methods,
75 percent of laboratories have ratios no more than 1:3, and half the laboratories have ratios no more than
1:2.  For the IC25 (growth and reproduction endpoints), 75 percent of laboratories have ratios no more than
1:4, and half of laboratories have ratios no more than 1:2.5.   The ratio for acute methods is usually somewhat
less than that for chronic methods.  

Note that two laboratories having the same ratio P90:P10 do not necessarily have similar NOECs;
between-laboratory variation also occurs.  For example, consider three laboratories that reported data for the
growth endpoint of Method 1000.0 tested with NaCl.  Each has a ratio P90:P10 of 2.0.  One laboratory
reported 11 tests, with the NOEC ranging from 0.4 mg/L to 3.2 mg/L.  The 10th and 90th percentile estimates
were 1.6 and 3.2.  A second laboratory reported 8 tests, with the NOEC ranging from 1.0 mg/L to 2.0 mg/L.
The 10th and 90th percentile estimates were 1.0 and 2.0.  A third laboratory reported 12 tests, with the NOEC
ranging from 1.0 mg/L to 4.0 mg/L.  The 10th and 90th percentile estimates were 1.0 and 2.0.

B.2.2 Between-Laboratory Variability of EC25, EC50, and NOEC

The estimates of within- and between-laboratory variability for WET tests in Table 3-5 (Chapter 3) are
based on Type-I analysis of variance and expected mean squares for random effects.  Within-laboratory
variability is estimated as the square root of the error mean square (column “Within-lab Fw”), that is, the
pooled standard deviation for all tests and all laboratories available for a given method, toxicant, and
endpoint.  Column “Between-lab Fb” is the square root of the between-laboratory variance term, calculated
as shown below.  The column headed “Mean” shows the mean of the (unweighted) laboratory means.
Sample sizes (numbers of laboratories) are insufficient for credible estimates of between-laboratory
variability for most methods.  The expected mean squares assume that the population of laboratories is large.
Finite population estimates would be more accurate for some combinations of method and toxicant.
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Table B-1.  Percentiles of the Within-Laboratory Values of CV for EC25

Test Methoda

Test
Metho

d
No.b

End-
pointc

No.
of

Labs

CV 

P10 P25 P50 P75 P90
Chronic, Promulgated
Fathead Minnow Larval Survival & Growth 1000.0 G 19 0.12 0.21 0.26 0.38 0.45 

Fathead Minnow Larval Survival & Growth 1000.0 S 16 0.03 0.11 0.22 0.32 0.52 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 0.08 0.17 0.27 0.45 0.62 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 25 0.07 0.11 0.23 0.41 0.81 

Green Alga (Selenastrum)d Growth 1003.0 G 6 0.02 0.25 0.26 0.39 0.51 

Sheepshead Minnow Larval Survival & Growth 1004.0 G 5 0.03 0.09 0.13 0.14 0.18 

Sheepshead Minnow Larval Survival & Growth 1004.0 S 2 0.15 0.15 0.16 0.17 0.17 

Inland Silverside Larval Survival & Growth 1006.0 G 16 0.05 0.18 0.27 0.43 0.55 

Inland Silverside Larval Survival & Growth 1006.0 S 13 0.15 0.22 0.35 0.42 0.62 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 R 4 0.22 0.03 0.38 0.41 0.42 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 0.21 0.24 0.28 0.32 0.04 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 7 0.17 0.17 0.21 0.28 0.32 

Red Macroalga (Champia parvula) Reprod 1009.0 R 2 0.58 0.58 0.58 0.59 0.59 

West Coast
Topsmelt Larval Survival & Growth 1010.0 G 1 0.25 0.25 0.25 0.25 0.25 

Topsmelt Larval Survival & Growth 1010.0 S 1 0.20 0.20 0.20 0.20 0.20 

Pacific Oyster Embryo-Larval Survival & Dev. 1012.0 D 1 0.25 0.25 0.25 0.25 0.25 

Mussel Embryo-Larval Survival & Dev.   1013.0 D 3 0.14 0.14 0.27 0.42 0.42 

Red Abalone Larval Development 1014.0 D 10 0.13 0.15 0.25 0.35 0.36 

Sea Urchin Fertilization 1016.0 F 12 0.18 0.26 0.41 0.58 0.68 

Sand Dollar Fertilization 1017.0 F 7 0.25 0.35 0.43 0.51 0.60 

Giant Kelp Germination & Germ-Tube Length 1018.0 Ge 11 0.33 0.34 0.40 0.43 0.60 

Giant Kelp Germination & Germ-Tube Length 1018.0 L 11 0.22 0.25 0.31 0.36 0.36 

Acute
Fathead Minnow Larval Survival 2000.0 S 7 0.05 0.09 0.15 0.21 0.44 

Ceriodaphnia (Cd) Survival 2002.0 S 8 0.04 0.09 0.10 0.19 0.33 

Sheepshead Minnow Survival 2004.0 S 3 0.08 0.08 0.13 0.46 0.46 

Inland Silverside Larval Survival 2006.0 S 4 0.03 0.09 0.20 0.40 0.55 

Mysid (Ab) Survival 2007.0 S 1 0.26 0.26 0.26 0.26 0.26 

Mysid (Hc) Survival 2011.0 S 1 0.20 0.20 0.20 0.20 0.20 

Rainbow Trout Survival 2019.0 S 1 0.11 0.11 0.11 0.11 0.11 

Daphnia (Dm) Survival 2021.0 S 1 0.19 0.19 0.19 0.19 0.19 

Daphnia (Dp) Survival 2022.0 S 3 0.06 0.06 0.41 0.48 0.48 
a Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia

magna, Dp = Daphnia pulex
b EPA did not assign method numbers for acute methods in EPA/600/4-90/027F. The numbers assigned here were

created for use in this document and in related materials and data bases.
c D = development, F = fertilization, G = growth, Ge = Germination, L = length, R = reproduction or fecundity, S

= survival
d Genus and species recently changed to Raphidocelis subcapitata.
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Table B-2.  Percentiles of the Within-Laboratory Values of CV for EC50a

Test Methodb

Test
Metho

d
No.c

End-
pointd

No.
of

Labs

CV

P10 P25 P50 P75 P90

Chronic, Promulgated

Fathead Minnow Larval Survival & Growth 1000.0 G 19 0.10 0.15 0.24 0.26 0.46 

Fathead Minnow Larval Survival & Growth 1000.0 S 19 0.12 0.15 0.23 0.31 0.44 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 0.06 0.12 0.23 0.29 0.46 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 33 0.04 0.10 0.16 0.29 0.46 

Green Alga (Selenastrum)e Growth 1003.0 G 9 0.16 0.19 0.27 0.30 0.63 

Sheepshead Minnow Larval Survival & Growth 1004.0 G 5 0.02 0.04 0.06 0.11 0.13 

Sheepshead Minnow Larval Survival & Growth 1004.0 S 5 0.02 0.07 0.08 0.12 0.13 

Inland Silverside Larval Survival & Growth 1006.0 G 16 0.03 0.16 0.26 0.37 0.50 

Inland Silverside Larval Survival & Growth 1006.0 S 16 0.05 0.16 0.28 0.35 0.49 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 R 4 0.06 0.17 0.30 0.37 0.43 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 0.15 0.19 0.22 0.27 0.31 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 10 0.12 0.16 0.26 0.27 0.28 

Red Macroalga (Champia parvula) Reprod 1009.0 R 2 0.35 0.35 0.36 0.38 0.38 

West Coast Methods

Topsmelt Larval Survival & Growth 1010.0 G 1 0.25 0.25 0.25 0.25 0.25 

Topsmelt Larval Survival & Growth 1010.0 S 1 0.17 0.17 0.17 0.17 0.17 

Pacific Oyster Embryo-Larval Survival & Dev. 1012.0 D 1 0.21 0.21 0.21 0.21 0.21 

Mussel Embryo-Larval Survival & Dev.   1013.0 D 3 0.25 0.25 0.35 0.35 0.35 

Red Abalone Larval Development 1014.0 D 10 0.13 0.16 0.21 0.28 0.33 

Sea Urchin Fertilization 1016.0 F 12 0.24 0.30 0.35 0.52 0.61 

Sand Dollar Fertilization 1017.0 F 7 0.28 0.33 0.34 0.50 0.79 

Giant Kelp Germination & Germ-Tube Length 1018.0 Ge 11 0.18 0.20 0.30 0.37 0.40 

Giant Kelp Germination & Germ-Tube Length 1018.0 L 11 0.17 0.18 0.25 0.32 0.32 

Acute

Fathead Minnow Larval Survival 2000.0 S 21 0.08 0.10 0.16 0.19 0.33 

Ceriodaphnia (Cd) Survival 2002.0 S 23 0.06 0.11 0.19 0.29 0.34 

Sheepshead Minnow Survival 2004.0 S 5 0.11 0.12 0.14 0.21 0.37 

Inland Silverside Larval Survival 2006.0 S 5 0.07 0.15 0.16 0.21 0.44 

Mysid (Ab) Survival 2007.0 S 3 0.17 0.17 0.25 0.26 0.26 

Mysid (Hc) Survival 2011.0 S 2 0.27 0.27 0.30 0.34 0.34 

Rainbow Trout Survival 2019.0 S 1 0.23 0.23 0.23 0.23 0.23 

Daphnia (Dm) Survival 2021.0 S 5 0.05 0.07 0.22 0.24 0.46 

Daphnia (Dp) Survival 2022.0 S 6 0.15 0.19 0.21 0.27 0.48 
a EC50 is a more general term than LC50 and may be used to represent an LC50 endpoint (such as survival). 
b Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia

magna, Dp = Daphnia pulex
c See footnote b on Table B-1.
d D = development,  F = fertilization, G = growth, Ge = Germination, L = length, R = reproduction or fecundity,

S = survival
e Genus and species recently changed to Raphidocelis subcapitata.
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Table B-3.  Percentiles of the Within-Laboratory Values of CV for NOEC

Test Methoda

Test
Metho

d
No.b

End-
point

c

No.
of

Labs

CV

P10 P25 P50 P75 P90

Chronic, Promulgated

Fathead Minnow Larval Survival & Growth 1000.0 G 19 0 0.22 0.37 0.53 0.65 

Fathead Minnow Larval Survival & Growth 1000.0 S 19 0.13 0.26 0.39 0.48 0.59 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 0.20 0.25 0.33 0.49 0.60 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 33 0.09 0.21 0.30 0.43 0.55 

Green Alga (Selenastrum)d Growth 1003.0 G 9 0.30 0.40 0.46 0.56 0.82 

Sheepshead Minnow Larval Survival & Growth 1004.0 G 5 0.20 0.34 0.40 0.44 0.52 

Sheepshead Minnow Larval Survival & Growth 1004.0 S 5 0 0.14 0.18 0.24 0.38 

Inland Silverside Larval Survival & Growth 1006.0 G 16 0.14 0.31 0.46 0.57 0.63 

Inland Silverside Larval Survival & Growth 1006.0 S 16 0.19 0.30 0.42 0.55 0.66 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 R 4 0 0.17 0.36 0.40 0.41 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 0.22 0.35 0.39 0.43 0.67 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 10 0.13 0.28 0.33 0.38 0.41 

Red Macroalga (Champia parvula) Reprod 1009.0 R 2 0.85 0.85 1.00 1.16 1.16 

West Coast Methods

Topsmelt Larval Survival & Growth 1010.0 G 1 0.31 0.31 0.31 0.31 0.31 

Topsmelt Larval Survival & Growth 1010.0 S 1 0.42 0.42 0.42 0.42 0.42 

Pacific Oyster Embryo-Larval Survival & Dev. 1012.0 D 1 0.45 0.45 0.45 0.45 0.45 

Mussel Embryo-Larval Survival & Dev.   1013.0 D 3 0 0 0.39 0.43 0.43 

Red Abalone Larval Development 1014.0 D 10 0.24 0.25 0.29 0.31 0.38 

Sea Urchin Fertilization 1016.0 F 12 0.31 0.40 0.50 0.69 0.76 

Sand Dollar Fertilization 1017.0 F 7 0.40 0.41 0.53 0.75 0.81 

Giant Kelp Germination & Germ-Tube Length 1018.0 Ge 11 0.36 0.40 0.54 0.65 0.81 

Giant Kelp Germination & Germ-Tube Length 1018.0 L 11 0.39 0.48 0.59 0.68 0.76 

Acute

Fathead Minnow Larval Survival 2000.0 S 21 0.15 0.18 0.22 0.34 0.61 

Ceriodaphnia (Cd) Survival 2002.0 S 23 0.07 0.18 0.35 0.41 0.57 

Sheepshead Minnow Survival 2004.0 S 3 0.0 0 0.31 0.33 0.33 

Inland Silverside Larval Survival 2006.0 S 5 0.0 0 0.33 0.35 0.72 

Mysid (Ab) Survival 2007.0 S 3 0.29 0.29 0.38 0.43 0.43 

Mysid (Hc) Survival 2011.0 S 2 0.21 0.21 0.26 0.31 0.31 

Rainbow Trout Survival 2019.0 S 1 0.35 0.35 0.35 0.35 0.35 

Daphnia (Dm) Survival 2021.0 S 5 0 0.09 0.36 0.47 0.83 

Daphnia (Dp) Survival 2022.0 S 6 0.20 0.21 0.38 0.61 0.67 
a Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia

magna, Dp = Daphnia pulex
b See footnote b on Table B-1.
c D = development, F = fertilization, G = growth, Ge = germination, L = length, R = reproduction or fecundity,

S = survival
d Genus and species recently changed to Raphidocelis subcapitata.
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Table B-4. Variation Across Laboratories in the Within-Laboratory Value of P90:P10
for EC25

Test Methoda

Test
Method

No.b
End-
pointc

No.
of

Labs

CV 

P10 P25 P50 P75 P90

Chronic, Promulgated

Fathead Minnow Larval Survival & Growth 1000.0 G 19 1.3 1.7 2.1 3.6 4.1 

Fathead Minnow Larval Survival & Growth 1000.0 S 16 1.0 1.3 1.7 2.3 3.5 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 1.2 1.4 2.2 3.6 6.3 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 25 1.1 1.3 1.6 2.6 4.8 

Green Alga (Selenastrum)d Growth 1003.0 G 6 1.7 1.8 2.0 2.5 3.8 

Sheepshead Minnow Larval Survival & Growth 1004.0 G 5 1.1 1.1 1.4 1.4 1.4 

Sheepshead Minnow Larval Survival & Growth 1004.0 S 2 1.3 1.3 1.3 1.3 1.3 

Inland Silverside Larval Survival & Growth 1006.0 G 16 1.1 1.5 2.0 2.5 4.2 

Inland Silverside Larval Survival & Growth 1006.0 S 13 1.3 1.7 2.2 3.2 4.3 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 R 4 1.7 2.1 2.4 2.7 2.9 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 1.4 1.8 2.2 2.6 3.0 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 7 1.5 1.5 1.8 2.4 2.5 

Red Macroalga (Champia parvula) Reprod 1009.0 R 2 6.7 6.7 10.2 13.7 13.7 

West Coast

Topsmelt Larval Survival & Growth 1010.0 G 1 1.7 1.7 1.7 1.7 1.7 

Topsmelt Larval Survival & Growth 1010.0 S 1 1.8 1.8 1.8 1.8 1.8 

Pacific Oyster Embryo-Larval Survival & Dev. 1012.0 D 1 2.0 2.0 2.0 2.0 2.0 

Mussel Embryo-Larval Survival & Dev.   1013.0 D 3 1.4 1.4 2.2 4.0 4.0 

Red Abalone Larval Development 1014.0 D 10 1.3 1.5 2.0 2.9 3.1 

Sea Urchin Fertilization 1016.0 F 12 1.6 1.8 3.0 6.7 14.9 

Sand Dollar Fertilization 1017.0 F 7 2.4 3.1 3.8 3.9 6.1 

Giant Kelp Germination & Germ-Tube Length 1018.0 Ge 11 2.1 2.1 3.3 4.1 5.9 

Giant Kelp Germination & Germ-Tube Length 1018.0 L 11 1.7 1.8 2.3 2.5 3.1 

Acute

Fathead Minnow Larval Survival 2000.0 S 7 1.1 1.2 1.4 1.5 3.7 

Ceriodaphnia (Cd) Survival 2002.0 S 8 1.1 1.1 1.3 1.4 1.6 

Sheepshead Minnow Survival 2004.0 S 3 1.2 1.2 1.3 5.2 5.2 

Inland Silverside Larval Survival 2006.0 S 4 1.0 1.3 1.7 2.6 3.4 

Mysid (Ab) Survival 2007.0 S 1 1.7 1.7 1.7 1.7 1.7 

Mysid (Hc) Survival 2011.0 S 1 1.5 1.5 1.5 1.5 1.5 

Rainbow Trout Survival 2019.0 S 1 1.2 1.2 1.2 1.2 1.2 

Daphnia (Dm) Survival 2021.0 S 1 1.9 1.9 1.9 1.9 1.9 

Daphnia (Dp) Survival 2022.0 S 3 1.1 1.1 2.5 2.8 2.8 
a Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia

magna, Dp = Daphnia pulex
b See footnote b on Table B-1.
c D = development, F = fertilization, G = growth, Ge = germination, L = length, R = reproduction or fecundity,   S

= survival
d Genus and species recently changed to Raphidocelis subcapitata.
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Table B-5. Variation Across Laboratories in the Within-Laboratory Value of P90:P10
for EC50a

Test Methodb

Test
Metho

d
No.c

End-
point

d

No.
of

Labs

CV

P10 P25 P50 P75 P90

Chronic, Promulgated

Fathead Minnow Larval Survival & Growth 1000.0 G 19 1.3 1.5 1.8 2.4 3.3 

Fathead Minnow Larval Survival & Growth 1000.0 S 19 1.4 1.5 1.8 2.3 3.0 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 1.2 1.3 1.7 2.3 3.7 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 33 1.1 1.3 1.5 2.2 3.5 

Green Alga (Selenastrum)e Growth 1003.0 G 9 1.2 1.5 1.7 2.4 9.4 

Sheepshead Minnow Larval Survival & Growth 1004.0 G 5 1.0 1.1 1.1 1.2 1.3 

Sheepshead Minnow Larval Survival & Growth 1004.0 S 5 1.0 1.1 1.1 1.2 1.3 

Inland Silverside Larval Survival & Growth 1006.0 G 16 1.1 1.5 1.8 2.7 3.5 

Inland Silverside Larval Survival & Growth 1006.0 S 16 1.2 1.5 1.9 2.8 2.9 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 R 4 1.2 1.5 1.9 2.4 2.9 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 1.4 1.5 1.8 2.2 2.4 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 10 1.4 1.6 1.9 2.0 2.3 

Red Macroalga (Champia parvula) Reprod 1009.0 R 2 2.3 2.3 4.9 7.6 7.6 

West Coast

Topsmelt Larval Survival & Growth 1010.0 G 1 1.7 1.7 1.7 1.7 1.7 

Topsmelt Larval Survival & Growth 1010.0 S 1 1.5 1.5 1.5 1.5 1.5 

Pacific Oyster Embryo-Larval Survival & Dev. 1012.0 D 1 2.0 2.0 2.0 2.0 2.0 

Mussel Embryo-Larval Survival & Dev.   1013.0 D 3 2.0 2.0 2.0 2.8 2.8 

Red Abalone Larval Development 1014.0 D 10 1.4 1.4 1.8 2.4 2.6 

Sea Urchin Fertilization 1016.0 F 12 1.8 2.0 2.9 4.2 6.5 

Sand Dollar Fertilization 1017.0 F 7 2.4 2.6 2.8 4.4 6.0 

Giant Kelp Germination & Germ-Tube Length 1018.0 Ge 11 1.7 1.8 2.1 3.3 3.6 

Giant Kelp Germination & Germ-Tube Length 1018.0 L 11 1.6 1.6 1.8 2.5 2.7 

Acute

Fathead Minnow Larval Survival 2000.0 S 21 1.2 1.3 1.5 1.7 2.6 

Ceriodaphnia (Cd) Survival 2002.0 S 23 1.1 1.2 1.7 2.0 2.4 

Sheepshead Minnow Survival 2004.0 S 5 1.1 1.2 1.4 1.7 2.8 

Inland Silverside Larval Survival 2006.0 S 5 1.2 1.4 1.6 1.7 2.7 

Mysid (Ab) Survival 2007.0 S 3 1.7 1.7 2.1 2.1 2.1 

Mysid (Hc) Survival 2011.0 S 2 1.8 1.8 2.5 3.1 3.1 

Rainbow Trout Survival 2019.0 S 1 1.8 1.8 1.8 1.8 1.8 

Daphnia (Dm) Survival 2021.0 S 5 1.2 1.2 1.8 2.2 4.1 

Daphnia (Dp) Survival 2022.0 S 6 1.4 1.5 1.9 2.1 2.2 
a EC50 is a more general term than LC50 and may be used to represent an LC50 endpoint (such as survival). 
b Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia

magna, Dp = Daphnia pulex
c See footnote b on Table B-1.
d D = development, F = fertilization, G = growth, Ge = germination, L = length, R = reproduction or fecundity, 

S = survival
e Genus and species recently changed to Raphidocelis subcapitata.
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Table B-6. Variation Across Laboratories in the Within-Laboratory Value of P90:P10
for NOEC

Test Methoda

Test
Method

No.b
End-
pointc

No.
of

Labs

CV

P10 P25 P50 P75 P90

Chronic, Promulgated

Fathead Minnow Larval Survival & Growth 1000.0 G 19 1.0 1.5 2.0 4.2 8.0 

Fathead Minnow Larval Survival & Growth 1000.0 S 19 1.0 1.7 2.0 4.0 5.0 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 R 33 1.3 1.9 2.2 4.0 4.0 

Ceriodaphnia (Cd) Survival & Reproduction 1002.0 S 33 1.0 1.5 2.0 3.0 5.3 

Green Alga (Selenastrum)d Growth 1003.0 G 9 1.8 2.0 2.7 4.0 10.0 

Sheepshead Minnow Larval Survival & Growth 1004.0 G 5 1.3 2.0 2.0 4.0 4.0 

Sheepshead Minnow Larval Survival & Growth 1004.0 S 5 1.0 1.0 1.3 2.0 2.0 

Inland Silverside Larval Survival & Growth 1006.0 G 16 1.3 2.0 4.0 4.2 7.8 

Inland Silverside Larval Survival & Growth 1006.0 S 16 1.8 2.0 2.9 4.0 4.1 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 R 4 1.0 1.5 2.0 2.0 2.0 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 G 10 1.9 2.0 2.0 4.0 7.6 

Mysid (Ab) Survival, Growth, & Fecundity 1007.0 S 10 1.4 2.0 2.0 2.0 3.4 

Red Macroalga (Champia parvula) Reprod 1009.0 R 2 5.6 5.6 12.8 20.0 20.0 

West Coast

Topsmelt Larval Survival & Growth 1010.0 G 1 1.8 1.8 1.8 1.8 1.8 

Topsmelt Larval Survival & Growth 1010.0 S 1 3.2 3.2 3.2 3.2 3.2 

Pacific Oyster Embryo-Larval Survival & Dev. 1012.0 D 1 4.0 4.0 4.0 4.0 4.0 

Mussel Embryo-Larval Survival & Dev.   1013.0 D 3 1.0 1.0 3.2 4.0 4.0 

Red Abalone Larval Development 1014.0 D 10 1.2 1.8 1.8 1.8 3.2 

Sea Urchin Fertilization 1016.0 F 12 1.8 2.0 4.0 6.9 9.4 

Sand Dollar Fertilization 1017.0 F 7 2.1 3.1 4.0 6.0 17.8 

Giant Kelp Germination & Germ-Tube Length 1018.0 Ge 11 1.8 2.3 3.2 5.7 5.7 

Giant Kelp Germination & Germ-Tube Length 1018.0 L 11 3.1 3.1 5.6 5.7 10.0 

Acute

Fathead Minnow Larval Survival 2000.0 S 21 1.3 1.5 1.6 2.0 4.0 

Ceriodaphnia (Cd) Survival 2002.0 S 23 1.0 1.3 2.0 3.3 5.0 

Sheepshead Minnow Survival 2004.0 S 3 1.0 1.0 2.0 2.0 2.0 

Inland Silverside Larval Survival 2006.0 S 5 1.0 1.0 1.8 2.0 4.0 

Mysid (Ab) Survival 2007.0 S 3 2.7 2.7 3.2 5.0 5.0 

Mysid (Hc) Survival 2011.0 S 2 1.8 1.8 1.9 2.1 2.1 

Rainbow Trout Survival 2019.0 S 1 2.0 2.0 2.0 2.0 2.0 

Daphnia (Dm) Survival 2021.0 S 5 1.0 1.3 2.0 4.0 6.1 

Daphnia (Dp) Survival 2022.0 S 6 1.3 1.7 2.0 2.0 10.0 
a Cd = Ceriodaphnia dubia, Ab = Americamysis (Mysidopsis) bahia, Hc = Holmesimysis costata, Dm = Daphnia

magna, Dp = Daphnia pulex
b See footnote b on Table B-1.
c D = development, F = fertilization, G = growth, Ge = germination, L = length, R = reproduction or fecundity,

S = survival
d Genus and species recently changed to Raphidocelis subcapitata.
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Estimation formulas were:  

Expected mean square for error (within-laboratory):   Fw
2

Expected mean square between-laboratories:   Fw
2 + U Fb

2

   U  =  [3 ni -  ( 3 ni
2 / 3 ni ) ] / (L-1)  

L is the number of laboratories and ni the number of tests within the ith laboratory (i = 1, ... L).

 B.3 Variability of Endpoint Measurements

Dunnett’s critical value, needed for the minimum significant difference (MSD), was computed using
the SAS function “PROBMC,” for a one-sided test at the 0.95 level (" = 0.05).  Note that Dunnett’s test can
be applied when the number of replicates differs among treatments (Dunnett 1964), and that the SAS function
“PROBMC” can calculate an appropriate critical value for the case of unequal replication.  

The MSD was calculated for sublethal endpoints using untransformed values of “growth” (larval
biomass) and “reproduction” (number of offspring in the Ceriodaphnia test, or cells per mL in the
Selenastrum test), and for lethal endpoints using the arc sine transform (arc sine (/p)) of the proportion
surviving.  The CV was calculated for all endpoints using the untransformed mean control response.

Tables B-7 and B-8 show percentiles of CV and of the percent minimum significant difference (PMSD),
which is [100×MSD/(control mean)].  These are the sample percentiles for all tests in the data set (see row
“No. of tests”).  Data for all laboratories and toxicants for a given method and endpoint were combined.

Methods in Tables B-1 through B-3 that are represented by fewer than three laboratories or fewer than
20 tests are not shown in Tables B-7 and B-8, because characterizing method variability using so few tests
and laboratories would be inadvisable.1

B.4 Test Power to Detect Toxic Effects

Power can be characterized only by repeated testing.  It is an attribute, not of a single test, but of a
sequence of many tests conducted under similar conditions and the same test design.  Therefore, the sample
averages for each laboratory’s data set are used in this analysis to characterize each laboratory.  The key
parameters required were the (a) mean endpoint response in the control (growth, reproduction, survival) and
(b) the mean value of the error mean square (EMS) for tests.  

Power is reported in this section for single two-sample, one-sided t-tests at 1-" = 0.95, and for a set of
k such tests (comparing k treatments to a control) at level 1 - "/k = 1 - 0.05/k.  Some permitting authorities
may require a comparison between control and the receiving water concentration, which requires a two-
sample, one-sided test.  Others may require the multiple comparisons procedure described in the EPA WET
methods (Dunnett’s or Steel’s tests, one-sided, with " = 0.05).  The power of Dunnett’s procedure (using
" = 0.05 as recommended in EPA effluent test methods) will fall between the power of the one-sided, two-
sample t-test with " = 0.05 and that with " = 0.05/k, when k toxicant concentrations are compared to a
control.  The power of Steel’s procedure will be related to and should usually increase with the power of
Dunnett’s procedure and the t-tests, so the following tables will also provide an inexact guide to power
achieved by the nonparametric test. 

Tables B-9 through B-13 illustrate the ability of the sublethal endpoint for the chronic toxicity
promulgated methods to detect toxic effects using a two-sample, one-sided hypothesis test (t-test) at two
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significance levels, " = 0.05 and " = 0.01.  Data for Method 1009.0 (red macroalga) are not presented,
because characterizing method performance using data from only two laboratories and 23 tests is inadvisable.

Table B-14 shows the power and PMSD to be expected for various combinations of (1) number of
replicates; (2) k, number of treatments compared with a control; and (3) value of the square root of the error
mean square (rEMS) divided by the control mean, when the t-test can be used.  

Table B-15 shows the value of PMSD for various combinations of number of replicates, number of
treatments compared with a control, and rEMS/(Control Mean).  (For definitions and explanations of the
terms used here, see Chapters 2 and 3.)  This table can be used as a guide to planning the number of
replicates needed to achieve a given PMSD.  The number of replicates needed can be determined by
calculating MSD using the average EMS for a series of tests (at least 20 tests are recommended) and
experimenting with various choices of number of replicates (the same number for each concentration and
test).  This approach is recommended because it uses a sample of test EMSs specific to a particular
laboratory.  This approach also reveals variation by test, showing how frequently PMSD exceeds the upper
bound in Table 3-6 if the number of replicates is increased.

The number of replicates needed to achieve a given value of PMSD will depend on the variability
among replicates ( rEMS).  Table B-16 shows percentiles of the rEMS divided by the control mean, for each
promulgated method for chronic toxicity, pooling all tests available in the WET variability data set.  The data
for Method 1009.0 (red macroalga, Champia parvula) are based on only two laboratories and 23 tests and
therefore cannot be considered representative. 

Table B-15 can be used to infer the number of replicates needed to make the MSD a certain percentage
of the control mean (25 percent and 33 percent are used here) for any particular value of rEMS.  Table B-17
shows the number of replicates needed to do the same for the 90th and 85th percentiles of rEMS found in
Table B-16, in which  three or four treatments are compared to a control.  These percentiles represent rather
extreme examples of imprecision. The precision achieved in most tests and by most laboratories is within
the bounds set by these percentiles.  The exact number of replicates was not determined beyond “>15”
(Ceriodaphnia chronic test).  

Table B-17 agrees with conclusions drawn from Table 5-1:  For most methods, most laboratories can
detect a 33 percent effect most of the time, but many laboratories are unable to detect a 25 percent difference
between treatment and control in many tests.  

B.5 NOEC for Chronic Toxicity Test Methods (Calculated Using the Most Sensitive
Endpoint)

NOEC for chronic toxicity methods is calculated using the most sensitive endpoint in each test
(meaning the smallest NOEC among those for the two or three endpoints).  Table B-18 shows percentiles
of within-laboratory CVs in a format like that for Tables B-1 through B-6, and similar calculations were used.
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Table B-7a. Percentiles of Control CV for Sublethal Endpoints of Chronic WET Tests, Using
Data Pooled Across All Laboratories and Toxicantsa

Test Method

1000.0
Fathead
Minnow

1002.0
Cerio-

daphnia

1003.0
Green 
Alga

1004.0
Sheepshead

Minnow

1006.0
Inland

Silverside

1007.0
Mysid

(A. bahia)

No. of tests 205 393 85 57 193 130

No. of labs 19 33 9 5 16 10

Endpointb G R G G G G

Percentile Control CV

5% 0.03 0.08 0.03 0.03 0.03 0.07

10% 0.04 0.09 0.03 0.03 0.04 0.09

15% 0.05 0.10 0.04 0.04 0.05 0.09

20% 0.06 0.11 0.05 0.04 0.06 0.10

25% 0.06 0.12 0.05 0.04 0.06 0.11

50% 0.10 0.20 0.08 0.07 0.10 0.15

75% 0.14 0.33 0.12 0.09 0.14 0.20

80% 0.16 0.36 0.14 0.09 0.14 0.22

85% 0.17 0.39 0.16 0.10 0.16 0.25

90% 0.20 0.42 0.17 0.13 0.18 0.28

95% 0.23 0.52 0.18 0.17 0.23 0.37
a Methods in Table B-1 having fewer than three laboratories or fewer than 20 tests are not shown here because so few

results may not be representative of method performance.
b G = growth, R = reproduction
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Table B-7b. Percentiles of Control CV for Endpoints of Chronic WET Tests, Using Data Pooled
Across All Laboratories and Toxicants (West Coast Methods)a

Test Method

1013.0
Mussel

Embryo-
Larval

Survival &
Development

1014.0
Red Abalone

Larval
Development

1016.0
Sea Urchin 
Fertilization

1017.0
Sand Dollar
Fertilization

1018.0
Giant Kelp

Germination
& Germ-

Tube Length

1018.0
Giant Kelp

Germination 
& Germ-Tube

Length

No. of tests 34 137 159 67 159 159

No. of labs 3 10 11 7 11 11

Endpointb S L F F Ge L

Percentile Control CV

5% 0.01 0.01 0.01 0.01 0.01 0.02

10% 0.01 0.01 0.01 0.01 0.02 0.03

15% 0.01 0.01 0.01 0.02 0.02 0.03

20% 0.01 0.01 0.02 0.02 0.02 0.04

25% 0.01 0.02 0.02 0.03 0.02 0.05

50% 0.02 0.03 0.04 0.04 0.04 0.07

75% 0.04 0.05 0.07 0.06 0.06 0.09

80% 0.05 0.05 0.08 0.07 0.06 0.11

85% 0.06 0.05 0.10 0.08 0.07 0.11

90% 0.07 0.06 0.12 0.08 0.08 0.12

95% 0.07 0.08 0.18 0.12 0.10 0.14
a Methods in Table B-1 having fewer than three laboratories or fewer than 20 tests are not shown here because so few results

may not be representative of method performance. 
b Ge =  germination,  F = fertilization, L = length, S = survival
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Table B-7c. Percentiles of Control CV for Survival Endpoint of Acute WET Tests, Using Data
Pooled Across All Laboratories and Toxicants

Test Method

2000.0
Fathead
Minnow

2002.0
Cerio-

daphnia

2004.0
Sheepshead

Minnow

2006.0
Inland

Silverside

2007.0
Mysid 

(A. bahia)

2011.0
Mysid (H.

costata)

2021.0
Daphnia

(D. magna)

2022.0
Daphnia
(D. pulex)

No. of tests 217 241 65 48 32 14 48 57

No. of labs 20 23 5 5 3 2 5 6

Percentile Control CV

5% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

10% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

15% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

20% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

25% 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

50% 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00

75% 0.00 0.00 0.00 0.07 0.07 0.07 0.00 0.00

80% 0.00 0.00 0.00 0.07 0.07 0.07 0.00 0.00

85% 0.07 0.00 0.00 0.07 0.07 0.07 0.10 0.07

90% 0.07 0.11 0.00 0.08 0.08 0.07 0.11 0.11

95% 0.11 0.11 0.06 0.10 0.11 0.10 0.12 0.11
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Table B-8a. Percentiles of PMSD for Sublethal Endpoints of Chronic WET
Tests, Using Data Pooled Across All Laboratories and Toxicantsa,b

Test Method

1000.0
Fathead
Minnow

1002.0
Cerio-

daphnia

1003.0
Green 
Alga

1004.0
Sheepshead

Minnow

1006.0
Inland

Silverside

1007.0
Mysid

(A. bahia)

No. of tests 205 393 85 57 193 130

No. of labs 19 33 9 5 16 10

Endpointc G R G G G G

Percentile PMSD

5% 6.8 10 8.2  5.5 10 10

10% 9 11 9.3 6.3 12 12

15% 11 13 10 6.8 12 14

20% 13 15 11 7.9 13 16

25% 14 16 11 8.4 14 16

50% 20 23 14 13 18 20

75% 25 30 19 18 25 25

80% 28 31 20 19 27 26

85% 29 33 21 21 31 28

90% 35 37 23 23 35 32

95% 44 43 27 26 41 34
a PMSD = Percent MSD [100×MSD/(Control Mean)]
b Methods in Table B-1 having fewer than three laboratories or fewer than 20 tests are not shown

here because so few results may not be representative of method performance.
c G = growth, R = reproduction
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Table B-8b. Percentiles of PMSD for Endpoints of Chronic WET Tests, Using Data Pooled
Across All Laboratories and Toxicants (West Coast Methods)a, b

Test Method

1013.0
Mussel

Embryo-
Larval

Survival &
Development

1014.0
Red Abalone

Larval
Development

1016.0
Sea Urchin 
Fertilization

1017.0
Sand Dollar
Fertilization

1018.0
Giant Kelp

Germination
& Germ-

Tube Length

1018.0
Giant Kelp

Germination
& Germ-

Tube Length

No. of tests 34 137 159 67 159 159

No. of labs 3 10 11 7 11 11

Endpointc S L F F Ge L

Percentile PMSD

5% 3.9 3.1 3.7 6.5 5.7 6.6

10% 5.5 3.8 5.1 6.9 6.5 7.9

15% 6.2 4.6 6.5 8.0 7.0 8.8

20% 7.1 5.0 7.3 8.5 7.4 9.2

25% 8.5 5.3 8.1 9.0 8.2 9.6

50% 11 7.9 12 12 10 11

75% 16 12 18 17 14 15

80% 19 13 19 19 15 16

85% 20 15 21 21 17 18

90% 42 16 25 26 18 21

95% 49 20 29 30 20 24
a PMSD = Percent MSD [100×MSD/(Control Mean)]
b Methods in Table B-1 having fewer than three laboratories or fewer than 20 tests are not shown here because so few

results may not be representative of method performance.
c Ge = germination, F = fertilization, L = length, S = survival
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Table B-8c. Percentiles of PMSD for Survival Endpoint of Acute WET Tests, Using Data
Pooled Across All Laboratories and Toxicantsa 

Test Method

2000.0
Fathead
Minnow

2002.0
Cerio-

daphnia

2004.0
Sheepshead

Minnow

2006.0
Inland

Silverside

2007.0
Mysid 

(A. bahia)

2011.0
Mysid (H.

costata)

2021.0
Daphnia

(D. magna)

2022.0
Daphnia

(D. pulex)

No. of tests 217 241 65 48 32 14 48 57

No. of labs 20 23 5 5 3 2 5 6

Percentile PMSD

5% 0 4.6 0 4.5 3.9 14 4.5 4.3

10% 4.2 5.0 0 7.0 5.1 18 5.3 5.8

15% 5.0 5.6 0 8.9 6.9 21 6.4 6.8

20% 6.6 5.9 0 10 8.4 22 6.9 7.5

25% 7.4 7.1 6.1 12 8.9 23 8.4 8.3

50% 13 11 16 20 15 30 13 14

75% 21 16 32 26 23 38 19 20

80% 23 18 36 29 24 40 20 21

85% 26 19 49 36 24 42 20 22

90% 30 21 55 41 26 47 23 23

95% 51 25 67 46 33 58 27 27
a PMSD = Percent MSD [100×MSD/(Control Mean)]
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Table B-9. Test Method 1000.0, Fathead Minnow Chronic Toxicity Test, Growth Endpoint: 
Power and Effect Size Achieved

Lab

No.
of

Tests

No.
of Reps 

Per
Test

Average
Control
Mean

Average
Control
Std Dev

Square
Root of

Variance
of

Control
Mean

Square
Root of 
Average 

EMS
Average
PMSD

Power of Hypothesis Test (2-sample, 1-sided t-test)

"" = 0.05 "" = 0.01

N
(Reps) Delta

100×Delta/
Mean Power

N
(Reps) Delta

100×Delta/
Mean Power

1 9 4 0.38 0.040 0.081 0.043 19 4 0.09 23 0.85 6 0.12 33 0.48

2 13 4 0.32 0.013 0.028 0.013 6 2 0.03 8 1.00 3 0.04 12 1.00

3 11 3 0.55 0.066 0.117 0.069 25 5 0.17 31 0.62 7 0.26 48 0.13

4 18 4 0.45 0.051 0.107 0.066 21 6 0.13 30 0.67 9 0.19 42 0.25

5 8 4 0.41 0.041 0.115 0.064 26 6 0.13 31 0.63 10 0.18 44 0.21

6 10 3 0.60 0.081 0.189 0.082 28 5 0.20 34 0.54 8 0.31 52 0.10

7 7 4 0.39 0.063 0.064 0.073 31 9 0.15 38 0.47 14 0.21 54 0.12

8 20 4 0.55 0.053 0.109 0.065 17 4 0.13 24 0.82 7 0.19 34 0.43

9 5 4 0.46 0.054 0.217 0.044 17 3 0.09 20 0.93 5 0.13 28 0.68

10 11 3 to 4 0.34 0.047 0.042 0.043 20 5 0.11 32 0.60 7 0.16 49 0.13

11 11 3 to 4 0.54 0.074 0.101 0.084 21 6 0.21 39 0.44 10 0.32 59 0.08

12 11 4 0.59 0.083 0.142 0.076 20 5 0.15 26 0.77 7 0.22 37 0.35

13 10 4 0.42 0.046 0.080 0.044 16 4 0.09 21 0.90 6 0.13 30 0.58

14 11 3 to 4 0.39 0.055 0.063 0.063 26 7 0.16 41 0.40 11 0.24 63 0.07

15 8 3 to 4 0.48 0.048 0.108 0.051 18 4 0.13 27 0.76 6 0.19 41 0.22

16 11 3 to 4 0.35 0.041 0.056 0.052 23 6 0.13 37 0.48 9 0.20 57 0.08

17 6 3 0.40 0.050 0.055 0.098 31 13 0.25 62 0.21 22 0.38 95 0.03

18 20 4 0.40 0.061 0.095 0.064 27 6 0.13 32 0.60 10 0.18 46 0.19

19 6 4 0.54 0.061 0.177 0.060 19 4 0.12 22 0.87 6 0.17 32 0.51

NOTE:  Column “N (Reps)” shows the number of replicates needed to detect a 25 percent difference from control with power 0.8,
given the observed averages for EMS and control mean.  Column “Delta” gives the effect size of the endpoint in milligrams that
can be detected with power 0.8, given the observed averages for EMS and control mean.  Column “100×Delta/Mean” gives the
effect size as a percent of the control mean.  Column “Power” gives the power to detect a 25 percent difference from control, given
the observed averages for EMS and control mean.   PMSD = 100 × MSD / (Control Mean); EMS = error mean square.
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Table B-10. Test Method 1002.0, Ceriodaphnia Chronic Toxicity Test, Reproduction Endpoint: 
Power and Effect Size Achieved

Lab

No.
of

Tests

No.
of Reps 
Per Test

Average
Control
Mean

Average
Control
Std Dev

Square
Root of

Variance
of

Control
Mean

Square
Root of 
Average 

EMS
Average
PMSD

Power of Hypothesis Test (2-sample, 1-sided t-test)

"" = 0.05 "" = 0.01

N
(Reps) Delta

100×Delta/
Mean Power

N
(Reps) Delta

100×Delta/
Mean Power

1 11 10 34 3.3 2.9 4.6 13 5 5.3 16 0.99 8 7.0 21 0.94

2 9 10 25 7.2 2.6 7.1 29 18 8.2 33 0.59 28 10.8 44 0.28

3 13 10 17 2.6 1.4 3.6 18 10 4.1 24 0.82 16 5.4 32 0.55

4 20 7 to 10 28 8.8 9.5 7.2 25 15 10.2 37 0.51 24 13.6 49 0.20

5 15 10 to 15 19 6.1 4.0 6.6 32 24 7.7 40 0.46 39 10.1 52 0.19

6 20 9 to 10 22 8.5 3.4 7.8 32 26 9.5 44 0.40 42 12.6 58 0.15

7 20 9 to 10 34 11.8 9.7 10.3 31 19 12.7 37 0.50 31 16.8 49 0.21

8 18 10 22 8.6 6.3 7.4 31 23 8.6 39 0.48 37 11.3 51 0.20

9 13 10 25 4.9 3.0 4.8 17 8 5.6 22 0.88 13 7.3 29 0.66

10 12 10 20 2.1 0.8 2.4 12 4 2.8 14 1.00 6 3.6 18 0.98

11 13 10 17 1.5 0.5 3.2 15 8 3.7 21 0.90 13 4.8 28 0.68

12 12 10 31 4.8 2.8 5.0 15 6 5.8 19 0.95 10 7.6 24 0.82

13 8 10 24 5.1 2.5 5.3 22 11 6.2 25 0.79 17 8.1 33 0.51

14 8 10 24 9.2 5.0 6.7 27 17 7.8 33 0.59 28 10.2 43 0.28

15 12 10 18 5.2 2.7 4.8 24 15 5.6 31 0.65 24 7.4 40 0.34

16 20 10 21 5.4 4.6 4.9 22 12 5.7 27 0.74 19 7.5 36 0.44

17 10 9 to 10 24 6.1 4.5 6.9 29 18 8.5 35 0.54 29 11.2 47 0.23

18 10 10 20 5.8 3.7 5.5 24 15 6.4 31 0.64 25 8.4 41 0.32

19 6 9 to 10 23 10.9 3.9 8.4 36 28 10.3 45 0.38 45 13.6 60 0.13

20 12 10 23 3.3 4.7 4.9 21 10 5.7 24 0.81 16 7.5 32 0.54

21 9 10 28 5.3 3.0 6.0 20 11 6.9 25 0.79 17 9.1 33 0.51

22 10 10 17 4.5 2.2 4.9 26 17 5.7 33 0.59 28 7.6 43 0.28

23 9 9 to 10 27 6.9 3.6 7.4 27 16 9.1 33 0.58 25 12.0 44 0.27

24 10 10 18 4.4 1.4 4.5 23 13 5.3 29 0.70 21 6.9 38 0.39

25 12 10 20 6.4 3.6 6.0 30 19 7.0 35 0.55 30 9.2 46 0.25

26 12 10 27 4.4 3.2 4.2 14 6 4.9 18 0.96 10 6.5 24 0.84

27 10 10 21 6.0 4.0 6.1 27 19 7.0 34 0.56 30 9.3 45 0.26

28 6 10 20 6.1 5.2 4.7 23 12 5.5 27 0.74 20 7.3 36 0.43

29 14 10 31 5.6 3.0 5.9 19 9 6.8 22 0.87 14 9.0 29 0.64

30 5 10 16 4.7 0.3 4.9 28 20 5.7 36 0.53 32 7.4 47 0.24

31 12 10 24 5.4 5.9 6.1 25 14 7.1 30 0.67 23 9.3 39 0.35

32 4 10 32 5.9 6.3 5.6 17 8 6.5 21 0.91 12 8.6 27 0.72

33 18 10 24 6.9 5.6 6.8 28 17 7.9 32 0.61 27 10.3 42 0.30
NOTE:  See note at bottom of Table B-9.
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Table B-11. Test Method 1004.0, Sheepshead Minnow Chronic Toxicity Test, Growth Endpoint: 
Power and Effect Size Achieved 

Lab

No.
of

Tests

No.
of Reps 
Per Test

Average
Control
Mean

Average
Control
Std Dev

Square
Root of

Variance
of

Control
Mean

Square
Root of 
Average 

EMS
Average
PMSD

Power of Hypothesis Test (2-sample, 1-sided t-test)

"" = 0.05 "" = 0.01

N
(Reps) Delta

100×Delta/
Mean Power

N
(Reps) Delta

100×Delta/
Mean Power

1 12 4 0.88 0.040 0.11 0.037 6.6 2 0.08 8.6 1.00 3 0.11 12 1.00

2 11 4 0.68 0.051 0.11 0.071 16 4 0.14 21 0.90 6 0.20 30 0.59

3 16 4 0.65 0.088 0.091 0.084 20 5 0.17 26 0.77 7 0.24 37 0.34

4 14 4 1.00 0.074 0.13 0.076 12 3 0.15 15 0.98 4 0.22 22 0.91

5 4 4 0.86 0.048 0.12 0.066 11 3 0.13 16 0.98 4 0.19 22 0.90

NOTE:   See note at bottom of Table B-9.

Table B-12. Test Method 1006.0, Inland Silverside Chronic Toxicity Test:  Power and Effect Size
Achieved

Lab

No.
of

Tests

No.
of Reps 
Per Test

Average
Control
Mean

Average
Control
Std Dev

Square
Root of

Variance
of

Control
Mean

Square
Root of 
Average 

EMS
Average
PMSD

Power of Hypothesis Test (2-sample, 1-sided t-test)

"" = 0.05 "" = 0.01

N
(Reps) Delta

100×Delta/
Mean Power

N
(Reps) Delta

100×Delta/
Mean Power

1 10 4 2.3 0.18 0.58 0.26 18 4 0.53 23 0.86 6 0.75 32 0.50

2 15 4 0.94 0.10 0.24 0.17 20 8 0.34 36 0.52 12 0.48 51 0.15

3 19 4 2.1 0.24 0.86 0.27 19 5 0.54 25 0.79 7 0.76 36 0.38

4 12 3 1.4 0.20 0.56 0.22 32 7 0.56 42 0.40 11 0.86 63 0.07

5 6 3 to 4 1.8 0.25 0.57 0.43 31 12 1.07 59 0.23 20 1.6 90 0.04

6 19 4 0.85 0.11 0.23 0.10 20 4 0.20 24 0.83 7 0.29 34 0.43

7 20 3 to 4 1.4 0.15 0.53 0.31 31 11 0.79 56 0.24 18 1.2 86 0.04

8 4 4 to 5 1.1 0.10 0.20 0.11 15 4 0.23 21 0.91 5 0.33 29 0.62

9 20 4 2.4 0.23 0.47 0.25 17 4 0.51 22 0.89 6 0.73 31 0.56

10 20 3 to 4 0.91 0.088 0.35 0.11 22 4 0.27 30 0.65 7 0.42 46 0.15

11 9 4 1.2 0.13 0.19 0.11 14 3 0.22 18 0.96 5 0.31 25 0.79

12 7 4 2.1 0.22 0.38 0.25 17 4 0.50 24 0.84 6 0.72 34 0.45

13 14 4 0.76 0.095 0.12 0.11 22 5 0.22 28 0.70 8 0.31 40 0.27

14 5 4 1.5 0.12 0.33 0.12 13 3 0.25 17 0.97 4 0.35 24 0.84

15 8 4 0.77 0.10 0.22 0.12 25 6 0.24 31 0.64 9 0.34 44 0.22

16 5 3 1.2 0.11 0.20 0.14 20 4 0.35 30 0.67 6 0.53 45 0.16

NOTE:     See note at bottom of Table B-9.
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Table B-13. Test Method 1007.0, Mysid Chronic Toxicity Test, Growth Endpoint:  Power and
Effect Size Achieved 

Lab

No.
of

Tests

No.
of Reps 
Per Test

Average
Control
Mean

Average
Control
Std Dev

Square
Root of

Variance
of

Control
Mean

Square
Root of 
Average 

EMS

Aver-
age

PMSD

Power of Hypothesis Test (2-sample, 1-sided t-test)

"" = 0.05 "" = 0.01

N
(Reps) Delta

100×Delta/
Mean Power

N
(Reps) Delta

100×Delta/
Mean Power

1 18 8 0.25 0.040 0.042 0.041 17 7 0.054 22 0.89 11 0.072 29 0.66

2 19 8 0.37 0.15 0.13 0.11 25 20 0.15 41 0.44 33 0.20 54 0.16

3 7 4 0.36 0.042 0.065 0.047 21 5 0.094 26 0.77 7 0.13 37 0.35

4 12 8 0.25 0.044 0.035 0.13 37 58 0.18 70 0.21 94 0.23 94 0.06

5 10 8 0.37 0.073 0.049 0.075 22 9 0.098 26 0.76 15 0.13 35 0.45

6 14 8 0.23 0.034 0.059 0.040 20 7 0.053 22 0.87 11 0.070 30 0.62

7 18 8 0.28 0.075 0.056 0.067 26 13 0.089 32 0.62 20 0.12 42 0.30

8 12 8 0.30 0.048 0.070 0.053 19 8 0.070 23 0.85 12 0.093 31 0.58

9 16 8 0.38 0.041 0.048 0.060 16 7 0.079 21 0.90 10 0.11 28 0.68

10 4 8 0.30 0.041 0.018 0.047 14 6 0.061 21 0.91 10 0.081 27 0.71

NOTE:   See note at bottom of Table B-9.

Table B-14. Power to Detect a 25% Difference Between Two Means in a Two-sample, 
One-sided Test (continued) 

N
(Reps) k df

rEMS / 
Control Mean = 0.10

rEMS / 
Control Mean = 0.20

rEMS / 
Control Mean =0.30

rEMS /
 Control Mean = 0.40

PMSD

Power With 

PMSD

Power With

PMSD

Power With

PMSD

Power With

""=
0.05

""=
0.05/k

""=
0.05

""=
0.05/k

""=
0.05

""=
0.05/k

""=
0.05

""=
0.05/k

3 2 4 21 0.80 0.66 43 0.29 0.17 64 0.16 0.09 85 0.12 0.07

3 3 6 21 0.80 0.68 42 0.29 0.18 63 0.16 0.10 84 0.12 0.07

3 4 8 21 0.80 0.68 42 0.29 0.18 63 0.16 0.10 83 0.12 0.07

3 5 10 21 0.80 0.68 42 0.29 0.18 63 0.16 0.10 84 0.12 0.07

4 2 6 17 0.92 0.86 33 0.43 0.29 50 0.24 0.15 66 0.17 0.10

4 3 9 17 0.92 0.86 34 0.43 0.28 50 0.24 0.14 67 0.17 0.09

4 4 12 17 0.92 0.85 34 0.43 0.27 51 0.24 0.13 68 0.17 0.09

4 5 15 17 0.92 0.84 35 0.43 0.26 52 0.24 0.13 69 0.17 0.08

5 2 8 14 0.97 0.94 28 0.55 0.41 42 0.30 0.20 56 0.20 0.13

5 3 12 14 0.97 0.93 29 0.55 0.38 43 0.30 0.18 58 0.20 0.12

5 4 16 15 0.97 0.93 30 0.55 0.36 44 0.30 0.17 59 0.20 0.11

5 5 20 15 0.97 0.92 30 0.55 0.35 45 0.30 0.16 60 0.20 0.10

6 2 10 12 0.98 0.97 25 0.63 0.51 37 0.36 0.25 50 0.24 0.16

6 3 15 13 0.98 0.97 26 0.63 0.47 39 0.36 0.22 52 0.24 0.14

6 4 20 13 0.98 0.96 27 0.63 0.45 40 0.36 0.20 53 0.24 0.12

6 5 25 14 0.98 0.96 27 0.63 0.43 41 0.36 0.19 54 0.24 0.12
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Table B-14. Power to Detect a 25% Difference Between Two Means in a Two-sample, 
One-sided Test

N
(Reps) k df

rEMS / 
Control Mean = 0.10

rEMS / 
Control Mean = 0.20

rEMS / 
Control Mean =0.30

rEMS /
 Control Mean = 0.40

PMSD

Power With 

PMSD

Power With

PMSD

Power With

PMSD

Power With

""=
0.05

""=
0.05/k

""=
0.05

""=
0.05/k

""=
0.05

""=
0.05/k

""=
0.05

""=
0.05/k

7 5 30 12 0.99 0.98 25 0.71 0.50 37 0.41 0.23 50 0.28 0.13

8 2 14 10 1.00 0.99 21 0.76 0.66 31 0.46 0.34 42 0.31 0.21

8 3 21 11 1.00 0.99 22 0.76 0.62 33 0.46 0.31 44 0.31 0.18

8 4 28 11 1.00 0.99 23 0.76 0.59 34 0.46 0.28 45 0.31 0.16

8 5 35 12 1.00 0.99 23 0.76 0.57 35 0.46 0.26 46 0.31 0.15

9 2 16 10 1.00 1.00 19 0.81 0.72 29 0.51 0.39 39 0.34 0.24

9 3 24 10 1.00 1.00 20 0.81 0.68 31 0.51 0.35 41 0.34 0.21

9 4 32 11 1.00 1.00 21 0.81 0.65 32 0.51 0.32 42 0.34 0.18

9 5 40 11 1.00 1.00 22 0.81 0.63 33 0.51 0.30 44 0.34 0.17

10 2 18 9 1.00 1.00 18 0.85 0.77 27 0.55 0.43 36 0.37 0.26

10 3 27 10 1.00 1.00 19 0.85 0.73 29 0.55 0.39 39 0.37 0.23

10 4 36 10 1.00 1.00 20 0.85 0.71 30 0.55 0.36 40 0.37 0.21

10 5 45 10 1.00 1.00 21 0.85 0.69 31 0.55 0.33 41 0.37 0.19

11 2 20 9 1.00 1.00 17 0.88 0.81 26 0.59 0.47 35 0.40 0.29

11 3 30 9 1.00 1.00 18 0.88 0.78 27 0.59 0.42 37 0.40 0.25

11 4 40 10 1.00 1.00 19 0.88 0.75 29 0.59 0.39 38 0.40 0.23

11 5 50 10 1.00 1.00 20 0.88 0.73 29 0.59 0.37 39 0.40 0.21

12 2 22 8 1.00 1.00 16 0.90 0.85 25 0.63 0.51 33 0.43 0.32

12 3 33 9 1.00 1.00 17 0.90 0.82 26 0.63 0.46 35 0.43 0.27

12 4 44 9 1.00 1.00 18 0.90 0.79 27 0.63 0.43 36 0.43 0.25

12 5 55 9 1.00 1.00 19 0.90 0.78 28 0.63 0.40 37 0.43 0.23

13 2 24 8 1.00 1.00 16 0.92 0.87 24 0.66 0.55 32 0.45 0.34

13 3 36 8 1.00 1.00 17 0.92 0.85 25 0.66 0.50 33 0.45 0.30

13 4 48 9 1.00 1.00 17 0.92 0.83 26 0.66 0.46 35 0.45 0.27

13 5 60 9 1.00 1.00 18 0.92 0.81 27 0.66 0.44 36 0.45 0.25

14 2 26 8 1.00 1.00 15 0.94 0.90 23 0.69 0.58 30 0.48 0.37

14 3 39 8 1.00 1.00 16 0.94 0.88 24 0.69 0.53 32 0.48 0.32

14 4 52 8 1.00 1.00 17 0.94 0.86 25 0.69 0.50 33 0.48 0.29

14 5 65 9 1.00 1.00 17 0.94 0.84 26 0.69 0.47 34 0.48 0.27

15 2 28 7 1.00 1.00 15 0.95 0.92 22 0.72 0.61 29 0.50 0.39

15 3 42 8 1.00 1.00 15 0.95 0.90 23 0.72 0.56 31 0.50 0.34

15 4 56 8 1.00 1.00 16 0.95 0.88 24 0.72 0.53 32 0.50 0.31

15 5 70 8 1.00 1.00 17 0.95 0.87 25 0.72 0.50 33 0.50 0.29

NOTE:  Power is reported for tests with two values of ", 0.05 and 0.05/k.  Power for Dunnett’s multiple comparison test will
fall between these two values.  All numbers have been rounded to two significant figures.  The number of treatments tested (k)
and used to calculate EMS and MSD for a sublethal endpoint will vary depending on the NOEC for survival. k = number of
treatments in Dunnett’s test; df = degrees of freedom; PMSD = 100 × MSD / (Control Mean); EMS = error mean square; rEMS
= square root of the error mean square.
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Table B-15. Values of PMSD in Dunnett’s Test in Relation to the Square Root of the
Error Mean Square (rEMS) for the Test 

Reps k df d

Value of PMSD When
rEMS / (Control Mean) Equals These Values

0.1 0.2 0.3 0.4

3 2 4 2.61 21 43 64 85

4 2 6 2.34 17 33 50 66

5 2 8 2.22 14 28 42 56

6 2 10 2.15 12 25 37 50

7 2 12 2.11 11 23 34 45

8 2 14 2.08 10 21 31 42

9 2 16 2.06 10 19 29 39

10 2 18 2.04 9 18 27 37

11 2 20 2.03 9 17 26 35

12 2 22 2.02 8 16 25 33

13 2 24 2.01 8 16 24 32

14 2 26 2.00 8 15 23 30

15 2 28 1.99 7 15 22 29

3 3 6 2.56 21 42 63 84

4 3 9 2.37 17 34 50 67

5 3 12 2.29 14 29 43 58

6 3 15 2.24 13 26 39 52

7 3 18 2.21 12 24 35 47

8 3 21 2.19 11 22 33 44

9 3 24 2.17 10 20 31 41

10 3 27 2.16 10 19 29 39

11 3 30 2.15 9 18 27 37

12 3 33 2.14 9 17 26 35

13 3 36 2.13 8 17 25 33

14 3 39 2.13 8 16 24 32

15 3 42 2.12 8 15 23 31

3 4 8 2.55 21 42 63 83

4 4 12 2.41 17 34 51 68

5 4 16 2.34 15 30 44 59

6 4 20 2.30 13 27 40 53

7 4 24 2.28 12 24 37 49

8 4 28 2.26 11 23 34 45

9 4 32 2.25 11 21 32 42

10 4 36 2.24 10 20 30 40

11 4 40 2.23 10 19 29 38

12 4 44 2.22 9 18 27 36
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Reps k df d

Value of PMSD When
rEMS / (Control Mean) Equals These Values

0.1 0.2 0.3 0.4
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13 4 48 2.22 9 17 26 35

14 4 52 2.21 8 17 25 33

15 4 56 2.21 8 16 24 32

3 5 10 2.56 21 42 63 84

4 5 15 2.44 17 35 52 69

5 5 20 2.39 15 30 45 60

6 5 25 2.36 14 27 41 54

7 5 30 2.34 12 25 37 50

8 5 35 2.32 12 23 35 46

9 5 40 2.31 11 22 33 44

10 5 45 2.30 10 21 31 41

11 5 50 2.29 10 20 29 39

12 5 55 2.29 9 19 28 37

13 5 60 2.28 9 18 27 36

14 5 65 2.28 9 17 26 34

15 5 70 2.28 8 17 25 33

NOTE:  The number of treatments tested (k) and used to calculate EMS and MSD for a sublethal endpoint will
vary depending on the NOEC for survival. k = number of treatments in Dunnett’s test; df = degrees of freedom;
d = Dunnett’s statistic (" = 0.05); PMSD = 100 × MSD / (Control Mean); EMS = error mean square; rEMS =
square root of the error mean square. 
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Table B-16. Percentiles of the rEMS/Control Mean, for the Growth or Reproduction
Endpoint of Chronic WET Tests, Using Data Pooled Across All Laboratories
and Toxicantsa 

Test Method

1000.0
Fathead
Minnow

1002.0
Cerio-

daphnia

1003.0
Green 
Alga

1004.0
Sheepshead

Minnow

1006.0
Inland

Silverside

1007.0
Mysid

(A. bahia)

1009.0
Red

Macroalga

No. of tests 206 393 85 57 193 130 23

No. of labs 19 33 9 5 16 10 2

Endpoint G R G G G G R

Percentile rEMS/Control Mean

25% 0.09 0.17 0.06 0.05 0.09 0.15 0.11

50% 0.12 0.24 0.08 0.08 0.11 0.18 0.18

75% 0.16 0.31 0.10 0.11 0.15 0.23 0.25

80% 0.17 0.32 0.11 0.12 0.16 0.24 0.26

85% 0.18 0.34 0.12 0.13 0.18 0.27 0.27

90% 0.21 0.39 0.13 0.14 0.21 0.29 0.27

95% 0.26 0.44 0.16 0.15 0.26 0.33 0.34
a rEMS = square root of the error mean square
b G = growth, R = reproduction

Table B-17. Number of Replicates Needed to Provide PMSD of 25% and 33% for Some Less
Precise Tests in Each Chronic Test Method (that is, for 85th and 90th Percentiles
from Table B-17) for the Sublethal Endpoints in Table B-16 

Test Method
Required No. 
of Replicates

rEMS / 
Control Mean

Number of
Replicates to Make

PMSD = 25

Number of
Replicates to Make

PMSD = 33

85th 
Percentile

90th

Percentile
For 85th 

Percentile
For 90th

Percentile
For 85th

Percentile
For 90th

Percentile

1000.0 Fathead Minnow 4 (3) 0.18 0.21 6 8 (7) 4 5

1002.0 Ceriodaphnia 10 0.34 0.39 19 (17) 24 (22) 11 14 (13)

1003.0 Green Alga 4 (3) 0.12 0.13 4 4 3 3

1004.0 Sheepshead Minnow 4 (3) 0.13 0.14 4 4 3 3

1006.0 Inland Silverside 4 (3) 0.18 0.21 6 8 (7) 4 5

1007.0 Mysid 8 0.27 0.29 12 (11) 14 (13) 7 9 (8)

1009.0 Red Macroalga 4 (3) 0.27 0.27 12 (11) 12 (11) 7 7

NOTE:  The number for k = 3 treatments appears in parentheses if it differs from the number needed when four treatments are
compared with the control; rEMS = square root of the error mean square; PMSD = percent minimum significant difference.
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Table B-18. Percentiles of the Within-Laboratory Values of  CV for NOEC
(using NOEC for the Most Sensitive Endpoint in Each Test)

Method
No. Method

No.
Labs P10 P25 P50 P75 P90

1000.0 Fathead Minnow Larval Survival & Growth 19 0 0.22 0.31 0.52 0.65

1002.0 Ceriodaphnia Survival & Reproduction  33 0.20 0.25 0.35 0.49 0.60

1003.0 Green Alga Growth 9 0.30 0.40 0.46 0.56 0.82

1004.0 Sheepshead Minnow Larval Survival & Growth 5 0.20 0.36 0.38 0.44 0.52

1006.0 Inland Silverside Larval Survival & Growth 16 0.19 0.35 0.46 0.59 0.66

1007.0 Mysid Survival, Growth, & Fecundity 10 0.28 0.32 0.40 0.50 0.60

1009.0 Red Macroalga Reprod 2 0.85 0.85 1.00 1.16 1.16

1010.0 Topsmelt Larval Survival & Growth 1 0.22 0.22 0.22 0.22 0.22

1012.0 Pacific Oyster Embryo-Larval Survival & Dev. 1 0.45 0.45 0.45 0.45 0.45

1013.0 Mussel Embryo-Larval Survival & Dev. 3 0 0 0.39 0.43 0.43

1014.0 Red Abalone Larval Development 10 0.24 0.25 0.29 0.31 0.38

1016.0 Sea Urchin Fertilizationa 12 0.31 0.40 0.50 0.69 0.76

1017.0 Sand Dollar Fertilizationa 7 0.40 0.41 0.53 0.75 0.81

1018.0 Giant Kelp Germination & Germ-Tube Length 11 0.33 0.36 0.59 0.68 0.72
a These two test species include previous test method procedures (Dinnel 1987, Chapman 1992). 

However, EPA (USEPA 1995) has standardized these two methods to provide further guidance and
therefore minimize within-test variability. 
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SAMPLE CALCULATIONS OF PERMIT LIMITS USING EPA’S
STATISTICALLY-BASED METHODOLOGY 

AND SAMPLE PERMIT LANGUAGE 

The NPDES regulation (40 CFR Part 122.44(d)(1)) implementing section 301 (b)(1)(C) of the CWA
requires that permits include limits for all pollutants or parameters that “are or may be discharged at a level
which will cause, have the reasonable potential to cause, or contribute to an excursion above any State water
quality standard, including State narrative criteria for water quality.”  Once it has been established that a
permit limit is needed, Federal regulations at 40 CFR Part 122.45(d) require that limits be expressed as
maximum daily discharge limits (MDL) and average monthly discharge limits (AML) for all dischargers
other than publicly owned treatment works (POTWs), and as average weekly and average monthly discharge
limits for POTWs, unless impracticable.  EPA does not believe that it is impracticable to express WET
permit limits as MDLs and AMLs.

C.1 Sample Calculations

To set MDLs and AMLs based on acute and chronic wasteload allocations (WLAs), use the following
four steps.

1. Convert the acute wasteload allocation to chronic toxic units.

2. Calculate the long-term average wasteload that will satisfy the acute and chronic wasteload
allocations.

3. Determine the lower (more limiting) of the two long-term averages.

4. Calculate the maximum daily and average monthly permit limits using the lower (more limiting)
long-term average.

Step 1 - Determine the Wasteload Allocation

The acute and chronic aquatic life criteria are converted to acute and chronic wasteload allocations
(WLAa or WLAc) for the receiving waters based on the following mass balance equation:

 (Eq. 1)
uueedd CQCQCQ +=

where
Qd = downstream flow = Qu + Qe

Cd = aquatic life criteria that cannot be exceeded downstream
Qe = effluent flow
Ce = concentration of pollutant in effluent = WLAa or WLAc
Qu = upstream flow
Cu = upstream background concentration of pollutant.

Rearranging Equation 1 to determine the effluent concentration (Ce) or the wasteload allocation (WLA)
results in the following:

 (Eq. 2)C WLA
Q C Q C

Qe

d d u u

e

= =
−
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When a mixing zone1 is allowed, this equation becomes:

 (Eq. 2a)
( ) ( )

C WLA
C Q MZ C Q

Q

Q C MZ

Qe

d u d e

e

u u

e

= =
× +











−












% %

where %MZ is the mixing zone allowable by State standards.  In this example, the State authorized a mixing
zone of 50 percent of river volume for WET.  The effluent limits were derived using the State’s guidelines.
Establishing a mixing zone, however, is a discretionary function of the State.  If the State does not certify
a mixing zone in the 401 certification process, the effluent limits must be recalculated without a mixing zone.

There is an additional step for WET.  The WLAa needs to be converted from acute toxic units (TUa)
to chronic toxic units (TUc).  The acute WLA is converted into an equivalent chronic WLA by multiplying
the acute WLA by an acute-to-chronic ratio (ACR).  Optimally, this ratio is based on effluent data.  A default
value of 10, however, can be used based on the information presented in Chapter 1 and Appendix A of the
TSD.

WLAa,c = WLAa × ACR, where

ACR = acute-to-chronic ratio

For this example, the following information applies:

Cd Qe Qu %MZ Qumix
a Qd Cu CVb

Acute 0.3 TUa 15.5 cfs 109 cfs 50 54.5 cfs 70 cfs 0 TUa 0.6

Chronic 1.0 TUc 15.5 cfs 170 cfs 50 85 cfs 100.5 cfs 0 TUc 0.6
a Qumix is the upstream flow in the mixing zone (Qumix = Qu × %MZ)
b Only 7 valid data points were available, so a default coefficient of variation was used in the calculations.

 
( ) ( ) ( )

WET WLAa
TUa

TUa=
× × + ×











−
× ×





=
0 3 109 050 0 3 155
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109 0 0 25

155
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.
.

WET WLAa c TUa TUa c, . . ,= × =10 135 135

( ) ( )
WET WLAc

TUc
TUc=

× × + ×







 −

× ×





=
10 170 0 50 10 155

155

170 0 0 50

155
65

. . . .

.

.

.
.

Step 2 - Determine the Long-Term Average (LTA)

The acute WLA is converted to a long-term average concentration (LTAa,c) using the following equation:

 (Eq. 3)[ ]LTAa c WLAa c e z, , .5= × −0 2σ σ

where,
F² = ln(CV² + 1) = ln (0.62 + 1) = 0.307; F = 0.555
z = 2.326 for 99th percentile probability basis

CV = coefficient of variation = standard deviation/mean = 0.6
Acute multiplier = e(0.5 × 0.307 - (2.326 × 0.555) = 0.321.

LTAa c TUa c TUa c, . , . . ,= × =135 0 321 4 33
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The chronic WLA is converted to a long-term average concentration (LTAc) using the following equation:

 (Eq. 4)[ ]LTAc WLAc e z= × −0 2.5σ σ

where,
F² = ln(CV²/4 + 1) = ln(0.62/4+1) 0.086; F = 0.294
z = 2.326 for 99th percentile probability basis

CV = coefficient of variation = standard deviation/mean = 0.6
Chronic multiplier = e(0.5 × 0.086 - 2.326 × 0.294) = 0.542.

LTAc TUc TUc= × =65 0542 343. . .

Step 3 - Determine the More Limiting Long-Term Average

To protect a waterbody from both acute and chronic effects, the more limiting of the calculated LTAa
and LTAc is used to derive the effluent limits.  The TSD recommends using the 95th percentile for the AML
and the 99th percentile for the MDL.  As shown above, the LTAc value was less than the LTAa value.

Step 4 - Determine the Permit Limits

The MDL and the AML are calculated as follows.

 (Eq. 5)[ ]MDL LTAc e z= × −σ σ0 2.5

where,
F² = ln(CV² + 1) = 0.307; F = 0.555
z = 2.326 for 99th percentile probability basis

CV = coefficient of variation = 0.6

 (Eq. 6)[ ]AML LTAc e z= × −σ σ0 2.5

where,
F² = ln(CV²/n + 1) = 0.086; F = 0.294
z = 1.645 for 95th percentile probability basis

CV = coefficient of variation = 0.6
n = number of sampling events required per month for WET = 1
n = 4 for calculations2

The following table lists the effluent limits for this example:

Parameter CV LTAc

e[zFF-0.5FF²]

(for MDL)
e[zFF- 0.5FF²]

(for AML) MDL AML

WET 0.6 3.43 3.11 2.13 10.7 TUc 7.3 TUc
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C.2 Sample Chronic Toxicity Permit Language

Sample chronic toxicity permit language is provided in the following paragraphs.  Alternative wording, as
appropriate for a specific permit, is provided in redline typeface for the regulatory authority to decide.

The permittee shall conduct monthly/quarterly/semi-annual/annual toxicity tests on grab/24-hour
composite effluent samples.  Samples shall be taken at the NPDES sampling location.  In addition, a
split of each sample collected must be analyzed for the chemical and physical parameters required in
Part 1.A below.  When the timing of sample collection coincides with timing of the sampling required
in Part I.A, analysis of the split sample will fulfill the requirements of Part I.A. as well.

1. Test Species and Methods

NOTE: CHOOSE EITHER FRESHWATER OR MARINE LANGUAGE

Freshwater

 a. The permittee shall conduct short-term tests with the cladoceran, water flea, Ceriodaphnia dubia
(survival and reproduction test), the fathead minnow, Pimephales promelas (larval survival and
growth test), and the green alga, Selanastrum capricornutum (growth test) for the first three suites
of tests.  After this screening period, monitoring shall be conducted using the most sensitive
species.

b. Every year, the permittee shall re-screen once with the three species listed above and continue to
monitor with the most sensitive species.  Re-screening shall be conducted at a different time of year
from the previous year’s re-screening.  Note to permit writers: If testing is annual or less than
annual, omit this step.

c. The presence of chronic toxicity shall be estimated as specified in EPA’s methods (USEPA 1994b).

Marine and Estuarine

a. The permittee shall conduct tests as follows with a vertebrate, an invertebrate, and a plant for the
first three suites of tests.  After the screening period, monitoring shall be conducted using the most
sensitive species.  

b. Every year, the permittee shall re-screen once with the three species listed above and continue to
monitor with the most sensitive species.  Re-screening shall be conducted at a different time of year
from the previous year’s re-screening.  Note to permit writers: If testing is annual or less, omit this
step.

For West Coast only:

c. The presence of chronic toxicity shall be estimated as specified using West Coast marine organisms
according to EPA’s methods (USEPA 1995).

or

For East Coast only:

c. The presence of chronic toxicity shall be estimated as specified using East Coast marine organisms
according to EPA’s methods (USEPA 1994c).
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2. Toxicity Limits/Toxicity Monitoring Trigger

a. Chronic toxicity measures a sublethal effect (e.g., reduced growth, reproduction) to experimental
test organisms exposed to an effluent or ambient waters compared to that of the control organisms.
When a permit limit is appropriate, the chronic toxicity limitation is written based on State Water
Quality Standards.  If a permit limit is not appropriate, then this section should be called “Toxicity
Monitoring Trigger.”

b. Results shall be reported in TUc, where TUc = 100/NOEC or 100/ICp or ECp (in percent effluent).
The no observed effect concentration (NOEC) is the highest concentration of toxicant to which
organisms are exposed in a chronic test that causes no observable adverse effect on the test
organisms (e.g., the highest concentration of toxicant to which the values for the observed
responses are not statistically significantly different from the controls).  The inhibition
concentration, IC, is a point estimate of the toxicant concentration that causes a given percent
reduction (p) in a non-quantal biological measurement (e.g., reproduction or growth) calculated
from a continuous model (the EPA Interpolation Method).  The effective concentration, EC, is a
point estimate of the toxicant concentration that would cause a given percent reduction (p) in
quantal biological measurement (e.g., larval development, survival) calculated from a continuous
model (e.g., Probit).

3. Quality Assurance

a. A series of at least five dilutions and a control will be tested.  The series shall include the instream
waste concentration (IWC) (permit writer should insert the actual value of the IWC), two dilutions
above the IWC, and two dilutions below the IWC.  The IWC is the concentration of effluent at the
edge of the mixing zone.  If there is no mixing zone, then the dilution series would be the following
concentrations: 12.5, 25, 50, 75, and 100 percent effluent.

  
b. If organisms are not cultured in-house, concurrent testing with a reference toxicant shall be

conducted.  Where organisms are cultured in-house, monthly reference toxicant testing is sufficient.
Reference toxicant tests also shall be conducted using the same test conditions as the effluent
toxicity tests (e.g., same test duration, etc).

c. If either the reference toxicant test or effluent test does not meet all test acceptability criteria (TAC)
as specified in the manual, then the permittee must re-sample and re-test within 14 days or as soon
as possible.

d. The reference toxicant and effluent tests must meet the upper and lower bounds on test sensitivity
as determined by calculating the percent minimum significant difference (PMSD) for each test
result.  The test sensitivity bound is specified for each test method (see variability document
EPA/833-R-00-003, Table 3-6).  There are five possible outcomes based on the PMSD result:

1. Unqualified Pass–The test’s PMSD is within bounds and there is no significant difference
between  the means for the control and the IWC treatment.  The regulatory authority would
conclude that there is no toxicity at the IWC concentration.

2. Unqualified Fail–The test’s PMSD is larger than the lower bound (but not greater than the
upper bound) in Table 3-6 and there is a significant difference between the means for the
control and the IWC treatment.  The regulatory authority would conclude that there is toxicity
at the IWC concentration.

3. Lacks Test Sensitivity–The test’s PMSD exceeds the upper bound in Table 3-6 and there is
no significant difference between the means for the control and the IWC treatment.  The test
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is considered invalid. An effluent sample must be collected and another toxicity test must be
conducted.  The permittee must re-sample and retest within fourteen (14) days or as soon as
possible.

4. Lacks Test Sensitivity–The test’s PMSD exceeds the upper bound in Table 3-6 and there is
a significant difference between the means for the control and the IWC treatment.  The test is
considered valid. The regulatory authority will conclude that the is toxicity at the IWC
concentration.

 5. Very Small but Significant Difference–The relative difference (see Section 6.4.2, below)
between the means for the control and the IWC treatment is smaller than the lower bound in
Table 3-6 and this difference is statistically significant.  The test is acceptable.  The NOEC is
determined as described in Sections 6.4.2 and 6.4.3 (below).

e. Control and dilution water should be receiving water or laboratory water, as appropriate, as
described in the manual.  If the dilution water used is different from the culture water, a second
control using culture water shall be used.

4. Preparing the Initial Investigation of the TRE Workplan

The permittee shall submit to EPA a copy of the permittee's initial investigation Toxicity Reduction
Evaluation (TRE) workplan (1-2 pages) within 90 days of the effective date of this permit.  This plan
shall describe the steps the permittee intends to follow if toxicity is detected, and should include, at
least the following items:

a. A description of the investigation and evaluation techniques that would be used to identify potential
causes and sources of toxicity, effluent variability, and treatment system efficiency.

b. A description of the facility’s methods of maximizing in-house treatment efficiency and good
housekeeping practices.

c. If a toxicity identification evaluation (TIE) is necessary, an indication of the person who would
conduct the TIEs (i.e., an in-house expert or an outside contractor).

5. Accelerated Testing

a. If the initial investigation indicates the source of toxicity (for instance, a temporary plant upset),
then only one additional test is necessary.  If toxicity is detected in this test as specified in Section
2a, then Section 6 shall apply.

b. If chronic toxicity/the chronic toxicity monitoring requirements as defined in Section 2a are
triggered, then the permittee shall conduct six more tests, approximately every two weeks, over a
twelve-week period.  Testing shall commence within two weeks of receipt of the sample results of
the exceedance of the WET monitoring trigger.

c. If none of the six tests indicate toxicity as specified in Section 2a, then the permittee may return
to the normal testing frequency.

6. Toxicity Reduction Evaluation (TRE) and Toxicity Identification Evaluation (TIE)

a. If chronic toxicity (defined as either the toxicity permit limit or monitoring trigger specified in
Section 2a) is detected in any of the six additional tests, then, in accordance with the facility’s
initial investigation according to the TRE workplan, the permittee shall initiate a TRE within
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fifteen (15) days of the exceedance to reduce the cause(s) of toxicity.  At a minimum, the permittee
shall use EPA manuals EPA/600/2-88/070 (industrial) or EPA/833B-99/002 (municipal) as
guidance.  The permittee will expeditiously develop a more detailed TRE workplan, which
includes:

(1) Further actions to investigate and identify the cause of toxicity
(2) Actions the permittee will take to mitigate the impact of the discharge and prevent the

recurrence of toxicity
(3) A schedule for these actions

b. The permittee may initiate a TIE as part of the TRE process to identify the cause(s) of toxicity.  The
permittee shall use the EPA acute and chronic manuals, EPA/600/6-91/005F (Phase I)/EPA/600/R-
96-054 (for marine), EPA/600/R-92/080 (Phase II), and EPA-600/R-92/081 (Phase III) as guidance.

7. Reporting

a. The permittee shall submit the results of the toxicity tests, including any accelerated testing
conducted during the month, in TUs with the discharge monitoring reports (DMR) for the month
in which the test is conducted.  If an initial investigation indicates the source of toxicity and
accelerated testing is unnecessary, pursuant to Section 5, then those results also shall be submitted
with the DMR for the quarter in which the investigation occurred.

b. The full report shall be submitted by the end of the month in which the DMR is submitted.

c. The full report shall consist of (1) the results; (2) the dates of sample collection and initiation of
each toxicity test; (3) the monthly average limit or trigger and daily maximum limit or trigger as
described in Section 2a.  

d. Test results for chronic tests also shall be reported according to the chronic manual chapter on
Report Preparation and shall be attached to the DMR.

e. The permittee shall notify EPA in writing 15 days after the receipt of the results of a monitoring
limit or trigger.  The notification will describe actions the permittee has taken or will take to
investigate and correct the cause(s) of toxicity.  It may also include a status report on any actions
required by the permit, with a schedule for actions not yet completed.  If no actions have been
taken, the reasons shall be given.

8. Reopener

a. This permit may be modified in accordance with the requirements set forth at 40 CFR Parts 122
and 124 to include appropriate conditions or limits to address demonstrated effluent toxicity based
on newly available information.
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FREQUENTLY ASKED QUESTIONS (FAQS)

Appendix D contains some of the frequently asked questions regarding WET and WET testing.  These
questions and answers were prepared by and appear on a web site maintained by the Society of
Environmental Toxicology and Chemistry (SETAC) (http://www.setac.org).  The SETAC WET Expert
Advisory Panels provide scientific opinion and training on WET technical issues under a cooperative
agreement with EPA (WET Cooperative Agreement No. CX 824845-01-0).  EPA’s inclusion of these
questions and answers in this document is not an endorsement of the Panels’ opinions or responses to the
FAQs, but rather provides readers with an additional source of information in issues commonly raised with
regard to WET and WET testing.  This information was prepared in response to questions received by
SETAC about WET.  It was generated by the WET Expert Advisory Panels (EAP) Steering Committee (SC),
all volunteers and all member of the Society of Environmental Toxicology and Chemistry.  Each person is
considered an expert in some aspect of WET, and the information provide in these FAQs represents the
consensus of the Committee’s collective expertise at the time this summary was written (Feb., 1999).

This information is intended to stimulate further discussion about WET, WET-related research, and the
science underlying WET.  The information is not to be construed as representing an official position of
SETAC, the SETAC Foundation for Environmental Education, or the U.S. Environmental Protection Agency.
Any questions, comments, and requests should be sent to: Society of Environmental Toxicology and
Chemistry (SETAC), 1010 North 12th Avenue, Pensacola, FL 32501-3367, Telephone:   850-469-1500,
Facsimile:  850-469-9778, e-mail:  setac@setac.org.  All materials copyright Society of Environmental
Toxicology and Chemistry (SETAC), 2000, and may not be used without written permission.1,2  

Whole effluent toxicity tests rely on the assumption that test organisms used are
representative of a normal and healthy population.  What indicators of test organism health
are utilized in testing programs?

Both subjective and objective (e.g., test acceptability criteria) indicators of organism health are
available, some described within the methods manuals.  Some national indicators exist which allow
comparison of analytical results between laboratories (i.e., the DMRQA program for major NPDES facilities)
or regional activities such as State WET certification programs which provide round-robin validation of test
practice including organism health (e.g., North Carolina’s Biological Laboratory Certification program).
Other national programs like the National Environmental Laboratory Accreditation Program (NELAP) are
being followed by the WET EAP SC.  Commonly used indicators of organism health are the required
reference toxicity analyses and individual test acceptability criteria.  Tests properly utilizing randomization
procedures along with required and suggested quality control standards retain many built-in checks of typical
organism response.  

What are the definitions of acceptability criteria for reference toxicant tests?

Reference toxicant tests should meet the same test acceptability criteria as those of compliance test.
With regard to assessment of organism health and the overall test practice, USEPA has recommended that
routine reference toxicant tests be performed to establish a CUSUM or cumulative summation chart of testing
results.  Normal results should lie within plus or minus two standard deviations of the cumulative mean value
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of point estimate endpoints.  Values falling outside of those ranges should result in careful scrutiny of the
data and testing systems.  Data produced during these “out of control” conditions should be considered
suspect.  

How does increasing the difference in test concentration dilutions affect the prediction of
response?

Better resolution around threshold effect concentrations provide better input to mathematical models
to predict point estimations of effect and reduce uncertainty in hypothesis tests of effect.  Reducing the
distance between effluent dilutions should be encouraged.  There may be some confusion about USEPA’s
specification of dilution series in these cases.  The methods specify a minimum set of dilutions, i.e., no wider
than 0.5 dilution between concentrations.  No limitations on added concentrations within that range exist.
Experimental design should account for concentrations of concern and should attempt to maximize resolution
in that range.  Test design should maximize test concentrations around the effect concentration of concern,
i.e., the instream waste concentration or limited concentration of a discharging facility, in order to minimize
the need for interpolation of effects between tested concentrations.  

What are the different types of variability in whole effluent toxicity tests?

Variability is inherent in any analytical procedure.  The precision of a method describes the closeness
of agreement between test results obtained from repeated testing of a prescribed method.  WET test precision
can be categorized by: 1) intratest (within-test) variability, 2) intralaboratory (within-laboratory) variability,
and 3) interlaboratory (between-laboratory) variability.  Intratest variability can be attributed to variables
such as the number of treatment replicates, the number of test organisms exposed per replicate, and the
sensitivity differences between individual organisms (i.e., genetic variability).  Intralaboratory variability is
that which is measured when tests are conducted under reasonably constant conditions in the same laboratory
(e.g., reference toxicant or effluent sample tested over time).  Sources of intralaboratory variability include
those factors described for intratest variability, as well as differences: 1) in test conditions (e.g., seasonal
differences in dilution water quality, differences in environmental conditions),  2) from test to test in
organism condition/health, and 3) in analyst performance from test to test.  Interlaboratory variability reflects
the degree of precision that is measured when the same sample or reference toxicant is analyzed by multiple
laboratories using the same methods.  Variability measured between laboratories is a consequence of
variability associated with both intratest and intralaboratory variability factors, as well as differences allowed
within the test methods themselves (e.g., source of dilution water), technician training programs, sample and
organism culturing/shipping effects, testing protocols, food quality, and testing facilities.

Two general categories of variability are of greatest concern: 1) analyst experience, and 2) test organism
condition/health.  The experience and qualifications of the analyst who actually performs the toxicity test
in the laboratory will dictate how well the culture and test methods are followed and the extent to which good
judgment is exercised when difficulties/issues arise in the process of conducting the test, analyzing the data,
and interpreting the results.  Improper utilization of WET methods can have a substantial impact on test result
variability.  Guidance for specific test conditions and standard methods to control many causes of variability
are found in the USEPA (U.S. Environmental Protection Agency) methods manuals (USEPA 1993, USEPA
1994a, USEPA 1994b, USEPA 1995). Strict adherence to these methods can greatly reduce variability.

USEPA. 1993. Methods for measuring the acute toxicity of effluents and receiving waters to freshwater and marine
organisms. 4th ed. Weber C.I., editor. Cincinnati: U.S. Environmental Protection Agency (USEPA) Office of Research
and Development. EPA/600/4-90/027F. 293 p.

USEPA. 1994a. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to marine and
estuarine organisms. 2nd ed. Klemm, D.J., Morrison, G.E., Norberg-King, T.J., Peltier, W.H. and Heber, M.A., editors.
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Cincinnati: U.S. Environmental Protection Agency (USEPA) Office of Research and Development. EPA/600/4-91/003.
341 p.

USEPA. 1994b. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to freshwater
organisms. 3rd ed. Lewis, P.A., Klemm, D.J., Lazorchak, J.M., Norberg-King, T.J., Peltier, W.H. and Heber, M.A.,
editors. Cincinnati: U.S. Environmental Protection Agency (USEPA) Office of Research and Development. EPA/600/4-
91/002. 341 p.

USEPA. 1995. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to west coast
marine and estuarine organisms. Chapman, G.A., Denton, D.I., Lazorchak, J.M., editors. Cincinnati: U.S. Environmental
Protection Agency (USEPA) Office of Research and Development. EPA/600/R-95-136. 661 p.

What specific factors influence WET test variability?

There are a number of factors that can meaningfully influence the variability of test results.  These
factors include, but are not limited to, those listed below.

Sample Characteristics 
The nature of the sample collected can have a significant influence on the outcome of a WET test.  Care

must be exercised to collect the most representative sample possible during the time frame of interest.
Sample volume can influence the outcome of a toxicity test.  For example, if the sample-to-container-wall
ratio is small, or if the sample-container contact time is especially long before the sample is refrigerated;
certain particulate-active constituents such as zinc (Chapter 5 in Grothe et al. 1996), polymeric substances,
charged materials, or hydrophobic chemicals in a sample can interact with the container.  Samples too small
in volume may also increase the potential of collecting a non-representative fraction of a non-homogenous
sample stream.  The type of sample (i.e., grab or composite) may influence the outcome of a WET test and
contribute to variability.  Grab samples may hit or miss toxicity spikes thus possibly increasing the variability
between samples taken at different times at the same outfall.  Composite samples will average concentrations
over the entire collection period, possibly smoothing peaks and valleys of toxicity in variable water media.
The various USEPA method manuals review the importance of using appropriate sample types for different
types of effluents.  Storage and handling can affect the toxicity and variability of samples.  The general
assumption is that the toxicity of a sample is most likely to decrease with holding time due to factors such
as biodegradation, hydrolysis, and adsorption.  These factors are minimized by “cold” storage and shipment
on ice as well as test initiation within the specified USEPA guidelines.  Water samples for WET testing may
be manipulated in a variety of ways to comply with special requirements or circumstances.  This applies, for
example, when freshwater effluents are discharged to a saline receiving stream and marine or estuarine
organisms are used for testing.  Care must be taken, in this case, that ionic strength and composition are
within levels tolerated by the specific test organisms or results may not be representative of actual toxicity
or comparable between labs.

Abiotic Conditions 
Abiotic conditions can strongly influence the variability of WET test results.  For that reason, most of

the abiotic conditions that should be standardized during WET testing (DO, light, hardness, alkalinity, etc.)
are specified in protocols contained in the USEPA methods manuals.  While these factors may not be
problematic sources of variability within tests, they may be of major concern across tests (both within and
among laboratories).  Very small ranges of temperatures are specified for WET testing.  Test solution pH can
influence the bioavailability and toxicity of chemical constituents, such as some metals (e.g., Cu, Zn) and
ammonia.  Careful use of dilution waters, salinity adjustments, aeration, feeding, and other factors causing
shifts in pH will help to reduce variability.
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Exposure  
In WET testing, we seek a balance between realistically mimicking exposure scenarios and evaluating

effluents with sufficient testing while controlling testing costs.  Variability in test results can be greatly
influenced by the method of exposure chosen (i.e., static, static renewal, and flow-through).  For example,
tests of samples with nonpersistent toxicants or with chambers with high loading rates will be influenced to
a greater degree using a static design rather than a flow-through design.  As the number of variables which
influence test results increases, overall test variability increases unless those variables are controlled.
However, flow-through tests are much more costly than static tests.  The number of concentrations and
dilution series may influence variability of the test results.  Point estimate models will more precisely
estimate the statistical endpoint if the test concentrations are near the actual LCx (concentration that is lethal
to x percent of organisms), ECx (concentration that affects x percent of organisms), or ICx (concentration
that inhibits response by x percent).  In contrast, as the NOEC approaches the concentration at which effects
begin to be observed (i.e., LOEC), estimates may show greater variation.  Many NPDES permits include a
test dilution that is consistent with the Instream Waste Concentration (IWC) based upon dilution in the
receiving system.  The minimum number of tested dilutions recommended can be increased, particularly in
the range of expected effects (if known), in order to improve resolution of the acute or chronic endpoint.
Costs of increased dilutions testing are incremental to the cost of a typical test, but such testing is cost
effective in cases where small changes in organism responses may affect compliance.

The WET endpoint is a function of test duration, in most cases (percent mortality after a period of time,
for example).  Test duration can be a function of the endpoint that is to be assessed.  In at least one situation,
the C. dubia survival and reproduction test, exposure duration is governed by the amount of time needed for
60 percent of the control organisms to produce a third brood (up to 8 days), at which time the test is repeated
if the control performance is not acceptable (USEPA 1994b).  The timing for test termination can therefore
vary between 6 and 8 days.  This introduces the possibility of intertest variability in terms of both number
of young produced and test sensitivity due to exposure duration.  The cost of reducing test duration
variability is small; the corresponding reduction in test results variability could, however, be significant.

Sample Toxicity 
The exposure-response relationship can be affected by the sensitivity of the test species to the individual

and combined chemicals of a sample as well as the concentrations of those chemicals in that sample.  Testing
of samples which exhibit high slopes in their concentration-response curves at the test statistical endpoint
(LCx, ECx, and ICx) tends to provide less variable (intratest and inter-test) results than tests of samples
exhibiting low slopes in their concentration-response curves.  The sensitivity of different species to any
single chemical or mixture of chemicals can also be quite different, even when all variables are held constant.
For example, rainbow trout are approximately an order of magnitude more acutely sensitive to cadmium than
daphnids (USEPA 1985a) while daphnids are approximately 2.5 times more acutely sensitive to chlorine than
rainbow trout (USEPA 1985b).  Herbicides (e.g., atrazine) are more acutely toxic to plants than fish
(Solomon et al. 1996).  This is why vertebrates, invertebrates, and plants are recommended for testing
effluents in the NPDES program.

Food 
Food quality can vary in a number of ways.  Organisms whose diets vary in nutritional quality and size,

before and during testing, may respond differently to the same sample under identical test conditions.  For
example, brine shrimp nauplli that are less than 24 hours old are required in all tests using these organisms
as food to maintain the nutritional quality of the nauplii and to keep their size at the optimum for
consumption by test organisms.  The YCT and algal diet for C. dubia should contain specific concentrations
of solids and algal cells as outlined in the manual.  The quantity of food available can affect dissolved oxygen
and pH levels within a test chamber and act as a substrate for the absorption and adsorption of toxic
chemicals from the tested sample, thus reducing bioavailability.
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Dilution Water 
Optimally, the dilution water should replicate the quality of the receiving water.  However, if the

objective of the test is to estimate the absolute toxicity of the sample (effluent), which is the primary
objective of NPDES permit-related toxicity testing, then a synthetic (standard) dilution water is used
(USEPA 1993, USEPA 1994a, USEPA 1994b).  If the objective is to estimate the toxicity of the sample in
uncontaminated receiving water, then the test may be conducted using non-toxic receiving water.  Dilution
water quality can affect the toxicity of effluent, surface water, and stormwater dilutions by modifying the
bioavailability of toxic chemicals in the sample.  In addition, parameters such as TDS (hardness, salinity,
conductivity), turbidity, DO, pH, micronutrients, and bacteria counts can impact test organism physiology,
sensitivity, and biological response.  Therefore, test variability at all levels can be affected by variability in
dilution water quality.  Synthetic dilution water quality can also vary with the age of the prepared water in
relation to the exposure of test organisms and with the source and quality of the base water.

Organism History and Handling 
Perhaps one of the most important considerations in controlling WET variability is an organism’s

pretest history of health and maintenance, which consists of four factors: collection, culture, acclimation, and
handling specific to the test.  Organism history can be evaluated through charting performance of laboratory
controls with a reference toxicant over time.  All practical attempts should be made to avoid use of field-
collected animals for WET testing.  The most common sources of test organisms for WET tests are in-house
cultures and/or organism suppliers.  Organisms to be tested, whether field-collected or cultured, may require
acclimation to test conditions.  Variation in acclimation practices between tests can result in the use of
organisms of varying sensitivity between tests.  The importance of analyst technique is most pronounced
when the analyst handles organisms before and during the test.

Randomization 
Results will be variable in all analytical techniques, not just WET, despite all efforts to eliminate and

reduce sources of variability.  The randomization approach used to assign test replicates within an incubator
or water bath and the approach used to assign test organisms to test replicates are attempts to evenly
distribute this variability within the testing environment and between organisms.  All test methods include
procedures for randomization which must be followed.

Organism Numbers 
The number of organisms exposed in a toxicity test has a direct and calculable bearing on the ability

of that test to detect and estimate effects resulting from that exposure.  Generally, as the total number of
organisms increases in a test, the ability to detect effects (i.e., statistical power in a hypothesis test) and the
certainty in point estimates increases.  Differences in number of organisms per replicate and treatment can
be due to the loss of individuals or replicates through analyst errors or to the death or lack of response of all
organisms in one or more replicates.  The former reduces power or effect-estimate certainty (point estimate
confidence intervals) by reducing sample size.  The latter may reduce power or effect-estimate certainty by
increasing variation in response relative to other replicates and treatments.  Intra- and interlaboratory
variability can include the factors discussed above, as well as possible differences in study design (total
number of organisms and total number of replicates).

Organism Age and Quality
The recommended ages of test organisms for established protocols have two general considerations:

(1) relative physical sensitivity of different life stages to the test conditions, independent of the challenges
of a toxicant and, (2) relative sensitivity of different life stages to toxic constituents.  Young organisms are
often considered more sensitive to toxic and physical stressors than their older counterparts.  For this reason,
the use of early life stages, such as first instars of daphnids and juvenile mysids and fish, is recommended
for all tests.
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The effects of organism age on WET variability are potentially greatest between tests and between
laboratories where age differences may be greater.  As examples, all C. dubia used in a reproduction test
must be within 8 hours of age but can be up to 24 h old; and fathead minnow larvae used in the growth test
must be within 24 hours of age in a single test but could range between 1 to 2 days depending on whether
the organisms are cultured in-house or shipped from an off-site culture facility.  In the acute tests with
fathead and sheepshead minnows, the age difference between tests can range from <24 h to 14 d.

Grothe, D. R., K. L. Dickson, and D. K. Reed-Judkins, eds.1996. Whole Effluent Toxicity Testing: An Evaluation of
Methods and Prediction of Receiving System Impacts, SETAC Press, Pensacola, FL, USA. 340 p.

Solomon, K.R., D.B. Baker, R.P. Richards, K.R. Dixon, S.J. Klaine, T.W. LaPoint, R.J. Kendall, J.M. Giddings, J.P.
Giesy, L.W. Hall, Jr. and W.M. Williams. 1996. Ecological risk assessment of atrazine in North America surface waters.
Environ. Toxicol. Chem. 15:31-76.USEPA. 1985a. Ambient water quality criteria for cadmium - 1984. EPA 440/5-84-
032. Office of Regulations and Standards, Washington, DC.

USEPA. 1985b. Ambient water quality criteria for chlorine - 1984. EPA 440/5-84-030. Office of Regulations and
Standards, Washington, DC.

USEPA. 1993. Methods for measuring the acute toxicity of effluents and receiving waters to freshwater and marine
organisms. 4th ed. Weber C.I., editor. Cincinnati: U.S. Environmental Protection Agency (USEPA) Office of Research
and Development. EPA/600/4-90/027F. 293 p.

USEPA. 1994a. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to marine and
estuarine organisms. 2nd ed. Klemm, D.J., Morrison, G.E., Norberg-King, T.J., Peltier, W.H. and Heber, M.A., editors.
Cincinnati: U.S. Environmental Protection Agency (USEPA) Office of Research and Development. EPA/600/4-91/003.
341 p.

USEPA. 1994b. Short-term methods for estimating the chronic toxicity of effluents and receiving waters to freshwater
organisms. 3rd ed. Lewis, P.A., Klemm, D.J., Lazorchak, J.M., Norberg-King, T.J., Peltier, W.H. and Heber, M.A.,
editors. Cincinnati: U.S. Environmental Protection Agency (USEPA) Office of Research and Development. EPA/600/4-
91/002. 341 p.

How can WET variability be quantified?

Intratest Variability 
Intratest variability is the variability of the responses (survival, growth, or reproduction), both among

and between concentrations of the test material for a given test.  Hypothesis test intratest variability is
derived for an individual test by pooling the variability at each concentration including the control to obtain
an estimate of the random error for the test.  The intratest variability is used to determine the amount of
difference from the control that can be detected statistically.  When adjusted for the control mean, the
minimum significant difference (MSD) represents the amount of difference expressed as a percentage of the
control response (MSD%).  Intratest variability for the point estimate approach is also represented by an
estimate of the random error for the test, the mean square error (MSE).  The MSE is one component in the
calculation of confidence intervals for a point estimate, thus the width of a 95 percent confidence interval
provides an indication of the magnitude of the intratest variability.

The intratest variability is the foremost single measure used to indicate the statistical sensitivity of a
WET test analyzed with the hypothesis test approach.  Statistical sensitivity, in this case, equates to a test’s
ability to distinguish a difference between an exposure concentration and the control.  Controlling or
reducing the amount of variability within a single test will increase the power of the test and therefore the
ability of the test to detect responses that differ from the control response (decrease MSD).  Increased power
will also increase certainty in the determination of a difference from controls, which is important to
regulators and the regulated community.  However, minimal variability in all treatments of a test may lead
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to such high statistical power that detected differences may not be biologically significant.  Such tests should
be interpreted with caution.  Although there is no specific guidance from the USEPA on statistical versus
biological significance, various States and USEPA Regions have developed some guidelines (e.g., see
SETAC FAQ on addressing variability).  Close attention to the factors described under the FAQ on factors
affecting variability will tend to decrease heterogeneity among replicates and decrease intratest variability.
In addition, increasing the number of replicates will also lead to an increase in the sensitivity of the test by
decreasing the MSD.

Intratest variability is also important in representing the uncertainty associated with point estimates of
toxicity.  As the 95 percent confidence intervals of the point estimate increases, the uncertainty in that
estimate of the statistical endpoint increases.  The confidence intervals for chronic endpoints are directly
influenced by the variability of response between replicates in each treatment and the model used to
interpolate the point estimate.  The confidence intervals for acute test results using a point estimate approach,
however, are not influenced by variability between replicates but by the characteristics of the dose-response
relationship.  As discussed before, the certainty in point estimates is also a function of the dilutions tested
and their proximity to the actual statistical endpoint being calculated.  One will get a better estimate of the
LC50 (tighter confidence intervals) if dilutions are tested near the concentration which actually results in 50
percent mortality.

Evaluation of a number of existing data sets by members of the Pellston workgroup (Sessions 3 and 4)
(Grothe, et al, 1996) seemed to indicate that, for most WET test methods, MSDs of <40 percent were
achievable.  MSD’s for most methods examined ranged from 18 percent to 40 percent.  The consensus of the
workgroup is that an additional study is necessary to determine the acceptable level of intratest variability
for each USEPA recommended toxicity method, although some participants proposed that sufficient data
exists to select MSD criteria.  In the proposed study, data would be used to establish variability limits from
laboratories that document data quality and adhere to USEPA method guidelines.  Study data from each assay
evaluation would include expected CVs, MSD, MSD%, MSE, and American Society for Testing and
Materials (ASTM, 1992) “h” and “k” statistics.  The “h” statistic represents a measure of the reproducibility
between laboratories while the “k” statistic represents the repeatability within laboratories.  Distributions
of these values would be examined to determine criterion levels for intratest variability, and probabilities of
laboratories exceeding the criterion levels would be calculated.  The direct advantages of an acceptability
criterion for intratest variability are 1) establishing a minimum protection level, 2) setting the power of a test
to detect a toxic sample for each method, and 3) decreasing intra- and interlaboratory variability.
Acceptability criteria will also allow users of WET data to better evaluate test acceptability, laboratory
performance, and program effectiveness.

Intertest and Interlaboratory Variability 
The scientific community familiar with analytical procedures, not just WET, recognizes that tests

performed on presumably identical materials in presumably identical circumstances do not typically yield
identical results.  An indication of a test method’s consistency is its repeatability and its reproducibility with
repeatability defined as the variability between independent test results obtained from the same laboratory
in a short period of time and reproducibility defined as the variability between test results obtained from
different laboratories.

Several measures of repeatability and reproducibility have been proposed.  The simplest of these is the
intra- and interlaboratory CV (standard deviation (s) of repeated test results, divided by the mean (m) of the
repeated test results, multiplied by 100 (CV = (s/m) x 100).  The intralaboratory CV is generated by test
results from repeated tests performed in the same laboratory, while the interlaboratory CV is obtained from
test results from several different laboratories.  The use of the CV removes from consideration the units of
the measurement and allows the analyst to compare variability of different types of test methods (i.e., WET
tests with analytical chemistry tests).  It also allows analysts to compare tests that use different scales of
measurement.
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However, CVs alone cannot be used as diagnostic tools to help identify unusual test values or outliers.
Since the CV is a function of the standard deviation of a set of test results, the measure suffers from the same
problems associated with standard deviations, and there is no common agreement on what is an acceptable
standard deviation.  For instance, the range of test values is an easier descriptive statistic to understand.  In
addition, the value of the standard deviation is affected by extreme values in the data set; single large or small
test values inflate the standard deviation.  The CV also ignores the 95 percent confidence intervals
(uncertainty) associated with each point estimate and can only be calculated for point estimates.  CVs are
not appropriate for hypothesis test endpoint comparisons since the effect levels are fixed by the choice of
test concentrations.

Quality Management Considerations.  Reference toxicant tests are typically used to monitor a laboratory’s
performance.  Charting the performance of a laboratory’s controls relative to its reference toxicant test results
is a good way to track the laboratory’s performance and to identify when the laboratory’s performance is not
acceptable.  The width of a control chart’s limits is an indication of a laboratory’s capability to reproduce
the desired endpoints of a reference toxicant test.  However, control chart limits are a function of the
reference toxicant, test species, test type (acute or chronic) and biological endpoint (survival, growth, etc.).
These factors must be considered before drawing conclusions regarding laboratory performance.
Performance on reference toxicant tests as recorded by control charts should be a criterion that is used by
permittees in selecting which laboratories to use for WET tests.

Laboratories with very wide control limits, and/or many points outside of the control limits, should
investigate problems related to the quality of the data being produced.  Laboratories should monitor at a
minimum, using control charts, the calculated endpoints for each test type/species combination.  Laboratories
can also monitor the control treatment mean response for survival, growth, and reproduction.  In addition,
laboratories can chart the control treatment replicate variance, or standard deviation.  Reference toxicant tests
are very important to track analyst technique and the health and condition of the test organisms.  It is
particularly important when performing these tests (as with all compliance toxicity tests) that the analysts
precisely follow the published test methods, without deviation between tests.

ASTM-American Society for Testing and Materials. 1992. Standard practice for conducting an interlaboratory study
to determine precision of a test method, E691-92. In: Annual Book of ASTM Standards, Vol. 14.02. Philadelphia, PA.

Grothe, D. R., K. L. Dickson, and D. K. Reed-Judkins, eds.1996. Whole Effluent Toxicity Testing: An Evaluation of
Methods and Prediction of Receiving System Impacts, SETAC Press, Pensacola, FL, USA. 340 p.
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1 Note that the terms, abbreviations, and acronyms used in this appendix may differ from their usage throughout the
rest of this document.  EPA consciously chose not to edit the State-supplied information so that the actual States’
nomenclature and terminology as used in their NPDES programs would be reflected here.

June 30, 2000 Appendix E-3

EXAMPLES OF SELECTED 
STATE WET IMPLEMENTATION PROGRAMS

Appendix E contains summaries of approaches that States have taken in implementing their NPDES
whole effluent toxicity (WET) programs and efforts instituted to reduce or ensure minimal test variability
when conducting WET tests.  Preceding the State responses is a matrix (Table E-1) that briefly summarizes
the common approaches or program themes for the States that responded.  The respondent States are a
geographic sampling across the United States.  EPA’s inclusion of the various State approaches in this
document is not an endorsement of their approaches, but a snapshot of additional steps that a permitting
authority could consider taking beyond the minimum requirements (i.e., test acceptability criteria) outlined
in EPA guidance.  This sample of State approaches also responds to recommendations EPA received on the
initial draft document to consider and provide reference to other State approaches.1
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E.1 RESPONSES FROM KENTUCKY DEPARTMENT FOR ENVIRONMENTAL PROTECTION

E.1.1 Describe How Your State Evaluates Reference Toxicant and Effluent Test Results

Acute reference toxicant test and multi-concentration effluent test results are evaluated using the point-
estimate (LC50) technique described in the EPA acute testing manual.

Chronic reference toxicant and multi-concentration effluent test results are evaluated using the linear
interpolation method (IC25) as described in the EPA chronic manual and using the TOXCALC statistical
program software.

E.1.2 Explain How Your State Reviews Reference Toxicant Data for Laboratory
Performance

Consulting laboratories that  service permittees are required to annually submit to the Bioassay Section
a summary of their reference toxicant test data.  This information is used to determine consistency and
conformance to the expected values.  This serves as a review and audit of all consulting laboratories,
measures consistency within a laboratory, and provides a level of reliability and accuracy between
laboratories.

A letter of request is sent to each laboratory with a standardized response form. The labs provide the
requested information, including test date, dilution series, type of control water, organism age, LC50/IC25,
95 percent confidence interval, and average control reproduction/weight.  This information is entered into
a laboratory QA data base where it is statistically analyzed.

This information is then compiled into an annual summary report.  The compiled information includes
the lab name, reference toxicant, test species, test type, test duration, number of tests performed, mean,
standard deviation (SD), % coefficient of variation (CV), average reproduction, or growth with SD and %
CV.

The results are mailed to each participating laboratory.  In addition, the summary results are printed in
the Kentucky Biomonitoring Newsletter and are presented on the Bioassay Section’s web page
(http://water.nr.state.ky.us/wq/bioassay/index.html).

A control chart is prepared for each reference toxicant and organism combination, and successive
toxicity values are plotted and examined to determine if the results are within prescribed limits.  A minimum
of 30 test results are needed for a reliable mean and upper/lower control chart.  If the toxicity value from a
given test with the reference toxicant does not fall within the expected range for the test organism when using
the standard dilution water, then the sensitivity of the organisms and the overall credibility of the test systems
are suspect.  In this case the test procedure, control water, and reference toxicant are examined.  

Missing and/or out-of-range data must be explained and can result in the invalidation of Kentucky
Pollution Discharge Elimination System (KPDES) WET test results.

E.1.3 Describe Any Additional QA/QC Criteria Your State Has Developed and Implemented
Within Your State

1. Acute and chronic reference toxicant tests are to be conducted monthly.  A reference toxicant test
must be conducted within 30 days of each KPDES WET test.

2. If test organisms are purchased from a commercial supplier, a reference toxicant test must be
conducted on each batch unless the supplier can provide this information.
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3. Culturing and testing activities may not be contained within the same incubator.

4. Chronic toxicity tests where the coefficient of variation (CV) is greater than 40 percent will be
evaluated on a case-by-case basis to determine if the results will be considered acceptable.

5. All other QA/QC criteria for culturing and testing, as set forth in the most current editions of the
EPA manuals, must be followed.

E.1.4 Describe Any Efforts Your State Has Made to Minimize Test Method Variability

1. All KPDES WET test results are submitted using a standardized report form.  Each report is closely
reviewed by a member of the Bioassay Section to determine if proper test protocols have been
followed.

2. Prior to conducting toxicity test for Kentucky permittees, each laboratory must submit its
culturing/testing SOP for review by the Bioassay Section.  This insures that proper methods and
procedures are being followed.

3. Toxicity tests must comply with all conditions as stated in the EPA testing manuals and in the
Kentucky Methods for Culturing and Conducting Toxicity Tests with Pimephales promelas and
Ceriodaphnia dubia. (Fourth Edition, 1996).  Special attention is paid to sample holding times and
temperatures.

4. Dilution water is to be moderately hard-reconstituted water or moderately hard dilute mineral
water.

5. If split samples are going to be used,  the Biomonitoring Split-Sample Protocol must be followed.
This protocol details sample collection and holding procedures as well as test conditions that must
be followed.

6. Laboratories must submit all reference toxicant data for the annual summary.  This information
assists in determining the quality of information being received from these facilities.

7. Laboratories are audited by Kentucky or EPA Region IV to review testing and culturing
procedures.

E.1.5 Explain How Your State Reviews or Conducts Performance Lab Audits

Kentucky has been fortunate in having the expertise of EPA Region IV in performing WET laboratory
audits.  Their experience has proven beneficial in keeping laboratories compliant with the testing
requirements.  When the services of EPA are not available, the State will conduct its own lab audits.  In
either case, the procedures are the same and follow those outlined in the EPA inspection manual.

Inspections are usually announced.  If EPA is performing the inspection, a representative from the
Bioassay Section will accompany the inspectors.  Prior to the inspection, the auditor will review the
laboratory’s SOP for adherence to Kentucky and EPA protocols.  Bioassay Section staff will review test
reports to document any problems with the subject lab.  In addition, the qualifications of the staff will be
reviewed at this time.  Generally, three test reports will be chosen for which the laboratory will be required
to produce supporting documentation.
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The inspection consists of an opening conference, a walk-through of the laboratory, and a closing
conference.  During the opening conference, the auditor discusses the SOP review and general procedures
in the laboratory.  In addition, information including culturing records, test data, chain of custody records,
reference toxicant data, etc., supporting the three test reports selected prior to the inspection will be
reviewed.  During the walk-through, the auditor examines equipment, log books, written documentation and
laboratory procedures.  The closing conference serves as a review of observations and comments during the
inspection.

The auditor will generate an inspection response letter detailing any deficiencies noted during the audit.
All correspondence is addressed to the permittee, whose test results were used for the inspection.  The
permittee will have usually 60 days to respond to the deficiencies, noting what actions have been taken by
the laboratory to correct them.  If significant deficiencies are not addressed, then future data from this
laboratory may not be accepted by the State.

E.1.6 Describe Any Specific Implementation Guidance That Your State Has Developed to
Assist Permit Writers.  How Is the Guidance Available to the Public?

Guidance is provided through several documents developed by the Bioassay Section.  This section has
developed standardized biomonitoring language, which is provided to the KPDES Permitting Branch.  This
language is incorporated into each permit with a WET limit or monitoring upon permit issuance or
reissuance.  In addition, a Standard Test Result Report form is provided to each permit holder with WET.
The section has another document:  Aquatic Toxicity Testing:  Questions and Answers, which is available
upon request.

The Bioassay Section provides face-to-face training to the KPDES Branch on an as-needed basis.  This
training is also available to the public if requested.

Some documents are available on the Bioassay Section’s web page or through the Biomonitoring
newsletter.

E.1.7 Describe How Your State Provides or Utilizes Any Toxicity Testing Training

The Bioassay Section communicates program changes and specific guidance on culturing and testing
issues through the newsletter and the web page.  The section has held several training sessions for State
personnel since the inception of the program.  In addition, the section participates in the State’s annual
Wastewater Operator’s Conference to discuss issues with the regulated community and consultants.

Section members have attended and participated as instructors in the Society for Environmental
Toxicology and Chemistry’s two-day WET training course and statistical analysis course.

E.2 RESPONSES FROM NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION

E.2.1 Describe How Your State Evaluates Reference Toxicant and Effluent Test Results

Acute effluent tests are evaluated using the point estimate techniques described in the USEPA acute
methods document.  New Jersey also uses the NOAEC endpoint set equal to 100 percent effluent when an
evaluation of no acute toxicity is required.  The hypothesis testing techniques contained in the USEPA
manual are used in that case.

Requests have been received from certified laboratories and from permittees that the point estimate
techniques be further standardized.  Using one version of Probit versus another can result in a different value,
sometimes making a difference whether a facility passes or fails.
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Chronic effluent and reference toxicant test results are evaluated using the linear interpolation method
originally provided by Teresa Norberg King (July 1993).   A p value of 25 is selected for all permits and for
reference toxicant recording.  

E.2.2 Explain How Your State Reviews Reference Toxicant Data For Laboratory
Performance

New Jersey Pollution Discharge Elimination System (NJPDES) permits require that in order for chronic
toxicity test results to be considered acceptable, there must be an acceptable Standard Reference Toxicant
(SRT) result conducted within 30 days of the compliance test result, for the test species and reference
toxicant in question.  The States standardized report form requires the reporting of the applicable SRT result
directly on the compliance test report, along with the applicable upper and lower control limits. Missing or
out of range data can result in the invalidation of test results.

Control charts are forwarded to the Department on an annual basis, on the anniversary of the approval
for the test species.  Many labs have chosen to include copies of applicable control charts with the submittal
of compliance test results.  SRT data is also reviewed as part of an on-site audit, including a review of
procedures, raw data, and data analysis any excluded results.

State methods governing laboratories also require that if a lab produces any SRT test result which is
outside the established upper and lower control limits for a test species at a frequency greater than one test
in any ten tests, a report shall be forwarded to the Department.  That report shall include any identified
problem which caused the values to fall outside the expected range and the corresponding actions that have
been taken by the laboratory.  If a laboratory produces two consecutive SRT test results or three out of any
ten test results, which are outside the established upper and lower control limits for a specific test species,
the laboratory shall be unapproved to conduct testing.  Reapproval is contingent upon the laboratory
producing SRT test results within the established upper and lower limits. 

The laboratory selects the reference toxicant used.  However, the Department recommends using KCl.

E.2.3 Describe Any Additional QA/QC Criteria Your State Has Developed and Implemented
With Your State

For Ceriodaphnia testing:
— Number of males in surviving organisms overall concentration <10 percent [(no. males / total

no. surv) x 100].

— Number of males in controls <20 percent (no. males / total no. organisms in controls).

All test species
— No sporadic mortalities present (Deaths that are not related to sample toxicity, confined to a

few test chambers and scattered throughout the test).

— Variation in start count must be <10 percent per concentration (animals lost or killed by
accident).

These items are specifically included on standardized review sheets.

For any tests that would result in the collection of penalties based on violation of an effective toxicity
limit, a detailed review of the raw data and test results are conducted, including review of the data trend,
minimum significant difference, chain-of-custody, sampling handling, and holding times.

E.2.4 Describe Any Efforts Your State Has Made To Minimize Test Method Variability
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Each test that is submitted receives at least a screening using a standardized check list, anywhere from
30 to 40 questions depending upon the test species, dealing will all aspects of the test.  

New Jersey maintains a laboratory certification program for toxicity testing, including on-site audits.

A laboratory who cancels a test prior to the scheduled ending time/date must report that cancelled test,
including the reason for the cancellation, to the Department.  This allows the Department to track a
laboratory’s ability to run a test to completion.  Tests that do not meet USEPA’s test acceptability criteria
are not submitted to the Department since they are not valid. This way the frequency that this is occurring
at a laboratory can be tracked.  Frequent test cancellations are addressed during an on-site audit.

New Jersey has a Bioassay Subcommittee that is a subset of the State’s Laboratory Advisory
Committee.  This committee meets quarterly and consists of State and laboratory representatives.  The
committee discusses problems with the tests, certification, updates from USEPA, SETAC, NELAC, or
anything else applicable to toxicity testing.  This gives the laboratories and the State an opportunity to
discuss either deficiencies that are occurring at laboratories and are showing up in the test data, problems
the laboratories are having with regard to any of the methods, and any improvements to the program that
should be easily implemented. 

E.2.5 Explain How Your State Reviews Or Conducts Performance Lab Audits

Inspections can be announced or unannounced, although generally time is not adequate to perform
unannounced inspections.  Prior to the inspection, the auditor will review the laboratory’s SOPs for
adherence to New Jersey and EPA protocols.  Subsets of data will also be reviewed and the technician
responsible for day to day screening using the standardized check list is asked to summarize any problems
with the review of toxicity test reports.  

The actual inspections consist of an opening conference, a walk-through of the lab facility, and a
closing conference.  During the opening conference, the auditor discusses the SOP review and general
procedures in the lab.  In addition she will request and review-supporting information associated with the
any test reports identified prior to the inspection as a concern.  During the walk-through, the auditor
examines equipment, written documentation, cultures, laboratory procedures, chain-of-custody, and sample
handing.  The closing conference serves as a review of observations and comments during the inspection.

E.2.6 Describe Any Specific Implementation Guidance That Your State Has Developed To
Assist Permit Writers.  How Is The Guidance Available To The Public?

The Office of Quality assurance provides training sessions to the permit writer and the public upon
request.  Written guidance consists of copies of past training sessions,  located on the share drive for permit
writers. This guidance is not generally available to the public.
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E.2.7 Describe How Your State Provides Or Utilizes Any Toxicity Testing Training 

When possible, staff will attend any USEPA- or SETAC-sponsored training on the topic. 

E.3 RESPONSES FROM NORTH CAROLINA DEPARTMENT OF ENVIRONMENT AND
NATURAL RESOURCES

E.3.1 Describe How Your State Evaluates Reference Toxicant and Effluent Test Results

Acute reference toxicant test and multi-concentration effluent test results are evaluated using the point-
estimation techniques described in the EPA manual.

Acute pass/fail, chronic pass/fail, and chronic multi-concentration effluent test results are evaluated
using hypothesis tests as described in the EPA manuals.

Chronic reference toxicant test results are evaluated using the linear interpolation method (ICp, where
p=25) described in the EPA manual.

For both types of chronic Ceriodaphnia effluent tests, a reproductive effect is defined by both a
statistically significant difference between the treatment and the control and a 20 percent reduction in
neonate reproduction of the treatment organisms as compared to the controls. Hypothesis tests for both acute
and chronic pass/fail tests are performed at an alpha level of 0.01.

E.3.2 Explain How Your State Reviews Reference Toxicant Data for Laboratory
Performance

The data is reviewed in conjunction with the laboratory’s annual laboratory inspection. The laboratory
provides copies of bench sheets, water quality data, and calculations or printouts from the data analysis for
each reference toxicant test performed since the last laboratory inspection:

In addition, the lab submits the current control chart (with data listing) and any explanations of out-of-
range test results for each test type and organism combination.

The materials are reviewed for appropriate test frequency, proper test conditions, test result validity,
and proper responses to out-of-range events.

Missing or out-of-range data can result in the invalidation of NPDES test results.

E.3.3 Describe Any Additional QA/QC Criteria Your State Has Developed and Implemented
Within Your State

— Laboratories must use dilution water in whole effluent toxicity testing with chemical
characteristics such that the pH is between 6.5 and 8.5 and total hardness as calcium carbonate
is between 30 and 50 µg/l as calcium carbonate.

— Acute and chronic reference toxicant tests must be performed once every two weeks or within
one week of any NPDES tests.

— A representative of each test organism cultured shall be taxonomically identified to the species
level at a minimum frequency of once per quarter.
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— If closed incubators (refrigerator-sized) are utilized for toxicity testing and/or test organism
culturing purposes, culturing and testing activities may not be contained within the same
incubator.

— Chronic Ceriodaphnia dubia analyses will have an additional test acceptability criterion of
complete third brood neonate production by at least 80 percent of the control organisms.

— Ceriodaphnia dubia neonate reproduction totals from chronic tests shall include only
organisms produced in the first through third broods.

— The percentage of male Ceriodaphnia control organisms may not exceed 20 percent in chronic
Ceriodaphnia tests.

— The Ceriodaphnia control organism reproduction coefficient of variation (CV) must be less
than 40 percent for a chronic Ceriodaphnia test to be considered acceptable.

— Ceriodaphnia chronic test solutions must maintain dissolved oxygen levels greater than or
equal to 5.0 mg/l.

— Ceriodaphnia chronic test exposure duration will be no greater than seven days ± 2 hours
regardless of control organism reproductive success.

— Acute tests will be terminated within one hour of their stated length.

E.3.4 Describe Any Efforts Your State Has Made to Minimize Test Method Variability

1. Close review of each test result submitted with consistent adherence to test protocol test
acceptability criteria.

2. Implementation of a biological laboratory certification program.

3. Paper trail investigations of test results from disagreeing “split” effluent sample analyses.

4. Test protocol modifications.

EPA methods allow for a relatively wide window for termination of the chronic Ceriodaphnia test.
Tests may be terminated as soon as 60 percent of the control organisms produce three broods of young or
as late as eight days after test initiation. Logically, narrowing the termination window will reduce variability
and improve precision of test results.  The North Carolina Division of Water Quality (NC DWQ) has
narrowed the window available for the termination of the chronic Ceriodaphnia test by:

— Placing a shorter limit on the exposure period (seven days + two hours)

— Requiring that at least 80 percent of the control organisms produce a third brood prior to test
termination

Analysis of a data base of NC chronic Ceriodaphnia test results has shown that reducing control
organism reproduction variability improves the sensitivity of the reproduction analysis.  Logically, holding
all labs to a common precision standard with respect to control organism reproduction should reduce
between-lab test result variability. The Division has reduced variability of control organism reproduction by:
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— Implementing a test acceptability criterion limiting the control organism reproduction
coefficient of variation to less than 40 percent

— Requiring that at least 80 percent of the control organisms produce a third brood prior to test
termination

— Excluding fourth and subsequent brood neonates from the reproduction effects analysis

DWQ’s experience has shown that high quality laboratories can produce extremely sensitive tests that
can detect quite small differences between treatment and control reproduction. Unfortunately, this can be a
disincentive for laboratories to produce high quality tests, since experience has shown that some clients
gravitate toward laboratories that produce compliant test results. Less sensitive tests will be more likely to
produce compliant results. Analysis of reproduction data from the same data base described above indicated
that tests performed by NC certified labs could routinely detect a difference between the control and a
treatment when there was a 20 percent reduction in neonate reproduction by the treatment organisms
compared to the controls. Based on this data, NC DWQ has placed a second data evaluation criterion on the
Ceriodaphnia chronic reproduction analysis. Specifically, for an effluent treatment to be considered
producing an effect, the reproduction mean must be both statistically significantly lower than the control
mean and represent at least a 20 percent reduction from that mean. In effect, this sets a lower limit on test
sensitivity and also reduces within-laboratory and between-laboratory test result variability.

E.3.5 Explain How Your State Reviews or Conducts Performance Lab Audits

Inspections may be announced or unannounced. Prior to the inspection, the auditor will review the
laboratory’s SOP for adherence to North Carolina and EPA protocols. The Aquatic Toxicology Unit member
responsible for reviewing test report submittals will be requested to summarize any recurring problems with
the target laboratory regarding data submission. Three test reports will be chosen for which laboratory
personnel will be asked to produce supporting documentation.

The actual inspection consists of an opening conference, a walk-through of the laboratory facilities, and
a closing conference. During the opening conference, the auditor discusses the SOP review and general
procedures in the laboratory. In addition he/she will request and review supporting information associated
with the three test reports selected prior to the inspection. During the walk-through, the auditor examines
equipment, written documentation, cultures, and laboratory procedures. The closing conference serves as a
review of observations and comments during the inspection.

The auditor will review reference toxicant data (see question 2 above) after the inspection. Within two
weeks, the auditor will generate an inspection response letter, to which the laboratory will be given 60 days
to respond. If there are significant deficiencies discovered during the inspection, a laboratory or categorical
decertification may occur.

E.3.6 Describe Any Specific Implementation Guidance That Your State Has Developed to
Assist Permit Writers. How Is the Guidance Available to the Public?

Written guidance is established by memo from the Water Quality Section Chief to the NPDES
Permitting Unit and other affected Water Quality Section Units. The Aquatic Toxicology Unit provides face-
to-face training sessions to the NPDES Unit on an as-needed basis.

The written guidance in memo form is available to the public upon request. Parts of the guidance are
included in a document called “Aquatic Toxicity Testing: Understanding and Implementing Your Testing
Requirement,” that is disseminated to each permit holder with a WET limit or monitoring requirement upon
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permit issuance and subsequent renewals. The document is also available at the Aquatic Toxicology Unit
web page, http://www.esb.enr.state.nc.us/ATUwww.default.html.

E.3.7 Describe How Your State Provides or Utilizes Any Toxicity Testing Training

NC DWQ actively participates in the Carolinas Area Aquatic Toxicologists group (CAAT). The
Aquatic Toxicology Unit utilizes the meetings of this group to communicate program changes and specific
guidance on culturing and testing issues. Additionally, the Unit has held two workshops for the Division’s
regional office personnel since the inception of the aquatic toxicity testing program. Unit members have
attended The Society of Environmental Toxicology and Chemistry’s two-day WET course and statistical
analysis course.

E.4 RESPONSES FROM WASHINGTON DEPARTMENT OF ECOLOGY

E.4.1 Describe How Your State Evaluates Reference Toxicant and Effluent Test Results

The State of Washington Department of Ecology reviews every WET test report for compliance with
the test method and instructions in the permit.  Permit instructions include reference to a document called
“Laboratory Guidance and Whole Effluent Toxicity Test Review Criteria” that provides the lab with standard
testing instructions and provides the basis for test report review.  Reference toxicant tests are not evaluated
separately but are evaluated as a part of the review of WET test reports.  The Department of Ecology also
maintains a data base of WET test raw data and statistical results in order to have comprehensive records for
each discharger and to enhance our ability to learn from experience and improve our WET program.

E.4.2 Explain How Your State Reviews Reference Toxicant Data for Laboratory
Performance

The minimum reference toxicant testing needed to meet our interpretation of the requirements in the
EPA manuals (both sections 4.7 and 4.16) is one per month for every acute and 7-day (short-term) chronic
test species used routinely (more than once per month).  Because an acute test result can be determined
during a 7-day chronic test, acute and chronic reference toxicant testing for a fish or mysid can be combined.
If a lab has difficulty establishing a concentration series that produces good results for both a lethal and
sublethal endpoint, the lab may focus on lethality, as long as the sublethal endpoint is not completely
abandoned in the conduct and analysis of the test.

In addition to the nonroutine tests (test performed once per month or less), all tests conducted with
plants are required to have concurrent reference toxicant testing.   In addition, brood stock can vary in
condition, and the concurrent check on test organism sensitivity is a good precaution.  Algal toxicity tests
must have concurrent reference toxicant tests for similar reasons.  Concurrent reference toxicant testing is
also required when test organisms (or the brood stock used to produce the test organisms) have been collected
from the wild.  Increases in test costs, especially the cost of 7-day chronic tests, are to be avoided if possible.
The alternative to concurrent reference toxicant testing in section 4.7 for labs getting test organisms from
an outside supplier is reference toxicant testing by the organism supplier, and this alternative seems to be
generally believed by testing labs as well as the Department of Ecology to be inferior to monthly reference
toxicant testing by the testing lab.  We do not accept the use by labs of reference toxicant tests performed
by organism suppliers, and apparently labs agree because the vast majority have, to their credit, continued
to conduct their own reference toxicant testing.  Labs, however, should use organism suppliers that routinely
conduct reference toxicant testing and control charting because, as noted in the table below, this information
can be useful when deciding the consequences of lab conducted reference toxicant testing.

All labs must conduct ongoing control charting based on reference toxicant testing and report the
results, acceptable or unacceptable, of the control charting in the report for each effluent or ambient water
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test.  Acceptability is based on the standard test acceptability criteria for the test and on control charting with
the upper and lower control limits set at twice the standard deviation (95 percent confidence) of the point
estimates (LC50, EC50, IC25, etc.) accumulated from the last 20 reference toxicant tests.  At least five reference
toxicant tests are needed to establish a minimally effective control chart for new tests.  The reference toxicant
test data must be presented with the report for each associated test.

Any reference toxicant test determined to be unacceptable must be repeated either until an acceptable
result is obtained or until there have been three consecutive unacceptable test results (the initial unacceptable
test plus two repeats).  Because about 1/20 reference toxicant test results will fall outside of control limits
due to chance alone, it is necessary to repeat unacceptable reference toxicant tests in order to reduce the role
of chance.  Assuming no unusual problems with test organisms or lab performance, there is only a 1/400
chance of two unacceptable reference toxicant test results in a row and only a 1/8,000 chance of three
unacceptable results in a row.  If a lab has no unusual problems, repeating an unacceptable reference toxicant
test should quickly produce an acceptable result.  If a lab repeatedly produces unacceptable reference
toxicant test results, it will give confidence to the conclusion that the lab has problems with test organisms
or testing technique.

When the reference toxicant test result is within the 95 percent confidence limits, then the test report
must state this fact and present the reference toxicant data at the end of the report.  When the reference
toxicant test result is outside the 95 percent confidence limits, then the test report must state this fact and
present the reference toxicant data at the end of the report.  The lab should not delay test reports while
waiting for the results of reference toxicant test repeats.  The results from the first repeated test might be
available in time for inclusion in the test report.  If begun promptly, the results of all of the reference toxicant
testing in response to an unacceptable reference toxicant test result will be available in time for the review
of the test report.  The WET Coordinator will contact the lab during the test review for any additional
reference toxicant test data not contained in the test report.

When a reference toxicant test result falls outside of the 95 percent confidence limits, a lab must qualify
the associated test result for an effluent or ambient water sample by a statement in the test report that the
reference toxicant test result was outside control limits.  The Department of Ecology WET Coordinator will
decide whether these tests are acceptable based on the degree of departure from control limits and the
frequency of occurrence.  Because it is expected that an average of one out of 20 tests will fall outside of the
control limits due to chance alone, the degree of departure from the control limits and frequency of
occurrence will be considered before rejecting toxicity tests.  Because control limits narrow as laboratory
performance improves, the width of the control limits will also be considered before rejecting toxicity test
results when the associated reference toxicant test results are just outside the limits.

The Biomonitoring Science Advisory Board (BSAB) criteria for acceptable intralaboratory variability
provide values that are useful for considering the width of control limits while deciding whether to reject
toxicity tests on the basis of reference toxicant test results.  If the coefficient of variation (standard deviation
mean toxicity value) from the reference toxicant test data used in control charting falls into the excellent
(< 0.35) or good (0.35 to 0.60) range established by the BSAB, then a higher confidence in the test results
is justified.  If the reference toxicant test data coefficient of variation for the lab falls into the acceptable
range (0.61 to 0.85), then a smaller amount of confidence should be applied.  If the reference toxicant test
data coefficient of variation for the lab falls into the unacceptable range (> 0.85), then none of the lab's test
results are acceptable.  Labs must report the coefficient of variation for the last 20 reference toxicant tests
in every report for the same test conducted on an effluent or environmental sample.  (Reference:
Biomonitoring Science Advisory Board.  BSAB Report #1, Criteria for Acceptable Variability of Marine
Chronic Toxicity Test Methods.  Washington Dept. of Ecology.  February 1994.)  Effluent or ambient water
toxicity test results will be accepted or rejected based on the following table.  Rejection will occur when any
condition in the appropriate “Test Accepted” box was not met or when any condition in the appropriate “Test
Rejected” box was met.
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Effluent tests and their associated (initial) reference toxicant tests must have start dates separated in
time by no more than 18 days.  Labs typically take about two weeks to produce a test report.  From the point
of view of practicality and the most meaningful control charting, it makes sense for a reference toxicant test
result to be used retroactively about two weeks.  The reference toxicant test result will then be used for
control charting for the balance of the monthly time period.  A grace period of 7 days will be added to the
18 days for tests begun from December 1st to the following January 10th.  Acute tests will be allowed a grace
period of 4 days over the 18 day maximum.

Table for Determining Test Rejection Based on Reference Toxicant Test Results
Unacceptable Reftox Tests Test Accepted Test Rejected
Only the original reftox test
result was outside of control
limits (the first repeat reftox test
result fell within control limits)

If the organism supplier reftox results
were within control limits, and the
coefficient of variation for the last 20
reftox tests is  #0.85

If there are notable reporting
errors or deviations from test
protocol, or if the reftox test
result fell outside of control
limits to the more sensitive
side (point estimate was too
low) by 3 or more standard
deviations and the effluent
test showed toxicity at levels
of regulatory concern

Both the original and the first
repeat reftox test results were
outside of control limits (the
second repeat reftox test result
fell within control limits)

If the 95 percent confidence interval for
the point estimate used in control charting
can be calculated and in both failing reftox
tests overlapped the control limits in the
control chart, organism supplier reftox
results were within control limits, and the
coefficient of variation for the last 20
reftox tests is  #0.60

If there are notable reporting
errors or deviations from test
protocol, or if any reftox test
result fell outside of control
limits to the more sensitive
side (point estimate was too
low) and the effluent test
showed toxicity at levels of
regulatory concern

All three reftox tests were
outside of control limits

Never Always

Coefficient of variation for the
last 20 reftox tests > 0.85

Never Always

Because point estimates provide the best basis for control charting, all labs must control chart using
point estimates.  Point estimates require fewer replicates than NOECs and reference toxicant testing may be
done using the minimum number of replicates allowed by the test method.

Another Ecology staff person with primary responsibility for reference toxicant testing requirements
is the Advisory Laboratorian in the Quality Assurance Section, who reviews standard operating procedures
(SOPs) for toxicity tests and accredits labs.  For bioassay labs to maintain Department of Ecology laboratory
accreditation, the QA section has begun to require participation in a round-robin test (such as the DMR-QA)
or the performance of one reference toxicant test at least once every six months.  In the event that a lab does
not conduct any tests on environmental samples using a particular species/method within a six-month period,
it must perform a reference toxicant or round-robin test.  In the event that a lab does not conduct any tests
by a particular method within a one-year period, it must do two reference toxicant or round-robin tests for
that year.  Further, these tests must be done at least four months apart.  This is to assure that the labs maintain
proficiency with the species and methods for which they are accredited.  The Quality Assurance Section can
efficiently enforce good reference toxicant testing requirements because it has direct authority over labs to
approve SOPs and conduct routine onsite audits.

E.4.3 Describe Any Additional QA/QC Criteria Your State Has Developed and Implemented
Within Your State
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— Sometimes variability across replicates will prevent a large difference in response (in other
words, a toxic effluent) from being detected as statistically significant.  False negatives can
happen when the number of replicates is low.  The acute statistical power standard says that
acute toxicity tests must be able to detect a minimum of a 30 percent difference in survival
between the IWC and a control as statistically significant.  The chronic statistical power
standard says that chronic toxicity tests must be able to detect a minimum of a 40 percent
difference in response between the IWC (the NOEC if the IWC is unknown) and a control as
statistically significant.  Tests which fail to meet the power standard must be repeated with an
increased number of replicates.

Ceriodaphnia Chronic Test
— # 10 percent males in the surviving test organisms over all test concentrations.

— # 20 percent males in the surviving test organisms in the IWC or LOEC.

— All surviving Ceriodaphnia producing no neonates in the test must be examined to determine
gender, and the results of the determination reported.  It is not necessary to identify gender
when reproduction has been nearly eliminated in any test concentration when this fits an
expected concentration-response relationship.  It is understood that very young Ceriodaphnia
can be difficult to sex, and any Ceriodaphnia that dies in the first two days of the test may be
excluded from calculations for reproduction if gender is difficult to determine and it is one of
no more than two mortalities in a concentration.  Otherwise, difficult to sex young
Ceriodaphnia must be considered to be female and included in all calculations.

E.4.4 Describe Any Efforts Your State Has Made to Minimize Test Method Variability

1. Development and distribution to all labs of a document called “Laboratory Guidance and Whole
Effluent Toxicity Test Review Criteria” (canary book) that lets them know our expectations for an
acceptable toxicity test.  The canary book also narrows testing choices and provides for more
consistent testing between labs.

2. Test reviews for compliance with the test method and canary book.

3. Fish or mysid growth tests that have a standard deviation for proportion alive above 0.25 in any
effluent concentration (unless the partial mortality occurs at the threshold of toxicity in a good
concentration-response relationship) are analyzed for the original growth endpoint instead of the
combined (“biomass”) endpoint.

4. To reduce the opportunity for WET limit violations due to statistically significant differences in
response that are type I errors, permit requirements will lower the alpha level for hypothesis testing
when differences in test organism response are small.  To prevent excessive type I errors, eliminate
some interrupted concentration-response relationships, and have more fair and enforceable test
results, we will set alpha = 0.01 for small differences in response.  If the difference in survival
between the control and the IWC in an acute test is less than 10 percent, the level of significance
will be lowered from 0.05 to 0.01.  If the difference in test organism response between the control
and the IWC in a chronic test is less than 20 percent, the level of significance will be lowered from
0.05 to 0.01.

5. The identification of anomalous tests is a valuable tool for reducing false positives.  A
concentration-response relationship where response increases with concentration is a good
identifier of toxicity as opposed to other sources of organism stress such as disease.  Test method
variability or lab error will also very rarely produce a good concentration-response relationship.
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Identifying a test as anomalous does not necessarily mean rejection of the test and a requirement
to repeat.  If a test result meets one of the criteria for anomalous test identification but has no
statistically significant toxicity at concentrations of regulatory concern (IWC), then the test need
not be repeated unless other factors contribute to a decision to reject the test.

The anomalous test definitions below must be considered in light of the expectations for the different
toxicity tests and endpoints.

Criteria for Identifying Anomalous Test Results
— A WET test result is anomalous if it shows a statistically significant difference in response

between the control and the IWC, but no statistically significant difference in response at one
or more higher effluent concentrations.  The lack of statistical significance must be associated
with a lower toxic effect at the higher effluent concentration.  Any higher effluent
concentration used in this determination must be a part of a dilution series.  Labs should not
cluster test concentrations just above the IWC in order to increase the opportunity for an
anomalous test result.

— A WET test is anomalous if there is a statistically significant difference in response between
the control and the IWC which together with other nearby concentrations of effluent, have a
zero slope and appear to be nontoxic (performance is typical of healthy test organisms).
Another description of this criterion is a test with a control that seems not to belong to the
concentration-response relationship because of exceptionally good performance.

— A WET test is anomalous if the overall slope of the line fitted to the concentration-response
plot is opposite of normal expectations and there is a statistically significant difference in
response at the IWC.  A test might be considered acceptable if the slope is opposite over only
part of the concentration series.

— A WET test is anomalous if the standard deviation for proportion alive equals or exceeds 0.3
in any test concentration unless the partial mortality fits a good concentration-response
relationship.  A WET test is anomalous if mortalities occur in any test concentration in excess
of the control performance criterion for survival when the concentration-response relationship
indicates that the effluent concentration is nontoxic (sporadic mortalities).

E.4.5 Explain How Your State Reviews or Conducts Performance Lab Audits

The Department of Ecology manages an Environmental Laboratory Accreditation Program designed
to assure that accredited labs have the capability to provide reliable and accurate environmental data to the
department.  Applicant labs apply for accreditation for specific parameters and methods.  An applicable
parameter/method pair for WET testing would be “Pimephales promelas by EPA Method 1001.0.”  

Concurrent with submission of the initial application, the lab submits a quality assurance manual that
is given a thorough review by Ecology staff.  If there are reasonably-available performance evaluation (also
known as “proficiency testing”) samples available for the requested tests, the lab is required to submit one
set of such PE results for initial accreditation.  This is referred to in our program as a “performance audit.”
There are no PE samples we consider to be “reasonably available” for WET testing.

Following review of the lab’s QA manual and PE study results and successful resolution of any noted
problems, Ecology and the lab schedule a mutually agreeable date for an on-site, or system, audit.  (Although
this survey asks about “performance” audits, which could be construed as being synonymous with our
required PE studies, we think it rather is synonymous with what we call the on-site, or system, audit).  For
initial system audits, depending on the scope of tests done by the lab, checksheets may be sent to the lab to
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be completed and returned to the auditor prior to the audit.  The auditor studies the checksheet responses and
verifies accuracy of the response during the audit.  For subsequent audits, which are routinely scheduled
every three years but may be conducted at any time there is a need, the auditor may choose to send
checksheets in time for them to be completed by the lab or take them to be filled in during the audit.

The actual audit, if for WET testing only, would involve one auditor and last one or two days depending
on the scope of tests done in the lab.  If the lab does other testing, the audit team may involve as many as five,
and the audit may last as many as three days (or longer if required, but none have to date).  The audit consists
of an in-briefing, a thorough audit of personnel qualifications and equipment/supplies status (which were
reported as part of the application), facility adequacy, sample management, records keeping/data
management, performance evaluation study data (if applicable), the overall quality assurance program, status
of quality control testing results (to see if the lab is meeting data quality objectives which were approved in
the QA manual), and a check to see that current methods/SOPs are readily available and being followed.  An
out-briefing follows the audit during which the audit team informally summarizes major findings, both good
and bad.

Following the audit, our program allows us 30 calendar days to prepare a written report.  Depending
on the scope of testing, this report, which addresses each of the factors discussed above, may be only 3 or
4 pages, or many more, and might include several attachments providing guidance or assistance to the lab.
The secondary objective of our program as specified in the code is to assist labs in achieving the ability to
meet required standards of performance, a perhaps novel but very effective approach to achieving desired
capability in accredited labs.  Historically, we have been deficient in meeting the 30-day report requirement,
which has caused us to change our accreditation strategy.  Using a fixed-price contract to encourage prompt
reporting, we now contract out the audit task to a highly-qualified auditor whose last audit report was
delivered within 10 days of the audit.  

Performance audits (PE studies) are required in our program twice each year, and system audits are
preferably conducted every three years with the code allowing four years for documented cause.  At this time,
we see no need to exceed three years for future audits of WET testing labs.

E.4.6 Describe Any Specific Implementation Guidance That Your State Has Developed to
Assist Permit Writers. How Is the Guidance Available to the Public?

We have developed and kept updated suggested language for use in NPDES permits and fact sheets for
POTWs and industries.  The suggested language is a part of templates (“shells”) for permits and fact sheets
that permit writers use as they draft a permit.  We also have a “Permit Writer’s Manual” (USEPA 1996a)
which addresses species choice, WET monitoring frequency, recommendations for number of test
concentrations, etc.  The “Permit Writer’s Manual” was developed with public input/review and is available
to the public for the cost of printing.

E.4.7 Describe How Your State Provides or Utilizes Any Toxicity Testing Training

We had extensive training in all of our offices at the beginning of our use of WET testing in water
quality-based permitting early in the 1990s.  Because of budget constraints, because WET test review and
technical assistance are centralized functions, and because of the availability of permit writing guidance in
the “Permit Writer's Manual” and suggested permit language, we no longer hold WET training sessions.

E.5 RESPONSES FROM WISCONSIN DEPARTMENT OF NATURAL RESOURCES

E.5.1 Describe How Your State Evaluates Reference Toxicant and Effluent Test Results
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Reference toxicant and effluent test data is sent directly to the Biomonitoring Coordinator in Madison
(central office).  Certified labs are required to perform reference toxicant tests (using NaCl, specified
dilutions and dilution water) on a monthly basis.  Acute and chronic reference toxicant results are evaluated
using the point-estimation techniques described in the EPA manual (LC50, IC25).  Control charts (graphical
and tabular) representing the mean LC50 or IC25 and upper and lower control limits (mean + 2 standard
deviations) are established for each species, using data from the previous 20 months.  Any exceedance of
either the upper or lower control limit after establishment of the control chart requires a review of the culture
and test systems.  Missing or out-of-range data must be explained (if possible) and may result in invalidation
of Washington Pollution Discharge Elimination System (WPDES) test results conducted during the same
period.

Each test report for all effluent tests is reviewed by the Biomonitoring Coordinator for completeness,
adherence to QA and test acceptability requirements, and for compliance with the WPDES permit.
Deviations from permit requirements, test acceptability criteria, or other factors may cause tests to be
repeated.

E.5.2 Explain How Your State Reviews Reference Toxicant Data for Laboratory
Performance

(See above.)

In addition to the regular review by the Biomonitoring Coordinator, reference toxicant data is reviewed
by the Department's WET Laboratory Auditor prior to on-site laboratory inspections.  The laboratory
provides copies of bench sheets, water quality data, current control chart data, and any explanations of out-
of-range test results for each test type and organism combination.  The materials are reviewed for appropriate
test frequency, proper test conditions, test result validity, and proper responses to out-of-range events.  

E.5.3 Describe Any Additional QA/QC Criteria Your State Has Developed and Implemented
Within Your State

Test acceptability requirements, based on current “State of Wisconsin Aquatic Life Toxicity Testing
Methods Manual, Edition 1”:

Testing must be separated from culturing activities (separate rooms with separate ventilation systems;
if closed incubators are used, culturing & testing may not be contained within the same incubator)

For Static Renewal Acute Tests:
Pretest Requirements (Requirements For Culture Acceptability)
— C. dubia: 

– Average Number Of Neonates In 3 Broods > 15
– Mean Survival > 80 percent
– Number Of Neonates In Each Brood > 8
– Age Of Organism < 24-H

— Fathead Minnows:
– Age Of Organism 1- 14 Days
– Sample Requirements
– Holding Time < 36-H
– Temperature During Collection & Prior To Shipping < 4 EC 
– Temperature Upon Arrival At The Laboratory < 10 EC 

Test Requirements (Requirements For Test Acceptability)
— Temperature 20 E + 1 EC
— Dissolved Oxygen > 40 percent and < 100 percent saturation
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— Effluent - pH > 6.0 and < 9.0.
— Control Survival > 90 percent

For Static Renewal Chronic Tests:
Pretest Requirements (Requirements For Culture Acceptability)
— C. dubia: 

– Average Number Of Neonates > 20
– Mean Survival > 80 percent
– Neonates Used In Test Must Be From 3rd Or Subsequent Brood
– Number Of Neonates In 3rd Or Subsequent Brood > 8
– Age Of Organism < 24-H; Released Within Same 8-H Window

— Fathead Minnows:
– Age Of Larvae < 24-H
– Sample Requirements
– Holding Time < 36-H
– Temperature During Collection & Prior To Shipping < 4 EC
– Temperature Upon Arrival At The Laboratory < 10 EC

Test Requirements (Requirements For Test Acceptability)
— Temperature 25 E + 1 EC
— Dissolved Oxygen > 40 percent and < 100 percent saturation
— Effluent - pH > 6.0 and < 9.0
— Control Survival > 80 percent
— C. dubia Mean Control Reproduction > 15 Neo./Adult; > 60 percent produce 3 broods
— Fathead Minnow Mean Control Biomass > 0.25 mg/individual

The Wisconsin Department of Natural Resources (WDNR) is in the process of updating it's WET
Methods Manual.  Future methods (2nd Edition expected in 2001) will include additional or revised test
acceptability criteria:

For Static Renewal Acute Tests:
Pretest Requirements (Requirements For Culture Acceptability)
— Fathead Minnows:

– Age Of Organism 4 - 14 Days
– Sample Requirements
– Temperature Upon Arrival At The Laboratory < 6 EC

Test Requirements (Requirements For Test Acceptability)
— Control Variability CV < 40 percent

For Static and Static Renewal Chronic Tests:
Sample Requirements
— Temperature Upon Arrival At The Laboratory < 6 EC
Test Requirements (Requirements For Test Acceptability)
— Control Variability - Fathead Minnow & C. dubia CV < 40 percent
— Control Variability - R. subcapitata CV < 20 percent
— C. dubia Male Production < 20 percent in controls & < 20 percent all concentrations
— C. dubia Mean Control Reproduction >80 percent produce 3 broods
— R. subcapitata Control Performance Cell Density > 1 X 106 cells/ml at end of test

E.5.4 Describe Any Efforts Your State Has Made to Minimize Test Method Variability

1. Close review of each test result submitted with consistent adherence to test protocol test
acceptability criteria.
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2. Investigations of test results from disagreeing “split” effluent sample analyses.

3. State specific methods: In order to limit the variability that may occur when different procedures
are used by different labs, WDNR requires strict adherence to clearly specified methods, regarding:
(a) sampling procedures (volume, type, storage conditions, etc.); (b) holding times; (c) test
duration; (d) deviations in feeding & environmental conditions (light, pH, temperature, DO, etc.);
(e) dilution water; (f) number of concentrations and replicates tested; and (g) number of organisms
per replicate.

Each of these is addressed in EPA methods, but flexibility is allowed so labs can make tests fit in
specific situations.  The more flexibility allowed in test methods, the higher the chance that tests
will be done differently between labs or between tests, resulting in increased WET variability.  In
order to control WET variability and improve the consistency of methods used by Wisconsin labs
and permittees, WDNR created the “State of Wisconsin Aquatic Life Toxicity Testing Methods
Manual,” Edition 1 (PUBL-WW-033-96) (Methods Manual) and incorporated it by reference into
NR 149.22 and NR 219.04, Wis. Adm. Code, in 1996.  The Methods Manual contains specific
procedures regarding testing and sampling procedures, types of tests, quality control/quality
assurance procedures, test acceptability criteria (see above), etc., that labs must follow when
performing WET tests for permit compliance.  

4. Implementation of a WET Laboratory Certification program.  In order to insure labs are of the
highest quality and are able to demonstrate a serious commitment to a quality assurance/control
program, WDNR, under State statutes, certifies labs to perform WET tests.  In order for a lab to
apply for certification for WET testing, the lab must submit a completed application and a quality
assurance plan to the lab certification program and pass an on-site evaluation.  WET labs must have
an ongoing reference toxicant program, a review process for all test data and reporting, a good
sample custody system, proper equipment maintenance, dilution water quality monitoring, facility
maintenance, and attention to test organism health, and make other demonstrations of good lab
practices in order to pass an audit.

5. The WDNR's WET Team strives to continually improve the WET program.  The WET Team is
now revising the Methods Manual to require that labs verify the training and qualifications of their
staff, to include test acceptability criteria related to variability, and other changes to further
improve WET test quality and reduce variability (see above).  

E.5.5 Explain How Your State Reviews or Conducts Performance Lab Audits

Inspections may be announced or unannounced.  Prior to the inspection, the auditor reviews laboratory
SOPs and recent reference toxicant results for adherence to WDNR protocols.  The actual inspection consists
of an opening conference, a walk-through of the laboratory facilities, and a closing conference.  During the
opening conference, the auditor discusses the SOP review and general procedures in the laboratory.  During
the walk-through, the auditor examines equipment, written documentation, cultures, and laboratory
procedures.  He/she will also interview lab personnel to insure that they understand lab quality assurance and
methods requirements.  The closing conference serves as a review of observations and comments during the
inspection.  After the inspection, the auditor generates an inspection report, to which the laboratory will be
given 60 days to respond.  If there are significant deficiencies discovered during the inspection, and the
laboratory fails to fix those deficiencies satisfactorily within the allotted time, the laboratory's certification
may be revoked.

E.5.6 Describe Any Specific Implementation Guidance That Your State Has Developed to
Assist Permit Writers.  How Is the Guidance Available to the Public?
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The WDNR created the “WET Program Guidance Document” in 1996, as a companion document to
the “State of Wisconsin Aquatic Life Toxicity Testing Methods Manual,” in order to provide guidance and
clarification of existing rules, for WDNR staff, permittees, labs, consultants, and others.  The WET Guidance
Document is updated as program needs dictate, at least once yearly, and can be obtained by contacting the
Biomonitoring Coordinator at: WDNR, Bureau of Watershed Management, P.O. Box 7921, 101 S. Webster
St., Madison, WI, 53707-7921; email: flemik@dnr.state.wi.us; or at
 http://www.dnr.state.wi.us/org/water/wm/ww/biomon/biomon.htm. 

E.5.7 Describe How Your State Provides or Utilizes Any Toxicity Testing Training

The Biomonitoring Coordinator provides one-on-one training, as needed, for WDNR staff and
permittees (usually as permits are reissued with new WET requirements).  The University of Wisconsin-
Madison State Lab of Hygiene (who provides WET testing and research services to WDNR) can provide
hands-on WET training to WDNR staff, permittees, and/or new staff at contract laboratories, at their request.
WDNR staff, permittees, and contract lab staff have also attended The Society of Environmental Toxicology
and Chemistry’s two-day WET course and statistical analysis course.
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IMPROVEMENTS IN MINIMIZING WET TEST VARIABILITY 
BY THE STATE OF NORTH CAROLINA

F.1 Background

The North Carolina Division of Water Quality (NC DWQ) began in-house WET testing in the late
1970s.  Data collected through the mid-1980s indicate that one in four NC NPDES facility effluents tested
had the potential to cause acute toxicity instream during low stream flow/high effluent flow conditions
(Eagleson et al. 1986).  The Division began to require WET self-monitoring by individual facilities in 1985
through administrative letters.  DWQ first implemented WET limits in NPDES permits in 1987.  As of March
29, 2000, 554 facilities are required to perform some type of WET monitoring; 453 of these have limits.
North Carolina permittees have demonstrated compliance rates consistently above 90 percent since the
additional TAC were implemented.  Chronic Ceriodaphnia dubia, acute C. dubia, and acute fathead minnow
are the primary test types used.

The Division uses two primary strategies to enhance data quality:  (1) individual report review and (2)
laboratory certification.

Division personnel review each analysis report for the following test acceptability criteria:

• Sample type (specified by permit)

• Sample hold time

• Sample temperature upon receipt at lab

• Control treatment water pH and dissolved oxygen

• Control water hardness*

• Effluent treatment dissolved oxygen

• Test type (specified by permit)

• Replication

• Effluent dilution (specified by permit)

• Control survival and/or reproduction

• Percentage of control organisms producing three broods (Ceriodaphnia chronic)

• Control organism reproduction coefficient of variation (Ceriodaphnia chronic)*

• Test duration

*NC State criteria

The reviewer may also statistically analyze data sets when the result is unclear based on a cursory
review of the data.

The Division’s Water Quality Rules specify that WET analyses associated with NPDES permits must
be performed by certified laboratories.  The Division implemented the laboratory certification program in
1988.  Key requirements of that program are specific qualifications for laboratory supervisors, a reference
toxicant testing program, annual inspections and audits, and performance evaluation analyses.
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Laboratory Supervisor Qualifications

Laboratory supervisors must have either a Bachelor of Science degree in biology or a closely related
field and three years of experience in aquatic toxicity testing, or a Master of Science degree in biology or a
closely related field and one year of experience in aquatic toxicity testing.

Reference Toxicant Testing Program

The laboratory must maintain a reference toxicant testing program for each organism and test type
category (chronic and acute).  A reference toxicant test should be performed every two weeks for each
organism used in acute WET testing.  Alternatively, acute reference toxicant tests may be performed such
that NC NPDES acute tests are performed within one week of an acute reference toxicant test for the
organism in question.  Similarly, a reference toxicant test should be performed once per month for each
organism used in chronic WET testing.  Alternatively, tests may be performed such that NC NPDES chronic
tests are performed within two weeks of a chronic reference toxicant test.  To maintain certification for an
organism, reference toxicant tests must be performed at least quarterly.

Annual Inspection and Audit

The Division conducts at least one inspection per year at each laboratory.  Most inspections are
announced, but may be performed without notice.  Inspections include the following activities:

• Inspect facilities, equipment, and QA procedures according to the laboratory’s standard operating
procedures

• Examine living and preserved test organisms

• Review reference toxicant testing program documentation

• Inspect meters and meter calibration records

• Trace randomly selected test records

Performance Evaluation Analyses

The Division may distribute unknown samples to laboratories up to three times per year for analysis.
The Division constructs acceptability criteria using the pooled results of the analyses.  Laboratories
generating results outside of the acceptable range must repeat the analysis.  Two consecutive out-of-range
results result in decertification.  A decertified laboratory regains certification by generating acceptable results
on two follow-up analyses.

F.2 Data Evaluation (1992-94) Summary

In January 1992, NC DWQ began recording reproduction data from Ceriodaphnia chronic pass/fail tests
performed by NC DWQ-certified laboratories in association with NPDES permit requirements.  The majority
of NC facilities with WET limits use this test.  NC pass/fail tests consist of two treatments:  a control and
a critical concentration, each with 12 replicates.  The purposes of the data base were to evaluate the
sensitivity of the analysis, assess performance characteristics of the analyses, and evaluate performance of
individual laboratories.  Analysis was limited to test results with normally-distributed reproduction data.  

In 1994, NC DWQ investigators reviewed the PMSD and MSD as a percentage of the control mean for
each test (Rosebrock et al. 1994).  Evaluation of the data indicated a correlation between PMSD and timing
of test termination.  EPA methods allow the test to be terminated once 60 percent of the control organisms
produce three broods.  Therefore, the percentage of adults producing a third brood at test termination may
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Figure F-1.  PMSD versus percent control organisms producing three broods (1994).

vary from 60 to 100 percent.  Plotting PMSD versus percent of control organisms producing three broods
clearly showed that higher percentages of control organisms producing three broods were associated with
lower PMSDs (Figure F-1).  

Percentile analysis of the PMSD data produced a median PMSD of 20.  This means that the “average”
analysis, defined as the median, can statistically detect as small as a 20 percent difference between the
treatment and control organism reproduction.

Percentile analysis of the CV data for control organism reproduction produced a median of 17 percent
and a 95th percentile of 40 percent.  This means that 95 percent of the control data sets produced CVs at or
below 40 percent.

F.3 North Carolina Chronic Protocol Modifications

Using results from the data evaluations described above and empirical knowledge gained from
experience with the test, NC DWQ made several changes to its chronic Ceriodaphnia protocol to improve
sensitivity, precision, and practical application of test results in its compliance program.  These changes were
implemented in two stages in late 1994 and early 1996.

December 1994 Changes

• Exclusion of 4th brood and higher neonates from the reproduction analysis

• Addition of a TAC requiring that at least 80 percent of the control organisms produce three broods

• Addition of a TAC requiring that the test be terminated no later than seven days after initiation

January 1996
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• Addition of a TAC requiring that the control organism reproduction CV be less than 40 percent

• Specification that for an effluent treatment to be considered as producing an effect, the
reproduction mean must be statistically significantly lower than the control mean and represent at
least a 20 percent reduction from the mean

Reducing the CV of the control reproduction can be shown mathematically to result in reductions in
the MSD and PMSD, producing a more sensitive test.  Placing an upper limit on the CV will eliminate less
sensitive tests.  Excluding 4th brood neonates from the reproduction analysis and requiring that at least 80
percent of the control organisms produce a 3rd brood will reduce the control organism reproduction CV.

The specification of at least a 20-percent reduction in reproduction from the control effectively sets a
lower limit on test sensitivity.  DWQ’s experience has shown that high-quality laboratories can produce
extremely sensitive tests that can detect very small differences between treatment and control reproduction.
Unfortunately, this can be a disincentive for laboratories to produce high quality tests because some clients
will gravitate toward laboratories that produce compliant test results.  Less sensitive tests will more likely
produce such results.

F.4 Evaluation of Program Modifications

The North Carolina data base affords the opportunity to evaluate the effectiveness of additional TAC
and changes to the test protocol as they relate to the variability of WET test results.  Effluent data for
individual laboratories, and across all tests and laboratories, were examined to discern the impact of program
changes on laboratory performance.  Data were partitioned into two data bases, one for effluent tests
completed before December 1994 (termed Pre-1995) and one for effluent tests completed after January 1996
(termed Post-1995).  Pass/Fail tests were included in the evaluation.  Only tests that did not have a significant
mortality effect were considered.  Two measures of laboratory performance were calculated using the
reproductive data from the tests:  PMSD and control CV.  The PMSD data set contains all tests reported for
compliance.  The control CV data set contains all unique controls that were reported by the laboratories and
used in compliance calculations.  Conclusions reflect the cumulative impact of all changes made to the
program from late 1994 to early 1996.

F.5 Overall Test Performance

Pre-1995 and Post-1995 percentile values were generated for the PMSD and the control CV combined
across all tests and laboratories (Table F-1).  For the PMSD, the median value decreased from 21 percent to
16 percent and the 90th percentile from 39 percent to 31 percent, indicating an overall increase in test
sensitivity.  The narrower interquartile range of Post-1995 PMSD values (IQR=12 percent), compared with
the interquartile range of Pre-1995 PMSD (IQR=16 percent), implies an improvement in the ability of
laboratories to achieve similar levels of test sensitivity.  (The interquartile range is the difference between
the 75th and 25th percentiles of the cumulative distribution function and is a measure of spread of the
distribution.)  For the control CV, the median value was reduced from 15 percent to 13 percent and the 90th

percentile from 34 percent to 28 percent.  The overall decrease in the control CV reflects the capacity of
laboratories to improve their performance as measured by a decrease in control variability relative to the
control mean.  Changes in test acceptability criteria and in test protocols improved the consistency of control
performance quantified by the reduction in the interquartile range of the control CV Pre-1995 (IQR=15
percent) and Post-1995 (IQR=10 percent).
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Table F-1.  PMSD and Control Organism CV
PMSD CV

Pre
1995

Post
1995

Pre
1995

Post
1995

# Tests 4110 5471 2478 3401
Min 0.055 0.049 0.033 0.034
Max 0.839 0.676 0.835 0.400
Median 0.212 0.160 0.155 0.133
IQR 0.164 0.118 0.150 0.103
10th Percentile 0.105 0.095 0.078 0.077
25th Percentile 0.142 0.116 0.103 0.097
50th Percentile 0.212 0.160 0.155 0.133
75th Percentile 0.306 0.233 0.253 0.200
90th Percentile 0.391 0.307 0.343 0.285

F.6 Individual Laboratory Performance 

Comparison of effluent data across multiple laboratories provides information about the influence of
program changes on individual laboratory performance.  Data for a laboratory (Lab 1) with low sensitivity
were compared to data from a laboratory (Lab 2) with high sensitivity.  Pre-1995 and Post-1995 percentile
values were generated for the PMSD combined across all tests for each of the two laboratories (Table F-2).
The performance of Lab 2, represented by the distribution of PMSD, was essentially the same Pre-1995 and
Post-1995.  However, the performance of Lab 1 improved, as evidenced by the changes in medians (33
percent to 18 percent), changes in the 90th percentile (46 percent to 32 percent), and the slight decrease in
the width of the interquartile range (13 percent to 12 percent).  Additionally, the Post-1995 medians for the
two laboratories were relatively close (18 percent and 12 percent) percent for Lab 1 and Lab 2, respectively.
A comparison of the cumulative distribution functions for each laboratory indicates that performance was
more consistent across laboratories after implementing program changes (Figures F-2 and F-3).

Table F-2.  Lab 1 versus Lab 2 PMSD
Pre-1995 Post-1995

Lab 1 Lab 2 Lab 1 Lab 2
# Tests 921 545 1424 466
Min 8.8 5.5 6.8 5.5
Max 67.3 48.9 67.6 39.9
Median 33.5 11.7 18.2 12.5
IQR 13.3 5.5 11.9 4.4

The distribution of PMSD values within a laboratory compared to distributions in other laboratories
was examined Pre-1995 and Post-1995 (Figures F-4 and F-5).  The range in median values across all
laboratories Pre-1995 was 12 percent to 36 percent.  Post-1995, the range in median values was 10 percent
to 27 percent, indicating a decrease in the overall spread among laboratories.  The range in PMSD values
within a laboratory was 22 percent to 78 percent Pre-1995.  The Post-1995 range in PMSD values within a
laboratory compared across laboratories was 17 percent to 61 percent, indicating a narrowing of the range
of values within a laboratory (Table F-3).  A similar comparison was made using the control CV as an
indicator of laboratory ability (Figures F-6 and F-7).  The median control CV varied across laboratories from
9 percent to 30 percent Pre-1995.  Post-1995, the median control CV ranged across laboratories from 9
percent to 26 percent, a slight improvement in the comparability of control CV.  The range in control CVs
within a laboratory was 21 percent to 79 percent Pre-1995, while the range in control CVs within a laboratory
Post-1995 was 17 percent to 36 percent.  Overall, laboratories are generating data with more consistency
across, as well as within, laboratories after implementing additional TAC and modifications to testing
protocols.
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Figure F-2. Laboratory 1 versus Laboratory 2 Pre-1995 PMSD 
(species:  Ceriodaphnia dubia).
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Figure F-3. Laboratory 1 versus Laboratory 2 Post-1995 PMSD 
(species:  Ceriodaphnia dubia).
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Figure F-4. Individual laboratory performance—Pre-1995 PMSD 
(species:  Ceriodaphnia dubia).

Figure F-5. Individual laboratory performance—Post-1995 PMSD 
(species:  Ceriodaphnia dubia).
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Figure F-6. Individual laboratory performance—Pre-1995 CV 
(species:  Ceriodaphnia duba).

Table F-3.  Descriptive Statistics—PMSD
Pre-1995 Post-1995

Lab N Min Max Range Median IQR N Min Max Range Median IQR
A 810 6.0 83.9 77.9 17.6 12.6 1294 6.4 58.9 52.5 20.6 13.7
B 211 8.6 59.7 51.1 24.8 15.0 83 10.2 39.9 29.7 21.9 9.6
C 14 13.7 35.6 21.9 23.9 10.0 16 12.5 34.5 22.1 20.1 11.9
D 6 10.6 33.2 22.6 23.3 9.7 30 9.6 33.9 24.3 21.5 9.6
E 80 6.5 43.5 37.0 16.1 11.1 115 5.6 43.8 38.3 15.9 13.6
F 130 6.9 69.4 62.5 19.1 11.8 293 6.8 55.0 48.2 19.5 13.0
G 24 13.9 45.0 31.1 22.2 13.2 38 6.6 33.1 26.5 13.1 8.4
H 669 6.2 71.5 65.3 23.0 12.8 234 8.4 38.9 30.5 19.0 11.4
I 921 8.8 67.3 58.4 33.5 13.3 1424 6.8 67.6 60.8 18.2 11.9
J 357 8.7 69.8 61.1 20.4 9.7 505 6.4 26.0 19.5 10.2 2.5
K 90 9.7 55.5 45.8 19.7 9.1 151 8.3 47.6 39.3 22.4 10.9
L 20 22.0 59.0 37.0 35.7 12.9 6 13.4 30.1 16.7 27.2 5.0
M 131 6.4 49.9 43.5 12.9 5.0 773 4.9 40.3 35.3 13.3 6.9
N 545 5.5 48.9 43.4 11.7 5.5 466 5.5 39.9 34.4 12.5 4.4
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Figure F-7. Individual laboratory performance—Post-1995 CV 
(species:  Ceriodaphnia dubia).

Table F-4.  Descriptive Statistics—Coefficient of Variation (CV)
Pre-1995 Post-1995

Lab N Min Max Range Median IQR N Min Max Range Median IQR
A 808 0.041 0.835 0.794 0.146 0.129 1258 0.043 0.399 0.356 0.171 0.136
B 115 0.062 0.511 0.450 0.182 0.173 45 0.059 0.361 0.302 0.178 0.092
C 14 0.092 0.334 0.242 0.222 0.137 16 0.066 0.378 0.311 0.158 0.109
D 6 0.112 0.324 0.212 0.241 0.102 30 0.074 0.332 0.258 0.147 0.111
E 79 0.041 0.374 0.333 0.148 0.112 115 0.038 0.400 0.362 0.111 0.134
F 121 0.051 0.516 0.464 0.143 0.113 221 0.062 0.384 0.322 0.152 0.090
G 15 0.113 0.404 0.291 0.211 0.080 23 0.050 0.343 0.293 0.092 0.059
H 249 0.055 0.610 0.555 0.188 0.140 77 0.061 0.379 0.318 0.171 0.103
I 297 0.068 0.672 0.604 0.299 0.144 499 0.047 0.399 0.352 0.127 0.101
J 139 0.071 0.596 0.525 0.172 0.098 170 0.054 0.222 0.168 0.092 0.025
K 62 0.046 0.564 0.517 0.173 0.093 89 0.047 0.392 0.345 0.180 0.104
L 18 0.138 0.571 0.433 0.271 0.190 6 0.121 0.365 0.245 0.259 0.124
M 102 0.053 0.398 0.345 0.115 0.056 500 0.034 0.341 0.307 0.107 0.062
N 367 0.033 0.472 0.439 0.091 0.043 317 0.038 0.333 0.296 0.108 0.040
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ANALYTICAL VARIABILITY IN REASONABLE POTENTIAL
AND PERMIT LIMIT CALCULATIONS

Appendix G explains how analytical variability affects calculations used to determine reasonable
potential and permit limits, and how such variability affects WET measurements.  The appendix also
considers suggested approaches to adjusting the reasonable potential and permit limit calculations to account
for analytical variability.  Only water quality-based effluent limitations are addressed because different
considerations apply to technology-based limitations.  While Appendix G addresses WET variability, its
discussion and conclusions apply, with obvious modifications in terminology, to concentrations of chemical
pollutants.  

EPA has evaluated methodologies to adjust for analytical variability in setting permit limits.  These
methodologies would allow permit limits to exceed acute and chronic wasteload allocations (WLAs),
sometimes two-fold or more.  EPA believes that such approaches contradict the intent and practice of current
guidance and regulations directed at preventing toxicity.  The TSD calculations were carefully designed to
avoid setting limits that allow a discharge to routinely exceed WLAs.  Attempts to use an “adjusted,” smaller
estimate of variability in the first step of the effluent limit calculation (calculating the long-term average from
the WLA) while using the variability of measured toxicity in the second step (calculating limits from the
LTA), as done in the “adjustment approaches,” will risk setting limits that exceed WLAs because the second
variability factor is larger than the first.  EPA also believes that the TSD statistical approach is adequately
protective.  On average, it achieves the desired level of protectiveness that is described in the NPDES
regulations (40 CFR 122.44(d)) and EPA guidance.

This review did not evaluate the “conservativeness” of other components of WET limits, such as the
acute-to-chronic ratio (ACR) for WET, the suggested WET criterion values (TUa = 0.3 and TUc = 1.0), and
the methods of calculating the WLA using models of effluent dilution.  Instead, this review took the WLAa
(or WLAa,c) and WLAc as given and considered the TSD statistical method per se.

G.1 TSD Statistical Approach to Reasonable Potential And Limit Calculations 

This appendix provides a simplified description of the TSD approach.  That approach is more
completely described in the Technical Support Document for Water Quality-Based Toxics Control (USEPA
1991a).  Reasonable potential calculations are described in Section 3.3 of that document.  The calculation
is only one component of a reasonable potential determination.  Permit limit calculations are described in
Section 5.4 and Appendix E of the TSD.

To evaluate reasonable potential or calculate permit limits, one needs a coefficient of variation (CV)
representing the variability of toxicity or a pollutant in the effluent discharge.  The TSD recommends that
the CV of measured effluent data be used in all reasonable potential and effluent limit calculations without
attempting to “factor out” analytical variability.  The specification of this CV is at issue in the alternatives
to the TSD statistical procedures discussed later in this appendix.

G.1.1 Reasonable Potential

The goal of the TSD reasonable potential calculation is to estimate the probable value of an upper
bound (e.g., 99th percentile) of toxicity in an effluent discharge using limited data.  For whole effluent
toxicity (WET), data are expressed in toxic units (TU) before calculating the CV.  TU = (100/effect
concentration).  For chronic toxicity, TUc = 100/NOEC or 100/IC25.  For acute toxicity, TUa = 100/LC50.
The TSD calculations assume that effluent toxicity values follow a lognormal distribution, at least
approximately.  There is abundant evidence supporting the lognormal distribution, but the TSD also
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acknowledges that other distributions might be found more appropriate if sufficient data can support the
finding.  

The sample CV of effluent monitoring data is obtained in TU.  If there are fewer than ten data points,
the TSD recommends a default CV of 0.6.  The TSD recommends basing a calculated CV on at least ten data
points, collected at the same time intervals as intended for monitoring.  

Even if there are fewer than ten data points, the maximum value for the data (e.g., TUmax) is used to
calculate a projected maximum value.  A nonparametric, upper tolerance bound is calculated to infer the
population percentile represented by TUmax with probability P:  XP,n = (1 - P)1/n.  For example, with
probability 0.99 the largest of five observations will exceed the 39.8th population percentile:  (1 - 0.99)1/5 =
0.398.  Next, the ratio between this percentile (XP,n ) and the population 99th percentile is estimated using
moment estimators for a lognormal distribution:

Reasonable potential multiplier = X0.99 / XP = exp(Z99 F - 0.5F2 ) / exp(ZP F - 0.5F2 ).

Here, F2 is estimated as log(1 + CV2 ), using the default CV if necessary.  The maximum projected value is
the product of the observed TUmax and the reasonable potential multiplier.  This value may be compared to
the WLA, which is based upon the criteria continuous concentrations (CCC) or criteria maximum
concentration (CMC) and the appropriate dilution factors (if applicable).  The projected maximum value also
may be multiplied by a dilution factor and compared directly to the CMC or CCC (TSD Section 3.3, Box 3-
2).  The TSD recommends using TUa = 0.3 and TUc = 1.0 either as numeric toxicity criteria or as a means
of interpreting the narrative “no toxics in toxic amounts” criteria.

G.1.1.1 Permit limit calculation

The first step in determining the appropriate water quality-based effluent limits for an effluent discharge
is to calculate wasteload allocations WLAa and WLAc that correspond to the water quality criteria for acute
exposures and chronic exposures or the ambient values used in interpreting narrative criteria (e.g., no
discharge of toxic pollutants in toxic amounts).  This step is distinct and separate from the “statistical” steps
for calculating permit limits or reasonable potential.  The WLAs are “givens” in the statistical calculations.

WLAa and WLAc are found through either a direct steady-state calculation or a dynamic model
simulation.  In either case, any applicable mixing zone and critical stream flows are taken into account.  For
WET, WLAa is converted to WLAa,c using an ACR.  WLAs must not be exceeded if the water quality
standards of the receiving water are to be met.  

The essential idea behind setting a permit limit using the TSD approach is to find the lognormal
distribution (i.e., its mean value or LTA) that would allow no more than a specified percentage of single
observations to exceed the WLAa and no more than a specified percentage of the 4-day averages of
observations to exceed the WLAc.  If this percentage is set at 1 percent, for example, then the 99th percentile
of single observations must not exceed the WLAa, and the 99th percentile of 4-day averages must not exceed
the WLAc.  The 4-day averaging period comes from the typical definitions of chronic exposure and the CCC.
The CV has already indirectly specified the distribution’s standard deviation.  Together, the CV and the LTA
specify the appropriate distribution completely.

The calculations which lead to finding the LTAa,c and LTAc (corresponding to the WLAa and WLAc)
work in the following manner.  The ratio between the LTA and a percentile (XP) is called a variability factor
(VFP).  The VF is calculated from the CV, the percentile (95th or 99th), and the averaging period [1 day (no
averaging) or 4 days].
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Thus, LTA = XP / VFP 

If we set XP equal to the WLAa, we find:

LTAa,c = WLAa / VF99, 1-day 
and LTAc = WLAc / VF99, 4-day

The smaller of the two LTAs is selected as the LTA used to calculate a limit.  This step assures that the
limits will exceed neither the WLAa nor the WLAc.

Having selected the smaller LTA, the VF calculation is reversed.  Following the TSD recommendations,

“Maximum Daily Limit” (“MDL”) = LTA * VF99, 1-day

and
“Average Monthly Limit” (“AML”) = LTA * VF95, N-day 

(based on N observations)

Note that in calculating the average limit the TSD recommends using a 95th percentile (rather than a 99th

percentile) and the number of observations N for averaging may be less than four (although the TSD
recommends N > 4 for purposes of calculating average limits).  Limits calculated using the TSD-
recommended approach are always equal to or less than the WLAa and WLAc.

G.1.1.2 Analytical variability in the TSD procedures

Analytical variability is a part of the variability of measurements used to analyze reasonable potential
and set water quality-based limits.  All components of variability that will enter into the permit development
process are included in the measurements and calculations used to evaluate reasonable potential and set
limits.  This insures that the WLA is not exceeded.

Some laboratories have suggested alternative statistical calculations to EPA.  Sections G.3 and G.4
discuss these approaches.  These alternative calculations, however, would allow limits to exceed the WLA.
When a sample effluent toxicity equals the WLA exactly, analytical variability would be expected to cause
tests to exceed the WLA about half the time.  Limits set above the WLA could allow routine exceedances
of the WLA.  In contrast, limits set using the TSD approach will provide some margin of safety between the
limit and the WLA, guarding to some extent against analytical variability.  On average, the TSD approach,
employing the CV of measurements, is expected to ensure that the WLA is not exceeded when measured
toxicities remain within the limits.

G.2 Background on Analytical Variability and Variability of Measurements

This section describes how analytical variability may cause the variance (F2) of measured values to
exceed the variance of toxicity.  This discussion will assume that WET tests for one discharge are conducted
by one laboratory.  Thus, “analytical variability” here will refer to within-laboratory variability (repeatability)
of WET test results.

G.2.1 Components of Measurement Variability

The variance of monthly or quarterly measurements of effluent toxicity depends on at least two
components:  the variance of the toxicity, which changes over time, and the variance owed to the analytical
process (including calibration, if applicable).  One could also distinguish a third component—sampling
variance—if simultaneous samples differ in toxicity.  Herein, this component will not be examined
separately, but is combined with the variance in toxicity over time.  
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A direct way to estimate the analytical component of variability is to analyze the same sample of
effluent on different occasions so that the analytical method is the only source of measurement variance.  The
sample must be measured on different days because real samples are measured at intervals of weeks to
months and the analytical process can change subtly over time.  Unfortunately, effluent samples may not
retain the same toxicity for long.  Therefore, saving a batch of sample and analyzing it once a month for
several months may over-estimate analytical variability.  Analyzing two or three subsamples on the same date
may underestimate analytical variability because the measurement system changes between sampling dates.
The organisms, laboratory technicians and procedures, and laboratory materials may all change subtly over
time.  It would be reasonable to design a study that measures analytical variability in both ways, using
effluent subsamples on one occasion and using the same (stored) effluent sample on separate occasions,
attempting to bracket the correct value of analytical variance.  EPA is not aware of any such studies.
Reference toxicant samples are expected to have the same potency on different occasions and are used
routinely for laboratory quality assurance of WET test methods.  This document summarizes the variability
resulting from repeated (usually monthly) WET testing of reference toxicant samples in the same laboratory.

G.2.2 Effect of Analytical Variability on Measured Values

Because of analytical variability the probability distribution of measured values Y is “wider” than the
distribution of true values X.  Thus, the mean and high percentiles of measurements will exceed the
percentiles of the true values.  

One component of the variance of measurements is analytical variance.  Simple but plausible
assumptions lead to the equation VY = VX + VA.  In other words, the variance of a measurement Y (toxicity)
is the sum of the variances for toxicity (VX) and the analytical variance (VA).  When this equation is
approximately correct, then one suitable estimate of VX is (VY - VA), where the parameters VY and VA are
replaced by their sample estimates.  This estimate may be biased (i.e., inaccurate) to some degree.  Similar
reasoning about the mean (EY) leads to EY = EX.   Then VY = VX + VA can be divided by EX2 to give CVY

2

= CVX
2 + CVA

2 .  This reasoning requires two assumptions:  variance is constant and unrelated to the mean,
and there is little or no correlation between X and the magnitude of the analytical error.  When X is
distributed lognormally, these assumptions are not true, but may be suitable for transformed values like
log(Y) and log(X).

G.2.3 Analytical Variability and Self-monitoring Data 

EPA determines compliance with a limit on the basis of self-monitoring data.  No special allowance
is made for analytical variability.  This is accounted for by the TSD statistical procedures used to determine
the need for limits and calculate permit limits.

The permittee must ensure that the toxicity in the discharge is never great enough to result in a
compliance measurement that exceeds the permit limit.  The maximum discharge toxicity allowed by the
treatment system must incorporate a margin of safety to account for the sampling and analytical variability
that attends compliance measurements.  In other words, to avoid exceedances of a limit, a treatment system
will be designed so that the maximum discharge toxicity is somewhat lower than the permit limit.  Most
industrial and municipal treatment facilities should be able to implement such a design.  When they are not,
appeals based on fundamentally different factors and economic hardships may be feasible.  

G.2.4 Imprecision in WET Estimates, Reasonable Potential Determinations and Limits

Although WET tests provide protection against false positives, the estimates (NOEC, EC25, LC50)
from WET tests, like all estimates based on limited data, are imprecise.  That is, the exact level of toxicity
in a sample is estimated with “error” (imprecision).  This imprecision can be reduced by providing a suitable
number of organisms and replicates for each test.  The numbers required for EPA WET method test
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acceptability are minimums.  Test precision will be approximately proportional to the square root of the
number of replicates.  Thus, a doubling of replication may increase the precision of a test endpoint response
(survival, growth, reproduction) to roughly 70 percent of its former level.  For example, consider these
calculations for fathead minnow growth (USEPA 1994a, pp. 102-105):  the standard error of the difference
between a treatment and the control is Sw/(1/nT + 1/nc), which in one test took the value (0.0972)/(1/4 +
1/4) = (0.0972)(0.707) = 0.0687.  If the root mean squared error Sw had been the same but the number of
replicates had been doubled, the standard error would have been 0.0486.  Dunnett’s critical value would have
been 2.24 instead of 2.36, and the MSD 0.109 instead of 0.162.  With a doubling of replication, the test
would be able to detect a 16-percent reduction from the control rather than a 24-percent reduction.

For reasonable potential and limit calculations, WET data are accumulated over a year or more to
characterize effluent variability over time.  This sampling program may not fully characterize effluent
variability if too few samples are taken, if the sampling times and dates are not representative, or if the
duration of the sampling program is not long enough to represent the full range of effluent variability.  For
reasonable potential and limits, the key quantity being estimated is the variance (or CV).  A large number
of samples is required to estimate a variance or CV with much precision.  Confidence intervals for the
variance and CV can be calculated easily and carried through the calculations for reasonable potential and
effluent limits (Section G.1).  Even when assumptions are not strictly met, this information may provide a
useful perspective on the uncertainty of the calculation.

G.2.5 Between-laboratory Variability in Reasonable Potential and Permit Limit
Calculations

It is inappropriate to use estimates of between-laboratory variability in calculations of reasonable
potential and permit limits.  Such estimates do not represent the variability affecting measurements of
effluent discharge toxicity.  In most cases, only one laboratory will produce the data for one discharge.  In
some cases, there will be a change of laboratory over time, which needs to be handled case-by-case.  Using
estimates of between-laboratory variability to represent the analytical component of variance for one
discharge is equivalent to assuming that each new sample is sent to a new laboratory selected at random from
the population of laboratories conducting the test method.  This approach does not occur in practice. 
 

Between-laboratory differences in test sensitivity are important and need to be addressed.  To some
extent, apparent differences in sensitivity between laboratories (Warren-Hicks et al. 1999) may be owed to
several factors, including use of unstable reference toxicants like SDS (Environment Canada 1990), errors
in calculating and recording stock concentrations (Chapter 3 of the Variability Guidance, SCTAG 1996),
differences in dissociation and bioavailability of metal ions, comparisons of non-comparable ionic forms
(e.g., potassium chromate versus potassium dichromate, SCTAG 1996), use of different waters, health of
organisms, and varying techniques.

Within-laboratory variability should be reflected in regulatory calculations.  If the data being used for
reasonable potential or permit limit calculations consist of effluent measurement data reported by two or
more laboratories, there are ways to account for between-laboratory differences:  

• If the same laboratories are used in the same proportion or frequency, and the measurements for
different laboratories represent different sampling dates, the measurement data may be treated as
if they come from one laboratory.  This may increase the estimated variance and the average
monthly limit, which is not in the interest of the permittee.  It would be better to select one
laboratory, based on the variance of its reported reference toxicant test results.  

• If only one laboratory has reported data on each date, with the different laboratories either reporting
over different time spans or over the same time span on alternate dates, EPA recommends a pooled
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estimate of variance.  Calculate the sample variance S2 for log(TU) separately for each laboratory,
and combine the data in the following formula: 

pooled variance of log(X) = [(N1 - 1)S1
2 + (N2 - 1)S2

2] / [(N1 - 1) + (N2 - 1)] 

(i.e., the analogous formula for more than two laboratories).  The same result can be obtained by
conducting a one-way analysis of variance on log(X) and using the mean squared error.  This
approach would be undesirable if the different laboratories sampled times or time spans that were
known or expected to differ in the average or variance of TU.  In that case, one would pool the data,
treating it as if it had come from one laboratory (see above).  

A change of testing laboratory by a permittee may result in a change in analytical (within-laboratory)
variability of measurements and a change in “sensitivity.”  The average effect concentration may change.
There may be between-laboratory differences in sensitivity to some toxicants, such as metals (Warren-Hicks
et al. 1999).

Ideally, a permittee will anticipate a change of the testing laboratory.  Permittees should compare
reference toxicant test data from current and candidate replacement laboratories, selecting a laboratory with
acceptable variability and a similar average effect concentration.  Regulatory authorities should compare
reference toxicant data for old and new laboratories when interpreting a series of WET test results that
involves a change of laboratory.

Some areas may help reduce laboratory differences in average effect concentration for the same
reference toxicant test protocol.  These include standardization and reporting of stock culture conditions
(such as loading, age structure, age-specific weight, and other conditions), standardization of dilution water
for reference toxicant tests, and reporting to verify such practices.  Other areas for consideration include test
protocols, test acceptability criteria, and dilution water.  Another approach that could be evaluated further
is conducting a reference toxicant test with each effluent test, and normalizing the effluent response using
the toxicant response.  

G.3 Adjustment Approaches To Account For Analytical Variability in Setting Permit
Limits

G.3.1 Adjustment Approaches To Account for Analytical Variability

Methods have been proposed for determining reasonable potential and calculating permit limits by
adjusting the calculations based on analytical variability.  The more general principles are discussed here,
details of these methods are outlined in Section G.4.  The focus of these discussions is the limit calculation,
although similar principles apply to the reasonable potential calculation.

The idea behind the proposed “adjustment methods” for calculating water quality-based effluent limits
is to estimate the distribution of toxicity values using data on measured effects concentrations and analytical
variability, and then to factor out analytical variability from some steps in the process of calculating limits.
In proposed adjustment methods for calculating effluent limitations one would (1) estimate the variance of
effluent concentrations (this entails subtracting an estimate of the analytical variance from the variance of
effluent measurements, e.g., VX = VY - VA, or an equivalent calculation using CVs); (2) calculate the LTAa
and LTAc using the TSD approach and the adjusted variance VX; and (3) calculate the limit (from the lower
of the two LTAs) using the variance of measurements VY.  Because the VY necessarily exceeds VX, these
methods would result in limits that would exceed calculated WLAs, depending on other assumptions made
in the limit calculations.  As a result, the discharge may allow instream WET to routinely exceed the criterion
limits, a condition that should not occur.
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G.3.2 Adjustment Equations

As noted above, the adjustment approaches are based on the TSD statistical approach, modified to
subtract analytical variability from the LTA calculation.  These approaches refer to VX as the “true” variance.
In what follows, the sample estimate of VX is S2

 True.  Thus, S2
 True = S2

 Meas - S
2

Analy (where S2 is the sample
estimate of variance) is used to calculate the LTAs and S2

 Meas is used to calculate the limits from the smallest
of the two LTAs.  The TSD equations as applied to WET would be adjusted as follows:

When the LTAa,c is the smallest LTA, 
MDL = WLAa,c * (VF99, 1-day, Meas / VF99, 1-day, True )
AML = WLAa,c * (VF95, N-day, Meas / VF99, 1-day, True )

When LTAc is the smallest LTA (and assuming that the chronic criterion is a 4-day average)
MDL = WLAc * (VF99, 1-day, Meas / VF99, 4-day, True )
AML = WLAc * (VF95, N-day, Meas / VF99, 4-day, True )

where N = samples/month (for purposes of AML calculation)

The VF (variance factor) is the ratio of a percentile to a mean, in this case for the lognormal distribution.

VF99, 1-day, Meas = exp( Z99 S
 
Meas - 0.5S2

 Meas )
VF99, 1-day, True = exp( Z99 S

 
True - 0.5S2

 True )
VF95, n-day, Meas = exp( Z95 S

 
n-day, Meas - 0.5S2

 n-day, Meas)
VF99, 4-day, True = exp(Z99 S

 
4-day, True - 0.5S2

 4-day, True )

while S2
 Meas = log(1 + CV2

Meas)
S2

 True = log(1 + CV2
True)

S2
 N-day, Meas = log(1 + CV2

Meas /N)
or S2

 N-day, Meas = S2
 Meas /N = log(1 + CV2

Meas) /N
S2

 4-day, True = log(1 + CV2
True /4)

or S2
 4-day, True = S2

 True /4 = log(1 + CV2
True) /4

G.3.3 Consequences of Adjustment Approaches

As an example of the consequences of applying an adjustment methodology to water quality-based
effluent limit calculations, one may consider the following scenario.  In this scenario, such a methodology
would allow calculation of an average monthly limit (AML) exceeding the chronic WLA (a four-day average
value) even when sampling frequency for the calculation is set at the recommended minimum of four samples
per month.  It is acceptable for the MDL (a single sample) to exceed the chronic WLA or for the AML to
exceed the chronic WLA if the AML calculation is based on less than four samples per month.  Note,
however, that the TSD recommends always assuming at least four samples per month when calculating the
AML.

Table G-1 below offers an example of MDLs and AMLs calculated using the TSD approach and an
approach that adjusts the CV for analytic variability.  This adjustment would allow effluent limits that exceed
the WLA on the premise that analytical variability tends to make measured values larger than actual effluent
values.  Thus, this approach assumes that the “true” monthly average would be below the WLAc even though
the limit and the measured monthly average may be above the WLAc. 

EPA believes that these assumptions are invalid.  Therefore, EPA cannot recommend an approach that
makes such assumptions as part of national guidance to regulatory authorities.  EPA is not recommending
national application of an “adjustment approach” to either reasonable potential or effluent limit calculation
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procedures.  EPA continues to recommend the TSD approach, which ensures that effluent limits and, thereby,
measured effluent toxicity, are consistent with calculated WLAs.

Table G-1. Sample Effluent Limit Calculations Using EPA’s TSD Approach and
an Adjustment Approach (USEPA 1991a)

WLAc Probability Basis Approach LTAc MDL AML

10 MDL = 99th percentile
AML = 95th percentile

TSD 4.4 17.6 7.7

10 MDL = 99th percentile
AML = 95th percentile

Adjustment 
approach

6.43 25.8 11.2 *

10 MDL = 99th percentile
AML = 99th percentile

TSD 4.4 17.6 9.99 

10 MDL = 99th percentile
AML = 99th percentile

Adjustment 
approach

6.43 25.8 14.6 *

Assumptions: Chronic LTA/WLA controls calculations, WLA = 99th percentile probability basis, n = 4
(sampling frequency for AML calculation), Total CV = 0.8 and Adjusted CV = 0.4 are
used in calculations.  
(*) These numbers exceed the WLAc.

G.3.4 Related Concerns

In addition to addressing the differences between measured and “true” values in the reasonable potential
and effluent limit calculations, related concerns regarding WET testing and the water quality-based effluent
permits process have been raised as reasons for adjusting the TSD statistical procedures.

G.3.4.1 Compounding protective assumptions

Approaches to “account for analytical variability” by adjusting the calculations for reasonable potential
and limits usually state that several conservative assumptions are employed.  In the TSD approach, a water
quality-based effluent limit is the result of three key components:  (1) a criterion concentration; (2) a
calculated dilution or mixing-zone factor; and (3) a statistical calculation procedure that employs a CV based
on effluent data.  The conservative assumptions cited may involve deriving the criterion concentration, and
assuming dilution and low-flow conditions, in addition to the probability levels used in the TSD statistical
calculations.  Even if these assumptions were considered conservative, the TSD statistical procedure remains
valid.  As explained above, the TSD statistical approach is appropriately protective, provided that the WLA
is accepted as given.  It is inappropriate for regulatory authorities to modify the TSD’s correctly conceived
statistical approach in order to compensate for assumptions intrinsic to derivation of the WLA that are
perceived as over protective.  Therefore, EPA does not believe that it is appropriate to adjust the TSD
statistical methodology for conducting reasonable potential and calculating permit limits to address concerns
about how WLAs are calculated.

G.3.4.2 Test sensitivity and method detection limit

EPA does not employ method detection limits (MDLs:  40 CFR part 136 Appendix B) for WET
methods.  For effect concentrations derived by a hypothesis test (LOEC and NOEC), the alpha level of the
test provides one means of providing a functional equivalent of an MDL.  The hypothesis test prescribed in
the method provides a high level of protection from “false positives.”  For point estimates (ECp, ICp, LCp),
a valid confidence region provides the equivalent of a hypothesis test.  EPA will provide clarification
regarding when confidence intervals are not or cannot be generated for point estimation procedures,
including the ICp procedure.  This variability guidance cites recommendations (Chapman et al. 1996a, Baird
et al. 1996, Bailer et al. 2000) regarding alternative point estimation methodologies.  

RB-AR28214



Understanding and Accounting for Method Variability in WET Applications Under the NPDES Program

June 30, 2000 Appendix G-11

While protecting against false positives, hypothesis tests and confidence intervals, will provide little
protection from toxicity unless the test method is designed to detect a suitable effect size.  The two most
commonly used chronic tests are incapable of routinely detecting effects of 20 percent to 30 percent (Denton
and Norberg-King 1996) when employed by many laboratories using the minimum recommended number
of replicates and treatments.  To provide suitable test sensitivity, regulatory authorities should consider
requiring more replication, a suitable minimum significant difference (MSD), or suitable effect sizes and
power, particularly for the control and IWC test concentrations (e.g., Denton and Norberg-King 1996;
Washington State Department of Ecology 1997, Ch. 173-205 WAC).  It may be desirable to specify that a
statistically significant effect at the IWC must exceed some percentage difference from the control before
it is deemed to have regulatory significance.  Combining these approaches, an effective strategy would
require that a test consistently be able to detect the smallest effect size (percent difference between the
control and the IWC) that would compromise aquatic life protection, and to disregard very small, statistically
significant effects.  To further these ends, this guidance document sets an upper limit to the value of
MSD/(Control Mean), defining the maximum acceptable value.  This document also sets a lower limit to the
effect size, defined by 100×(Control Mean - Treatment Mean)/(Control Mean), which can be regarded as
“toxic” in a practical sense (see Section 6.4).

The alpha level of a hypothesis test or confidence interval cannot be decreased from that level (" =
0.05) recommended for WET methods without sacrificing test power and sensitivity of the method.  Alpha
should not be decreased without a corresponding increase in sample size that would preserve the power to
detect biologically significant effects.  EPA will issue guidance on when the nominal error rate (alpha level)
may be adjusted in the hypothesis test for some promulgated WET methods (USEPA 2000a).

G.4 Technical Notes on Methods of Adjusting For Analytical Variability

This section describes and comments on several adjustment methodologies suggested to EPA as
alternatives to the TSD statistical calculations.

G.4.1 Notation

Explanations may help clarify the notations in this section.  The symbols VX, V[X], and F2
X all mean:

the variance of X.  Standard deviation (FX) is the square root of the variance.  The mean (average) is
symbolized as EX and also as µX.  

When X is lognormally distributed, there is a potential for confusing the mean and variance of log(X)
with the mean and variance of X.  Typically (and in the TSD), when X is lognormally distributed, the
parameters will be given for log(X) as follows:  X ~ lnorm( µ, F ).  This is read as “X is distributed
lognormally with the mean of log X equal to µ (mu) and the standard deviation of log X equal to F (sigma).”
Better notation would be X ~ lnorm( µ logX, FlogX ); recommended terms for the parameters are “mu-logX” and
“sigma-logX.” The mean and variance of X for this distribution are 

µX = EX = exp( µ logX + 0.5*F2
logX )

F2
X = VX = exp( 2*µ logX + F2

logX ) * [ exp(F2
logX) - 1]

To avoid confusion, the symbols EX and VX are used in preference to µX and F2
X to signify the mean

and variance of X.  Usually, mu and sigma are used only as symbols for the mean and standard deviation of
log(X), that is, µ logX and FlogX, in the context of lognormal distributions.  Below, µ logX and FlogX are abbreviated
to µ and F, with the addition of subscripts like “Effl” and “Meas” to further distinguish the intended quantity.

CV may be used to symbolize parametric values or their sample estimates, with the meaning indicated
in the text.  Symbols S2

Effl , S
2

Meas , and S2
Analy will represent sample estimates of variances F2

logX, Effl , F2
logX,

Meas , and F2
logX, Analy.  
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G.4.2 General Comments on Analytical Variance as a Component of the Variance of
Measurements 

Two simple models lead to the same equation.  The first model assumes that each measurement Y is
the sum of a concentration X and an analytical error ,, that is Y = X + ,.  The analytical error , may be
positive or negative and has mean zero and variance VA.  X and , are uncorrelated. (This is a strong
assumption; it may be approximately correct only for some transformation of the data.)   Then VY = VX +
VA.  The second, hierarchical, model assumes that X follows a distribution PX with mean and variance EX

and VX.  Each measurement Yt (t indexes the time of measurement) follows another distribution having mean
Xt and variance VA.  VA is assumed to be constant, independent of Xt.  (This is a strong assumption which
may be approximately correct only for some transformation of the data.)  Then, it can be shown that VY =
VX + VA.  The same models and assumptions lead to EY = EX.  These models and assumptions are not
correct when X is lognormally distributed.  In that case, the models might provide reasonable approximations
to the behavior of log(X) and log(Y).  If EY = EX and VY = VX + VA are both correct, then VY = VX + VA

can be divided by EX2 to give CVY
2 = CVX

2 + CVA
2.  In this case, the parameters VX and CVX

2 might be
estimated by using sample estimates in the expressions (VY -VA) and (CVX

2 - CVA
2 ), respectively.  Such

estimates will be somewhat biased.  

G.4.3 Commonwealth of Virginia Approach 

The Commonwealth of Virginia Toxics Management Program Implementation Guidance (1993)
(revised on August 25, 1994) prescribes a method of accounting for analytical variability of WET data.  A
synopsis of the method follows.  Symbolic notation has been changed; the numbered “steps” below were
created for this synopsis.  

1. Obtain the CV of WET monitoring data.  This will be 0.6 (default value) if fewer than ten data are
available.  If there are at least ten data, a computer program (described in Guidance Memo 93-015)
is used.  “Only acute test data are considered here because the LC50 is a statistically derived point
estimate from a continuous data set.  Also, the LC50s must be real numbers.  Values reported as ‘>
100%’ should not be used in the calculation. .... Enter either LC50s or TUas for the most sensitive
species into the program.”  [Comments on Step 1:  LC50 and TU values are not equivalent; they
will not have the same CV values.  The exclusion of “>100%” values will tend to bias the CV of
TUs toward larger values.]

2. Calculate S2
logX, Effl = S2

logX, Meas + S2
logX, Analy, using S2

logX, Analy = 0.20.  If CVX, Meas < 0.47 (implying
that S2

logX, Meas < 0.20 = S2
logX, Analy), instead use S2

logX, Effl = S2
logX, Meas.  (These subscripts are not used

in the Guide.)  The value for S2
logX, Analy is based on data provided by several laboratories conducting

tests for Virginia permits for the five most common species, using cadmium chloride as the
reference toxicant.  The Guide states that these data yielded a geometric mean CVX of 0.47, and
0.20 = ln(1 + 0.472); the last formula is the relation between the parametic variance and CV of a
lognormal variate.  [Comments on Step 2:   The calculations should employ sample variances of
log(TU), not sample CVs, in the interest of accuracy and precision.  The estimate S2

logX,Effl is a
discontinuous function, decreasing toward zero as S2

logX, Meas decreases toward 0.2, then jumping
to 0.2 and decreasing again toward zero as S2

logX, Meas decreases further.  The default value of
S2

logX, Effl becomes ln(1 + 0.602) - ln(1 + 0.472) = 0.11.]

3. Calculate LTAa,c and LTAc as in the TSD, using S2
logX, Effl instead of S2

logX, Meas, and using Z97, the
97th percentile Z-statistic, instead of Z99.  WLA and LTA values are in units of TUc.  The smaller
of LTAa,c and LTAc is selected as LTAmin.
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4. Calculate the “MDL” limit from LTAmin as in the TSD, now using S2
logX, Meas rather than S2

logX, Effl

and still using the 97th percentile Z-statistic.  No procedure is described for a limit of averages
(“AML”).  

By using this procedure, the WLAa,c may be exceeded when the CV of measurements exceeds 0.47
(because then the estimate S2

logX, Effl < S2
logX, Meas ).  The maximum ratio of Limit to WLA occurs

when the CV of observations is just over 0.47, when the ratio of Limit to WLA is just over 2.
Numerical evaluations (Table G-2) show that the daily limit can exceed the WLAa,c.  The daily
limit (DL or MDL) should be compared to the WLAa,c.  It is not unusual for the daily limit to
exceed the WLAc when LTAc is smaller than LTAa,c.  This outcome does not necessarily indicate
a problem.  Instead, the regulatory authority should compare the average limit to WLAc in this case
(see “Modified TSD Approach” below).  

Table G-2. Numerical Effect of State of Virginia WET Limit Calculation on Ratio
of Daily Limit to WLA

CVMeas S2
Effl S2

Effl, 4-day average

Ratio of Daily
Limit to WLAa,c

Ratio of Daily
Limit to WLAc

0.10 0.01 0.00 1.00 1.09

0.20 0.04 0.01 1.00 1.19

0.30 0.09 0.02 1.00 1.27

0.40 0.15 0.04 1.00 1.35

0.45 0.18 0.05 1.00 1.38

0.470 0.1996 0.0538 2.097 1.393

0.471 0.0004 0.0002 2.026 2.042

0.50 0.02 0.01 1.65 1.87

0.60 0.11 0.03 1.39 1.76

0.70 0.20 0.06 1.28 1.74

0.80 0.29 0.09 1.22 1.72

0.90 0.39 0.13 1.18 1.71

1.00 0.49 0.17 1.16 1.70

The State of Virginia Guide, Appendix D, also states:  “Because the statistical approach evaluates
both acute and chronic toxicity of the effluent, only one limit is necessary to protect from both
acute and chronic toxicity.  The limit is expressed only as a maximum daily limit (MDL) because
the frequency of monitoring will typically be less than once per month.  If the testing is to be
monthly, then the MDL can also be expressed as an average monthly limit (AML).” [Comment:
a single MDL limit is not as protective as the combination of limits, one for single observations
(MDL) and another for averages (for example, the quarterly or annual average).  Refer to the TSD
(USEPA 1991a, Section 5.3).] 

G.4.4 Rice Approach

James K. Rice’s unpublished draft, “Laboratory QC and the Regulatory Environment:  Relation
Between Method Performance and Compliance” prescribes a method of accounting for analytical variability
of WET data.  The document was provided with a notation that the typescript was originally submitted to
EPA as a comment on the draft “TSD,” presumably in the period 1989 to 1991.  A synopsis of the method
follows.  The numbered “steps” below were created for this synopsis.  Calculations and symbols have been
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simplified.  This synopsis omits many detailed observations that provide context and guidelines for readers
intending to apply Rice’s method.  

1. Obtain the CV of WET monitoring data (measured values), and the CV of the analytical method,
in symbols CVX, Meas and CVX, Analy.  Sample size is not addressed, but the text indicates that “a large
number” of measurements are needed to characterize variability and bias.  

2. Solve for CVX, Effl
2 in CVX, Meas

2 = CVX, Analy
2

 + CVX, Ttue
2 + (CVX, Analy

2
 * CVX, Effl

2 ), after substituting
the sample estimates of CVX, Meas

2 and CVX, Analy
2.  Thus, solve 

CVX, Effl
2 = (CVX, Meas

2 - CVX, Analy
2

 ) / (1 + CVX, Analy
2

 ).  

[Comment: This formula assumes a model such as Measurement = (Concentration * Recovery),
with multiplicative errors for Concentration and Recovery.  This is one plausible model,
especially for data that are distributed lognormally.  Another plausible model would lead to the
formula CVX, Meas

2 = CVX, Analy
2

 + CVX, Ttue
2.]

3. Calculate LTA values as in the TSD, using CVX, Effl instead of CVX, Meas, and use Z99, the 99th

percentile Z-statistic.  First calculate F2
logX, Effl = ln(1 + CVX, Effl

2) for the variance of log(TU), and
F2

logX, Effl, n = ln(1 + (CVX, Effl
2)/n) for an n-day average.  Then LTAEffl = WLA * exp( 0.5F2

logX, Effl, n -
ZP FlogX, Effl, n).  Rice then calculates LTAmeas = (R/100 ) * LTAEffl, where R is the percent recovery
of the analytical method.  [Comments:  Many chemical methods are now calibrated instrumentally
so that E[R] = 100 percent.  It will be assumed herein that R = 100 percent for WET methods.
There is no discussion of, or accounting for, the sampling error (the uncertainty) that attends the
estimates of R or F2, of the sample sizes required to estimate these well.  The example does not
encompass the derivation and comparison of acute versus chronic LTAs using estimates of the
variance of single observations and averages and selection of the smaller one, as in the 1991 TSD.
Rice’s method could easily be modified for the current TSD approach (see for example, the State
of Virginia method, above).

4. Calculate the MDL and AML limits from the LTA as in the TSD, now using F2
logX, Meas rather than

F2
logX, Effl , and using the 99th percentile Z-statistic.  Thus, 

MDL = LTAmeas * exp( -0.5F2
logX, Meas, 1 + ZP FlogX, Meas, 1 )

AMLn = LTAmeas * exp( -0.5F2
logX, Meas, n + ZP FlogX, Meas, n )

Using this procedure, the limits exceed the WLAc.  

MDL = WLAc * ( VF .99, 1, Meas / VF .99, 4, Effl ) > WLAc
AML n = WLAc * ( VF .99, n, Meas / VF .99, 4, Effl ) > WLAc if n # 4

The AML can exceed WLAc even if n >4, depending upon the variance values.  Because the
current TSD approach of comparing LTAa,c and the LTAc had not been developed by the time of
Rice’s report, he did not apply his procedure to the WLAa,c.

G.4.5 Amelia River Report

The Amelia River Report (USEPA 1987, Appendix G) describes a similar approach, estimating
S2

logX, Effl = S2
logX, Meas + S2

logX, Analy (without any provision for the case S2
logX, Meas # S2

logX, Analy ), calculating LTA
from WLA using S2

logX, Effl, and calculating the limits using S2
logX, Meas .

RB-AR28218



Understanding and Accounting for Method Variability in WET Applications Under the NPDES Program

June 30, 2000 Appendix G-15

G.4.5.1 Modified TSD approach

The methods described above predate the current TSD statistical approach and differ from it.  As noted
in the previous section, one could consider how the current TSD statistical approach could be modified to
account for analytical variability using the same principles.  The LTAs would be calculated using a variance
estimate S2

Effl = S2
Meas - S

2
Analy, the smallest would be selected, and limits would be calculated from the smaller

LTA using S2
Meas.  Table G-3 compares the current and modified calculations for whole effluent toxicity.

Numerical calculations appear in Tables G-4 and G-5.  

Table G-3. A Comparison of the Current TSD Calculation of Limits with a
Modification That Takes into Account the Analytical Variability

Method Smallest LTA Limits

TSD statistical
approach

LTAa,c

LTAc

MDL = WLAa,c ( VF .99, 1, Meas / VF .99, 1, Meas ) = WLAa,c
AML = WLAa,c ( VF .95, N, Meas / VF .99, 1, Meas ) < WLAa,c

MDL = WLAc ( VF .99, 1, Meas / VF .99, 4, Meas ) < or > WLAa,c
AML = WLAc ( VF .95, N, Meas / VF .99, 4, Meas ) < WLAc 

TSD modified to
use S2

Effl to
calculate LTA

LTAa,c

LTAc

MDL = WLAa,c ( VF .99, 1, Meas / VF .99, 1, Effl ) > WLAa,c
AML = WLAa,c ( VF .95, N, Meas / VF .99, 1, Effl ) < or > WLAa,c

MDL = WLAc ( VF .99, 1, Meas / VF .99, 4, Effl ) < WLAc
AML = WLAc ( VF .95, N, Meas / VF .99, 4, Effl ) < or > WLAc

Symbols for estimates based on data (sample estimates):

S2
Meas     sample variance of natural logs of measured TUs

S2
Analy    sample variance of natural logs of measurements on the same or TU

S2
Effl      estimate of variance of natural logs of TUs

               S2
Effl = S2

Meas - S
2
Analy 

VF P, N, xxxx = exp(ZP Sxxx, N - 0.5 S2
xxx, N) estimates the ratio of the P-th percentile to the mean for a lognormal

variate:  the P-th percentile is exp(µ + ZP F) and the mean is exp(µ + 0.5F2).  The mean of a 4-day average
of lognormal observations is assumed to be lognormal (Kahn, H.D., and M.B. Rubin. 1989. Use of
statistical methods in industrial water pollution control regulations in the United States.  Environmental
Monitoring and Assessment 12:129-148).  

The variance estimates may change with and be a function of the TU.
"N" is the number of samples (measurements) intended for use in determining compliance with the average limit,
not the number of data used to calculate the sample variances used in setting limits.
It can be shown that LTAc < LTAa,c implies that WLAc < WLAa,c

For WET, WLAa,c = WLAa * ACR.  It is assumed that the variance of observations (S2
Meas) equals or exceeds

the analytical variance (S2
Analy ).  Numerical comparisons appear in Tables G-2 to G-4.  

Calculations in Tables G-4 and G-5 show the numerical effect of adjustment on permit limits in relation
to the WLA.  These tables show the ratio of the limit to the WLA.  For these calculations, S2

 Meas was
calculated as log(1 + CV2

Meas), while S2
 Meas, 4-day = log(1 + CV2

Meas /4), giving slightly different numerical
results than if S2

 Meas, 4-day = S2
 Meas /4 = log(1 + CV2

Meas) /4.  The first formula is prescribed in the TSD, Box
5-2 and Table 5-1.  The tables show the combinations of CV values used for CVMeas and CVAnaly.  The
variance of TUs was calculated as S2

Effl = S2
 Meas - S

2
Analy using S2

 Meas = log(1 + CV2
Meas) and S2

 Analy = log(1
+ CV2

Analy).
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Table G-4. Ratio of MDL to WLA-LTA from WLA and CVEffl and Limit from LTA

and CVmeas

LTAac is Smallest
Ratio is MDL:WLAa,c

LTAc is Smallest
Ratio is MDL:WLAc

CVAnaly CVAnaly

CVMeas 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5

0.1 1.25 0.00 0.00 0.00 0.00 1.25 0.00 0.00 0.00 0.00

0.2 1.06 1.55 0.00 0.00 0.00 1.28 1.55 0.00 0.00 0.00

0.3 1.04 1.17 1.90 0.00 0.00 1.38 1.47 1.90 0.00 0.00

0.4 1.03 1.11 1.31 2.28 0.00 1.48 1.55 1.69 2.28 0.00

0.5 1.02 1.09 1.22 1.48 2.68 1.58 1.63 1.73 1.93 2.68

0.6 1.02 1.07 1.16 1.33 1.65 1.66 1.70 1.79 1.93 2.18

0.7 1.01 1.06 1.13 1.26 1.47 1.72 1.76 1.83 1.94 2.12

0.8 1.01 1.05 1.11 1.21 1.37 1.77 1.81 1.87 1.96 2.10

0.9 1.01 1.04 1.10 1.18 1.30 1.81 1.84 1.90 1.98 2.09

1.0 1.01 1.04 1.08 1.16 1.26 1.84 1.86 1.91 1.98 2.08
a The LTA was calculated using the WLA and Cveffl.  The limit was calculated using the LTA and CVmeas.

Table G-5. Ratio of AML to WLA

LTAa,c is smallest
ratio is AML:WLAa,c

LTAc is smallest
ratio is AML:WLAc

CVAnaly CVAnaly

CVMeas 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5

0.1 1.08 0.00 0.00 0.00 0.00 1.08 0.00 0.00 0.00 0.00

0.2 0.80 1.17 0.00 0.00 0.00 0.96 1.17 0.00 0.00 0.00

0.3 0.69 0.78 1.26 0.00 0.00 0.92 0.98 1.26 0.00 0.00

0.4 0.61 0.66 0.78 1.36 0.00 0.89 0.93 1.01 1.36 0.00

0.5 0.55 0.59 0.66 0.80 1.45 0.85 0.88 0.94 1.05 1.45

0.6 0.51 0.53 0.58 0.66 0.82 0.83 0.85 0.89 0.96 1.08

0.7 0.47 0.49 0.53 0.58 0.68 0.80 0.82 0.85 0.90 0.98

0.8 0.44 0.46 0.49 0.53 0.60 0.77 0.79 0.82 0.86 0.92

0.9 0.42 0.43 0.45 0.49 0.54 0.75 0.76 0.79 0.82 0.87

1.0 0.40 0.41 0.43 0.46 0.50 0.73 0.74 0.76 0.79 0.83

 NOTE:  If the AML were set at a 99th percentile value, all ratios would exceed 1.00.  It is not surprising that
the ratio in the table for AML is less than 1, should not come close to one, because the 95th percentile was used
in the second part of the equation.  The ratio should be constantly less than one in order to protect water
quality criteria.
a The LTA was calculated using the WLA and Cveffl.  The limit was calculated using the LTA and CVmeas.
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Preface 

This handbook is intended to be a working document which assists scientists, engineers, 
consultants, regulators, citizen groups, and environmental managers in determining if stormwater 
runoff is causing adverse effects and beneficial-use impairments in local receiving waters. This 
includes adverse effects on aquatic life and human health and considers exposures to multiple 
stressors such as pathogens, chemicals, and habitat alteration. Given the complicated nature of the 
problem, where diffuse inputs contain multiple stressors which vary in intensity with time (and 
often in areas which are simultaneously impacted by point source discharges or other development 
activities, e.g., channelization), it is difficult to define and separate stormwater effects from these 
other factors. To accomplish this task requires an integrated watershed-based assessment approach 
which focuses on sampling before, during, and after storm events. 

This handbook provides a logical approach for an experimental design that can be tailored to 
address a wide range of environmental concerns, such as ecological and human health risk assess
ments, determining water quality or biological criteria exceedances, use impairment, source iden
tification, trend analysis, determination of best management practice (BMP) effectiveness, storm
water quality monitoring for NPDES Phase I and II permits and applications, and total maximum 
daily load (TMDL) assessments. Despite the complexity of stormwater, successful and accurate 
assessments of its impact are possible by following the logical integrated approaches described in 
this handbook. 

New methods and technologies are rapidly being developed, so this should be considered a 
“living” document which will be updated as the science warrants. We welcome your input on ways 
to improve future editions. 

Allen Burton 
Bob Pitt 

May 2001 

Disclaimer: The views presented within this document do not necessarily represent those of the 
U.S. Environmental Protection Agency. 
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CHAPTER 1 

Introduction 

“A stench from its inky surface putrescent with the oxidizing processes to which the shadows of the 
over-reaching trees add stygian blackness and the suggestion of some mythological river of death. 
With this burden of filth the purifying agencies of the stream are prostrated; it lodges against 
obstructions in the stream and rots, becoming hatcheries of mosquitoes and malaria. A thing of beauty 
is thus transformed into one of hideous danger.” 

Texas Department of Health 1925 
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Effectiveness of Control Programs ........................................................................................12 
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OVERVIEW: THE PROBLEM OF STORMWATER RUNOFF 

The vivid description, above, of the Trinity River as it flowed through Fort Worth and Dallas, 
TX, in 1925 is no longer appropriate. The acute pollution problems that occurred in the Trinity 
River and throughout the United States before the 1970s have been visibly and dramatically 
improved. The creation of the U.S. Environmental Protection Agency (EPA) and the passage of the 
Clean Water Act (CWA) in 1972 resulted in improved treatment of municipal and industrial 
wastewaters, new and more stringent water quality criteria and standards, and an increased public 
awareness of water quality issues. During the first 18 years of the CWA, regulatory efforts, aimed 
at pollution control, focused almost entirely on point source, end-of-pipe, wastewater discharges. 
However, during this same period, widespread water quality monitoring programs and special 
studies conducted by state and federal agencies and other institutions implicated nonpoint sources 
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(NPS) as a major pollutant category, affecting most degraded waters around the country. For 
example, in Ohio 51% of the streams assessed were thought to be adversely impacted by NPS 
pollution. Nonpoint source pollution presents a challenge from both a regulatory and an assessment 
perspective. Unlike many point source discharges, pollution inputs are not constant, do not reoccur 
in a consistent pattern (i.e., discharge volume and period), often occur over a diffuse area, and 
originate from watersheds whose characteristics and pollutant loadings vary through time. Given 
this extreme heterogeneity, simple solutions to NPS pollution control and the assessment of eco
system degradation are unlikely. Fortunately, methods do exist to accomplish both control and 
accurate assessments quite effectively. To accomplish this, however, one must have a clear under
standing of the nature of the problem, the pollutant sources, the receiving ecosystem, the strengths 
and weaknesses of the assessment tools, and proper quality assurance (QA) and quality control 
(QC) practices. This handbook will discuss these issues as they pertain to assessing stormwater 
runoff effects on freshwater ecosystems. 

SOURCES OF NPS POLLUTION 

A wide variety of activities and media comprise NPS pollution in waters of the United States 
(Table 1.1). The major categories of sources include agriculture, silviculture, resource extraction, 
hydro-modification, urban areas, land disposal, and contaminated sediments. The contribution of 
each category is, of course, a site-specific issue. In Ohio, as in many midwestern and southern 
states, agriculture is the principal source of NPS stressors, as shown in Table 1.2 (ODNR 1989). 

These stressors include habitat destruction (e.g., channelization, removal of stream canopy and 
riparian zone, loss of sheltered areas, turbidity, siltation) and agrichemicals (e.g., pesticides and 
nutrients). In urban areas, stream and lake impairment is also due to habitat destruction; but, in 
addition, physical and chemical contaminant loadings come from runoff from impervious areas 
(e.g., parking lots, streets) of construction sites, and industrial, commercial, and residential areas. 
Numerous studies (such as May 1996) have examined the extent of urbanization in relation to 
decaying receiving water conditions (Figure 1.1). Other contaminant sources that have been doc-

Table 1.1 Nonpoint Source Pollution Categories and Subcategories 

Category: Agriculture 
General agriculture 
Crop production 
Livestock production 
Pasture 
Specialty crop production 

Category: Silviculture 
General silviculture 
Harvesting, reforestation 
Residue management 
Road construction 
Forest management 

Category: Resource Extraction 
General resource extraction 
Surface coal mining 
Subsurface coal mining 
Oil/Gas production 

Category: In-place (Sediment) Pollutants 

Category: Hydromodification 
General hydromodification 
 
Channelization 
 
Dredging 
 
Dam construction 
 
Stream bank modification 
 
Bridge construction 
 

Category: Urban 
General urban 
Storm sewers 
Sanitary sewers 
Construction sites 
Surface runoff 

Category: Land Disposal 
General land disposal 
 
Sludge disposal 
 
Wastewater 
 
Sanitary landfills 
 
Industrial land treatment 
 
On-site wastewater treatment 
 

From EPA. Results of the Nationwide Urban Runoff Program. Water Planning 
Division, PB 84-185552, Washington, D.C. December 1983. 
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Table 1.2 Major Categories of Nonpoint Source Pollution 
Impacting Surface Water Quality in Ohio 

Major Categories of Stream Miles Percentage of Miles 
Nonpoint Source Pollution Affected Affected 

Agriculture 5300 44 
Resource extraction 2000 17 
Land disposal 1600 13 
Hydromodification 1500 13 
Urban 1100 9 
Silviculture 400 3 
In-place pollutants 100 1 
Total stream miles affected 12,000 

From ODNR (Ohio Department of Natural Resources). Ohio Nonpoint 
Source Management Program. Ohio Department of Natural Resources, 
Columbus, OH. 1989. 

Figure 1.1 	 Relationship between basin development, riparian buffer width, and biological integrity in Puget 
Sound lowland streams. (From May, C.W. Assessment of the Cumulative Effects of Urbanization 
on Small Streams in the Puget Sound Lowland Ecoregion: Implications for Salmonid Resource 
Management. Ph.D. dissertation, University of Washington, Seattle. 1996. With permission.) 

umented, but are even more difficult to assess, include accidental spills, unintended discharges, and 
atmospheric deposition. 

The pollutants present in stormwater runoff vary with each watershed; however, certain pollut
ants are associated with specific activities (e.g., soybean farming, automobile service areas) and 
with area uses (e.g., parking lots, construction). By analyzing the land use patterns, watershed 
characteristics, and meteorological and hydrological conditions, an NPS assessment program can 
be focused and streamlined. 

A number of studies have linked specific pollutants in stormwater runoff with their sources 
(Table 1.3). Pitt et al. (1995) reviewed the literature on stormwater pollutant sources and effects 
and also measured pollutants and sample toxicity from a variety of urban source categories of an 
impervious and pervious nature. The highest concentrations of synthetic organics were in roof 
runoff, urban creeks, and combined sewer overflows (CSOs). Zinc was highest from roof runoff 
(galvanized gutters). Nickel was highest in runoff from parking areas. Vehicle service areas produced 
the highest cadmium and lead concentrations, while copper was highest in urban creeks (Pitt et al. 
1995). Most metals in stormwater runoff originate from streets (Table 1.4, FWHA 1987) and parking 
areas. Other metal sources include wood preservatives, algicides, metal corrosion, road salt, bat
teries, paint, and industrial electroplating waste. One large survey (EPA 1983) found only 13 
organics occurring in at least 10% of the samples. The most common were 1,3-dichlorobenzene 

RB-AR28240



6 STORMWATER EFFECTS HANDBOOK 

Table 1.3 Potential Sources of Stormwater Toxicants 

Automobile Use Pesticide Use Industrial/Other 

Halogenated Aliphatics 

Methylene chloride Fumiganta 

Methyl chloride Leaded gasa Fumiganta 

Phthalate Esters 

Di-N-butyl phthalate Insecticide 

Bis (2-ethyhexyl) 
phthalate 

Butylbenzyl phthalate 

Chrysene 
Phenanthrene 
Pyrene 

Benzene 

Chloroform 

Toluene 

Chromium 

Copper 

Lead 
Zinc 

Lindane 

Chlordane 

Polycyclic Aromatic Hydrocarbons 

Gasolinea, oil/grease 
 
Gasoline 
 
Gasoline, oil, asphalt Wood preservatives 
 

Volatiles 

Gasolinea 

Insecticide 

Gasolinea, asphalt 

Heavy Metals 

Metal corrosiona 

Metal corrosion, brake Algicide 
linings 

Gasoline, batteries 
Metal corrosion, road salt, Wood preservative 
rubbera 

Organochlorides and Pesticides 

Mosquito controla 

Seed pretreatment 
Termite controla 

Plastics, paint remover, solvent 
Refrigerant, solvent 

Plasticizera, printing inks, paper, 
stain, adhesive 

Plasticizera 

Plasticizera 

Wood/coal combustiona 

Wood/coal combustiona 

Solvent formed from salt, 
gasoline and asphalt 

Solvent, formed from 
chlorinationa 

Solvent 

Paint, metal corrosion, 
electroplating wastea 

Paint, metal corrosion, 
electroplating wastea 

Paint 
 
Paint, metal corrosiona 
 

Paint 
 
Wood processing 
 
Electrical, insulation, paper 
 
adhesives 
 

Pentachlorophenol Wood preservative 

PCBs 

Dieldrin 
Diazinon 
Chlorpyrifos 
Atrazine 

a Most significant sources. 

Modified from Callahan, M.A., et al., Water Related Environmental Fates of 129 Priority Pollutants. U.S. Envi
ronmental Protection Agency, Monitoring and Data Support Division, EPA-4-79-029a and b. Washington D.C. 
1979; Verschueren, K. Handbook of Environmental Data on Organic Chemicals, 2nd edition. Van Nostrand 
Reinhold Co., New York. 1983. 
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Table 1.4 Highway Runoff Constituents and Their Primary Sources 

Constituents Primary Sources 

Particulates Pavement wear, vehicles, atmosphere, maintenance 
Nitrogen, phosphorus Atmosphere, roadside fertilizer application 
Lead Leaded gasoline (auto exhaust), tire wear (lead oxide filler material, lubricating oil 

and grease, bearing wear) 
Zinc Tire wear (filler materials), motor oil (stabilizing additive), grease 
Iron Auto body rust, steel highway structures (guard rails, etc.), moving engine parts 
Copper Metal plating, bearing and bushing wear, moving engine parts, brake lining wear, 

fungicides and insecticides 
Cadmium Tire wear (filler material), insecticide application 
Chromium Metal plating, moving engine parts, break lining wear 
Nickel Diesel fuel and gasoline (exhaust), lubricating oil, metal plating, bushing wear, 

brake lining wear, asphalt paving 
Manganese Moving engine parts 
Cyanide Anticake compound (ferric ferrocyanide, sodium ferrocyanide, yellow prussiate of 

soda) used to keep deicing salt granular 
Sodium, calcium, chloride Deicing salts 
Sulfate Roadway beds, fuel, deicing salts 
Petroleum Spills, leaks, or blow-by of motor lubricants, antifreeze and hydraulic fluids, asphalt 

surface leachate 
PCB Spraying of highway rights-of-way, background atmospheric deposition, PCB 

catalyst in synthetic tires 

From U.S. DOT, FHWA, Report No. FHWA/RD-84/056-060, June 1987. 

and fluoranthene (23% of the samples). These 13 compounds were similar to those reported in 
most areas. The most common organic toxicants have been from automobile usage (polycyclic 
aromatic hydrocarbons, or PAHs), combustion of wood and coal (PAHs), industrial and home use 
solvents (halogenated aliphatics and other volatiles), wood preservatives (PAHs, creosote, pen
tachlorophenol), and a variety of agricultural, municipal, and highway compounds, and pesticides. 

The major urban pollution sources are construction sites, on-site sewage disposal systems, 
households, roadways, golf courses, parks, service stations, and parking areas (Pitt et al. 1995). 
The primary pollutant from construction is eroded soils (suspended and bedload sediments, dis
solved solids, turbidity), followed by hydrocarbons, metals, and fertilizers. 

Silviculture is a major source of nonpoint pollution in many areas of the country. The primary 
pollutant is eroded soils, which result in elevated turbidity, silted substrates, altered habitat, higher 
dissolved solids, and altered ion ratios in the streams and lakes of the watershed. Water temperatures 
increase as tree canopies are removed and stream flow slows. Fertilizers and pesticides may also 
be used which are transported to the streams via surface runoff, groundwater, and drift. 

Agricultural activities contribute a wide variety of stormwater pollutants, depending on the 
production focus and ecoregion. Major pollutants include eroded soils, fertilizers, pesticides, hydro
carbons (equipment-related), animal wastes, and soil salts. 

The hydromodification category of NPS includes dredging, channelization, bank stabilization, 
and impoundments. Stormwaters obviously do not “run off” any of these sources, but stormwater 
(high flow) does degrade waters associated with these sources. Water quality parameters which 
may be affected by these sources during stormwater events include turbidity, sediment loading 
(habitat alteration), dissolved solids, temperature, nutrients, metals, synthetic organics, dissolved 
oxygen, pathogens, and toxicity. 

Of a more site-specific nature, resource extraction, land waste disposal, and contaminated 
sediments are sources of pollutants during stormwater events. Activities such as sand and gravel, 
metal, coal, and oil and gas extraction from or near receiving waters may contribute to habitat 
alteration and increased turbidity, siltation, metals, hydrocarbons, and salt during storm events. 
Land waste disposal sources consist of sludge farm runoff, landfill and lagoon runoff and leachate, 
and on-site septic system (leachfield) overflows. These sources may contribute a variety of pollutants 
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to receiving waters such as nutrients, solids (dissolved and suspended), pathogens, metals, and 
synthetic organics. Contaminated sediments occur in numerous areas throughout the United States 
(EPA 1994). Many nutrients and toxic metals, metalloids, and synthetic organics readily sorb to 
particulates (organic or inorganic) which accumulate as bedded sediments. During storm events, 
these sediments may be resuspended and then become more biologically active by pollutant 
desorption, transformation, or particle uptake by organism ingestion. 

The specific stormwater pollutants vary dramatically in their fate and effect characteristics. In 
most assessments of NPS pollution, there are many unknowns, such as: 

• What are the pollutants of concern? 
• What are the pollutant sources? 
• What are the pollutant loadings? 

These common unknowns provide the rationale for use of an integrated assessment strategy 
(see Unit 2) which incorporates several essential components of runoff-receiving water systems. 

REGULATORY PROGRAM 

In February 1987, amendments to the federal Clean Water Act (CWA) were passed by Congress 
and required states (Sections 101 and 319) to assess NPS pollution and develop management 
programs. These programs are to be tailored on a watershed-specific basis, although they are 
structured along political jurisdictions. There are also NPS requirements under Section 6217 of the 
Coastal Zone Act Reauthorization Amendments of 1990. The EPA published the Phase 1 stormwater 
discharge regulations for the CWA in the Federal Register on November 16, 1990. The regulations 
confirm stormwater as a point source that must be regulated through permits issued under the 
National Pollutant Discharge Elimination System (NPDES). Certain specified industrial facilities 
and large municipalities (>100,000 population) fell under the Phase 1 regulations. The Phase 2 
regulations were enacted in October 1999, requiring municipalities of 10,000 and greater to comply 
with stormwater control guidelines. 

Monitoring activities must be part of the Phase 1 NPDES stormwater permit requirements. One 
monitoring element is a field screening program to investigate inappropriate discharges to the storm 
drainage system (Pitt et al. 1993). The Phase 1 requirements also specified outfall monitoring during 
wet weather to characterize discharges from different land uses. Specified industries are also 
required to periodically monitor their stormwater discharges. Much of the local municipal effort 
associated with the Phase 1 permit requirements involved describing the drainage areas and outfalls. 
Large construction sites are also supposed to be controlled, but enforcement has been very spotty. 
Local governments have been encouraged by the EPA to develop local stormwater utilities to pay 
for the review and enforcement activities required by this regulation. The Phase 2 permit require
ments are likely to have reduced required monitoring efforts for small communities and remaining 
industries. 

The Stormwater Phase 2 Rule was published in early November 1999 in the Federal Register. 
The purpose of the rule is to designate additional sources of stormwater that need to be regulated 
to protect water quality. Two new classes of facilities are designated for automatic coverage on a 
nationwide basis: 

1. 	 Small municipal separate storm sewer systems located in urbanized areas (about 3500 municipal
ities) [Phase 1 included medium and large municipalities, having populations greater than 100,000] 

2. 	Construction activities that disturb between 1 and 5 acres of land (about 110,000 sites a year) 
[Phase 1 included construction sites larger than 5 acres] 
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There is also a new “no exposure” incentive for Phase 1 sites having industrial activities. It is 
expected that this will exclude about 70,000 facilities nationwide from the stormwater regulations. 
The NPDES permitting authority would need to issue permits (most likely general permits) by 
May 31, 2002. 

Proposed construction site regulations in the Phase 2 rule include: 

1. 	 Ensure control of other wastes at construction sites (discarded building materials, concrete truck 
washout, sanitary wastes, etc.) 

2. 	 Implement appropriate best management practices (such as silt fences, temporary detention ponds, 
etc.) 

3. Require preconstruction reviews of site management plans 
4. Receive and consider public information 
5. Require regular inspections during construction 
6. Have penalties to ensure compliance 

If local regulations incorporate the following principles and elements into the stormwater 
program, they would be considered as “qualifying” programs that meet the federal requirements: 

Five Principles 
1. Good site planning 
2. Minimize soil movement 
3. Capture sediment 
4. Good housekeeping practices 
5. Mitigation of post-construction stormwater discharges 

Eight Elements 
1. Program description 
2. Coordination mechanism 
3. Requirements for nonstructural and structural BMPs 
4. Priorities for site inspections 
5. Education and training 
6. Exemption of some activities due to limited impacts 
7. Incentives, awards, and streamlining mechanisms 
8. Description of staff and resources 

Unfortunately, many common stormwater parameters which cause acute and chronic toxicity 
or habitat problems are not included in typical monitoring programs conducted under the NPDES 
stormwater permit program. Therefore, stormwater discharges that are degrading receiving waters 
may not be identified as significant outfalls from these monitoring efforts. Conversely, these data 
may suggest significant pollution is adversely affecting receiving waters, when in fact it is not. As 
discussed later in this book, the recent promotion and adoption of integrated assessment approaches 
which utilize stream biological community indices, toxicity, and habitat characterization of receiv
ing waters provide much more reliable data on stormwater discharge effects and water quality. 

Section 304 of the CWA directs EPA to develop and publish information on methods for 
measuring water quality and establishing water quality criteria for toxic pollutants. These other 
approaches include biological monitoring and assessment methods which assess the effects of 
pollutants on aquatic communities and factors necessary to restore and maintain the chemical, 
physical, and biological integrity of all waters. These “toolboxes” are intended to enable local users 
to make more efficient use of their limited monitoring resources. Of course, a primary purpose of 
this book is also to provide guidance to this user community. As such, it is hoped that this book 
can be considered a “super” toolbox, especially with its large number of references for additional 
information and its detailed case studies. 
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APPLICATIONS OF THE HANDBOOK 

The first aspect of designing a monitoring program is describing how the data are to be used. 
This may include future uses of the data and must also include the necessary quality of the data 
(allowable errors). Many uses of the data may be envisioned, as shown in the following brief 
discussion. Data may be used in the evaluation of local stormwater problems (risk assessments) 
and identification of pollutant sources to support a comprehensive stormwater management pro
gram, compliance monitoring required by regulations, model calibration and verification for TMDL 
(total maximum daily load) evaluations, evaluation of the performance of control practices, screen
ing analyses to identify sources of pollutants, etc. It is critical that an integrated assessment approach 
(designed on a site-specific basis) be used to improve the validity of the assessment and its resulting 
conclusions. Critical aspects of this are discussed below. 

Stormwater Management Planning (Local Problem Evaluations and Source 
Identifications) 

Stormwater management planning encompasses a wide range of site-specific issues. The local 
issues that affect stormwater management decisions include understanding local problems and the 
sources of pollutants or flows that affect these problems. Local monitoring therefore plays an 
important role in identifying local problems and sources. 

The main purpose of treating stormwater is to reduce its adverse impacts on receiving water 
beneficial uses. Therefore, it is important in any stormwater runoff study to assess the detrimental 
effects that runoff is actually having on a receiving water. Receiving waters may have many 
beneficial use goals, including: 

• Stormwater conveyance (flood prevention) 
• Biological uses (warm water fishery, biological integrity, etc.) 
• Noncontact recreation (linear parks, aesthetics, boating, etc.) 
• Contact recreation (swimming) 
• Water supply 

As discussed in Chapter 2, it is unlikely that any of these uses can be fully obtained with full 
development in a watershed and with no stormwater controls. However, the magnitude of these 
effects varies greatly for different conditions. Obviously, local monitoring and evaluation of data 
are needed to describe specific local problems, especially through the use of an integrated moni
toring approach that considers physical, chemical, and biological observations collectively. As 
described throughout this book, relying only on a single aspect of receiving water conditions, or 
applying general criteria to local data, can be very misleading, and ultimately expensive and 
ineffective. 

After local receiving problems are identified, it is necessary to understand what is causing the 
problems. Again, this can be most effectively determined through local monitoring. Runoff is 
comprised of many separate source area flow components and phases that are discharged through 
the storm drainage system and includes warm weather stormwater, snowmelt, baseflows, and 
inappropriate discharges to the storm drainage (“dry-weather” flows). It may be important to 
consider all of these potential urban flow discharges when evaluating alternative stormwater man
agement options. 

It may be adequate to consider the combined outfall conditions alone when evaluating the long
term, area-wide effects of many separate outfall discharges to a receiving water. However, if better 
predictions of outfall characteristics (or the effects of source area controls) are needed, then the 
separate source area components must be characterized. The discharge at an outfall is made up of 
a mixture of contributions from different source areas. The “mix” depends on the characteristics 
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of the drainage area and the specific rain event. The effectiveness of source area controls is therefore 
highly site and storm specific. 

Risk Assessments 

Risk assessments contain four major components (NRC 1983): 

• Hazard identification 
• Effects characterization 
• Exposure characterization 
• Risk characterization 

Hazard identification includes quantifying pollutant discharges, plus modeling the fate of the 
discharged contaminants. Obviously, substantial site-specific data are needed to prepare the selected 
model for this important aspect of a risk assessment. Knowledge about the mass and concentration 
discharges of a contaminant is needed so the transport and fate evaluations of the contaminant can 
be quantified. Knowledge of the variations of these discharges with time and flow conditions is 
needed to determine the critical dose–response characteristics for the contaminants of concern. A 
suitable model, supported by adequate data, is necessary to produce the likely dose–stressor 
response characteristics. Exposure assessment is related to knowledge of the users of receiving 
waters and contaminated components (such as contaminated fish that are eaten, contaminated 
drinking water being consumed, children exposed to contaminated swimming by playing in urban 
creeks, etc.). Finally, the risk is quantified based on this information, including the effects of all 
of the possible exposure pathways. Obviously, many types of receiving water and discharge data 
are needed to make an appropriate risk assessment associated with exposure to stormwater, espe
cially related to discharge characteristics, fate of contaminants, and verification of contaminated 
components. The use of calibrated and validated discharge and fate models is therefore necessary 
when conducting risk assessments. 

Total Maximum Daily Load (TMDL) Evaluations 

The total maximum daily load (TMDL) for a stream is the estimated maximum discharge that 
can enter a water body without affecting its designated uses. TMDLs can be used to allocate 
discharges from multiple sources and to define the level of control that may be needed. Historically, 
assimilative capacities of many receiving waters were based on expected dissolved oxygen con
ditions using in-stream models. Point source discharges of BOD were then allocated based on the 
predicted assimilative capacity. Allowed discharges of toxic pollutants can be determined in a 
similar manner. Existing background toxicant concentrations are compared to water quality criteria 
under critical conditions. The margin in the pollutant concentration (difference between the existing 
and critical concentrations) is multiplied by the stream flow to estimate the maximum allowable 
increased discharge, before the critical criteria would likely be exceeded. There has always been 
concern about margins of safety and other pollutant sources in the simple application of assimilative 
capacity analyses. The TMDL process is a more comprehensive approach that attempts to examine 
and consider all likely pollutant sources in the watershed. The EPA periodically publishes guidance 
manuals describing resources available for conducting TMDL analyses (Shoemaker et al. 1997, 
for example). 

Model Calibration and Validation 

A typical use of stormwater monitoring data is to calibrate and validate models that can be 
used to examine many questions associated with urbanization, especially related to the design of 
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control programs to reduce problem discharges effectively. All models need to be calibrated for 
local conditions. Local rain patterns and development characteristics, for example, all affect runoff 
characteristics. Calibration usually involves the collection of an initial set of data that is used to 
modify the model for these local characteristics. Validation is an independent check to ensure that 
the calibrated model produces predictions within an acceptable error range. Unfortunately, many 
models are used to predict future conditions that are not well represented in available data sets, or 
the likely future conditions are not available in areas that could be monitored. These problems, 
plus many other aspects of modeling, require someone with good skill and support to ensure 
successful model use. 

Model calibration and validation involves several steps that are similar for most stormwater 
modeling processes. The best scenario may be to collect all calibration information from one 
watershed and then validate the calibrated model using independent observations from another 
watershed. Another common approach is to collect calibration information for a series of events 
from one watershed, and then validate the calibrated model using additional data from other storms 
from the same watershed. Numerous individual rainfall-runoff events may need to be sampled to 
cover the range of conditions of interest. For most stormwater models, detailed watershed infor
mation is also needed. Jewell et al. (1978) presented one of the first papers describing the problems 
and approaches needed for calibrating and validating nonpoint source watershed scale models. Most 
models have descriptions of recommended calibration and validation procedures. Models that have 
been used for many years (such as SWMM and HSPF) also have many publications available 
describing the sensitivity of model components and the need for adequate calibration. 

It is very important that adequate QA/QC procedures be used to ensure the accuracy and 
suitability of the data. Common problems during the most important rainfall-runoff monitoring 
activities are associated with unrepresentative rainfall data (using too few rain gauges and locating 
them incorrectly in the watershed), incorrect rain gauge calibrations, poor flow-monitoring condi
tions (surcharged flows, relying on Manning’s equation for V and Q, poor conditions at the 
monitoring location), etc. The use of a calibrated flume is preferred, for example. Other common 
errors are associated with inaccurate descriptions of the watershed (incorrect area, amount of 
impervious area, understanding of drainage efficiency, soil characteristics, etc.). Few people appre
ciate the inherent errors associated with measuring rainfall and runoff. Most monitoring programs 
are probably no more than ±25% accurate for each event. It is very demanding to obtain rainfall 
and runoff data that is only 10% in error. This is most evident when highly paved areas (such as 
shopping centers or strip commercial areas) are monitored and the volumetric runoff coefficients 
are examined. For these areas, it is not uncommon for many of the events to have volumetric runoff 
coefficient (Rv) values greater than 1.0 (implying more runoff than rainfall). Similar errors occur 
with other sites but are not as obvious. 

Data from several watersheds are available for the calibration and validation process. If so, start 
with data from the simplest area (mostly directly connected paved areas and roofs, with little 
unpaved areas). This area probably represents commercial roofs and parking/storage areas alone. 
These areas should be calibrated first, before moving on to more complex areas. The most complex 
areas, such as typical residential areas having large expanses of landscaped areas and with most 
of the roofs being disconnected from the drainage areas, should be examined last. 

Effectiveness of Control Programs 

Effective stormwater management programs include a wide variety of control options that can 
be utilized to reduce receiving water problems. With time and experience, some of these will be 
found to be more effective than others. In order to identify which controls are most cost-effective 
for a specific area, local performance evaluations should be conducted. In many cases, straightfor
ward effectiveness monitoring (comparing influent with effluent concentrations for a stormwater 
filter, for example) can be utilized, while other program elements (such as public education or street 
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cleaning) can be much more difficult to evaluate. Therefore, this book presents monitoring 
approaches that can be utilized for a broad range of control programs. These monitoring activities 
may appear to be expensive. However, the true cost of not knowing how well currently utilized 
controls function under local conditions can be much more costly than obtaining accurate local 
data and making appropriate changes in design methods. 

The first concern when investigating alternative treatment methods is determining the needed 
level of stormwater control. This determination has a great effect on the cost of the stormwater 
management program and needs to be made carefully. Problems that need to be addressed range 
from sewerage maintenance issues to protecting many receiving water uses. As an example, Laplace 
et al. (1992) recommends that all particles greater than about 1 to 2 mm in diameter be removed 
from stormwater in order to prevent deposition in sewerage. The specific value is dependent on the 
energy gradient of the flowing water in the drainage system and the hydraulic radius of the sewerage. 
This treatment objective can be easily achieved using a number of cost-effective source area and 
inlet treatment practices. In contrast, much greater levels of stormwater control are likely needed 
to prevent excessive receiving water degradation. Typical treatment goals usually specify about 
80% reductions in suspended solids concentrations. For most stormwaters, this would require the 
removal of most particulates greater than about 10 µm in diameter, about 1% of the 1 mm size 
noted above to prevent sewerage deposition problems. Obviously, the selection of a treatment goal 
must be done with great care. 

There are many stormwater control practices, but not all are suitable in every situation. It is 
important to understand which controls are suitable for the site conditions and can also achieve the 
required goals. This will assist in the realistic evaluation for each practice of the technical feasibility, 
implementation costs, and long-term maintenance requirements and costs. It is also important to 
appreciate that the reliability and performance of many of these controls have not been well 
established, with most still in the development stage. This is not to say that emerging controls 
cannot be effective; however, there is not a large amount of historical data on which to base designs 
or to provide confidence that performance criteria will be met under the local conditions. Local 
monitoring can be used to identify the most effective controls based on the sources of the identified 
problem pollutants, and monitoring can be utilized to measure how well in-place controls are 
functioning over the long term. These important data can be used to modify recommendations for 
the use of specific controls, design approaches, and sizing requirements. 

Compliance with Standards and Regulations 

The receiving water (and associated) monitoring tools described in this book can also be used 
to measure compliance with standards and regulations. Numerous state and local agencies have 
established regulatory programs for moderate and large-sized communities due to the EPA’s NPDES 
(National Pollutant Discharge Elimination System) stormwater permit program. The recently 
enacted Phase 2 regulations will extend some stormwater regulations to small communities through
out the United States. In addition, the increasing interest in TMDL evaluations in critical watersheds 
also emphasizes the need for local receiving water and discharge information. These regulatory 
programs all require certain monitoring, modeling, and evaluation efforts that can be conducted 
using procedures and methods described in this book. 
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CHAPTER 2 

Receiving Water Uses, Impairments, 
and Sources of Stormwater Pollutants 

“Bathing in sewage-polluted seawater carries only a negligible risk to health, even on beaches that 
are aesthetically very unsatisfactory.” 

Committee on Bathing Beach Contamination 
Public Health Laboratory Service of the U.K. 

1959 
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INTRODUCTION 

Wet-weather flow impacts on receiving waters have been historically misunderstood and de-
emphasized, especially in times and areas of poorly treated municipal and industrial discharges. 
The above 1959 quote from the Committee on Bathing Beach Contamination of the Public Health 
Laboratory Service of the U.K. demonstrates the assumption that periodic combined sewer over-
flows (CSOs), or even raw sewage discharges, produced negligible human health risks. Is it any 
wonder then that the much less dramatically contaminated stormwater discharges have commonly 
been considered “clear” water by many regulators? 

The EPA reported that only 57% of the rivers and streams in the United States fully support 
their beneficial uses (Figure 2.1). A wide variety of pollutants and sources are the cause of impaired 

15 

RB-AR28250



16 STORMWATER EFFECTS HANDBOOK 

Overall Use Support 
in Surveyed Rivers and Streams 

Good 
(Fully Supporting) 

57% 

Good 
(Threatened) 

7% 

Fair 
(Partially 

Supporting) 
22% 

Poor 
(Not 

Supporting) 
14% 

Poor 
(Not 

Attainable) 
<1% 

Figure 2.1 U.S. rivers and streams meet
ing designated beneficial uses. Note: Per
centages do not add to 100% because more 
than one pollutant or source may impair a 
segment of ocean shoreline. (From U.S. 
Environmental Protection Agency. National 
Water Quality Inventory. 1994 Report to 
Congress. Office of Water. EPA 841-R-95-
005. Washington, D.C. December 1995.) 
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Figure 2.2 Pollutants and 
sources impairing U.S. rivers. 
Note: Percentages do not add 
to 100% because more than 
one pollutant or source may 
impair a segment of ocean 
shoreline. (From U.S. Environ
mental Protection Agency. 
National Water Quality Inven
tory. 1994 Report to Congress. 
Office of Water. EPA 841-R-
95-005.  Washington, D.C. 
December 1995.) 

uses (Figures 2.2 through 2.6) but runoff from urban and agricultural sources dominate. This book 
contains discussions of instances of beneficial use impairments associated with stormwater runoff 
and the possible sources of the stressors of these effects. However, stormwater effects on receiving 
waters are not always clear and obvious. As will be evident to the reader, most stormwater runoff 
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Figure 2.3 Agricultural 
activities affecting U.S. 
rivers and streams. Note: 
Percentages do not add to 
100% because more than 
one pollutant or source 
may impair a segment of 
ocean shoreline. (From 
U.S. Environmental Pro
tection Agency. National 
Water Quality Inventory. 
1994 Report to Congress. 
Office of Water. EPA 841-
R-95-005. Washington, 
D.C. December 1995.) 
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assessments have been conducted in urban waterways, with fewer examples for agricultural systems. 
However, many of the approaches, methods, and receiving water effects are similar in both urban 
and agriculturally dominated waterways. In completely urbanized watersheds, the small urban 
streams are commonly severely degraded, but they typically have no official beneficial uses or 
monitoring programs (and may be intermittent in flow), and are therefore unrecognized as being 
impacted or important. Unfortunately, these streams receive substantial recreational use by neigh
borhood children. Besides the obvious safety concerns and potential drowning fears, the water 
quality of urban streams can present significant risks. In older cities, stream sediments downstream 
from historical industrial areas can be heavily contaminated by heavy metals and organic com
pounds. Even in nonindustrialized areas, metallic and organic contamination can be high. Unfor
tunately, bacteria concentrations, especially near outfalls during and soon after rains, are always 
very high in these small streams, although the health risks are poorly understood. Sediment bacteria 
conditions are also always high, as the sediments appear to be an excellent sink for bacteria. 
Children, and others, playing in and near the streams therefore are exposed to potentially hazardous 
conditions. In addition, inner-city residents sometimes rely on nearby urban waterways for fishing 
opportunities, both for recreation and to supplement food supplies. 

In contrast to the above obvious conditions associated with small streams in completely urban
ized watersheds, wet-weather flows from relatively large cities discharging into large waterways 
may not be associated with obvious in-stream detrimental conditions. In one example, frequent 
CSO discharges from Nashville, TN, into the Cumberland River were not found to produce any 
significant dissolved oxygen (DO) or fecal coliform problems (Cardozo et al. 1994). However, 
Nashville is currently investigating sources of high bacteria levels in the small urban streams 
draining heavily urbanized city watersheds. A series of studies of airport deicing compound runoff 
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Leading Pollutants Impaired % 
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Figure 2.4 Pollutants 
and sources affecting 
U.S. lakes. Note: Per
centages do not add to 
100% because more 
than one pollutant or 
source may impair a 
segmen t  o f  ocean  
shoreline. (From U.S. 
Environmental Protec
tion Agency. National 
Water Quality Inven
tory. 1994 Report to 
Congress. Office of 
Water. EPA 841-R-95-
005. Washington, D.C. 
December 1995.) 

at Milwaukee’s Mitchell Field is another example that demonstrates unique site-specific conditions 
affecting receiving water impacts. This study, conducted by the USGS and the Wisconsin Depart
ment of Natural Resources, found that the extremely high BOD concentrations (several thousand 
mg/L) associated with the deicing runoff had negligible effects on the DO levels in the small streams 
draining the airport area to Lake Michigan. They concluded that the cold temperatures occurring 
during the times of deicing runoff significantly reduced the BOD decomposition rate, and that the 
small streams had short travel times before discharging into Lake Michigan, where it was well 
mixed. Under laboratory conditions, the BOD rate would be much faster, and would be expected 
to produce dramatically low DO conditions for almost any condition in these small streams. 

Other obvious receiving water problems, such as fish kills, are also rarely associated with 
stormwater discharges, as described in Chapter 3. Stormwater discharges occur frequently, and 
normally do not create acute toxicity problems (or extremely low DO conditions). Fish surviving 
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Figure 2.5 Pol lu tan ts  
and sources affecting U.S. 
estuaries. Note: Percent-
ages do not add to 100% 
because more than one 
pollutant or source may 
impair a segment of ocean 
shorel ine. (From U.S. 
Environmental Protection 
Agency. National Water 
Quality Inventory. 1994 
Repor t  to  Congress  . 
Office of Water. EPA 841-
R-95-005. Washington, 
D.C. December 1995.) 

in urban streams are tolerant species, with most of the intolerant organisms long since gone. It is 
therefore unusual for fish kills to occur, unless severe inappropriate discharges infrequently occur 
(such as those associated with industrial accidents, runoff from fire fighting, or improper waste 
disposal activities). However, chronic toxicity, mostly associated with contaminated sediments or 
suspended solids, is associated with stormwater. The effects of this chronic toxicity, plus habitat 
problems, are the likely causes of the commonly observed significant shifts in the in-stream 
biological community from naturally diverse (mostly intolerant) species to a much less diverse 
assemblage of introduced tolerant species. There is increasing evidence that stormwaters in urban 
and agriculturally dominated watersheds are often toxic (see Chapter 6). However, traditional 
toxicity approaches often do not detect problems associated with pulse exposures and or particulate-
associated toxicity. More recently, both laboratory and in-stream (in situ) toxicity tests, especially 
associated with moderate to long-term exposures to contaminated sediments and particulates, have 
shown significant stormwater toxicity. 
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and sources affecting U.S. 
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Percentages do not add to 
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may impair a segment of 
ocean shoreline. (From 
U.S. Environmental Pro
tection Agency. National 
Water Quality Inventory. 
1994 Report to Congress. 
Office of Water. EPA 841-
R-95-005. Washington, 
D.C. December 1995.) 

The discharges of stormwater are also periodic, causing different types of effects than the better-
regulated continuous point source discharges. Stormwater causes episodic disturbances in aquatic 
ecosystems (Minshall 1988) whose patterns of occurrence are chaotic in nature (Pool 1989) and 
characteristics are unique to each event. The sciences of aquatic ecology and aquatic toxicology 
have progressed to the point where the effects of continuous levels of single stressors (e.g., dissolved 
oxygen, temperature, copper, DDT, diazinon, chlorpyrifos) on a wide variety of common aquatic 
species are known. The effects that the single stressors have, or may have, in stormwater are 
therefore known with reasonable certainty. However, as is shown in Table 2.1, nonpoint sources, 
including stormwater, contain multiple stressors that are applied intermittently, and science currently 
has a poor understanding of stressor interactions and effects. 

The attributes of each stormwater event are a result of previous meteorological conditions (e.g., 
dry deposition, air patterns, humidity), land use patterns (e.g., traffic and parking patterns, con
struction and landscaping activities), storm intensity and duration, and other watershed character-
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Table 2.1 Potential Effects of Some Sources of Alteration on Stream Parameters 
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istics. Because of the potentials for extreme heterogeneity in stormwater and its associated quality, 
predicting effects to receiving waters is difficult and crude at best. Stormwaters often contain a 
large number of potential stressors to aquatic ecosystems. These stressors include oxygen demand, 
suspended solids, dissolved solids (including salts), altered ion ratios, nutrients, pathogens, metals, 
natural and synthetic organics, pH, and temperature. These stressors may interact to varying degrees 
in an antagonistic, additive, or synergistic fashion, affecting organisms in the receiving water. 

There are numerous receiving water problems associated with stormwater that interfere with 
beneficial uses. The most obvious is the substantial increase in runoff causing increases in the 
frequency and magnitude of flooding along urban streams. Increases in stream flows also cause 
significant habitat problems in urban streams by attempting to enlarge the stream cross sections, 
causing significant channel erosion and unstable conditions. Stream-side residents also dramatically 
affect habitat by removing riparian vegetation and large organic debris from the streams. Another 
significant and obvious effect is the increase in sediment associated with poorly controlled con
struction site runoff. This sediment smothers coarse stream sediments that are needed by many 
spawning fish, and fills in stream pool areas. Another obvious receiving water problem associated 
with stormwater is the large amount of floating trash and litter (some hazardous) that is discharged 
by stormwater and that accumulates along urban waterways. This creates unsightly and potentially 
hazardous conditions interfering with noncontact recreational uses of the stream corridors. 

The degree of impact on an exposed organism is dependent on numerous factors, such as the 
organism’s sensitivity, life stage, feeding habits, frequency of exposure, and magnitude and duration 
of exposure. The organism or community affected by stormwater induces changes in other com
ponents of their ecosystem including habitat, food sources, predator–prey relationships, competi
tion, and other behavior patterns. It is clear that there is no simple method by which to detect an 
effect of stormwaters on the receiving water ecosystem. Human health and safety concerns asso
ciated with stormwater discharges are also highly variable depending on many site conditions. 
Chapters 3 and 4 discuss ways in which effects can be assessed effectively, despite the complex, 
heterogeneous nature of the system, while Chapters 5 and 6 describe how specific monitoring 
activities can be carried out. Chapters 7 and 8 outline ways to evaluate the collected data to 
accomplish the study goals, outlined in Chapter 4. 

The main purpose of treating stormwater is to reduce its adverse impacts on receiving water 
beneficial uses. Therefore, it is important in any stormwater runoff study to assess the detrimental 
effects that runoff is actually having on a receiving water. Below are discussions of the basic 
receiving water beneficial uses that need to be considered in all cases. 

BENEFICIAL USE IMPAIRMENTS 

Recognized Value of Human-Dominated Waterways 

With full development in a watershed and with no stormwater controls, it is unlikely that any 
of the basic beneficial uses can be achieved. With less development, and with the application of 
stormwater controls, some uses may be possible. However, it is important that unreasonable 
expectations not be placed on urban or agricultural waters, as the cost to obtain these uses may be 
prohibitive. With full-scale development and lack of adequate stormwater controls, severely 
degraded streams will be common. In all cases, stormwater conveyance and aesthetics should be 
the basic beneficial use goals for all human-dominated waters. Biological uses should also be a 
goal, but with the realization that the natural stream ecosystem will be severely modified with 
urbanization and agricultural activities. Certain basic stormwater controls, installed at the time of 
development, plus protection of stream habitat, may enable partial to full use of some of these 
basic goals. Careful planning and optimal utilization of stormwater controls are necessary to obtain 
these basic goals in most watersheds. Water contact recreation, consumptive fisheries, and water 
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Figure 2.7 	 Original section of Riverwalk in San Figure 2.8 New section of Riverwalk in San Anto-
Antonio, TX. nio, TX. 

supplies are not appropriate goals for most heavily developed watersheds. However, these higher uses 
may be possible in urban areas where the receiving waters are large and drain mostly undeveloped areas. 

There are many examples throughout the world where local citizens have recognized the added 
value that aesthetically pleasing waters contribute to cities. With this recognition comes a local 
pride in these waters and a genuine desire to improve their condition. In many cases, water has 
played an important part in the economic renewal of an inner city area. Dreiseitl (1998) states that 
“stormwater is a valuable resource and opportunity to provide an aesthetic experience for the city 
dweller while furthering environmental awareness and citizen interest and involvement.” He found 
that water flow patterns observed in nature can be duplicated in the urban environment to provide 
healthy water systems of potentially great beauty. Without reducing safety, urban drainage elements 
can utilize water’s refractive characteristics and natural flow patterns to create very pleasing urban 
areas. Successful stormwater management in Germany has been best achieved by using several 
measures together. Small open drainage channels placed across streets have been constructed of 
cobbles. These collect and direct the runoff, plus slow automobile traffic and provide dividing lines 
for diverse urban landscaping elements. The use of rooftop retention and evaporation areas reduce 
peak flows. Dreiseitl has found that infiltration and retention ponds can also be used to great 
advantage by providing a visible and enjoyable design element in urban landscapes. 

Probably the most famous U.S. example of the economic benefits that water has contributed in an 
older part of a city is Riverwalk in San Antonio, TX. Many cities would like to emulate Riverwalk, with 
the great economic benefit that it has provided to San Antonio (Figures 2.7 through 2.9). Riverwalk was 
conceived and constructed many decades ago, but only in recent years has its full value been realized. 
Bellingham, WA (Figure 2.10), Austin, TX (Figure 2.11), and Denver, CO (Figures 2.12 through 2.14) 
are some of the other U.S. cities that have long enjoyed central city urban creek corridors. 

Dreiseitl (1998) described the use of stormwater as an important component of the Potsdamer 
Platz in the center of Berlin. Roof runoff will be stored in large underground cisterns, with some 
filtered and used for toilet flushing and irrigation. The rest of the roof runoff will flow into a 1.4-
ha (3.8-acre) concrete-lined lake in the center of the project area. The small lake provides an 
important natural element in the center of this massive development and regulates the stormwater 
discharge rate to the receiving water (Landwehrkanal). The project is also characterized by numer
ous fountains, including some located in underground parking garages. 
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Figure 2.9 	 Litter control along Riverwalk, San Anto- Figure 2.10 Bike and walking trail along Watcom 
nio, TX. Creek, Bellingham, WA. 

Figure 2.11 	Barton Springs swimming area, Austin, Figure 2.12 Cherry Creek walkway, downtown Den-
TX. ver, CO. 

Figure 2.13 Cherry Creek walk in Denver, CO. Figure 2.14 	Cherry Creek and Platte River junction 
in Denver, CO. 
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Göransson (1998) also described the aesthetic use of stormwater in Swedish urban areas. The 
main emphasis was to retain the stormwater in surface drainages instead of rapidly diverting it to 
underground conveyances. Small, sculpted rainwater channels are used to convey roof runoff 
downspouts to the drainage system. Some of these channels are spiral in form and provide much 
visual interest in areas dominated by the typically harsh urban environment. Some of these spirals 
are also formed in infiltration areas and are barely noticeable during dry weather. During rains, 
increasing water depths extenuate the patterns. Glazed tile, small channels with perforated covers, 
and geometrically placed bricks with large gaps to provide water passage slightly below the surface 
help urban dwellers better appreciate the beauty of flowing water. 

Tokyo has instituted major efforts to restore historical urban rivers that have been badly polluted, 
buried, or have had all of their flows diverted. Fujita (1998) describes how Tokyo residents place 
great value on surface waterways: “Waterfront areas provide urban citizens with comfort and joy 
as a place to observe nature and to enjoy the landscape.” Unfortunately, the extensive urbanization 
that has taken place in Tokyo over the past several decades has resulted in severe stream degradation, 
including the disappearance of streams altogether. However, there has recently been a growing 
demand for the restoration of polluted urban watercourses in Tokyo. This has been accomplished 
in many areas by improved treatment of sanitary sewage, reductions in combined sewer overflows, 
and by infiltration of stormwater. 

Fujita (1998) repeatedly states the great importance the Japanese place on nature, especially 
flowing water and the associated landscaping and attracted animals. They are therefore willing to 
perform what seems to be extraordinary efforts in urban stream recovery programs in one of the 
world’s largest cities. The stream recovery program is but one element of the local efforts to provide 
a reasonably balanced urban water program. Water reuse and conservation are also important 
elements in their efforts. Stormwater infiltration to recharge groundwaters and the use of treated 
wastewaters for beneficial uses (including stream restoration, plus landscaping irrigation, train 
washing, sewer flushing, fire fighting, etc.) are all important elements of these efforts, although 
this reuse currently only amounts to about 7% of the total annual water use in Tokyo. 

At many U.S. wet detention pond project sites, the stormwater treatment pond is used to increase 
the value of the property. Figures 2.15 and 2.16 show two examples (in Austin, TX, and in Lake Oswego, 
OR, respectively). Many people live near wet detention ponds because of the close presence of the 
wetlands, and their property values are typically greater than lots farther from the ponds (Marsalek et 
al. 1982). They also reported that small (well-maintained) wet detention ponds are less subject to 
controversy than larger ponds (that are more commonly neglected). Debo and Ruby (1982) summarized 
a survey conducted in Atlanta, GA, of residents living near and downstream of 15 small detention ponds 
and found that almost half the people surveyed who lived in the immediate areas of the ponds did not 
even know that they existed. Wiegand et al. (1986) found that wet detention ponds, when properly 
maintained, are preferred by residents over any other urban runoff control practice. 

Figure 2.15 	Advertising the benefits of a stormwater Figure 2.16 Stormwater pond adding value to apart-
pond (Austin, TX). ment complex (Lake Oswego, OR). 
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Emmerling-DiNovo (1995) reported on a survey of homeowners in the Champaign-Urbana, IL, 
area living in seven subdivisions having either dry or wet detention ponds. She reported that past 
studies have recognized that developers are well aware that proximity to water increases the appeal 
of a development. Detention ponds can create a sense of identity, distinguishing one development 
from another, and can be prominent design elements. Increased value is important because the 
added cost of the detention facility, including loss of developable land, must be recovered by 
increasing the housing costs. Others have also found that the higher costs of developments having 
stormwater detention facilities can also be offset by being able to sell the housing faster. In a survey 
in Columbia, MD, 73% of the respondents were found to be willing to pay more for property 
located in an area having a wet detention pond if designed to enhance fish and wildlife use. Although 
the residents were concerned about nuisances and hazards, they felt that the benefits outweighed 
these concerns. In her survey, Emmerling-DiNovo (1995) received 143 completed surveys. Respon
dents reported that the overall attractiveness of the neighborhood was the most important factor in 
their decision to purchase their home. Resale value was the second most important factor, while 
proximity to water was slightly important. More than 74% of the respondents believed that wet 
detention ponds contributed positively to the image of the neighborhood and that they were a 
positive factor in choosing that subdivision. In contrast, the respondents living in the subdivisions 
with dry ponds felt that the dry ponds were not a positive factor for locating in their subdivision. 
Respondents living adjacent to wet ponds felt that the presence of the pond was very positive in 
the selection of their specific lot. The lots adjacent to the wet ponds were reported to be worth 
about 22% more than lots that were not adjacent to the wet ponds. Lots adjacent to the dry ponds 
were actually worth less (by about 10%) than other lots in two of the three dry basin subdivisions 
studied. The respondents favored living adjacent to wet ponds even more than next to golf courses. 
Living adjacent to dry ponds was the least preferred location. 

Stormwater Conveyance (Flood Prevention) 

This is a basic beneficial use of streams and storm drainage systems that must be considered. 
Problems are caused by increases in peak runoff flow rates that are associated with large increases 
in runoff volume and decreases in the drainage time of concentration. Because of high flows during 
wet weather, it is common for urban streams to have much lower flows during dry weather due to 
lack of recharge from shallow groundwaters (Color Figure 2.1).* Debris and obstructions in the 
receiving waters, which assist aquatic life uses, typically degrade flooding and drainage uses and 
are often cleared to provide better drainage. Other common conflicts are associated with the desire 
to have homogeneous channels (smooth bottoms and straight alignments) for drainage (Figure 
2.17), while aquatic life requires diversity in the channel characteristics. These conflicts must be 
resolved through comprehensive planning, including source controls and drainage controls that 
have minimal effects on aquatic life. The best solutions would provide for the necessary flooding 

and drainage benefits while also providing suit-
able biological habitat (including improved 
channel stability, decreased bank erosion, artifi
cial pools and riffle areas, overstory shading, 
gravel linings, low flow meandering channel 
alignments, and other refuge areas). 

Recreation (Non-water Contact) Uses 

This basic beneficial use is concerned with 
Figure 2.17 	Channelized urban stream, Nor-X-Way, odors, trash, beauty, access, and rapidly fluctu-

Menomonee Falls, WI. ating flows. Safety is an important issue in urban 

* Color figures follow p. 370. 
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Figure 2.18 	Degraded stream banks along New York Figure 2.19 Debris in riparian area, New York City. 
City shoreline. 

Figure 2.20 	Algal mats and other floating debris, Figure 2.21 Litter controlled behind floating booms, 
Orlando, FL. New York City. 

areas where children frequently play near small streams. Bank stability and rapidly fluctuating 
flows are, therefore, of prime importance (Figures 2.18 and 2.19). Many communities have also 
established linear parks along urban streams as part of their flood control and parks programs. In 
these cases, aesthetics (trash, odor, and beauty), access (paths and bridges), and the above safety 
issues are also important. Excessive algal growths, with attendant odors and unsightly conditions, 
may also occur along stressed urban waterways (Figures 2.20 and Color Figure 2.2). Some simple 
controls have been instituted in some areas to reduce aesthetic impacts (Figure 2.21). Human health 
may be an issue if water contact (especially by wading children) or if consumptive fishing occurs. 
These human health uses will be very difficult to maintain in urban areas. 

Biological Uses (Warm-Water Fishery, Aquatic Life Use, Biological Integrity, etc.) 

This basic beneficial use is also important, but it is defined differently by different people. It 
is unreasonable to expect natural receiving water conditions in agricultural or urbanized streams. 
Some degradation is inevitable. The goal is to have an acceptable diversity of aquatic life and an 
absence of episodic fish kills, at a minimum. It is unfortunate if sensitive and important species 
exist in an agricultural or urbanized stream and need special protection, as it is probably unrealistic 
to believe that it is possible to maintain these species in the absence of dramatic and extensive 
stormwater controls (which are not likely to occur). The most significant impairments to aquatic 
life beneficial uses are likely: habitat destruction (including channel and bank instability, sedimen-
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tation, and loss of refuge areas and vegetative overstory/canopy), highly fluctuating flow rates, 
inappropriate dry-weather contaminated discharges (toxicants and pathogens), polluted sediment 
(toxicants and oxygen-demanding materials), and possibly wet weather water quality degradation. 
Decreases in groundwater recharge and increased peak flows during periods of storm events are 
obviously associated with decreased flows during dry periods. Aquatic life undergoes additional 
stress during periods of low flow due to associated increased water temperatures, decreased pollutant 
mixing and transport, and simple decreased mobility and forage opportunities. 

It may be possible to obtain significant short-term biological beneficial use improvements in a 
degraded stream with improvements in habitat conditions alone. Longer-term benefits would likely 
require sediment removal and control, plus the control of inappropriate dry-weather toxic discharges. 
It is unlikely that large improvements in wet weather water quality would be possible in heavily 
developed watersheds, nor may it be needed to obtain acceptable (but degraded) biological uses. 
The retrofitting of stormwater controls to improve wet-weather runoff quality in an urban area is 
very costly and is limited in effectiveness. However, the basic use of construction site erosion controls 
and biofiltration/infiltration and sedimentation stormwater controls in newly developing areas should 
be mandatory to decrease the further degradation of biological conditions in receiving waters. 

Human Health-Related Uses (Swimming, Fishing, and Water Supply) 

In many areas of the country, urban and agricultural runoff drains into public water supplies, 
swimming areas, or fisheries. In these cases, additional concerns need to be considered, especially 
relating to toxicants and pathogens. Public water supplies are frequently affected by upstream waste-
water discharges (both point and nonpoint sources) and are designed to reduce and monitor constituents 
of concern. As upstream discharges increase, water treatment becomes more difficult and costly, with 
increased probabilities of waterborne disease outbreaks and increased (but “legal”) taste and odor 
problems. Swimming areas in urban receiving waters (large rivers and lakes) have also been more 
frequently closed to the public because of high bacteria counts for extended periods after rains, and 
because of other unsafe conditions (Figures 2.22 through 2.25 and Color Figure 2.3). In addition, 
although fishing in urban and agricultural areas is relatively common (Figures 2.26 and 2.27), many 
communities are posting fishing advisories to discourage this practice (Figure 2.28). 

Figure 2.22 	Swimming restriction in urban lake, San Figure 2.23 Swimming near stormwater outfall, 
Francisco, CA. Navesink River, NJ. 
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Figure 2.24 	Children playing in Lincoln Creek, Mil
waukee, WI. (Courtesy of Wisconsin Figure 2.25 Floatable trash from CSO and stormwa-
Department of Natural Resources.) ter discharges, New York City. 

Figure 2.26 	Fishing in urban stream, Birmingham, Figure 2.27 Urban fishing in Neva River, St. Peters-
AL. burg, Russia. 

Unfortunately, pathogen levels in stormwater may be high. Fecal coliform levels can be very 
high, but fecal coliform levels are not thought to be a good indicator of pathogens in stormwater 
(see also Chapter 4). Direct pathogen monitoring in stormwater has shown very large numbers of 
some specific pathogens, however, requiring careful consideration for human health issues. In 
addition, sediments may contain elevated levels of pathogens which live for extended periods 
following high flow events (Burton et al. 1987). It is very difficult to reduce the high levels using 
typical stormwater controls. Common disinfection controls are also very costly and may create 
additional problems associated with trihalomethane production. The consumption of fish or shellfish 
in waters receiving agricultural and urban runoff is also a cause of concern because of pathogens 
and toxicants. This has been shown with the recent outbreaks of Pfiesteria in nutrient-laden waters 
of the East Coast. Many of the toxic compounds found in stormwater may readily bioaccumulate 
in aquatic organisms, and pathogens can also contaminate the aquatic organisms. All of these human 
health issues require careful study by epidemiologists and public health professionals. 
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Figure 2.28 	Fish advisory for Village Creek, Jeffer
son Co., AL. 

STORMWATER EFFECTS HANDBOOK 

LIKELY CAUSES OF RECEIVING WATER 
USE IMPAIRMENTS 

In general, monitoring of urban and agricul
tural stormwater runoff has indicated that the 
biological beneficial uses of receiving waters are 
most likely affected by habitat destruction and 
long-term pollutant exposures (especially to 
macroinvertebrates via contaminated sediment). 
Pulse exposures to suspended solids and toxi
cants and contaminated sediments have also 
been shown to be common in urban and agricul
tural waterways (see Chapter 6; also review by 
Burton et al. 2000). Mancini and Plummer 
(1986) have long been advocates of numeric 
water quality standards for stormwater that 
reflect the partitioning of the toxicants and the 
short periods of exposure during rains. Unfortu
nately, this approach attempts to isolate individ

ual runoff events and does not consider the accumulative adverse effects caused by the frequent 
exposures of receiving water organisms to stormwater (Davies 1995; Herricks et al. 1996a,b). 
Recent investigations have identified acute toxicity problems associated with intermediate-term 
(about 10 to 20 days) exposures to adverse toxicant concentrations in urban receiving streams 
(Crunkilton et al. 1996). The most severe receiving water problems may be associated with chronic 
exposures to contaminated sediment and to habitat destruction. 

Heaney et al. (1980) conducted a comprehensive evaluation of the early literature pertaining 
to urban runoff effects on receiving waters. They found that well-documented cases of receiving 
water detrimental effects were scarce. Through their review of many reports, they found several 
reasons to question the implied cause-and-effect relationships between urban runoff and receiving 
water conditions. Impacts that were attributed to urban runoff were probably caused, in many 
cases, by other water pollution sources (such as combined sewer overflows, agricultural nonpoint 
sources, etc.). One of the major difficulties encountered in their study was the definition of 
“problem” that had been used in the reviewed projects. They found that very little substantive 
data had been collected to document beneficial use impairments. In addition, urban runoff impacts 
are most likely to be associated with small receiving waters, while most of the existing urban 
water quality monitoring information exists for larger bodies of water. It was also very difficult 
for many researchers to isolate urban runoff effects from other water pollutant sources, such as 
municipal and industrial wastes. This was especially important in areas that had combined sewers 
that overflowed during wet weather, contributing to the receiving water impacts during wet-
weather conditions. 

Claytor (1996a) summarized the approach developed by the Center for Watershed Protection 
as part of their EPA-sponsored research on stormwater indicators (Claytor and Brown 1996). The 
26 stormwater indicators used for assessing receiving water conditions were divided into six broad 
categories: water quality, physical/hydrological, biological, social, programmatic, and site. These 
were presented as tools to measure stress (impacting receiving waters), to assess the resource itself, 
and to indicate stormwater control program implementation effectiveness. The biological commu
nities in Delaware’s Piedmont streams have been severely impacted by stormwater, after the extent 
of imperviousness in the watersheds exceeded about 8 to 15%, according to a review article by 
Claytor (1996b). If just conventional water quality measures are used, almost all (87%) of the 
state’s nontidal streams supported their designated biological uses. However, when biological 
assessments are included, only 13% of the streams were satisfactory. 
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MAJOR URBAN RUNOFF SOURCES 

Soil erosion from construction sites and increased stormwater runoff generated from newly 
established urban areas cause significant economic, social, and environmental problems. These 
problems may result from all land development activities such as subdivision development, indi
vidual homesite construction, large-scale construction projects such as shopping centers and indus
trial sites, highway construction, and public utility construction projects. Problems caused by 
construction site erosion and stormwater runoff include sediment that destroys fish habitat and fills 
in lakes; urban runoff volumes and flow rates that increase flooding; nutrient discharges that produce 
nuisance algae growths; toxic heavy metal and organic discharges that result in inedible fish, 
undrinkable water, and shifts in aquatic life to more pollution-tolerant species; and pathogenic 
bacteria discharges that necessitate swimming beach closures. 

Erosion losses and downstream sedimentation peak during construction, when soil exposure is 
greatest, and decline after construction is completed. Thus, while the impacts of erosion and sedi
mentation may be severe, they are relatively short term in nature for any specific construction site. 

Stormwater runoff and pollutant discharges, on the other hand, increase steadily as development 
progresses and remain at an elevated level for the lifetime of the development. This happens because 
impervious surfaces such as roads, sidewalks, driveways, rooftops, etc., permanently reduce infil
tration of rainfall and runoff into the ground. 

Accelerated stormwater runoff rates also occur with development and can significantly increase 
the water’s ability to detach sediment and associated pollutants, to carry them off site, and to deposit 
them downstream. Increased runoff rates may also cause stream bank and channel erosion. Increased 
stormwater runoff volumes and flow rates also increase urban flooding and the resultant loss of 
human life and property. 

Urbanization may also affect groundwater adversely. In some cases, polluted stormwater con
taminates groundwater. More frequently, impervious surfaces block infiltration of rainfall and runoff 
that otherwise would recharge groundwater supplies. Reduced infiltration affects not only ground-
water levels but also the amount of groundwater-derived stream flow available during low flow 
periods. From a water quality standpoint, low flow periods are critical because the amount of water 
available to dilute stream pollutants is at a minimum at those times. Reduced flows during extended 
dry periods also adversely affect aquatic life. 

Urban runoff, which includes stormwater, construction site runoff, snowmelt, and contaminated 
baseflows, has been found to cause significant receiving water impacts on aquatic life. The effects 
are obviously most severe for small receiving waters draining heavily urbanized and rapidly 
developing watersheds. However, some studies have shown important aquatic life impacts for 
streams in watersheds that are less than 10% urbanized. 

In order to best identify and understand these impacts, it is necessary to include biological 
monitoring (using a variety of techniques) and sediment quality analyses in a monitoring 
program. Water column testing alone has been shown to be very misleading. Most aquatic life 
impacts associated with urbanization are probably related to chronic long-term problems caused 
by habitat destruction, polluted sediments, and food web disruption. Transient water column 
quality conditions associated with urban runoff probably rarely cause significant direct aquatic 
life acute impacts. 

The underlying theme of many researchers is that an adequate analysis of receiving water 
biological impacts must include investigations of a number of biological organism groups (fish, 
benthic macroinvertebrates, algae, rooted macrophytes, etc.) in addition to studies of water and 
sediment quality. Simple studies of water quality alone, even with possible comparisons with water 
quality criteria for the protection of aquatic life, are usually inadequate to predict biological impacts 
associated with urban runoff. 

Duda et al. (1982) presented a discussion on why traditional approaches for assessing water 
quality, and selecting control options, in urban areas have failed. The main difficulties of traditional 
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approaches when applied to urban runoff are the complexity of pollutant sources, wet weather 
monitoring problems, and limitations when using water quality standards to evaluate the severity 
of wet weather receiving water problems. They also discuss the difficulty of meeting water quality 
goals (that were promulgated in the Water Pollution Control Act of 1972) in urban areas. 

Relationships between observed receiving water biological effects and possible causes have 
been especially difficult to identify, let alone quantify. The studies reported in this chapter have 
identified a wide variety of possible causative agents, including sediment contamination, poor water 
quality (low dissolved oxygen, high toxicants, etc.), and factors affecting the physical habitat of 
the stream (high flows, unstable stream beds, absence of refuge areas, etc.). It is expected that all 
of these factors are problems, but their relative importance varies greatly depending on the watershed 
and receiving water conditions. Horner (1991), as an example, notes that many watershed, site, and 
organism-specific factors must be determined before the best combination of runoff control practices 
to protect aquatic life can be determined. 

Construction Site Erosion Characterization 

Sediment is, by weight, the greatest pollutant of water resources. Willett (1980) estimated that 
approximately 5 billion tons of sediment reach U.S. surface waters annually, of which 30% is 
generated by natural processes and 70% by human activities. Half of this 70% is attributed to 
eroding croplands. Although urban construction accounts for only 10%, this amount equals the 
combined contributions of forestry, mining, industrial, and commercial activities (Willett 1980; 
Virginia 1980). 

Construction accounts for a much greater proportion of the sediment load in urban areas — 
sometimes more than 50% — than it does in the nation as a whole. Urban areas experience large 
sediment loads from construction site erosion because construction sites usually have extremely 
high erosion rates and because urban construction sites are efficiently drained by stormwater drainage 
systems. Construction sites at most U.S. locations have an erosion rate of approximately 20 to 200 
tons per acre per year, a rate that is about 3 to 100 times that of croplands. Construction site erosion 
losses vary greatly depending on local rain, soil, topographic, and management conditions. As an 
example, the Birmingham, AL, area may have some of the highest erosion rates in the nation because 
of its combination of very high-energy rains, moderately erosive soils, and steep topography. The 
typically high erosion rates mean that even a small construction project may have a significant 
detrimental effect on local water bodies. While construction occurs on only about 0.007% of U.S. 
land, it accounts for about 10% of the sediment load to U.S. surface waters (Willett 1980). 

Data from the highly urbanized Menomonee River watershed in southeastern Wisconsin illus
trate the impact of construction on water quality. These data indicate that construction sites have 
much greater potential for generating sediment and phosphorus than do areas in other land uses 
(Chesters et al. 1979). For example, construction sites can generate approximately 8 times more 
sediment and 18 times more phosphorus than industrial sites, the land use that contributes the 
second highest amount of these pollutants, and 25 times more sediment and phosphorus than row 
crops. In fact, construction contributes more sediment and phosphorus to the river than any other 
land use. In 1979, construction comprised only 3.3% of the watershed’s total land area, but it 
contributed about 50% of the suspended sediment and total phosphorus loading at the river mouth 
(Novotny et al. 1979). 

Similar conclusions were reported by the Southeastern Wisconsin Regional Planning Commis
sion in a 1978 modeling study of the relative pollutant contributions of 17 categories of point and 
nonpoint pollution sources to 14 watersheds in the southeast Wisconsin regional planning area 
(SEWRPC 1978). This study revealed construction as the first or second largest contributor of 
sediment and phosphorus in 12 of the 14 watersheds. Although construction occupied only 2% 
of the region’s total land area in 1978, it contributed approximately 36% of the sediment and 28% 
of the total phosphorus load to inland waters, making construction the region’s second largest 
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source of sediment and phosphorus. The largest source of sediment was estimated to be cropland; 
livestock operations were estimated to be the largest source of phosphorus. By comparison, cropland 
comprised 72% of the region’s land area and contributed about 45% of the sediment and only 11% 
of the phosphorus to regional watersheds. This study again points out the high pollution-generating 
ability of construction sites and the significant water quality impact a small amount of construction 
may have on a watershed. 

A monitoring study of construction site runoff water quality in the Village of Germantown 
(Washington County, WI) yielded similar results (Madison et al. 1979). Several large subdivisions 
being developed with single and multifamily residences were selected for runoff monitoring. All utility 
construction, including the storm drainage system and streets, was completed before monitoring began. 

Analysis of the monitoring data showed that sediment leaving the developing subdivisions 
averaged about 25 to 30 tons per acre per year (Madison et al. 1979). Construction practices 
identified as contributing to these high yields were removing surface vegetation; stripping and 
stockpiling topsoil; placing large, highly erodible mounds of excavated soil on and near the streets; 
pumping water from flooded basement excavations; and tracking of mud into the streets by con
struction vehicles. If the amount of sediment leaving the sites during utility development had been 
added in, the total amount of eroded sediment leaving the site would have been substantially greater. 

Analysis of the Germantown data also showed that the amount of sediment leaving areas 
undergoing development is a function of the extent and duration of development and is independent 
of the type of development. In other words, there is no difference in the per acre sediment loads 
produced by single-family or multifamily construction. This finding is significant because local 
and state regulatory programs sometimes exempt single-family home construction from erosion 
control requirements. 

Almost all eroded sediment from the Germantown construction areas entered the receiving 
waters. The delivery of sediment to the receiving waters was found to be nearly 100% when 10% 
or more of the watershed was experiencing development. The smallest delivery value obtained 
during the Germantown monitoring was 50%, observed when only 5% of the watershed was 
undergoing development. These high delivery values occurred (even during periods with small 
amounts of development) because storm drainage systems, which efficiently transport water and 
its sediment load, had been installed during an early stage of development. 

Local Birmingham, AL, erosion rates from construction sites can be 10 times the erosion rates 
from row crops and 100 times the erosion rates from forests or pastures (Nelson 1996). The site-
specific factors affecting construction site erosion include: 

• Rainfall energy (Alabama has the highest in the nation) 
• Soil erodibility (northern part of the state has fine-grained, highly erosive soils) 
• Site topography (northeastern part of the state has steep hills under development) 
• Surface cover (usually totally removed during initial site grading) 

The rain energy is directly related to rainfall intensity, and the rainfall erosion index varies from 
250 to 550+ for Alabama (most of the state is about 350), which is the highest in the United States. 
The months having the greatest erosion potential are February and March, while September through 
November have the lowest erosion potential. Nelson (1996) monitored sediment quantity and 
particle size from 70 construction site runoff samples from the Birmingham area. He measured 
suspended solids concentrations ranging from 100 to more than 25,000 mg/L (overall median about 
4000 mg/L), while the turbidity values ranged from about 300 to >50,000 NTU (average of about 
4000 NTU). About 90% of the particles (by mass) were smaller than about 20 µm (0.02 mm) in 
diameter, and the median size was about 5 µm (0.005 mm). The local construction site erosion 
discharges were estimated to be about 100 tons/acre/year. Table 2.2 summarizes the measured 
suspended solids and median particle sizes as a function of rain intensity. High-intensity rains were 
found to have the most severe erosion problems, as expected, with much greater suspended solids 
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Table 2.2 Birmingham (AL) Construction Site Erosion Runoff Characteristics 

Low-Intensity Rains Moderate-Intensity Rains High-Intensity Rains 
(<0.25 in/hr) (about 0.25 in/hr) (>1 in/hr) 

Suspended solids, mg/L 400 2000 25,000 
Particle size (median), µm 3.5 5 8.5 

Data from Nelson, J. Characterizing Erosion Processes and Sediment Yields on Construction Sites. M.S.C.E. 
thesis. Department of Civil and Environmental Engineering, University of Alabama at Birmingham. 94 pp. 1996. 

concentrations. Typical small particle sizes of erosion particulates make it very difficult to remove 
these particulates after they have been eroded from the site. The extreme turbidity values also cause 
very high in-stream turbidity conditions in local receiving waters for great distances downstream 
of eroding sites. 

Urban Runoff Contaminants 

Urban runoff is comprised of many different flow phases. These may include dry-weather base 
flows, stormwater runoff, combined sewer overflows (CSOs), and snowmelt. The relative magni
tudes of these discharges vary considerably, based on a number of factors. Season (such as cold 
vs. warm weather, or dry vs. wet weather) and land use have been identified as important factors 
affecting baseflow and stormwater runoff quality. 

Land development increases stormwater runoff volumes and pollutant concentrations. Imper
vious surfaces, such as rooftops, driveways, and roads, reduce infiltration of rainfall and runoff into 
the ground and degrade runoff quality. The most important hydraulic factors affecting urban runoff 
volume (and therefore the amount of water available for groundwater infiltration) are the quantity 
of rain and the extent of impervious surfaces directly connected to a stream or drainage system. 
Directly connected impervious areas include paved streets, driveways, and parking areas draining 
to curb and gutter drainage systems, and roofs draining directly to a storm or combined sewer pipe. 
Table 2.3 presents older stormwater quality data (APWA 1969), while Table 2.4 is a summary of 
the Nationwide Urban Runoff Program (NURP) stormwater data collected from about 1979 through 
1982 (EPA 1983). The NURP data are the most comprehensive stormwater data available from 
throughout the nation. The recently collected data for the stormwater NPDES permits is a potentially 
large and important database of information, but it has not been made conveniently available. Land 
use and source areas (parking areas, rooftops, streets, landscaped areas, etc.) all have important 
effects on stormwater runoff quality. BOD5 bacteria and nutrient concentrations in stormwater are 
lower than in raw sanitary wastewater. However, urban stormwater still has relatively high concen
trations of bacteria, along with high concentrations of many metallic and some organic toxicants. 

NURP found that stormwater pollutant concentrations, runoff volumes, and therefore annual 
pollutant yields often vary with land use. Although inconsistencies in local development practices 
within a single land use category make land use a less than perfect indicator of urban runoff 
characteristics, land use must serve as a surrogate for more appropriate indicators because devel
opment data are typically reported in land use categories. The amount of directly connected imper
vious area is a very good indicator of an area’s runoff volume. The extent of “effective” impervious 
surfaces, however, is a function of local development customs (lot sizes, use of swale drainages, 
single or multilevel buildings, type of landscaping, etc.), which can vary significantly within a single 
land use category (such as medium-density residential). Development characteristics are not uniform 
throughout a region, and they may also vary by age of development or location within a single city. 

Bannerman et al. (1979) found a high correlation between pollutant loading values and percent 
connected-imperviousness during monitoring of seven subwatersheds of the Menomonee River 
basin: pollutant loading to the river increased as the extent of impervious areas directly connected 
to the storm drainage system increased. Although larger amounts of runoff and pollutants were 
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Table 2.3 Characteristics of Stormwater Runoff from Early Studies 

BOD5 Total Solids Suspended Chlorides COD 
City (mg/L) (mg/L) Solids (mg/L) (mg/L) (mg/L) 

East Bay Sanitary District: 
Oakland, California 

Minimum 3 726 16 300 
Maximum 7700 4400 10,260 
Average 87 1401 613 5100 

Cincinnati, Ohio 
Maximum Seasonal Means 12 260 110 
Average 17 227 111 

Los Angeles County 
Average 1962–63 161 2909 199 

Washington, D.C. 
Catch-basin samples during 
storm 6 26 11 
Minimum 625 36,250 160 
Maximum 126 2100 42 
Average 

Seattle, Washington 10 
Oxney, England 100a 2045 
Moscow, Russia 186–285 1000–3500a 

Leningrad, Russia 36 14,541 
Stockholm, Sweden 17–80 30–8000 18–3100 
Pretoria, South Africa 

Residential 30 29 
Business 34 28 

Detroit, Michigan 96–234 310–914 102–213b 

a Maximum. 
b Mean. 

From APWA (American Public Works Association). Water Pollution Aspects of Urban Runoff. Water Pollution 
Control Research Series WP-20-15, Federal Water Pollution Control Administration. January 1969. 

Table 2.4 Median Stormwater Pollutant Concentrations for All Sites by Land Use 

Residential Mixed Land Use Commercial Open/Non-urban 
Constituent Median COVa Median COV Median COV Median COV 

BOD5, mg/L 10 0.41 7.8 0.52 9.3 0.31 — — 
COD, mg/L 73 0.55 65 0.58 57 0.39 40 0.78 
TSS, mg/L 101 0.96 67 1.14 69 0.85 70 2.92 
Total Kjeldahl nitrogen, µg/L 1900 0.73 1288.8 0.50 1179 0.43 965 1.00 
NO2 + NO3 (as N) µg/L 736 0.83 558 0.67 572 0.48 543 0.91 
Total P, µg/L 383 0.69 263 0.75 201 0.67 121 1.66 
Soluble P, µg/L 143 0.46 56 0.75 80 0.71 26 2.11 
Total lead, µg/L 144 0.75 114 1.35 104 0.68 30 1.52 
Total copper, µg/L 33 0.99 27 1.32 29 0.81 — — 
Total zinc, µg/L 135 0.84 154 0.78 226 1.07 195 0.66 

a COV: coefficient of variation = standard deviation/mean. 

From EPA (U.S. Environmental Protection Agency). Results of the Nationwide Urban Runoff Program. Water 
Planning Division, PB 84-185552, Washington, D.C. December 1983. 

generated in low-density residential areas, compared to undisturbed areas, runoff and pollutant 
delivery from the source areas to streams was still low due to the use of grass-lined roadside 
drainage channels. Soil and vegetation have a greater chance to reduce runoff water and pollutants 
in areas drained by grass-lined drainage channels than in similar areas drained by conventional 
curb-and-gutter drainage systems. 
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Table 2.5 presents estimates of typical urban area pollutant yields from several separate studies. 
Local conditions and development characteristics significantly affect these estimates. The most 
significant factor is the drainage efficiency of the areas, specifically if the areas are drained by 
grass swales. The low-density residential area values shown on this table reflect grass swale drained 
areas. If conventional curbs and gutters were used instead of grass swales, the yields would be 
about 10 times greater. Other important development characteristics affecting runoff yields include 
roof drainage connections and the presence of alleyways. Increased drainage efficiency invariably 
leads to increased pollutant discharges. 

A number of urban runoff monitoring projects (such as EPA 1983; Pitt and McLean 1986) have 
found inorganic and organic hazardous and toxic substances in urban runoff. The NURP data, 
collected from mostly residential areas throughout the United States, did not indicate any regional 
differences in the substances detected, or in their concentrations. However, residential and industrial 
data obtained by Pitt and McLean (1986) in Toronto found significant concentration and yield 
differences for these two land uses and for dry weather and wet weather urban runoff flows. 

Tables 2.6 and 2.7 list the toxic and hazardous organic substances that have been found in 
greater than 10% of industrial and residential urban runoff samples. NURP data do not reveal toxic 
urban runoff conditions significantly different for different geographical areas throughout North 
America (EPA 1983). The pesticides shown were mostly found in urban runoff from residential 
areas, while other hazardous materials were much more prevalent in industrial areas. Urban runoff 
dry weather baseflows may also be important contributors of hazardous and toxic pollutants. 

Urban Runoff Pollutant Sources 

Sources of the toxic and hazardous substances found in urban runoff vary widely. Table 1.3 
listed the major expected sources of these substances. Automobile use contributes significantly to 
many of these materials. Polycyclic aromatic hydrocarbons (PAHs), the most commonly detected 
toxic organic compounds found in urban runoff, are mostly from fossil fuel combustion. Phthalate 
esters, another group of relatively common toxic organic compounds, are derived from plastics. 
Pentachlorophenol, also frequently found, comes from preserved wood. Such compounds are very 
hard to control at their sources, and, unfortunately, their control by typical stormwater management 
practices is little understood. 

Urban runoff includes warm and cold weather baseflows, stormwater runoff, and snowmelt. 
Table 2.8 shows median concentrations of some of the pollutants monitored in a mixed residential 
and commercial catchment and from an industrial area in Toronto, Ontario, for these different flow 
phases (Pitt and McLean 1986). Samples were obtained from baseflow discharges, stormwater 
runoff, and snowmelt. The baseflows had surprisingly high concentrations of several pollutants, 
especially dissolved solids (filtrate residue) and fecal coliforms from the residential catchment. The 
concentrations of some constituents in the stormwater from the industrial watershed were typically 
much greater than the concentrations of the same constituents in the residential stormwater. The 
industrial warm weather baseflows were also much closer in quality to the industrial stormwater 
quality than the residential baseflows were to the residential stormwater quality. The data collected 
for pesticides and PCBs indicate that the industrial stormwater and baseflows typically contained 
much greater concentrations of these pollutants than the residential waters. Similarly, the more 
commonly analyzed heavy metals were also more prevalent in the industrial stormwater. However, 
herbicides were only detected in residential urban runoff, especially the baseflows. 

During cold weather, the increases in filtrate residue were quite apparent for both study catch
ments and for both baseflows and snowmelt. These increases were probably caused by high chlorides 
from road salt applications. In contrast, bacteria populations were noticeably lower in all outfall 
discharges during cold weather. Few changes were noted in concentrations of nutrients and heavy 
metals at the outfall, between cold- and warm-weather periods. 
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Table 2.5 Typical Urban Area Pollutant Yields (lb/acre/year or kg/ha/yr)a 

Total Suspended Total NO3 plus 
Land Use Solids Solids Chloride Phosphorus TKN NH3 NO2 BOD5 

Commercial 2100 1000 420 1.5 6.7 1.9 3.1 62 
Parking lot 1300 400 300 0.7 5.1 2.0 2.9 47 
High-density residential 670 420 54 1.0 4.2 0.8 2.0 27 
Medium-density residential 450 250 30 0.3 2.5 0.5 1.4 13 
Low-density residentialb 65 10 9 0.04 0.3 0.02 0.1 1 
Freeways 1700 880 470 0.9 7.9 1.5 4.2 NAb 

Industrial 670 500 25 1.3 3.4 0.2 1.3 NA 
Parks NAc 3 NA 0.03 NA NA NA NA 
Shopping center 720 440 36 0.5 3.1 0.5 1.7 NA 

Land Use COD Leadd Zinc Chromium Copper Cadmium Arsenic 

Commercial 420 2.7 2.1 0.15 0.4 0.03 0.02 
Parking lot 270 0.8 0.8 NA 0.06 0.01 NA 
High-density residential 170 0.8 0.7 NA 0.03 0.01 NA 
Medium-density residential 50 0.05 0.1 0.02 0.03 0.01 0.01 
Low-density residentiale 7 0.01 0.04 0.002 0.01 0.001 0.001 
Freeways NA 4.5 2.1 0.09 0.37 0.02 0.02 
Industrial 200 0.2 0.4 0.6 0.10 0.05 0.04 
Parks NA 0.005 NA NA NA NA NA 
Shopping center NA 1.1 0.6 0.04 0.09 0.01 0.02 

a The difference between lb/acre/year and kg/ha/yr is less than 15%, and the accuracy of the values shown in this table cannot 
differentiate between such close values. 

b The monitored low-density residential areas were drained by grass swales. 
c NA = Not available. 
d The lead unit area loadings shown on this table are currently expected to be significantly less than shown on this table, as these 

values are from periods when leaded gasoline adversely affected stormwater lead quality. 
e The monitored low-density residential areas were drained by grass swales. 

Data from Bannerman et al. (1979, 1983); Madison et al. (1979); EPA (1983); Pitt and McLean (1986). 
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Table 2.6 Hazardous Substances Observed in Urban Runoff 

Hazardous Residential Industrial 
Substances Areas Areas 

Benzene 5 µg/L 5 µg/L 
Chlordane 17 ng/L — 
Chloroform — 5 µg/L 
Dieldrin 2 to 6 ng/L — 
Endrin 44 ng/L — 
Methoxychlor 20 ng/L — 
Pentachlorophenol 70 to 280 ng/L 50 to 710 ng/L 
Phenol 1 µg/L 4 µg/L 
Phosphorus 0.1 mg/L 0.5 µg/L 
Toluene — 5 µg/L 

Data from EPA 1983; Pitt and McLean 1986 (Toronto); and Pitt et al. 
1996 (Birmingham). 

Table 2.7 Other Toxic Substances Observed in Urban Runoff 

GC/MS Volatiles Residential Areas Industrial Areas 

1,2-Dichloroethane — 6 µg/L 
Methylene chloride — 5 µg/L 
Tetrachloroethylene — High in some source areas 

GC/MS Base/Neutrals 

Bis (2-ethylene) phthalate 8 µg/L 18 µg/L 
Butyl benzyl phthalate 5 µg/L 58 µg/L 
Diethyl phthalate — 20 µg/L 
Di-N-butyl phthalate 3 µg/L 4 µg/L 
Isophorone 2 µg/L — 
N-Nitrosodimethylamine — 3 µg/L 
Phenanthrene — High in some source areas 
Pyrene — High in some source areas 

GC/MS Pesticides 

BHC up to 20 ng/L — 
Chlordane up to 15 ng/L — 
Dieldrin up to 6 ng/L — 
Endosulfan sulfate up to 10 ng/L — 
Endrin up to 45 ng/L — 
PCB-1254 — up to 630 ng/L 
PCB-1260 — up to 440 ng/L 

Data from EPA 1983; Pitt and McLean 1986 (Toronto); and Pitt et al. 1996 
(Birmingham). 

Table 2.9 compares the estimated annual discharges from the residential and industrial catch
ments during the different runoff periods. The unit area annual yields for many of the heavy metals 
and nutrients are greater from the industrial catchment. Industrial catchments contribute most of 
the chromium to the local receiving waters, and approximately equal amounts with the residential 
and commercial catchments for phosphorus, chemical oxygen demand, copper, and zinc. This table 
also shows the great importance of warm weather baseflow discharges to the annual urban runoff 
pollutant yields, especially for industrial areas. Cold weather bacteria discharges are insignificant 
when compared to the warm weather bacteria discharges, but chloride (and filtrate residue) loadings 
are much more important during cold weather. 

Table 2.10 shows the fraction of the annual estimated yields for different warm and cold periods 
(warm weather baseflow, stormwater flows, cold weather baseflow, and snowmelt). Typical storm-
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Table 2.8 Median Urban Runoff Pollutant Concentrations 

Warm-Weather Baseflow Warm-Weather Stormwater 
Constituent Residential Industrial Residential Industrial 

Total residue 979 554 256 371 
Filterable residue 973 454 230 208 
Particulate residue <5 43 22 117 
Total phosphorus 0.09 0.73 0.28 0.75 
Total Kjeldahl N 0.9 2.4 2.5 2.0 
Phenolics (µg/L) <1.5 2.0 1.2 5.1 
COD 22 108 55 106 
Fecal coliforms (no./100 mL) 33,000 7000 40,000 49,000 
Fecal streptococci (no./100 mL) 2300 8800 20,000 39,000 
Chromium <0.06 0.42 <0.06 0.32 
Copper 0.02 0.045 0.03 0.06 
Lead <0.04 <0.04 <0.06 0.08 
Zinc 0.04 0.18 0.06 0.19 

Cold-Weather Baseflow Cold-Weather Melting Periods 
Constituent Residential Industrial Residential Industrial 

Total residue 2230 1080 1580 1340 
Filterable residue 2210 1020 1530 1240 
Particulate residue 21 50 30 95 
Total phosphorus 0.18 0.34 0.23 0.50 
Total Kjeldahl N 1.4 2.0 1.7 2.5 
Phenolics (µg/L) 2.0 7.3 2.5 15.0 
COD 48 68 40 94 
Fecal coliforms (no./100 mL) 9800 400 2320 300 
Fecal streptococci (no./100 mL) 1400 2400 1900 2500 
Chromium <0.01 0.24 <0.01 0.35 
Copper 0.015 0.04 0.04 0.07 
Lead <0.06 <0.04 0.09 0.08 
Zinc 0.065 0.15 0.12 0.31 

From Pitt, R. and J. McLean. Humber River Pilot Watershed Project, Ontario Ministry of the Envi
ronment, Toronto, Canada. 483 pp. June 1986. 

water flow contributions from these separate stormwater outfalls were only about 20 to 30% of the 
total annual discharges (by volume). Baseflows contributed the majority of flows. Many constituents 
were also contributed mostly by snowmelt and baseflows, with the stormwater contributions being 
less than 50% of the total annual yields. The ratios of expected annual pollutant yields from the 
industrial catchment divided by the yields from the residential/commercial catchment can be high, 
as summarized below. 

Ratios of Industrial to Mixed Residential/Commercial 
Unit Area Yields 

Particulate residue (suspended solids) 4.4 
Phosphorus 3.0 
Phosphates 5.1 
Chemical oxygen demand 2.0 
Fecal streptococci bacteria 2.6 
Chromium 53.0 
Zinc 2.5 

The only constituents with annual unit area yields that were lower in the industrial catchment 
than in the mixed residential/commercial catchment were chloride and filtrate residue (dissolved 
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Table 2.9 Monitored Annual Pollutant Discharges for Toronto’s Humber River Watershed Test Sites 

Thistledowns (Residential/Commercial) Emery (Industrial) 
Cold 

Base-
Warm 

Base-
Cold 

Base-
Warm 

Base-
Approx. Indus. 
to Resid. Total 
Yield Ratios 

Weighted Indus. 
to Resid. Total 
Yield Ratiosa 

Storm- Melt- Approx. Storm- Approx. 
water Total 
Melt-

Constituent Units flow flow water Total flow flowwater water 

Runoff m3/ha 1700 950 1100 1800 5600 2100 1500 660 830 5100 0.9 0.3 
Total residue kg/ha 1700 240 2400 1700 6100 1100 670 710 1500 4000 0.7 0.2 
Chlorides kg/ha 480 33 1200 720 2400 160 26 310 700 1200 0.5 0.2 
Total P g/ha 150 290 200 570 1200 1500 1300 220 540 3600 3.0 1.0 
Total Kjeldahl N g/ha 1500 2800 1500 3500 9300 4900 3400 1300 2800 12,000 1.3 0.4 
Phenolics g/ha <2.6 1.2 2.3 23 26 4.1 8.1 4.8 14 31 1.2 0.4 
COD kg/ha 38 51 52 130 270 220 170 45 91 530 2.0 0.7 
Chromium g/ha <100 21 <10 15 36 860 600 160 290 1900 50 18 
Copper g/ha 35 30 16 77 160 92 120 26 76 310 1.9 0.7 
Lead g/ha <70 41 <70 170 210 <75 170 <25 150 320 1.5 0.5 
Zinc g/ha 70 74 70 270 480 370 430 100 350 1200 2.5 0.8 
Fecal coliform 109 org/ha 560 480 110 62 1200 144 760 3 6 910 0.8 0.3 

“Warm weather” is for the period from about March 15 through December 15, while “cold weather” is for the period from about December 15 through March 15. 
a The Humber River basin is about 25% industrial and 75% residential and commercial. 

From Pitt, R. and J. McLean. Humber River Pilot Watershed Project, Ontario Ministry of the Environment, Toronto, Canada. 483 pp. June 1986. 
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Table 2.10 Major Concentration Periods by Parameter 

Runoff Volume Total Residue Filtrate Residue Particulate Residue Chlorides 
Residential Industrial Residential Industrial Residential Industrial Residential Industrial Residential Industrial 

Warm baseflow 31% 41% 28% 28% 28% 30% 4% 16% 20% 13% 
Stormwater 17 29 4 17 4 10 18 53 1 2 
Cold baseflow 20 13 40 18 40 18 14 5 49 26 
Meltwater 33 16 29 38 27 41 63 26 29 58 

Phosphorus Phosphate Total Kjeldahl Nitrogen Ammonia Nitrogen 
Residential Industrial Residential Industrial Residential Industrial Residential Industrial 

Warm baseflow 12 42 — 35 16 39 — — 
Stormwater 24 36 24 51 30 27 21 24 
Cold baseflow 16 6 — — 16 10 — — 
Meltwater 47 15 76 14 38 23 78 76 

Phenolics COD Fecal Coliform Fecal Streptococci Pseudomonas aeruginosa 
Residential Industrial Residential Industrial Residential Industrial Residential Industrial Residential Industrial 

Warm baseflow — 13 14 42 46 16 12 20 53 41 
Stormwater 5 27 19 32 40 84 61 73 46 58 
Cold baseflow 9 16 19 9 9 — 4 2 1 — 
Meltwater 87 45 48 17 5 — 22 4 — 1 

Chromium Copper Lead Zinc 
Residential Industrial Residential Industrial Residential Industrial Residential Industrial 

Warm baseflow — 45 22 29 — — 14 30 
Stormwater 59 31 19 38 19 54 15 35 
Cold baseflow — 8 10 8 — — 14 8 
Meltwater 41 16 49 24 81 46 56 27 

Warm period included samples from Thistledowns from July 28 through Nov. 15, 1983, and from Emery from May 14 through Nov.15, 1983. Cold period samples 
from Thistledowns were from Feb. 2 through March 25, 1984, and from Emery from Jan. through March 22, 1984. 

From Pitt, R. and J. McLean. Humber River Pilot Watershed Project, Ontario Ministry of the Environment, Toronto, Canada. 483 pp. June 1986. 
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solids). The annual unit area yields from the residential/commercial catchment were approximately 
twice the annual unit area yields from the industrial catchment for these constituents. 

If only warm weather stormwater runoff is considered (and not baseflows and snowmelts), then 
significant yield and control measure selection errors are probable. Residential/commercial unit 
area annual yields for total residue (total solids) for stormwater alone are approximately 240 kg/ha, 
compared with approximately 670 kg/ha for the industrial catchment. These yields are similar to 
yields reported elsewhere for total annual total residue unit area yields. However, these warm 
weather stormwater runoff yields only contributed approximately 5 to 20% of the total annual total 
residue yields for these study catchments. Annual yields of several constituents were dominated 
by cold weather processes irrespective of the land use monitored. These constituents include total 
residue, filtrate residue, chlorides, ammonia nitrogen, and phenolics. The only constituents for 
which the annual yields were dominated by warm weather processes, irrespective of land use, were 
bacteria (fecal coliforms, fecal streptococci, and Pseudomonas aeruginosa), and chromium. Lead 
and zinc were both dominated by either stormwater or snowmelt runoff, with lower yields of these 
heavy metals originating from baseflows. 

Warm weather stormwater runoff alone was the most significant contributor to the annual yields 
for a number of constituents from the industrial catchment. These constituents included particulate 
residue, phosphorus, phosphates, the three bacteria types, copper, lead, and zinc. In the residen
tial/commercial catchment, only fecal streptococcus bacteria and chromium were contributed by 
warm weather stormwater runoff more than by the other three sources of water shown. Either warm 
or cold weather baseflows were most responsible for the yields of many constituents from the 
industrial catchment. These constituents included runoff volume, phosphorus, total Kjeldahl nitro
gen, chemical oxygen demand, and chromium. Important constituents that have high yields in the 
baseflow from the residential/commercial catchment included total residue, filtrate residue, chlo
rides, and fecal coliform and P. aeruginosa bacteria. More recently, agricultural pesticides have 
been detected in urban rainfall and urban pesticides in agricultural rainfall and have also been 
detected in receiving waters. 

SUMMARY 

This chapter reviewed some of the major receiving water use impairments that have been 
associated with urban stormwater discharges. The problems associated with urban stormwater 
discharges can be many, but varied, depending on the specific site conditions. It is therefore 
important that local objectives and conditions be considered when evaluating local receiving water 
problems. There has been a great deal of experience in receiving water assessments over the past 
decade, especially focusing on urban nonpoint source problems. The main purpose of this book 
is to provide techniques and direction that can be applied to local waters to assess problems based 
on actual successful field activities. Of course, monitoring and evaluation techniques are con
stantly changing and improving, and this book also periodically presents short summaries of 
emerging techniques that hold promise, but may require additional development to be easily used 
by most people. 

Generally, receiving water problems are not readily recognized or understood if one relies on 
only a limited set of tools. It is critical that conventional water quality measurements be supple
mented with habitat evaluations and biological studies, for example. In many cases, receiving water 
problems caused by urbanization may be mostly associated with habitat destruction, contaminated 
sediment, and inappropriate discharges, all of which would be poorly indicated by relying only on 
conventional water quality measurements. In contrast, eliminating water quality measurements from 
an assessment and relying only on less expensive indicators, such as the currently popular citizen 
monitoring of benthic conditions, is also problematic, especially from a human health perspective. 

RB-AR28277



RECEIVING WATER USES, IMPAIRMENTS, AND SOURCES OF STORMWATER POLLUTANTS 43 

A well-balanced assessment approach is therefore needed to understand the local problems of most 
concern and is the focus of this book. 

This chapter also summarized stormwater characteristics. Runoff from established urban areas 
may not be the major source of some of the problem pollutants in urban areas. Obviously, con
struction site runoff is typically the major source of sediment in many areas, but snowmelt contri
butions of sediment (and many other constituents) is also very important in northern areas. Dry 
weather flows in separate storm drainage systems can be contaminated with inappropriate discharges 
from commercial and industrial establishments and sewage. Obviously, these inappropriate dis
charges need to be identified and corrected. 

The rest of this book establishes an approach for investigating receiving water use impairments 
and in identifying the likely causes for these problems. When this information is known, it is 
possible to begin to develop an effective stormwater management program. 
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CHAPTER 3 

Stressor Categories and Their Effects 
on Humans and Ecosystems 

“As for Paris, within the last few years, it has been necessary to move most of the mouths of the 
sewers down stream below the last bridge.” 

Victor Hugo, 1862 
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EFFECTS OF RUNOFF ON RECEIVING WATERS 

Many studies have shown the severe detrimental effects of urban and agricultural runoff on 
receiving waters. These studies have generally examined receiving water conditions above and 
below a city, by comparing two parallel streams, or by comparing to an ecoregion reference. 
However, only a few studies have examined direct cause-and-effect relationships of runoff for 
receiving water aquatic organisms (Heaney and Huber 1984; Burton and Moore 1999; Werner et 
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al. 2000; Vlaming et al. 2000; Bailey et al. 2000; Wenholz and Crunkilton 1995). Chapter 4 presents 
several case studies representing the major approaches to assessing receiving water problems, while 
this chapter presents a review of the major stressor categories and summarizes their observed effects. 

Indicators of Receiving Water Biological Effects and Analysis Methodologies 

There are a number of useful, well-proven tools that can detect adverse biological effects in 
receiving waters (see also Chapter 6). When these tools are used correctly and combined in the 
proper framework, they can be used to identify runoff-related problems. Kuehne (1975) studied 
the usefulness of aquatic organisms as indicators of pollution. He found that invertebrate responses 
are indicative of pollution for some time after an event, but they may not give an accurate indication 
of the nature of the pollutants. In-stream fish studies were not employed as biological indicators 
much before 1975, but they are comparable in many ways to invertebrates as quality indicators and 
can be more easily identified. However, because of better information pertaining to invertebrates 
and due to their limited mobility, certain invertebrate species may be sensitive to minor changes 
in water quality. Fish can be highly mobile and cover large sections of a stream, as long as their 
passage is not totally blocked by adverse conditions. Fish disease surveys were also used during 
the Bellevue, WA, urban runoff studies as an indicator of water quality problems (Scott et al. 1982; 
Pitt and Bissonnette 1984). McHardy et al. (1985) examined heavy metal uptake in green algae 
(Cladophora glomerata) from urban runoff for use as a biological monitor of specific metals. 

It is necessary to use a range of measurement endpoints to characterize ecosystem quality in 
systems that receive multiple stressors (Marcy and Gerritsen 1996; Baird and Burton 2001). Dyer 
and White (1996) examined the problem of multiple stressors affecting toxicity assessments. They 
felt that field surveys can rarely be used to verify simple single parameter laboratory experiments. 
They developed a watershed approach integrating numerous databases in conjunction with in situ 
biological observations to help examine the effects of many possible causative factors (see also 
Chapter 6). 

The interactions of stressors such as suspended solids and chemicals can be confounding and 
easily overlooked. Ireland et al. (1996) found that exposure to UV radiation (natural sunlight) 
increased the toxicity of PAH-contaminated sediments to C. dubia. The toxicity was removed when 
the UV wavelengths did not penetrate the water column to the exposed organisms. Toxicity was 
also reduced significantly in the presence of UV when the organic fraction of the stormwater was 
removed. Photo-induced toxicity occurred frequently during low flow conditions and wet-weather 
runoff and was reduced during turbid conditions. 

Johnson et al. (1996) and Herricks et al. (1996a,b) describe a structured tier testing protocol to 
assess both short-term and long-term wet-weather discharge toxicity that they developed and tested. 
The protocol recognizes that the test systems must be appropriate to the time-scale of exposure 
during the discharge. Therefore, three time-scale protocols were developed, for intra-event, event, 
and long-term exposures. The use of standard whole effluent toxicity (WET) tests were found to 
overestimate the potential toxicity of stormwater discharges. 

The effects of stormwater on Lincoln Creek, near Milwaukee, WI, were described by Crunkilton 
et al. (1996). Lincoln Creek drains a heavily urbanized watershed of 19 mi2 that is about 9 miles 
long. On-site toxicity testing was conducted with side-stream flow-through aquaria using fathead 
minnows, plus in-stream biological assessments, along with water and sediment chemical measure
ments. In the basic tests, Lincoln Creek water was continuously pumped through the test tanks, 
reflecting the natural changes in water quality during both dry and wet-weather conditions. The 
continuous flow-through mortality tests indicated no toxicity until after about the 14th day of 
exposure, with more than 80% mortality after about 25 days, indicating that short-term toxicity 
tests likely underestimate stormwater toxicity. The biological and physical habitat assessments 
supported a definitive relationship between degraded stream ecology and urban runoff. 
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Rainbow (1996) presented a detailed overview of heavy metals in aquatic invertebrates. He 
concluded that the presence of a metal in an organism cannot tell us directly whether that metal is 
poisoning the organism. However, if compared to concentrations in a suite of well-researched 
biomonitors, it may be possible to determine if the accumulated concentrations are atypically high, 
with a possibility that toxic effects may be present. The user should be cautious, however, when 
attempting to relate tissue concentrations to effects or with bioconcentration factors. Many metals 
are essential and/or regulated by organisms and their internal concentrations might bear no rela
tionship to the concentrations in surrounding waters or sediments. 

A battery of laboratory and in situ bioassay tests are most useful when determining aquatic 
biota problems (Burton and Stemmer 1988; Burton et al. 1996; Chapter 6). The test series may 
include microbial activity tests, along with exposures of zooplankton, amphipods, aquatic insects, 
bivalves, and fish. Indigenous microbial activity responses correlated well with in situ biological 
and chemical profiles. Bascombe et al. (1990) also reported on the use of in situ biological tests, 
using an amphipod exposed for 5 to 6 weeks in urban streams, to examine urban runoff receiving 
water effects. Ellis et al. (1992) examined bioassay procedures for evaluating urban runoff effects 
on receiving water biota. They concluded that an acceptable criteria for protecting receiving water 
organisms should not only provide information on concentration and exposure relationships for in 
situ bioassays, but also consider body burdens, recovery rates, and sediment-related effects. 

During the Coyote Creek, San Jose, CA, receiving water study, 41 stations were studied in both 
urban and non-urban perennial flow stretches of the creek. Short- and long-term sampling techniques 
were used to evaluate the effects of urban runoff on water quality, sediment properties, fish, 
macroinvertebrates, attached algae, and rooted aquatic vegetation (Pitt and Bozeman 1982). 

Fish Kills and Advisories 

Runoff impacts are sometimes difficult for many people to appreciate in urban and agricultural 
areas. Fish kills are the most obvious indication of water quality problems for many people. 
However, because receiving water quality is often so poor, the aquatic life in typical urban and 
agricultural receiving waters is usually limited in abundance and diversity, and quite resistant to 
poor water quality. Sensitive native organisms have typically been displaced, or killed, long ago, 
and it usually requires an unusual event to cause a fish fill (Figure 3.1). Ray and White (1979) 
stated that one of the complicating factors in determining fish kills related to heavy metals is that 
the fish mortality may lag behind the first toxic exposure by several days and is usually detected 
many miles downstream from the discharge location. The actual concentrations of the water quality 
constituents that may have caused the kill could then be diluted beyond detection limits, making 
probable sources of the toxic materials impossible to determine in many cases. 

Heaney et al. (1980) reviewed fish kill information reported to government agencies from 1970 
to 1979. They found that less than 3% of the reported 10,000 fish kills was identified as having 
been caused by urban runoff. This is fewer than 30 fish kills per year nationwide. However, the 
cause of most of these 10,000 fish kills could not be identified. It is expected that many of these 
fish kills could have been caused by runoff, or a combination of problems that could have been 
worsened by runoff. For example, elevated nutrient loading causes eutrophication that may lead to 
dissolved oxygen deficits and subsequent fish kills. These events are exacerbated by natural stressors 
such as low flow conditions. More recent surveys have found nearly 30% of fish kills is attributable 
to runoff (Figure 3.2; EPA 1995). 

During the Bellevue, WA, receiving water studies, some fish kills were noted in the unusually 
clean urban streams (Pitt and Bissonnette 1984). The fish kills were usually associated with 
inappropriate discharges to the storm drainage system (such as cleaning materials and industrial 
chemical spills) and not from “typical” urban runoff. However, as noted later, the composition of 
the fish in the Bellevue urban stream was quite different, as compared to the control stream (Scott 
et al. 1986). 
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Figure 3.1 	 Fish kill in Village Creek, Birmingham, AL, due to Dursban 
entering storm drainage during warehouse fire. 
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Figure 3.2 	 Sources associated with fish kills. (From U.S. Environmental Protection Agency. National Water 
Quality Inventory. 1994 Report to Congress. Office of Water. EPA 841-R-95-005. Washington, D.C. 
December 1995.) 

Fish kill data have, therefore, not been a good indicator for identifying stressor categories or 
types. However, the composition of the fisheries and other aquatic life taxonomic information are 
sensitive indicators of receiving water problems in streams. 

In addition to fish kills, a significant concern is the increasing number of fish advisories being 
issued by states across the nation (Figure 3.3; EPA 1995). The causes of fish contamination and 
fish kills vary, but runoff is a primary contributor. 

Adverse Aquatic Life Effects Caused by Runoff 

Aquatic organisms are sensitive indicators of water quality. There have been many studies that 
describe aquatic life impairments that may result from exposure to contaminated runoff and/or 
habitat degradation. The following section summarizes some of these studies, which are typical of 
urban and agricultural watersheds. 

Klein (1979) studied 27 small watersheds having similar characteristics, but having varying 
land uses, in the Piedmont region of Maryland. During an initial phase of the study, definite 
relationships were found between water quality and land use. Subsequent study phases examined 
aquatic life relationships in the watersheds. The principal finding was that stream aquatic life 
problems were first identified with watersheds having imperviousness areas comprising at least 
12% of the watershed. Severe problems were noted after the imperviousness quantities reached 30%. 
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Figure 3.3 	 U.S. fish consumption advisories. Note: States that perform routine fish tissue analysis (such as 
Great Lake States) will detect more cases of fish contamination and issue more advisories than 
states with less rigorous fish sampling programs. In many cases, the states with the most fish 
advisories support the best monitoring programs for measuring toxic contamination in fish, and 
their water quality is no worse than the water quality in other states. (From U.S. Environmental 
Protection Agency. National Water Quality Inventory. 1994 Report to Congress. Office of Water. 
EPA 841-R-95-005. Washington, D.C. December 1995.) 

Receiving water impact studies were also conducted in North Carolina by Lenat et al. (1979), 
Lenat and Eagleson (1981), and Lenat et al. (1981). The benthic fauna occurred mainly on rocks. 
As sedimentation increased, the amount of exposed rocks decreased, with a decreasing density of 
benthic macroinvertebrates. Data from 1978 and 1979 in five cities showed that urban streams were 
grossly polluted by a combination of toxicants and sediment. Chemical analyses, without biological 
analyses, would have underestimated the severity of the problems because the water column quality 
varied rapidly, while the major problems were associated with sediment quality and effects on 
macroinvertebrates. Macroinvertebrate diversities were severely reduced in the urban streams, 
compared to the control streams. The biotic indices indicated “very poor” conditions for all urban 
streams. Occasionally, high populations of pollutant-tolerant organisms were found in the urban 
streams, but would abruptly disappear before subsequent sampling efforts. This was probably caused 
by intermittent discharges of spills or illegal dumping of toxicants. Although the cities studied were 
located in different geographic areas of North Carolina, the results were remarkably uniform. 

A major nonpoint runoff receiving water impact research program was conducted in Georgia 
(Cook et al. 1983). Several groups of researchers examined streams in major areas of the state. 
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Benke et al. (1981) studied 21 stream ecosystems near Atlanta having watersheds of 1 to 3 square 
miles each and land uses ranging from 0 to 98% urbanization. They measured stream water quality 
but found little relationship between water quality and degree of urbanization. The water quality 
parameters also did not identify a major degree of pollution. In contrast, there were major corre
lations between urbanization and the number of species. They had problems applying diversity 
indices to their study because the individual organisms varied greatly in size (biomass). CTA (1983) 
also examined receiving water aquatic biota impacts associated with nonpoint sources in Georgia. 
They studied habitat composition, water quality, macroinvertebrates, periphyton, fish, and toxicant 
concentrations in the water, sediment, and fish. They found that the impacts of land use were the 
greatest in the urban basins. Beneficial uses were impaired or denied in all three urban basins 
studied. Fish were absent in two of the basins and severely restricted in the third. The native 
macroinvertebrates were replaced with pollution-tolerant organisms. The periphyton in the urban 
streams were very different from those found in the control streams and were dominated by species 
known to create taste and odor problems. 

Pratt et al. (1981) used basket artificial substrates to compare benthic population trends along 
urban and nonurban areas of the Green River in Massachusetts. The benthic community became 
increasingly disrupted as urbanization increased. The problems were not only associated with times 
of heavy rain, but seemed to be affected at all times. The stress was greatest during summer low 
flow periods and was probably localized near the stream bed. They concluded that the high degree 
of correspondence between the known sources of urban runoff and the observed effects on the benthic 
community was a forceful argument that urban runoff was the causal agent of the disruption observed. 

Cedar swamps in the New Jersey Pine Barrens were studied by Ehrenfeld and Schneider (1983). 
They examined 19 swamps subjected to varying amounts of urbanization. Typical plant species 
were lost and replaced by weeds and exotic plants in urban runoff-affected swamps. Increased 
uptakes of phosphorus and lead in the plants were found. It was concluded that the presence of 
stormwater runoff to the cedar swamps caused marked changes in community structure, vegetation 
dynamics, and plant tissue element concentrations. 

Medeiros and Coler (1982) and Medeiros et al. (1984) used a combination of laboratory and 
field studies to investigate the effects of urban runoff on fathead minnows. Hatchability, survival, 
and growth were assessed in the laboratory in flow-through and static bioassay tests. Growth was 
reduced to one half of the control growth rates at 60% dilutions of urban runoff. The observed 
effects were believed to be associated with a combination of toxicants. 

The benthos in the upper reaches of Coyote Creek (San Jose, CA) consisted primarily of 
amphipods and a diverse assemblage of aquatic insects (Pitt and Bozeman 1982). Together those 
groups comprised two thirds of the benthos collected from the non-urban portion of the creek. 
Clean water forms were abundant and included amphipods (Hyaella azteca) and various genera of 
mayflies, caddisflies, black flies, crane flies, alderflies, and riffle beetles. In contrast, the benthos 
of the urban reaches of the creek consisted almost exclusively of pollution-tolerant oligochaete 
worms (tubificids). Tubificids accounted for 97% of the benthos collected from the lower portion 
of Coyote Creek. 

There were significant differences in the numbers and types of benthic organisms found during 
the Bellevue Urban Runoff Program (Pederson 1981; Perkins 1982; Richey et al. 1981; Richey 
1982; Scott et al. 1982). Mayflies, stoneflies, caddisflies, and beetles were rarely observed in 
urbanized Kelsey Creek, but were quite abundant in rural Bear Creek. These organisms are com
monly regarded as sensitive indicators to environmental degradation. As an example of a degraded 
aquatic habitat, a species of clams (Unionidae) was not found in Kelsey Creek, but was found in 
Bear Creek. These clams are very sensitive to heavy siltation and unstable sediments. Empty clam 
shells, however, were found buried in the Kelsey Creek sediments indicating their previous presence 
in the creek and their inability to adjust to the changing conditions. The benthic organism compo
sition in Kelsey Creek varied radically with time and place, while the organisms were much more 
stable in Bear Creek. 
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Introduced fishes often cause radical changes in the nature of the fish fauna present in a given 
water body. In many cases, they become the dominant fishes because they are able to outcompete 
the native fishes for food or space, or they may possess greater tolerance to environmental stress. 
In general, introduced species are most abundant in aquatic habitats modified by man, while native 
fishes tend to persist mostly in undisturbed areas. Such is apparently the case within Coyote Creek, 
San Jose, CA (Pitt and Bozeman 1982). 

Samples from the non-urban portion of the study area were dominated by an assemblage of 
native fish species such as hitch, three spine stickleback, Sacramento sucker, and prickly sculpin. 
Rainbow trout, riffle sculpin, and Sacramento squawfish were captured only in the headwater 
reaches and tributary streams of Coyote Creek. Collectively, native species comprised 89% of the 
number and 79% of the biomass of the 2379 fishes collected from the upper reaches of the study 
area. In contrast, native species accounted for only 7% of the number and 31% of the biomass of 
the 2899 fishes collected from the urban reach of the study area. 

Hitch was the most numerous native fish species present. Hitch generally exhibit a preference 
for quiet water habitat and are characteristic of warm, low elevation lakes, sloughs, sluggish rivers, 
and ponds. Mosquitofish dominated the collections from the urbanized section of the creek and 
accounted for over two thirds of the total number of fish collected from the area. This fish is 
particularly well adapted to withstand extreme environmental conditions, including those imposed 
by stagnant waters with low dissolved oxygen concentrations and elevated temperatures. The 
second most abundant fish species in the urbanized reach of Coyote Creek, the fathead minnow, 
is equally well suited to tolerate extreme environmental conditions. The species can withstand low 
dissolved oxygen, high temperature, high organic pollution, and high alkalinity. Often thriving in 
unstable environments such as intermittent streams, the fathead minnow can survive in a wide 
variety of habitats. 

The University of Washington (Pederson 1981; Perkins 1982; Richey et al. 1981; Richey 1982; 
Scott et al. 1982) conducted a series of studies to contrast the biological and chemical conditions 
in urban Kelsey Creek with rural Bear Creek. The urban creek was significantly degraded when 
compared to the rural creek, but still supported a productive but limited and unhealthy salmonid 
fishery. Many of the fish in the urban creek, however, had respiratory anomalies. The urban creek 
was not grossly polluted, but flooding from urban developments has increased dramatically in recent 
years. These increased flows have dramatically changed the urban stream’s channel, by causing 
unstable conditions with increased stream bed movement, and by altering the availability of food 
for the aquatic organisms. The aquatic organisms are very dependent on the few relatively undis
turbed reaches. Dissolved oxygen concentrations in the sediments depressed embryo salmon survival 
in the urban creek. Various organic and metallic priority pollutants were discharged to the urban 
creek, but most of them were apparently carried through the creek system by the high storm flows 
to Lake Washington. The urbanized Kelsey Creek also had higher water temperatures (probably due 
to reduced shading) than Bear Creek. This probably caused the faster fish growth in Kelsey Creek. 

The fish population in Kelsey Creek had adapted to its degrading environment by shifting the 
species composition from coho salmon to less sensitive cutthroat trout and by making extensive 
use of less-disturbed refuge areas (Figure 4.22). Studies of damaged gills found that up to three 
fourths of the fish in Kelsey Creek were affected with respiratory anomalies, while no cutthroat 
trout and only two of the coho salmon sampled in Bear Creek had damaged gills. Massive fish 
kills in Kelsey Creek and its tributaries were observed on several occasions during the project due 
to the dumping of toxic materials down the storm drains. 

Urban runoff impact studies were conducted in the Hillsborough River near Tampa Bay, FL, 
as part of the NURP program (Mote Marine Laboratory 1984). Plants, animals, sediment, and water 
quality were all studied in the field and supplemented by laboratory bioassay tests. Effects of 
saltwater intrusion and urban runoff were both measured because of the estuarine environment. 
During wet weather, freshwater species were found closer to the bay than during dry weather. In 
coastal areas, these additional natural factors make it even more difficult to identify the 
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Figure 3.4 	 Installation of side-stream fish bioassay Figure 3.5 Lincoln Creek side-stream fish bioassay 
test facilities at Lincoln Creek, Milwau- test facilities nearing completion. 
kee, WI. 

cause-and-effect relationships for aquatic life problems. During another NURP project, Striegl 
(1985) found that the effects of accumulated pollutants in Lake Ellyn (Glen Ellyn, IL) inhibited 
desirable benthic invertebrates and fish and increased undesirable phytoplankton blooms. LaRoe 
(1985) summarized the off-site effects of construction sediment on fish and wildlife. He noted that 
physical, chemical, and biological processes all affect receiving water aquatic life. 

The number of benthic organism taxa in Shabakunk Creek in Mercer County, NJ, declined from 
13 in relatively undeveloped areas to 4 below heavily urbanized areas (Garie and McIntosh 1986, 
1990). Periphyton samples were also analyzed for heavy metals, with significantly higher metal 
concentrations found below the heavily urbanized area than above. 

The Wisconsin Department of Natural Resources, in conjunction with the USGS and the Uni
versity of Wisconsin, conducted side-stream fish bioassay tests in Lincoln Creek in Milwaukee 
(Figures 3.4 and 3.5) (Crunkilton et al. 1996). They identified significant acute toxicity problems 
associated with intermediate-term (about 10 to 20 day) exposures to adverse toxicant concentrations 
in urban receiving streams, with no indication of toxicity for shorter exposures. These toxicity effects 
were substantially (but not completely) reduced through the removal of stormwater particulates 
using a typical wet detention pond designed to remove most of the particles larger than 5 µm. 

Observed Habitat Problems Caused by Runoff 

Some of the most serious effects of urban and agricultural runoff are on the aquatic habitat 
of the receiving waters. These habitat effects are in addition to the pollutant concentration effects. 
The major effects of sediment on the aquatic habitat include silting of spawning and food 
production areas and unstable bed conditions (Cordone and Kelley 1961). Other major habitat 
destruction problems include rapidly changing flows and the absence of refuge areas to protect 
the biota during these flow changes. Removal of riparian vegetation can increase water tempera
tures and eliminate a major source of debris, which provides important refuge areas. The major 
source of these habitat problems is the increased discharge volumes and flow rates associated with 
stormwater in developing areas that cause significant enlargements and unstable banks of small 
and moderate sized streams (Figures 3.6 and 3.7). Other habitat problems are caused by attempts 
to “correct” these problems by construction of lined channels (Figures 3.8 and 3.9) or small drop 
structures which hinder migration of aquatic life and create areas for the accumulation of con
taminated silt (Figure 3.10). 
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Figure 3.6 	 Creek blowout after initial significant 
spring rains in newly developed area. 
(Courtesy of Wisconsin Department of 
Natural Resources.) 

Figure 3.8 	 Lined embankment along Waller Creek, 
Austin, TX. 

Schueler (1996) stated that channel geometry 
stability can be a good indicator of the effective
ness of stormwater control practices. He also 
found that once a watershed area has more than 
about 10 to 15% effective impervious cover, 
noticeable changes in channel morphology occur, 
along with quantifiable impacts on water quality 
and biological conditions. Stephenson (1996) 
studied changes in streamflow volumes in South 
Africa during urbanization. He found increased 
stormwater runoff, decreases in the groundwater 
table, and dramatically decreased times of con
centration. The peak flow rates increased by about 
twofold, about half caused by increased pavement 
(in an area having only about 5% effective imper
vious cover), with the remainder caused by 
decreased times of concentration. 

Figure 3.7 	 Unstable banks and trash along Five-
Mile Creek, Birmingham, AL. 

Figure 3.9 Lined channel in Milwaukee, WI. 

Figure 3.10 	Small drop structure obstruction in Lin
coln Creek, Milwaukee, WI. 
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Brookes (1988) has documented many cases in the United States and Great Britain of stream 
morphological changes associated with urbanization. These changes are mostly responsible for habitat 
destruction which is usually the most significant detriment to aquatic life. In many cases, water quality 
improvement would result in very little aquatic life benefit if the physical habitat is grossly modified. 
The most obvious habitat problems are associated with stream “improvement” projects, ranging from 
removal of debris, to straightening streams, to channelization projects. Brookes (1988, 1991) presents 
a number of ways to minimize habitat problems associated with stream channel projects, including 
stream restoration. 

Wolman and Schick (1967) observed deposition of channel bars, erosion of channel banks, 
obstruction of flows, increased flooding, shifting of channel bottoms, along with concurrent changes 
in the aquatic life, in Maryland streams affected by urban construction activities. Robinson (1976) 
studied eight streams in watersheds undergoing urbanization and found that the increased magni
tudes and frequencies of flooding, along with the increased sediment yields, had considerable impact 
on stream morphology (and therefore aquatic life habitat). 

The aquatic organism differences found during the Bellevue Urban Runoff Program were 
probably most associated with the increased peak flows in Kelsey Creek caused by urbanization 
and the resultant increase in sediment-carrying capacity and channel instability of the creek (Ped
erson 1981; Perkins 1982; Richey et al. 1981; Richey 1982; Scott et al. 1982). Developed Kelsey 
Creek had much lower flows than rural Bear Creek during periods between storms. About 30% 
less water was available in Kelsey Creek during the summers. These low flows may also have 
significantly affected the aquatic habitat and the ability of the urban creek to flush toxic spills or 
other dry-weather pollutants from the creek system (Ebbert et al. 1983; Prych and Ebbert undated). 
Kelsey Creek had extreme hydrologic responses to storm. Flooding substantially increased in Kelsey 
Creek during the period of urban development; the peak annual discharges have almost doubled 
in the last 30 years, and the flooding frequency has also increased due to urbanization (Ebbert et 
al. 1983; Prych and Ebbert undated). These increased flows in urbanized Kelsey Creek resulted in 
greatly increased sediment transport and channel instability. The Bellevue studies (summarized by 
Pitt and Bissonnette 1984) indicated very significant interrelationships between the physical, bio
logical, and chemical characteristics of the urbanized Kelsey Creek system. The aquatic life 
beneficial uses were found to be impaired, and stormwater conveyance was most likely associated 
with increased flows from the impervious areas in the urban area. Changes in the flow characteristics 
could radically alter the ability of the stream to carry the polluted sediments into the other receiving 
waters. If the stream power (directly related to sediment-carrying capacity) of Kelsey Creek were 
reduced, these toxic materials could be expected to be settled into its sediment, with increased 
effects on the stream’s aquatic life. Reducing peak flows would also reduce the flushing of smaller 
fish and other aquatic organisms from the system. 

Many recent studies on urban stream habitats and restoration efforts have been conducted, especially 
in the Pacific Northwest. In one example, May et al. (1999) found that maintaining natural land cover 
offers the best protection for maintaining stream ecological integrity and that best management practices 
have generally been limited in their ability to preserve appropriate conditions for lowland salmon 
spawning and rearing streams. They found that Puget Sound watersheds having a 10% impervious cover 
(likely resulting in marginal in-stream conditions) maintained at least 50% forested cover. 

Groundwater Impacts from Stormwater Infiltration 

There have been some nationwide studies that have shown virtually every agricultural and urban 
watershed contains elevated levels of nutrients, pesticides, and other organic chemicals in surface 
and groundwaters, sediments, and fish tissues (e.g., USGS 1999). Since groundwaters are widely 
used as a drinking water and irrigation source and recharge many surface water bodies, the 
implications of chemical contamination are quite serious. 

Prior to urbanization, groundwater recharge resulted from infiltration of precipitation through 
pervious surfaces, including grasslands and woods. This infiltrating water was relatively uncontam-
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Figure 3.11 	Groundwater recharge basin in Long 
Island, NY, using stormwater. (Courtesy 
of New York Department of USGS). 

Figure 3.13 	Public education roadside sign in Austin, 
TX, warning about sensitive recharge 
zone. 

Figure 3.12 	Karst geology at an Austin, TX, roadcut 
showing major channeling opportunities 
for surface water to enter the Edwards 
Aquifer. 

Figure 3.14 	Paver blocks for on-site infiltration in 
Essen, Germany. 

inated. Urbanization reduced the permeable soil surface area through which recharge by infiltration 
could occur. This resulted in much less groundwater recharge and greatly increased surface runoff. 
In addition, the waters available for recharge generally carried increased quantities of pollutants. 
With urbanization, new sources of groundwater recharge also occurred, including recharge from 
domestic septic tanks, percolation basins (Figure 3.11), and industrial waste injection wells, and 
from agricultural and residential irrigation. Special groundwater contamination problems may occur 
in areas having Karst geology where surface waters can be easily and quickly directed to the 
subsurface (Figures 3.12 and 3.13). Of course, there are many less dramatic opportunities for 
stormwater to enter the groundwater, including areas of porous paver blocks (Figures 3.14 through 
3.16), grass swales (Figures 3.17 and 3.18), infiltration trenches (Figure 3.19), biofiltration areas 
(Figure 3.20), and simply from runoff flowing across grass (Figure 3.21). Many of these infiltration 
practices are done to reduce surface water impacts associated with stormwater discharges. If the 
infiltration is conducted through surface soils (such as for grass swales and grass landscaped areas), 
groundwater contamination problems are significantly reduced. However, if subsurface infiltration 
is used (especially through the use of injection wells), the risk of groundwater contamination for 
many stormwater pollutants substantially increases (Pitt et al. 1994, 1996). 
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Figure 3.15 	Paver blocks for emergency and utility Figure 3.16 Paver blocks for occasional access 
vehicle access, Madison, WI (under con- road, Seattle Science Center, WA. 
struction). 

Figure 3.17 	Grass swale in residential area, Milwau- Figure 3.18 Grass swale in office park area, Milwau
kee, WI. kee, WI. 

The Technical University of Denmark (Mikkelsen et al. 1996a,b) has been involved in a series 
of tests to examine the effects of stormwater infiltration on soil and groundwater quality. It found 
that heavy metals and PAHs present little groundwater contamination threat if surface infiltration 
systems are used. However, it expresses concern about pesticides, which are much more mobile. 
Squillace et al. (1996) along with Zogorski et al. (1996) presented information concerning storm
water and its potential as a source of groundwater MTBE contamination. Mull (1996) stated that 
traffic areas are the third most important source of groundwater contamination in Germany (after 
abandoned industrial sites and leaky sewers). The most important contaminants are chlorinated 
hydrocarbons, sulfate, organic compounds, and nitrates. Heavy metals are generally not an important 
groundwater contaminant because of their affinity for soils. Trauth and Xanthopoulus (1996) 
examined the long-term trends in groundwater quality at Karlsruhe, Germany. They found that 
urban land use is having a long-term influence on the groundwater quality. The concentration of 
many pollutants has increased by about 30 to 40% over 20 years. Hütter and Remmler (1996) 
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Figure 3.19 	Stormwater infiltration through infiltra
tion trench, office park, Lake Oswego, 
OR. 

describe a groundwater monitoring plan, includ
ing monitoring wells that were established during 
the construction of an infiltration trench for storm
water disposal, in Dortmund, Germany. The worst 
problem expected is with zinc if the infiltration 
water has a pH value of 4. 

The following paragraphs (summarized from 
Pitt et al. 1994, 1996) describe the stormwater 
pollutants that have the greatest potential of 
adversely affecting groundwater quality during 
inadvertent or intentional stormwater infiltration, 
along with suggestions on how to minimize these 
potential problems. 

Nutrients 

Groundwater contamination with phosphorus 
has not been as widespread, or as severe, as with 
nitrogen compounds. Nitrates are one of the most 

Figure 3.20 	Biofiltration in parking area (Photo used 
with permission of Center for Watershed 
Protection.) 

Figure 3.21 Infiltration through grassed areas. 

frequently encountered contaminants in groundwater. Whenever nitrogen-containing compounds 
come into contact with soil, a potential for nitrate leaching into groundwater exists, especially in 
rapid-infiltration wastewater basins, stormwater infiltration devices, and in agricultural areas. Nitrate 
has leached from fertilizers and affected groundwaters under various turf grasses in urban areas, 
including golf courses, parks, and home lawns. Significant leaching of nitrates occurs during the 
cool, wet seasons. Cool temperatures reduce denitrification and ammonia volatilization, and limit 
microbial nitrogen immobilization and plant uptake. The use of slow-release fertilizers is recom
mended in areas having potential groundwater nitrate problems. The slow-release fertilizers include 
urea formaldehyde (UF), methylene urea, isobutyldiene diurea (IBDU), and sulfur-coated urea. 
Residual nitrate concentrations are highly variable in soil due to soil texture, mineralization, rainfall 
and irrigation patterns, organic matter content, crop yield, nitrogen fertilizer/sludge rate, denitrifi
cation, and soil compaction. Nitrate is highly soluble (>1 kg/L) and will stay in solution in the 
percolation water, after leaving the root zone, until it reaches the groundwater. 
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Nitrate has a low to moderate groundwater contamination potential for both surface percolation 
and subsurface infiltration/injection practices because of its relatively low concentrations found in 
most stormwaters. However, if the stormwater nitrate concentration were high, then the groundwater 
contamination potential would also likely be high. 

Pesticides 

Pesticide contamination of groundwater can result from agricultural, municipal, and homeowner 
use of pesticides for pest control and their subsequent collection in stormwater runoff. A wide 
range of pesticides and their metabolites have been found in watersheds, which include typical 
urban pesticides in agricultural areas, and vice versa. This cross-contamination of pesticides into 
areas in which they are not being used is attributed to atmospheric transport. Heavy repetitive use 
of mobile pesticides on irrigated and sandy soils likely contaminates groundwater. Some insecti
cides, fungicides, and nematocides must be mobile in order to reach the target pest and, hence, 
they generally have the highest contamination potential. Pesticide leaching depends on patterns of 
use, soil texture, total organic carbon content of the soil, pesticide persistence, and depth to the 
water table. 

The greatest pesticide mobility occurs in areas with coarse-grained or sandy soils without a 
hardpan layer, having low clay and organic matter content and high permeability. Structural voids, 
which are generally found in the surface layer of finer-textured soils rich in clay, can transmit 
pesticides rapidly when the voids are filled with water and the adsorbing surfaces of the soil matrix 
are bypassed. In general, pesticides with low water solubilities, high octanol-water partitioning 
coefficients, and high carbon partitioning coefficients are less mobile. The slower-moving pesticides 
have been recommended in areas of groundwater contamination concern. These include the fungi
cides iprodione and triadimefon, the insecticides isofenphos and chlorpyrifos, and the herbicide 
glyphosate. The most mobile pesticides include 2,4-D, acenaphthylene, alachlor, atrazine, cyana
zine, dacthal, diazinon, dicamba, malathion, and metolachlor. 

Pesticides decompose in soil and water, but the total decomposition time can range from days 
to years. Literature half-lives for pesticides generally apply to surface soils and do not account for 
the reduced microbial activity found deep in the vadose zone. Pesticides with a 30-day half-life 
can show considerable leaching. An order-of-magnitude difference in half-life results in a five- to 
tenfold difference in percolation loss. Organophosphate pesticides are less persistent than orga
nochlorine pesticides, but they also are not strongly adsorbed by the sediment and are likely to 
leach into the vadose zone and the groundwater. Perhaps a greater concern that has recently emerged 
is the widespread prevalence of toxic pesticide metabolites (breakdown products) that are not 
routinely analyzed. The ecological and human health significance of this is not known at present, 
but will be a future topic of investigation. 

Lindane and chlordane have moderate groundwater contamination potentials for surface per
colation practices (with no pretreatment) and for subsurface injection (with minimal pretreatment). 
The groundwater contamination potentials for both of these compounds would likely be substan
tially reduced with adequate sedimentation pretreatment. Pesticides have mostly been found in 
urban runoff from residential areas, especially in dry-weather flows associated with landscaping 
irrigation runoff. 

Other Organics 

The most commonly occurring organic compounds that have been found in urban groundwaters 
include phthalate esters (especially bis(2-ethylhexyl)phthalate) and phenolic compounds. Other 
organics more rarely found, possibly due to losses during sample collection, have included the 
volatiles: benzene, chloroform, methylene chloride, trichloroethylene, tetrachloroethylene, toluene, 
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and xylene. PAHs (especially benzo(a)anthracene, chrysene, anthracene, and benzo(b)fluoroan
thenene) have also been found in groundwaters near industrial sites. 

Groundwater contamination from organics, as from other pollutants, occurs more readily in 
areas with sandy soils and where the water table is near the land surface. Removal of organics 
from the soil and recharge water can occur by one of three methods: volatilization, sorption, and 
degradation. Volatilization can significantly reduce the concentrations of the most volatile com
pounds in groundwater, but the rate of gas transfer from the soil to the air is usually limited by the 
presence of soil water. Hydrophobic sorption onto soil organic matter limits the mobility of less 
soluble base/neutral and acid extractable compounds through organic soils and the vadose zone. 
Sorption is not always a permanent removal mechanism, however. Organic resolubilization can 
occur during wet periods following dry periods. Many organics can be at least partially degraded 
by microorganisms, but others cannot. Temperature, pH, moisture content, ion-exchange capacity 
of soil, and air availability may limit the microbial degradation potential for even the most degrad
able organic. 

1,3-Dichlorobenzene may have a high groundwater contamination potential for subsurface 
infiltration/injection (with minimal pretreatment). However, it would likely have a lower ground
water contamination potential for most surface percolation practices because of its relatively strong 
sorption to vadose zone soils. Both pyrene and fluoranthene would also likely have high ground
water contamination potentials for subsurface infiltration/injection practices, but lower contami
nation potentials for surface percolation practices because of their more limited mobility through 
the unsaturated zone (vadose zone). Others (including benzo(a)anthracene, bis(2-ethylhexyl) phtha
late, pentachlorophenol, and phenanthrene) may also have moderate groundwater contamination 
potentials if surface percolation with no pretreatment or subsurface injection/infiltration is used. 
These compounds would have low groundwater contamination potentials if surface infiltration was 
used with sedimentation pretreatment. Volatile organic compounds (VOCs) may also have high 
groundwater contamination potentials if present in the stormwater (likely for some industrial and 
commercial facilities and vehicle service establishments). The other organics, especially the vol
atiles, are mostly found in industrial areas. The phthalates are found in all areas. The PAHs are 
also found in runoff from all areas, but they are in higher concentrations and occur more frequently 
in industrial areas. 

Pathogenic Microorganisms 

Viruses have been detected in groundwater where stormwater recharge basins are located short 
distances above the aquifer. Enteric viruses are more resistant to environmental factors than enteric 
bacteria and they exhibit longer survival times in natural waters. They can occur in potable and 
marine waters in the absence of fecal coliforms. Enteroviruses are also more resistant to commonly 
used disinfectants than are indicator bacteria, and can occur in groundwater in the absence of 
indicator bacteria. 

The factors that affect the survival of enteric bacteria and viruses in the soil include pH, 
antagonism from soil microflora, moisture content, temperature, sunlight, and organic matter. The 
two most important attributes of viruses that permit their long-term survival in the environment are 
their structure and very small size. These characteristics permit virus occlusion and protection 
within colloid-size particles. Viral adsorption is promoted by increasing cation concentration, 
decreasing pH, and decreasing soluble organics. Since the movement of viruses through soil to 
groundwater occurs in the liquid phase and involves water movement and associated suspended 
virus particles, the distribution of viruses between the adsorbed and liquid phases determines the 
viral mass available for movement. Once the virus reaches the groundwater, it can travel laterally 
through the aquifer until it is either adsorbed or inactivated. 
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The major bacterial removal mechanisms in soil are straining at the soil surface and at intergrain 
contacts, sedimentation, sorption by soil particles, and inactivation. Because they are larger than 
viruses, most bacteria are retained near the soil surface due to this straining effect. In general, enteric 
bacteria survive in soil for 2 to 3 months, although survival times up to 5 years have been documented. 

Enteroviruses likely have a high groundwater contamination potential for all percolation prac
tices and subsurface infiltration/injection practices, depending on their presence in stormwater 
(likely, if contaminated with sanitary sewage). Other pathogens, including Shigella, Pseudomonas 
aeruginosa, and various protozoa, would also have high groundwater contamination potentials if 
subsurface infiltration/injection practices are used without disinfection. If disinfection (especially 
by chlorine or ozone) is used, then disinfection by-products (such as trihalomethanes or ozonated 
bromides) would have high groundwater contamination potentials. Pathogens are most likely 
associated with sanitary sewage contamination of storm drainage systems, but several bacterial 
pathogens are commonly found in surface runoff in residential areas. 

Heavy Metals and Other Inorganic Compounds 

The heavy metals and other inorganic compounds in stormwater of most environmental concern, 
from a groundwater pollution standpoint, are chromium, copper, lead, nickel, and zinc. However, 
the majority of metals, with the consistent exception of zinc, are mostly found associated with the 
particulate solids in stormwaters and are thus relatively easily removed through sedimentation 
practices. Filterable forms of the metals may also be removed by either sediment adsorption or 
organically complexing with other particulates. 

In general, studies of recharge basins receiving large metal loads found that most of the heavy 
metals are removed either in the basin sediment or in the vadose zone. Dissolved metal ions are 
removed from stormwater during infiltration mostly by adsorption onto the near-surface particles 
in the vadose zone, while the particulate metals are filtered out near the soil surface. Studies at 
recharge basins found that lead, zinc, cadmium, and copper accumulated at the soil surface with 
little downward movement over many years. However, nickel, chromium, and zinc concentrations 
have exceeded regulatory limits in the soils below a recharge area at a commercial site. Elevated 
groundwater heavy metal concentrations of aluminum, cadmium, copper, chromium, lead, and zinc 
have been found below stormwater infiltration devices where the groundwater pH has been acidic. 
Allowing percolation ponds to go dry between storms can be counterproductive to the removal of 
lead from the water during recharge. Apparently, the adsorption bonds between the sediment and 
the metals can be weakened during the drying period. 

Similarities in water quality between runoff water and groundwater have shown that there is 
significant downward movement of copper and iron in sandy and loamy soils. However, arsenic, 
nickel, and lead did not significantly move downward through the soil to the groundwater. The 
exception to this was some downward movement of lead with the percolation water in sandy soils 
beneath stormwater recharge basins. Zinc, which is more soluble than iron, has been found in 
higher concentrations in groundwater than has iron. The order of attenuation in the vadose zone 
from infiltrating stormwater is zinc (most mobile) > lead > cadmium > manganese > copper > iron 
> chromium > nickel > aluminum (least mobile). 

Nickel and zinc would likely have high groundwater contamination potentials if subsurface 
infiltration/injection were used. Chromium and lead would have moderate groundwater contamina
tion potentials for subsurface infiltration/injection practices. All metals would likely have low ground
water contamination potentials if surface infiltration were used with sedimentation pretreatment. 

Salts 

Salt applications for winter traffic safety is a common practice in many northern areas, and the 
sodium and chloride, which are collected in the snowmelt, travel down through the vadose zone 
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to the groundwater with little attenuation. Soil is not very effective at removing salts. Salts that are 
still in the percolation water after it travels through the vadose zone will contaminate the ground
water. Infiltration of stormwater has led to increases in sodium and chloride groundwater concen
trations above background concentrations. Fertilizer and pesticide salts also accumulate in urban 
areas and can leach through the soil to the groundwater. 

Studies of depth of pollutant penetration in soil have shown that sulfate and potassium concen
trations decrease with depth, while sodium, calcium, bicarbonate, and chloride concentrations 
increase with depth. Once contamination with salts begins, the movement of salts into the ground
water can be rapid. The salt concentration may not decrease until the source of the salts is removed. 

Chloride would likely have a high groundwater contamination potential in northern areas where 
road salts are used for traffic safety, irrespective of the pretreatment, infiltration, or percolation 
practice used. Salts are at their greatest concentrations in snowmelt and in early spring runoff in 
northern areas. 

STRESSOR CATEGORIES AND THEIR EFFECTS 

There are several ways in which stormwater stressors may be grouped. Overlap between these 
categories will occur since the ecosystem is comprised of interrelated, interactive components. 
Attempts at studying single stressors or single categories represents a “reductionist” approach as 
opposed to a more realistic “holistic” ecosystem approach (Chapman et al. 1992). However, for 
one to understand the whole system and its response to stormwater stressors, there must first be a 
basic understanding of single component effects and patterns (see also Chapters 3 through 6). The 
adverse effect of stormwater runoff has been mainly documented indirectly in NPS effect studies 
in urban and agricultural watersheds. The aquatic ecosystems in these environments typically show 
a loss of sensitive species, loss of species numbers (diversity and richness), and increases in numbers 
of pollution-tolerant organisms (e.g., Schueler 1987; EPA 1987a; Pitt and Bozeman 1982; Pitt 
1995). These trends are observed at all levels of biological organization including fish, insects, 
zooplankton, phytoplankton, benthic invertebrates, protozoa, bacteria, and macrophytes. These 
alterations tend to change an aquatic ecosystem from a stable system to an unstable one, and from 
a complex system to an overly simplistic one. As disturbances (e.g., toxic stormwater discharges) 
increase in frequency and severity, the recovery phase will increase and the ability to cope with a 
disturbance will decrease. The following categories are but a generalized summary of commonly 
observed characteristics and effects in previous stormwater and ecotoxicological studies. 

Stream Flow Effects and Associated Habitat Modifications 

Some of the most serious effects of urban and agricultural runoff are on the aquatic habitat 
of the receiving waters. A major threat to habitat comes from the rapidly changing flows and the 
absence of refuge areas to protect the biota during these flow changes. The natural changes in 
stream hydrology will change naturally at a slow, relatively nondetectable rate in most areas of 
the United States where stream banks are stabilized by riparian vegetation. In other areas, however, 
natural erosion and bank slumping will occur in response to high flow events. This “natural” 
contribution to stream solids is accelerated by hydromodifications, such as increases in stream 
power due to upstream channelization, installation of impervious drainage networks, increased 
impervious areas in the watershed (roof tops, roadways, parking areas), and removal of trees and 
vegetation. All of these increase the runoff volume and stream power, and decrease the time period 
for stream peak discharge. 

In moderately developed watersheds, peak discharges are two to five times those of predevel
opment levels (Leopold 1968; Anderson 1970). These storm events may have 50% greater volume, 
which may result in flooding. The quicker runoff periods reduce infiltration; thus, interflows and 
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baseflows into the stream from groundwater during drought periods are reduced, as are groundwater 
levels. As stream power increases, channel morphology will change with an initial widening of the 
channel to as much as two to four times its original size (Robinson 1976; Hammer 1972). Flood
plains increase in size, stream banks are undercut, and riparian vegetation lost. The increased 
sediment loading from erosion moves through the watershed as bedload, covering sand, gravel, and 
cobble substrates. 

The aquatic organism differences found during the Bellevue Urban Runoff Program were 
probably most associated with the increased peak flows in Kelsey Creek caused by urbanization 
and the resultant increase in sediment-carrying capacity and channel instability of the creek (Ped
erson 1981; Perkins 1982; Richey et al. 1981; Richey 1982; Scott et al. 1982). Kelsey Creek had 
much lower flows than Bear Creek during periods between storms. About 30% less water was 
available in Kelsey Creek during the summers. These low flows may also have significantly affected 
the aquatic habitat and the ability of the urban creek to flush toxic spills or other dry-weather 
pollutants from the creek system (Ebbert et al. 1983; Prych and Ebbert undated). Kelsey Creek had 
extreme hydrologic responses to storms. Flooding substantially increased in Kelsey Creek during 
the period of urban development; the peak annual discharges have almost doubled in the last 30 
years, and the flooding frequency has also increased due to urbanization (Ebbert et al. 1983; Prych 
and Ebbert undated). These increased flows in urbanized Kelsey Creek resulted in greatly increased 
sediment transport and channel instability. 

The Bellevue studies (Pitt and Bissonnette 1984) indicated very significant interrelationships 
among the physical, biological, and chemical characteristics of the urbanized Kelsey Creek system. 
The aquatic life beneficial uses were found to be impaired, and stormwater conveyance was most 
likely associated with increased flows from the impervious areas in the urban area. Changes in the 
flow characteristics could radically alter the ability of the stream to carry the polluted sediments 
into the other receiving waters. 

Stephenson (1996) studied changes in stream flow volumes in South Africa during urbanization. 
He found increased stormwater runoff, decreases in the groundwater table, and dramatically 
decreased times of concentration. The peak flow rates increased by about twofold, about half caused 
by increased pavement (in an area having only about 5% effective impervious cover), with the 
remainder caused by decreased times of concentration. 

Bhaduri et al. (1997) quantified the changes in stream flow and decreases in groundwater 
recharge associated with urbanization. They point out that the most widely addressed hydrologic 
effect of urbanization is the peak discharge increases that cause local flooding. However, the increase 
in surface runoff volume also represents a net loss in groundwater recharge. They point out that 
urbanization is linked to increased variability in volume of water available for wetlands and small 
streams, causing “flashy” or “flood-and-drought” conditions. In northern Ohio, urbanization at a 
study area was found to have caused a 195% increase in the annual volume of runoff, while the 
expected increase in the peak flow for the local 100-year event was 26% for the same site. Although 
any increase in severe flooding is problematic and cause for concern, the much larger increase in 
annual runoff volume, and associated decrease in groundwater recharge, likely has a much greater 
effect on in-stream biological conditions. 

A number of presentations concerning aquatic habitat effects from urbanization were made at 
the Effects of Watershed Development and Management on Aquatic Ecosystems conference held in 
Snowbird, UT, in August of 1996, and sponsored by the Engineering Foundation and the ASCE. 
MacRae (1997) presented a review of the development of the common zero runoff increase (ZRI) 
discharge criterion, referring to peak discharges before and after development. This criterion is 
commonly met using detention ponds for the 2-year storm. MacRae shows how this criterion has 
not effectively protected the receiving water habitat. He found that stream bed and bank erosion 
is controlled by the frequency and duration of the mid-depth flows (generally occurring more often 
than once a year), not the bank-full condition (approximated by the 2-year event). During monitoring 
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Table 3.1 	 Hours of Exceedance of Developed Conditions with Zero Runoff Increase (ZRI) Controls 
Compared to Predevelopment Conditions 

Exceedance for Exceedance for 
Existing Ultimate 

Exceedance for Development Development 
Predevelopment Conditions, with Conditions, with 

Recurrence Existing Flow Conditions ZRI Controls ZRI Controls 
Interval (yrs) Rate (m3/s) (hrs per 5 yrs) (hrs per 5 yrs) (hrs per 5 yrs) 

1.01 (critical 
mid-bank-full 
conditions) 

1.24 90 380 900 

1.5 (bank-full 
conditions) 

2.1 30 34 120 

near Toronto, he found that the duration of the geomorphically significant predevelopment mid
bank-full flows increased by a factor of 4.2 times, after 34% of the basin had been urbanized, 
compared to flow conditions before development. The channel had responded by increasing in 
cross-sectional area by as much as three times in some areas, and was still expanding. Table 3.1 
shows the modeled durations of critical discharges for predevelopment conditions, compared to 
current and ultimate levels of development with “zero runoff increase” controls in place. At full 
development and even with full ZRI compliance in this watershed, the hours exceeding the critical 
mid-bank-full conditions will increase by a factor of 10, with significant effects on channel stability 
and the physical habitat. 

MacRae (1997) also reported other studies that found channel cross-sectional areas began to 
enlarge after about 20 to 25% of the watershed was developed, corresponding to about a 5% 
impervious cover in the watershed. When the watersheds are completely developed, the channel 
enlargements were about five to seven times the original cross-sectional areas. Changes from stable 
stream bed conditions to unstable conditions appear to occur with basin imperviousness of about 
10%, similar to the value reported for serious biological degradation. He also summarized a study 
conducted in British Columbia that examined 30 stream reaches in natural areas, in urbanized areas 
having peak flow attenuation ponds, and in urbanized areas not having any stormwater controls. 
The channel widths in the uncontrolled urban streams were about 1.7 times the widths of the natural 
streams. The streams having the ponds also showed widening, but at a reduced amount compared 
to the uncontrolled urban streams. He concluded that an effective criterion to protect stream stability 
(a major component of habitat protection) must address mid-bank-full events, especially by requir
ing similar durations and frequencies of stream power (the product of shear stress and flow velocity, 
not just flow velocity alone) at these depths, compared to satisfactory reference conditions. 

Urbanization radically affects many natural stream characteristics. Pitt and Bissonnette (1984) 
reported that the coho and cutthroat were affected by the increased nutrients and elevated temper
atures of the urbanized streams in Bellevue, as studied by the University of Washington as part of 
the EPA NURP project (EPA 1983). These conditions were probably responsible for accelerated 
growth of the fry, which were observed to migrate to Puget Sound and the Pacific Ocean sooner 
than their counterparts in the control forested watershed that was also studied. However, the 
degradation of sediments, mainly the decreased particle sizes, adversely affected their spawning 
areas in streams that had become urbanized. Sovern and Washington (1997) reported that, in Western 
Washington, frequent high flow rates can be 10 to 100 times the predevelopment flows in urbanized 
areas, but that the low flows in the urban streams are commonly lower than the predevelopment 
low flows. They have concluded that the effects of urbanization on western Washington streams 
are dramatic, in most cases permanently changing the stream hydrologic balance, by increasing 
the annual water volume in the stream, increasing the volume and rate of storm flows, decreasing 
the low flows during dry periods, and increasing the sediment and pollutant discharges from the 
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watershed. With urbanization, the streams increase in cross-sectional area to accommodate these 
increased flows, and headwater downcutting occurs to decrease the channel gradient. The gradients 
of stable urban streams are often only about 1 to 2%, compared to 2 to 10% gradients in natural 
areas. These changes in width and the downcutting result in very different and changing stream 
conditions. For example, the common pool/drop habitats are generally replaced by pool/riffle 
habitats, and the stream bed material is comprised of much finer material. Along urban streams, 
fewer than 50 aquatic plant and animal species are usually found. Researchers have concluded that 
once urbanization begins, the effects on stream shape are not completely reversible. Developing 
and maintaining quality aquatic life habitat, however, is possible under urban conditions, but it 
requires human intervention and it will not be the same as for forested watersheds. 

Increased flows due to urban and agricultural modification obviously cause aquatic life impacts 
due to destroyed habitat (unstable channel linings, scour of sediments, enlarging stream cross 
sections, changes in stream gradient, collapsing of riparian stands of mature vegetation, siltation, 
embeddedness, etc.) plus physical flushing of aquatic life from refuge areas downstream. The 
increases in peak flows, annual runoff amounts, and associated decreases in groundwater recharge 
obviously cause decreased dry-weather flows in receiving streams. Many small and moderate-sized 
streams become intermittent after urbanization, causing extreme aquatic life impacts. Even with 
less severe decreased flows, aquatic life impacts can be significant. Lower flows are associated with 
increased temperatures, increased pollutant concentrations (due to decreased mixing and transport), 
and decreased mobility and forage opportunities. 

Safety Concerns with Stormwater 

There are many aspects of safety associated with urban and agricultural waters, including: 

• Exposure to pathogens and toxicants 
• Flows (rapidly changing and common high flows) 
• Steep banks/cut banks/muddy/slippery banks 
• Mucky sediments 
• Debris (sharps and strainers) 
• Habitat for nuisance organisms (e.g., mosquitoes, rats, snakes) 

Most urban receiving waters having direct storm drainage outfalls are quite small and have no 
formally designated beneficial uses. Larger receiving waters typically have basic uses established, 
but few urban receiving waters have water contact recreation as a designated beneficial use. Unfor
tunately, these small waters typically attract local children who may be exposed to some of the 
hazards associated with stormwater, as noted above. Conditions associated with pathogens and 
toxicants are likely a serious problem, but the other hazards listed are also very serious. Obviously, 
drowning should be a concern to all and is often a topic of heated discussion at public meetings 
where wet detention ponds for stormwater treatment are proposed. However, drowning hazards may 
be more common in typical urban streams than in well-designed wet detention ponds. These hazards 
are related to rapidly changing water flows, high flow rates, steep and muddy stream banks, and 
mucky stream deposits. These hazards are all increased with stormwater discharges and are typically 
much worse than in predevelopment times when the streams were much more stable. This can be 
especially critical in newly developing areas where the local streams are thought to be relatively 
safe from prior experience, but rapidly degrade with increased development and associated storm
water discharges. Other potentially serious hazards are related to debris thrown into streams or trash 
dumped along stream banks. In unstable urban streams, banks are often continuously cut away, with 
debris (bankside trees, small buildings, trash piles, and even automobiles) falling into the waterway. 
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Many people also see untidy urban stream corridors as habitat for snakes and other undesirable 
creatures and like to clearcut the riparian vegetation and plant grass to the water’s edge. Others 
see creeks as convenient dumping grounds and throw all manner of junk (yard wastes, old appli
ances, etc.) over their back fences or off bridges into stream corridors. Both of these approaches 
greatly hinder the use of streams. In contrast, residents of Bellevue, WA, have long accepted the 
value of small urban streams as habitat for fish. As an example, they have placed large amounts 
of gravel into streams to provide suitable spawning habitat. In other Northwest area streams, large 
woody debris is carefully placed into urban streams (using large street-side cranes, and sometimes 
even helicopters) to improve the aquatic habitat. In these areas, local residents are paying a great 
deal of money to improve the habitat along the streams and are obviously much more careful about 
creating hazards associated with trash and other inappropriate debris or discharges. 

Drowning Hazards 

Marcy and Flack (1981) state that drownings in general most often occur because of slips and 
falls into water, unexpected depths, cold water temperatures, and fast currents. Four methods to 
minimize these problems include eliminating or minimizing the hazard, keeping people away, 
making the onset of the hazard gradual, and providing escape routes. 

Jones and Jones (1982) consider safety and landscaping together because landscaping should 
be used as an effective safety element. They feel that appropriate slope grading and landscaping 
near the water’s edge can provide a more desirable approach than widespread fencing around wet 
detention ponds. Fences are expensive to install and maintain and usually produce unsightly pond 
edges. They collect trash and litter, challenge some individuals who like to defy barriers, and impede 
emergency access if needed. Marcy and Flack (1981) state that limited fencing may be appropriate 
in special areas. When the side slopes of a wet detention pond cannot be made gradual (such as 
when against a railroad right-of-way or close to a roadway), steep sides with submerged retaining 
walls may be needed. A chain-link fence located directly on the top of the retaining wall very close 
to the water’s edge may be needed (to prevent human occupancy of the narrow ledge on the water 
side of the fence). Another area where fencing may be needed is at the inlet or outlet structures of 
wet detention ponds. However, fencing usually gives a false sense of security, because most can 
be easily crossed (Eccher 1991). 

Common recommendations to maximize safety near wet detention ponds include suggestions 
that the pond side slopes be gradual near the water’s edge, with a submerged ledge close to shore. 
Aquatic plants on the ledge would decrease the chance of continued movement to deeper water, 
and thick vegetation on shore near the water’s edge would discourage access to the water and 
decrease the possibility of falling accidentally. Pathways should not be located close to the water’s 
edge, or turn abruptly near the water. Marcy and Flack (1981) also encourage the placement of 
escape routes in the water whenever possible. These could be floats on cables, ladders, hand-holds, 
safety nets, or ramps. They should not be placed to encourage entering the water. 

The use of inlet and outlet trash racks and antivortex baffles is also needed to prevent access 
to locations with dangerous water velocities. Several types are recommended by the NRCS (SCS 
1982). Racks need to have openings smaller than about 6 in, to prevent people from passing through 
them, and they need to be placed where water velocities are less than 3 ft/s, to allow people to 
escape (Marcy and Flack 1981). Besides maintaining safe conditions, racks also help keep trash 
from interfering with the operation of the outlet structure. 

Eccher (1991) lists the following pond attributes to ensure maximum safety, while having good 
ecological control: 

1. There should be no major abrupt changes in water depth in areas of uncontrolled access. 
2. Slopes should be controlled to ensure good footing. 
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3. 	 All slope areas should be designed and constructed to prevent or restrict weed and insect growth 
(generally requiring some form of hardened surface on the slopes). 

4. Shoreline erosion needs to be controlled. 

Obviously, many of these suggestions to improve safety near wet detention ponds may also be 
applicable to urban stream corridors. Of course, streams can periodically have high water velocities, 
and steep banks may be natural. However, landscaping and trail placement along urban stream 
corridors can be carefully done to minimize exposure to the hazardous areas. 

Aesthetics, Litter/Floatables, and Other Debris Associated with Stormwater 

One of the major problems with the aesthetic degradation of receiving waters in urban areas is 
a general lack of respect for the local water bodies. In areas where stormwater is considered a 
beneficial component of the urban water system, these problems are not as severe, and inhabitants 
and visitors enjoy the local waterscape. The following list indicates the types of aesthetic problems 
that are common for neglected waters: 

• Low flows 
• Mucky sediments 
• Trash from illegal dumping 
• Floatables from discharges of litter 
• Unnatural riparian areas 
• Unnatural channel modifications 
• Odiferous water and sediment 
• Rotting vegetation and dead fish 
• Objectionable sanitary wastes from CSOs and SSOs 

The above list indicates the most obvious aesthetic problems in receiving waters. Many of these 
problems are directly associated with poor water quality (such as degraded sediments, eutrophica
tion, and fish kills). Other direct problems associated with runoff include massive modifications of 
the hydrologic cycle with more severe and longer durations of low flow periods due to reduced 
infiltration of rainwater. Many of the other problems on the above list are related to indirect activities 
of the inhabitants of the watershed, namely, illegal dumping of trash into streams, littering in the 
drainage area, and improper modifications. In many areas, separate sewer overflows (SSOs) and 
combined sewer overflows (CSOs) also contribute unsightly and hazardous debris to urban receiving 
waters. 

Floatable Litter Associated with Wet-Weather Flows 

As previously indicated, aesthetics is one of the most important beneficial uses recognized for 
urban waterways. Floatable litter significantly degrades the aesthetic enjoyment of receiving waters. 
The control of floatables has therefore long been a goal of most communities. 

In coastal areas, land-based sources of beach debris and floatable material have generally been 
found to originate from wet-weather discharges from the land, and not from marine sources (such 
as shipping). Of course, in areas where solid wastes (garbage or sewage sludge, for example) have 
been (or are still being) dumped in the sea, these sources may also be significant beach litter sources. 
In CSO areas, items of sanitary origin are found in the receiving waters and along the beaches, but 
stormwater discharges are responsible for most of the bulk litter material, including much of the 
hazardous materials. In inland areas, marine contributions are obviously not an issue. Therefore, 
with such direct linkages to the drainage areas, much of the floatable material control efforts have 
focused on watershed sources and controls (including being part of the “nine minimum” controls 
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Figure 3.22 	Schematic of transport of street and sidewalk litter into receiving waters. (From HydroQual, Inc. 
Floatables Pilot Program Final Report: Evaluation of Non-Structural Methods to Control Combined 
and Storm Sewer Floatable Materials. City-Wide Floatables Study, Contract II. Prepared for New 
York City, Department of Environmental Protection, Bureau of Environmental Engineering, Division 
of Water Quality Improvement. NYDP2000. December 1995.) 

for CSOs required by the EPA). Figure 3.22 shows a schematic of how street and sidewalk litter 
enter the receiving waters (HydroQual 1995). 

An example of an investigation of beach litter sources was conducted by Williams and Simmons 
(1997) along the Bristol Channel in the U.K. They concluded that most of the litter accumulating 
on the beaches originated from river discharges, and not from litter being deposited directly on the 
beaches by visitors or from shipping or other oceanic sources. The sources of the litter into the 
major rivers were the many combined sewer overflows in the area. About 3000 CSOs exist in Wales, 
and 86 of the 126 CSOs discharging into the study area receive no treatment. They summarized 
previous studies that have concluded that about half of Britain’s coastline is contaminated, with an 
average of 22 plastic bottles, 17 cans, and 20 sanitary items occurring per km of coast. In some 
areas, the beach litter can exceed 100 items per category per kilometer. Their survey found that 
low energy (relatively flat) sandy beaches collected the most debris. Winter litter loadings were 
generally higher than during the summer, further indicating that storm-related sources were more 
important than visitor-related sources. They concluded that the linear strip development in South 
Wales’ valleys had led to rivers being used as open sewers and as general dumping grounds. 

One of the largest and most comprehensive beach litter and floatable control investigations and 
control efforts in the United States has been conducted by New York City. At the beginning of their 
description of this floatable control program, Grey and Olivieri (1998) stated that “one of the major 
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Figure 3.23 Trash boom, New York City. Figure 3.24 	New York booms and skimmers for the 
control of floatable discharges. 

issues of urban wet-weather pollution is the control of floatable pollution.” The comprehensive 
New York City program included investigations of the sources of the litter contributing to the 
floatable discharges (mostly street and sidewalk litter) and the effectiveness of many floatable 
control practices (including public education, enhanced street cleaning, catchbasin hoods, floatable 
capture nets, and booming and skimmer boats) (Figures 3.23 through 3.26). 

New York City used in-line net boxes installed below catchbasin inlets to capture the discharge 
of floatables for identification and quantification. Much of the work was directed at the capture 
efficiency of the floatable material in catchbasins. It was found that it was critical that hoods (covers 
over the catchbasin outlets that extended below the standing water) be used in the catchbasins to 
help retain the captured material. The hoods increased the capture of the floatables by 70 to 85%. 
Unhooded catchbasins were found to discharge about 11 g/100 ft of curb length per day, while 

Figure 3.25 	TrashTrap at Fresh Creek, Brooklyn, Figure 3.26 New York City’s use of end-of-pipe 
NY. TrashTrap systems. 
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Table 3.2 Floatable Litter Characteristics Found on New York City Streets 

No. of Items Weight of Items Density of Items 
(%) (%) (lb/ft3) 

Plastic 57.2 44.3 2.8 
Metal 18.9 12.0 3.8 
Paper (coated/waxed) 5.9 4.0 2.0 
Wood 5.9 5.3 7.7 
Polystyrene 5.4 1.3 0.7 
Cloth/fabric 2.5 12.5 8.3 
Sensitive items 1.7 0.4 na 
Rubber 1.1 1.1 10.5 
Misc. 1.0 3.6 9.8 
Glass 0.4 15.6 13.8 

From HydroQual, Inc. Floatables Pilot Program Final Report: Evaluation of Non-
Structural Methods to Control Combined and Storm Sewer Floatable Materials. 
City-Wide Floatables Study, Contract II. Prepared for New York City, Department 
of Environmental Protection, Bureau of Environmental Engineering, Division of 
Water Quality Improvement. NYDP2000. December 1995. 

hooded catchbasins reduced this discharge to about 3.3 g/100 ft of curb length per day. It was also 
found that the hoods greatly extended the period of time between cleanings and the depth of 
accumulated litter that could be captured in the catchbasins without degraded capture performance. 

There are about 130,000 stormwater inlet structures in New York City’s 190,000 acres served 
by combined and separate sewers, or about 1.5 acres served by each inlet. They are surveying all 
of these inlet structures, replacing damaged or missing hoods, and accurately measuring their 
dimensions and indicating their exact locations for a citywide GIS system. Catchbasin cleaning 
costs are about $170 per inlet, while the inspection and mapping costs are about $45 per inlet. 
Replacement hoods cost about $45 per inlet. 

Litter surveys conducted by the New York City Department of Sanitation (DOS) in 1984 and 
1986 found that 70% of the street litter items consisted of food and beverage wrappers and containers 
(60%) and the paper and plastic bags (10%) used to carry these items. The early studies also found 
that litter levels on the streets and sidewalks were about 20 to 25% higher in the afternoon than in 
the morning. The DOS conducted similar surveys in 1993 at 90 blockfaces throughout the city 
(HydroQual 1995). Each litter monitoring site was monitored several times simultaneously when 
the surveys were conducted with the floatable litter separated into 13 basic categories. They found 
that twice as much floatable litter was located on the sidewalks compared to the streets (especially 
glass) and that land use had little effect on the litter loadings (except in the special business districts 
where enhanced street cleaning/litter control was utilized, resulting in cleaner conditions). Their 
baseline monitoring program determined that an average of 2.3 floatable litter items were discharged 
through the catchbasin inlets per day per 100 ft of curb. This amount was equivalent to about 6.2 in2 

and 0.013 lb (8.5 g) of material. The total litter load discharged was about twice this floatable 
amount. Table 3.2 summarizes the characteristics of the floatable litter found on the streets. 

Solids (Suspended, Bedded, and Dissolved) 

The detrimental effects of elevated suspended and dissolved solids and increases in siltation 
and fine-grained bedded sediments have been well documented (EPA 1987b). The sources of these 
solids are primarily from dry deposition, roadways, construction, and channel alteration and have 
significant effects on receiving-system habitats. Solids concentrations are directly related to water
shed use characteristics and watershed hydrology. 

In the United States, 64% of the land is dominated by agriculture and silviculture from which 
the major pollutant is sediment (approximately 1.8 billion metric tons per year) (EPA 1977). The 
suspended sediments transport toxicants, nutrients, and lower the aesthetic value of the waterways 
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Table 3.3 	 Classification of Suspended and Dissolved Solids and Their Probable Major Impacts on 
Freshwater Ecosystems 

Biochemical and Biological 
Chemical and Physical Effects Effects 

Clays, silts, sand 

Natural organic matter 
Wastewater organic particles 

Toxicants sorbed to particles 

Major inorganic salts 

Important nutrients 
Natural organic matter 
Wastewater organic matter 
Toxicants 

Suspended Solids 

Sedimentation, erosion, and 
abrasion turbidity (light reduction), 
habitat change 

Sedimentation, DO utilization 
Sedimentation, DO utilization 

All of the above 

Dissolved Solids 

Salinity, buffering, precipitation, 
element ratios 

Respiratory interference habitat 
restriction, light limitation 

Food sources, DO effects 
DO effects, eutrophication, nutrient 
source 

Toxicity 

Nutrient availability, succession, 
salt effects 

Eutrophication, DO production 
DO effects and utilization 
DO effects and utilization 
Toxicity and effects on DO 

From EPA (U.S. Environmental Protection Agency). Suspended and Dissolved Solids Effects on Freshwater 
Biota: A Review, Environmental Research Laboratory, U.S. Environmental Protection Agency, Corvallis, OR, EPA 
600/3-77/042. 1977. 

(EPA 1977). Suspended sediments decrease light penetration and photosynthesis, clog gills and 
filtering systems of aquatic organisms, reduce prey capture, reduce spawning, reduce survival of 
sensitive species, and carry adsorbed pollutants (Tables 3.3 through 3.5). Acute effects of suspended 
solids are commonly observed at 80,000 mg/L with death at 200,000 mg/L. Recovery is quick at 
lower exposures (EPA 1977). As the suspended sediments settle, they cover silt-free spawning 
substrates, suffocating embryos, and alter the sediment environment. Suspended solids reduce 
primary productivity and alter temperatures, thus affecting summer stratification. Solids should 
not reduce photosynthesis by more than 10% of the seasonal average, using the “light–dark” bottle 
method (APHA 1992). Reduced productivity may then reduce zooplankton populations. Desirable 
benthic species may be smothered, and tolerant species, such as oligochaetes, will increase in 
numbers. The sediment environment plays a major role in aquatic ecosystem functioning and 
overlying water quality (Wetzel 1975). These new bedded sediments may possess different chem
ical, physical, and biological characteristics from pre-impact sediments. So any alteration to the 
micro-, meio-, and macrobenthic communities, sorption and desorption dynamics of essential and 
toxic chemical species, and organic matter and nutrient cycling processes may profoundly influence 
the aquatic ecosystem (Power and Chapman 1992). As the rate of bedload sediment movement 
increases and the frequency of occurrence of bedload movement increases, the stress to the system 
increases. 

Dissolved solids concentrations can often be very high in stormwaters and baseflows. The 
associated dissolved constituents consist primarily of road salts and salts from exposed soils. Though 
the major cations and anions are nontoxic to most species in relatively high concentrations, 
stormwaters may exceed threshold levels (EPA 1977) and alter ion ratios, which may cause chronic 
toxicity effects. In addition, toxic trace metal-metalloids such as selenium may be dissolved from 
natural soil matrices (as dramatically demonstrated in the San Joaquin Valley’s Kesterson Reservoir 
of California), or dissolved zinc may be discharged from roof runoff components of urban runoff. 
Long-term and repeated exposures result as the dissolved species accumulate in interstitial water, 
bacteria, macrophytes, phytoplankton, and other food chain components (Burton et al. 1987; EPA 
1977) and result in increased mortality, teratogenicity and other adverse effects (EPA 1977). 
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Table 3.4 Summary of Suspended Solids Effects on Aquatic Macroinvertebrates 

Suspended Solid Source of 
Organisms Effect Concentration Suspended Solids Comment 

Mixed populations Lower summer Mining area 
populations 

Reduced 261–390 NTU Log dragging 
populations to 25% (turbidity) 

Densities 11% of 1000–6000 mg/L 
normal 

No organisms in the >5000 mg/L Glass manufacturing 
zone of setting 

Chironomus and Normal fauna Colliery 
Tubificidae replaced by species 

selection 
Chematopsyche (net Number reduced (High Limestone quarry 
spinners) concentrations) 

Tricorythoides Number increased Limestone quarry 

Mixed populations 90% increase in drift 80 mg/L Limestone quarry 
Reduction in 40–200 NTU Manganese strip 
numbers mine 

Chironomidae Increased drift with Experimental 
suspended sediment addition 
sediment 

Ephemoptera, Inconsistent drift Experimental 
Simuliidae, response to added sediment addition 
Hydracarina sediment 

Normal populations 
at 60 mg/L 

Effect noted 13 miles 
downstream 

Reduction in light
reduced 
submerged plants 

Suspended solids as 
high as 250 mg/L 

Due to preference for 
mud or silt 

Also caused 
changes in density 
and diversity 

From EPA (U.S. Environmental Protection Agency). Suspended and Dissolved Solids Effects on Freshwater Biota: 
A Review, Environmental Research Laboratory, U.S. Environmental Protection Agency, Corvallis, OR, EPA 600/3
77/042. 1977. 

Dissolved Oxygen 

Historically, dissolved oxygen has received much attention when researchers investigate bio
logical receiving water effects of pollutant discharges. Therefore, the earliest efforts to evaluate the 
potential problems caused by urban runoff included investigations of dissolved oxygen conditions 
in urban receiving waters. 

Bacteria respond rapidly (within minutes) in temperate streams and lakes to their surrounding 
environment. Due to the low level of nutrients normally present, most of the indigenous bacteria 
are dominant. During a storm event, however, micro- to submicrogram levels of organic nutrients 
(e.g., carbon, nitrogen, phosphorus, and sulfur-containing compounds) suddenly increase by orders 
of magnitude. Consequently, bacterial reproduction and respiration rates increase dramatically; thus 
exerting biochemical oxygen demand (BOD). Oxygen depletion problems may occur during the 
high flow event, but it is likely more serious days later when associated with organic material 
affecting the sediment oxygen demand (Pitt 1979). BOD5 levels may exceed 20 mg/L during storm 
events, which may result in anoxia in downstream receiving waters (Schueler 1987). Predicting 
this problem is complicated by toxicants that may be present and interfere with the BOD test 
(OWML 1982). Sediment resuspension contributes to both BOD and chemical oxygen demand 
(COD). BOD5 values were elevated tenfold (10 to 20 days after a storm event) related to sediment 
oxygen demand (SOD). Stormwater dissolved oxygen (DO) levels less than 5 mg/L are common 
(Keefer et al. 1979). 

Aquatic macrofauna are cold-blooded and sensitive to temperature changes. In cold water 
systems, sustained temperatures in excess of 21°C are stressful to resident biota. Many agricultural 
and urban watersheds contribute to thermal pollution by removing shade canopies over streams, 
and runoff temperatures increase rapidly as water flows over impervious surfaces (Schueler 1987). 
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Table 3.5 Summary of Suspended Solids Effects on Fisha 

Concentration of 
Suspended Solids Source of Suspended 

Fish (Special) Effect (mg/L) Materials 

Rainbow trout 
(Salmo gairdneri) 

Brown trout 
(Salmo trutta) 

Cutthroat trout 
(Salmo clarkii) 

Brook trout 
(Salvelinus fontinalis) 

Golden shiner 
(Notemigonus 
crysoleucas) 

Carp 
(Cyrinus carpio) 

Largemouth black bass 
(Micropterus salmoides) 

Smallmouth bass 
(Micropterus dolomieu) 

Survived 1 day 80,000 
Killed in 1 day 160,000 
50% Mortality in 31/2 weeks 4250 
Killed in 20 days 1000–2500
 
50% mortality in 16 weeks 200
 
1/5 mortality in 37 days 1000
 
No deaths in 4 weeks 553
 
No deaths in 9–10 weeks 200
 
20% mortality in 2–6 months 90
 
No deaths in 8 months 100
 

No deaths in 8 months 50
 
No increased mortality 30
 
Reduced growth 50
 

Reduced growth 50
 
Fair growth 200
 
“Fin-rot” disease 270
 
“Fin-rot” disease 100
 
No “fin-rot” 50
 
Reduced egg survival (Siltation)
 
Total egg mortality in 6 days 1000–2500
 
Reduced survival of eggs (Silting)
 
Supports populations (Heavy loads) 
 
Avoid during migration (Muddy waters)
 
Do not dig redds (Sediment in gravel)
 
Reduced populations to 1/7 of 1000–6000
 
clean streams 
 

Abandon redds (If silt is encountered) 
 
Sought cover and stopped 35
 
feeding
 

No effect on movement (Turbidity)
 

Reaction 20,000–50,000
 
Death 50,000–100,000
 

Reaction 20,000
 
Death 175,000–250,000
 
Reaction 20,000
 
Death 101,000 (average)
 
Successful nesting, (Sporadic periods of high 

spawning, hatching turbidity) 


Gravel washing 
 
Gravel washing 
 
Gypsum 
 
Natural sediment 
 

Spruce fiber 
 
Cellulose fiber 
 
Gypsum 
 
Coal washery waste 
 
Kaolin and 
 
diatomaceous earth 
 

Spruce fiber 
 
Coal washery waste 
 
Kaolin or diatomaceous 
 
earth 
 

Wood fiber 
 
Coal washery waste 
 
Coal washery waste 
 
Diatomaceous earth 
 
Wood fiber 
 
Wood fiber 
 

Wood fiber 
 
Mining operations 
 
Glacial silt 
 

China-clay waste 
 

a See EPA 1977 for additional species-specific effect information. 

From EPA (U.S. Environmental Protection Agency). Suspended and Dissolved Solids Effects on Freshwater 
Biota: A Review, Environmental Research Laboratory, U.S. Environmental Protection Agency, Corvallis, OR, EPA 
600/3-77/042. 1977. 

Acid precipitation and acid mine drainage cause NPS pollution problems in some parts of the 
United States which are, at times, aggravated by storm events. During the spring in areas where 
snows have accumulated, rain events intensify the snowmelt process. This results in pulses of low 
pH runoff and snowmelts which may be stressful or lethal to aquatic macrofauna, particularly the 
sensitive life stages of fish occurring during the spring spawning period. 

Keefer et al. (1979) examined the data from 104 water quality monitoring sites near urban areas 
throughout the country for DO conditions. These stations were selected from more than 1000 
nationwide monitoring stations operated by various federal and state agencies. They conducted 
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analyses of daily DO data for 83 of these sites. About one half of the monitoring stations examined 
showed a 60% or greater probability of a higher than average dissolved oxygen deficit occurring 
at times of higher than average stream flow, or on days with rainfall. This result was based on daily 
data for entire water years; not all years at any given location exhibited this 60% probability 
condition. They found that the DO levels fell to less than 75% saturation at most of the stations 
that had this 60% or greater probability condition. They also found that DO concentrations of less 
than 5 mg/L were common. Keefer et al. (1979) examined hourly DO data at 22 nationwide sites 
to find correlations between flows and DO deficit. They found that for periods of steady low flows, 
the DO fluctuated widely on a daily cycle, ranging from 1 to 7 mg/L. During rain periods, however, 
the flow increased, of course, but the diurnal cycle of this DO fluctuation disappeared. The minimum 
DO dropped from 1 to 1.5 mg/L below the minimum values observed during steady flows, and 
remained constant for periods ranging from 1 to 5 days. They also reported that as the high flow 
conditions ended, the DO levels resumed diurnal cyclic behavior. About 50% of the stations 
examined in detail on an hour-by-hour basis would not meet a 5 mg/L DO standard, and about 
25% of these stations would not even meet a 2.0 mg/L standard for 4-hour averages. The frequency 
of these violations was estimated to be up to five times a year per station. 

Ketchum (1978) conducted another study in Indiana that examined DO depletion on a regional 
basis. Sampling was conducted at nine cities, and the project was designed to detect significant 
DO deficits in streams during periods of rainfall and runoff. The results of this study indicated that 
wet-weather DO levels generally appeared to be similar or higher than those observed during dry
weather conditions in the same streams. They found that significant wet-weather DO depletions 
were not observed, and due to the screening nature of the sampling program, more subtle impacts 
could not be measured. 

Heaney et al. (1980), during their review of studies that examined continuous DO stations 
downstream from urbanized areas, indicated that the worst DO levels occurred after the storms in 
about one third of the cases studied. This lowered DO could be due to urban runoff moving 
downstream, combined sewer overflows, and/or resuspension of benthic deposits. Resuspended 
benthic deposits could have been previously settled urban runoff solids. 

Pitt (1979) found that the BOD of urban runoff, after a 10- to 20-day incubation period, can 
be more than five to ten times the BOD of a 1- to 5-day incubation period (Figure 3.27). Therefore, 
urban runoff effects on DO may occur at times substantially different from the actual storm period 
and be associated with interaction between sediment and the overlying water column. It is especially 
important to use acclimated microorganisms for the BOD test seed for stormwater BOD analyses. 
The standard activated sludge seed may require substantial acclimation periods. Even in natural 
waters, several-day acclimation periods may be needed (see Lalor and Pitt 1998; P/R in situ test 
descriptions in Chapter 6). 

Temperature 

In-stream temperature increases have been noted in many studies as being adversely affected 
by urbanization. Rainwater flowing across heated pavement can significantly elevate stormwater 
temperatures. This temperature increase can be very detrimental in steams having sensitive cold
water fisheries. Removal of riparian vegetation can also increase in-stream water temperatures. 
Higher water temperatures increase the toxicity of ammonia and also affect the survival of patho
gens. The temperature increases in urban streams are most important during the hot summer months 
when the natural stream temperatures may already be nearing critical conditions and when the 
stream flows are lowest. Pavement is also the hottest at this time and stormwater temperature 
increases are therefore the highest. Much of the habitat recovery efforts in urban streams focus on 
restoring an overstory for the streams to provide shading, refuge areas, and bank stability. Wet 
detention ponds in urban areas have also been shown to cause significant temperature increases. 
Grass-lined channels, however, provide some relief, compared to rock-lined or asphalt-lined drain-
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Figure 3.27 	BOD rate curve for stormwater, showing dramatic increase after 10 days of incubation. (From Pitt, 
R. Demonstration of Nonpoint Pollution Abatement through Improved Street Cleaning Practices, 
EPA-600/2-79-161, U.S. Environmental Protection Agency, Cincinnati, OH. 270 pp. 1979.) 

age channels. Since temperature is simple to monitor and is a critical stressor for many aquatic 
organics, it should be included in most monitoring efforts. 

Nutrients 

In general, urban stormwater is relatively low in organic matter and nutrients and high in 
toxicants. However, the nutrient levels in stormwaters can periodically be high and produce large 
mass discharges of nitrogen and phosphorus compounds (e.g., EPA 1977, 1983; Schueler 1987). 
Single spring storm events have been shown to contribute 90% of the annual phosphorus input into 
receiving impoundments. However, urban and agricultural runoff may contain nutrient concentra
tions which exceed the normal (predevelopment) ranges, and result in adverse responses such as 
cyanobacterial (blue-green algae) and green algal blooms. Many of the nutrients present in urban 
runoff are soluble and thus readily assimilated by planktonic organisms (Schueler 1987). Sources 
include rain, dry deposition, soils, fertilizers, and animal wastes. Impoundments receiving contam
inated runoff, with retention times of 2 weeks or longer, may develop symptoms of eutrophication. 
Blue-green algal blooms can produce hepato- and neurotoxins implicated in cattle deaths, human 
liver cancer, and allergic responses (Zhang et al. 1991). As algal blooms eventually decompose, 
bacterial respiration may result in DO sags and anoxia, with associated fish kills. 

A large amount of the nutrients enter receiving waters adsorbed to suspended solids (Lin 1972; 
Middlebrooks 1974; Carlile et al. 1974). These fractions will largely end up as bedded sediments 
which may or may not be subsequently released to overlying waters. The sediment nutrients may 
stimulate bacterial activity, ammonia production, and rooted macrophyte growth. 

Toxicants 

Heavy Metals 

Stormwater runoff commonly contains elevated levels of metals and metalloids, particularly in 
urban areas (EPA 1983; Pitt et al. 1995; Schueler 1987). Some of these constituents are very toxic 
at relatively low concentrations (Table 3.6). The metals of principal concern that often occur in 

B
O

D
 (

m
g/

l) 

RB-AR28311



STRESSOR CATEGORIES AND THEIR EFFECTS ON HUMANS AND ECOSYSTEMS 77 

Table 3.6 U.S. EPA Trace Metal Criteria for Human Health and Aquatic Life Beneficial Uses 

Ambient Life Criteria for Intermittent 
Exposure (µg/L)b 

Trace Metal Water Hardness Humana Ingestion Significantd 

Contaminant (mg/L as CaCO3) (food/drink) (µg/L) Thresholdc Effect Mortality 

Copper 50 — 20 50–90 
100 — 35 90–150 
200 — 80 120–350 

Cadmium 50 10 3 7–160 
100 10 6.6 15–350 
300 10 20 45–1070 

Lead 50 50 150 350–3200 
100 50 360 820–7500 
200 50 850 1950–17850 

Zinc 50 — 380 870–3200 
100 — 680 1550–4500 
200 — 1200 2750–8000 

Nickel — 13.4 — — 

a Derived from EPA drinking water criteria. 
 
b EPA estimate of toxicity under intermittent, short-duration exposure (several hours once every several days). 
 
c Concentration causing mortality to the most sensitive individual of the most sensitive species. 
 
d Significant mortality shown as a range: 50% mortality in the most sensitive species, and mortality of the 
 

most sensitive individual in the species in the 25th percentile of sensitivity. 

From EPA (U.S. Environmental Protection Agency). Quality Criteria for Water. EPA 440/5-86-001. U.S. 
Environmental Protection Agency, Washington, D.C. May 1986. 

urban runoff are arsenic, cadmium, copper, lead, mercury, and zinc (EPA 1983). Metal bioavail
ability is reduced in waters of higher hardness (Table 3.6) by sorption to solids and by stormwater 
dilution. However, acute and chronic effects have been attributed to stormwater metals (Ray and 
White 1979; Ellis 1992). The highest metal concentrations are not always associated with the “first 
flush,” but are better correlated with the peak flow period (Heaney 1978). Most metals are bound 
to street and parking area particulates and subsequently deposited in stream and lake sediments 
(Pitt et al. 1995). Sediment metal concentrations are dependent on particle size (Wilber and Hunter 
1980). Wilber and Hunter (1980) suggest that larger particle sizes are better indicators of urban 
inputs since they are less affected by scouring. Zinc and copper are often present in runoff as 
soluble forms (Schueler 1987; Pitt et al. 1995). 

Predicting detrimental effects from water or sediment metal concentration or loading data is 
difficult due to the myriad of processes which control bioavailability and fate. Speciation, availability, 
and toxicity are affected by pH, redox potential, temperature, hardness, alkalinity, solids, iron and 
manganese oxyhydroxides, sulfide fractions, and other organic-inorganic chelators. These constituents 
and conditions are often rapidly changing during a storm event and processes which increase and 
decrease bioavailability (e.g., loss of sulfide complexes and formation of oxyhydroxide complexes) 
may occur simultaneously. This makes accurate modeling of toxicity difficult, if not impossible. 

Episodic exposures of organisms to stormwaters laden with metals can produce stress and 
lethality (see also Chapter 6). Ray and White (1976) observed fish death days after exposure and 
miles downstream after metals were diluted to nondetectable levels. Ellis et al. (1992) showed 
amphipods bioaccumulated zinc from episodic, in situ exposures. Repeated exposures increased 
their sensitivity, and mortality was observed 3 weeks after the storm event. 

Toxic Organic Compounds 

The types and concentrations of toxic organic compounds that are in stormwaters are driven 
primarily by land use patterns and automobile activity in the watershed. Most nonpesticide organic 
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compounds originate as washoff from impervious areas in commercial areas having large numbers 
of automobile startups and/or other high levels of vehicle activities, including vehicle maintenance 
operations and heavily traveled roads. The compounds of most interest are the polycyclic aromatic 
hydrocarbons (PAHs). Other organics include phthalate esters (plasticizers) and aliphatic hydro
carbons. Other compounds frequently detected in residential and agricultural areas are cresol 
constituents (and other wood preservatives), herbicides, and insecticides. Many of these organic 
compounds are strongly associated with the particulate fraction of stormwater. Volatile organic 
compounds (VOCs) are rarely found in urban runoff. While most organics are not detected or are 
detected at low µg/L concentrations, some are acutely toxic, including freshly applied pesticides 
and photoactivated PAHs (Skalski 1991; Oris and Giesy 1986). The extent of detrimental impact 
from these constituents has not been well documented, but likely is significant in some areas. 

Environmental Fates of Runoff Toxicants 

The fate of runoff toxicants after discharge significantly determines their associated biological 
effects. If the pollutants are discharged in a soluble form and remain in solution, they may have 
significant acute toxicity effects on fish, for example. However, if discharged soluble pollutants form 
insoluble complexes or sorb onto particulates, chronic toxicity effects associated with contaminated 
sediments are more likely. For many of the metallic and organic toxicants discharged in urban runoff, 
the particulate fractions are much greater than the soluble fractions (Pitt et al. 1995). Particulate 
forms of pollutants may remain in suspension, if their settling rates are low and the receiving water 
is sufficiently turbulent. However, polluted sediments are common in many urban and agricultural 
streams, indicating significant accumulations of runoff particulate pollutants (Pitt 1995). 

Tables 3.7 through 3.9 summarize the importance of various environmental processes for the 
aquatic fates of some runoff heavy metals and organic priority pollutants, as described by Callahan 
et al. (1979). Photolysis (the breakdown of the compounds in the presence of sunlight) and volatil
ization (the transfer of the materials from the water into the air as a gas or vapor) are not nearly as 
important as the other mechanisms for heavy metals. Chemical speciation (the formation of chemical 
compounds) is very important in determining the solubilities of the specific metals. Sorption (adsorp
tion is the attachment of the material onto the outside of a solid, and absorption is the attachment 
of the material within a solid) is very important for all of the heavy metals shown. Sorption can 
typically be the controlling mechanism affecting the mobility and the precipitation of most heavy 
metals. Bioaccumulation (the uptake of the material into organic tissue) can occur for all of the 
heavy metals shown. Biotransformation (the change of chemical form of the metal by organic 
processes) is very important for some of the metals, especially mercury, arsenic, and lead. In many 
cases, mercury, arsenic, or lead compounds discharged in forms that are unavailable can be accu
mulated in aquatic sediments. They are then exposed to various benthic organisms that can biotrans
form the material through metabolization to methylated forms, which can be highly toxic and soluble. 

Tables 3.8 and 3.9 also summarize various environmental fates for some of the toxic organic 
pollutants found in typical runoff from human-modified watersheds, mainly various phenols, poly
cyclic aromatic hydrocarbons (PAHs), and phthalate esters. Photolysis may be an important fate 
process for phenols and PAHs but is probably not important for the phthalate esters. Oxidation or 
hydrolysis may be important for some phenols. Volatilization may be important for some phenols 
and PAHs. Sorption is an important fate process for most of the materials, except for phenols. 
Bioaccumulation, biotransformation, and biodegradation are important for many of these organic 
materials. 

Pathogens 

Water Environment & Technology (1996) reported that the latest National Water Quality Inven
tory released by the EPA only showed a slight improvement in the attainment of beneficial uses in 
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Table 3.7 Importance of Environmental Processes on the Aquatic Fates of Selected Urban Runoff Heavy Metals 

Environmental 
Process Arsenic Cadmium Copper Mercury Lead Zinc 

Photolysis Not important Not important Not important May be important in 
some aquatic 
environments 

Chemical speciation Important in Complexation with Complexation with Conversion to 
determining organics; most organics; most complex species; 
distribution and important in polluted important in polluted HgS will precipitate 
mobilitya waters waters in reducing 

sediments 
Volatilization Important when Not important Not important Important 

biological activity or 
highly reducing 
conditions produce 
AsH3 or methyl
arsenic 

Sorption Sorption onto clays, Sorption onto organic Can reduce Cu Strongest onto 
oxides, and organic materials, clays, mobility and enrich organic material, 
material important hydrous iron and suspended and bed results in partitioning 

manganese oxides sediments; sorption of mercury into 
most important onto organics in suspended and bed 

polluted waters, clay sediments 
minerals or hydrous 
iron and manganese 
oxides 

Bioaccumulation Most important at Biota strongly Biota strongly Occurs by many 
lower trophic levels; bioaccumulate bioaccumulate mechanisms, most 
toxicity limits cadmium copper connected to 
bioaccumulation methylated forms of 

mercury 
Biotransformation Arsenic can be Not methylized Source Cu complexes Can be metabolized 

metabolized to biologically, organic may be metabolized; by bacteria to methyl 
organic arsenicals ligands may affect organic ligands are and dimethyl forms 

solubility and important in sorption which are quite 
adsorption and complexation mobile 

processes 

Determines the form 
of lead entering the 
aquatic system 

Determines which 
solid phase controls 
solubility 

Not important 

Adsorption to 
inorganic solids, 
organic materials 
and hydrous iron 
and manganese 
oxides control 
mobility of lead 

Biota strongly 
bioaccumulates lead 

Biomethylation of 
lead in sediments 
can remobilize lead 

Not important 

Complexation 
predominates in 
polluted waters 

Not important 

Strong affinity for 
hydrous metal 
oxides, clays, and 
organic matter; 
adsorption 
increases with pH 

Zinc is strongly 
bioaccumulated 

Not evident; organic 
ligands of biological 
origin may affect 
solubility and 
adsorption 

a Conversion of As3+ and As5+ and organic complexation most important. 

From Callahan, M.A. et al. Water Related Environmental Fates of 129 Priority Pollutants. U.S. Environmental Protection Agency, Monitoring and Data Support Division, EPA
4-79-029a and b. Washington, D.C. 1979. 
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Table 3.8 Importance of Environmental Processes on the Aquatic Fates of Various Polycyclic Aromatic Hydrocarbons and Phthalate Esters 

Bis (2-Ethyl
Environmental 

Processa 

Diethyl Phthalate Di-n-Butyl 
Anthracene Fluoranthene Phenanthrene (DEP) 

hexyl) Phthalate Butyl Benzyl 
Phthalate (DBP) (DEHP) Phthalate (BBP) 

Photolysis Dissolved portion Dissolved portion Dissolved portion Not important 

Not important 

Not important 

Not important 

Not important 

Not important 

Not important 

Not important 

may undergo may undergo may undergo 
rapid photolysis rapid photolysis rapid photolysis 

Volatilization May be May be May be 
competitive with competitive with competitive with 
adsorption adsorption adsorption 

Sorption Adsorbs onto Adsorbs onto Adsorbs onto Sorbed onto Sorbed onto Sorbed onto Sorbed onto 
suspended suspended suspended suspended solids suspended solids suspended solids suspended solids 
solids;movement solids;movement solids;movement and biota; and biota; and biota; and biota; 
by suspended by suspended by suspended complexation complexation complexation complexation 
solids is solids is solids is with humic with humic with humic with humic 
important important important substances most substances most substances most substances most 

important important important importanttransport process transport process transport process 
transport process transport process transport process transport process 

Bioaccumulation Short-term Short-term Short-term Variety of Variety of Variety of Variety of 
process; is process; is process; is organisms organisms organisms organisms 
readily readily readily accumulate accumulate accumulate accumulate 
metabolized metabolized metabolized phthalates 

(lipophilic) 
phthalates 
(lipophilic) 

phthalates 
(lipophilic) 

phthalates 
(lipophilic) 

Biotransformation Readily Readily Readily Can be Can be Can be Can be 
metabolized by 
organisms and 

metabolized by 
organisms and 

metabolized by 
organisms and 

metabolized metabolized metabolized metabolized 

biodegradation, biodegradation, biodegradation, 
probably ultimate probably ultimate probably ultimate 
fate mechanisms fate mechanism fate mechanisms 

a Oxidation and hydrolysis are not important fate mechanisms for any of these compounds. 

From Callahan, M.A. et al. Water Related Environmental Fates of 129 Priority Pollutants. U.S. Environmental Protection Agency, Monitoring and Data Support Division, EPA
4-79-029a and b. Washington, D.C. 1979. 
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Table 3.9 Importance of Environmental Processes on the Aquatic Fates of Various Phenols and Pyrene 

Environmental Pentachlorophenol 2,4-Dimethyl Phenol 
Process Phenol (PCP) 2,4,6-Trichlorophenol (2,4-Xylenol) Pyrene 

Photolysis Photooxidation may be Reported to occur in Reported, but importance May be important 
important degradation natural waters; important is uncertain degradation process in 
process in aerated, clear, near water surface clear aerated surface 
surface waters waters 

Oxidation Metal-catalyzed oxidation Not important Not important Metal-catalyzed oxidation 
may be important in may be important in 
aerated surface waters aerated surface waters 

Volatilization Possibility of some phenol Not important Not important Not important 
passing into the 
atmosphere 

Sorption Not important Sorbed by organic litter in Potentially important for Not important 
soil and sediments organic material; not 

important for clays 

Bioaccumulation Not important Bioaccumulates in Not important Not important 
numerous aquatic 
organisms 

Biotransformation Very significant Can be metabolized to Reported in soil and Inconclusive information 
other phenol forms sewage sludge; 

uncertain for natural 
surface waters 

Dissolved portion may 
undergo rapid photolysis 

Not important 

Not as important as 
adsorption 

Adsorption onto 
suspended solids 
important; movement by 
suspended solids 
important 

Short-term process not 
significant; metabolized 
over long term 

Readily metabolized; 
biodegradation probably 
ultimate fate process 

From Callahan, M.A. et al. Water Related Environmental Fates of 129 Priority Pollutants. U.S. Environmental Protection Agency, Monitoring and Data Support 
Division, EPA-4-79-029a and b. Washington, D.C. 1979. 
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the nation’s waters. Urban runoff was cited as the leading source of problems in estuaries, with 
nutrients and bacteria as the primary problems. Problems in rivers and lakes were mostly caused 
by agricultural runoff, with urban runoff the third ranked source for lakes and the fourth ranked 
source for rivers. Bacteria, siltation, and nutrients were the leading problems in the nation’s rivers 
and lakes. 

Pathogens in stormwater are a significant concern potentially affecting human health. The use 
of indicator bacteria is controversial for stormwater, as is the assumed time of typical exposure of 
swimmers to contaminated receiving waters. However, recent epidemiological studies have shown 
significant health effects associated with stormwater-contaminated marine swimming areas. Proto
zoan pathogens, especially associated with likely sewage-contaminated stormwater, are also a public 
health concern. 

Fecal indicators (i.e., fecal coliforms, fecal streptococci, Escherichia coli, and enterococci) are 
usually found in elevated concentrations in stormwater runoff, greatly exceeding water quality 
criteria and standards for primary and secondary contact (MWCOG 1984). This suggests that fecal 
pathogen levels are also elevated, though significant correlations with fecal coliforms are tenuous 
(EPA 1986). Die-off of fecal organisms in receiving waters during summer months is relatively 
rapid, with 99% dying within 24 to 48 hours (Burton 1985). However, fecal microorganisms also 
accumulate in sediments where survival is extended for weeks to months (Burton et al. 1987). 
Recent sediment bacteriological analyses conducted by UAB in local Birmingham (AL) area urban 
lakes have found elevated pore water concentrations (several hundred to several thousand organ
isms/100 mL) of E. coli and enterococci extending to at least 0.1 m into the sediments. Also, when 
gently disturbed, the water layer over the sediments is also found to significantly increase in 
microorganism concentrations. In situ die-off studies also indicated that bacteria sedimentation may 
be a more important fate mechanism of stormwater bacteria than die-off (Easton 2000). 

Good correlations between the incidence of gastroenteritis in swimmers and E. coli and entero
cocci concentrations in water have resulted in new recreational water criteria (EPA 1986). High 
fecal microorganism concentrations in stormwaters originate from wastes of wildlife, pets, livestock, 
septic systems, and combined sewer overflows (CSOs). The ecological effects of these inputs of 
fecal organisms are unknown; however, public health is at risk in swimming areas that receive 
stormwaters. 

Urban Bacteria Sources 

The Regional Municipality of Ottawa–Carleton (1972) recognized the importance of rooftop, 
street surface, and field runoff in contributing bacteria contaminants to surface waters in the Ottawa 
area. Gore & Storrie/Proctor and Redfern (1981) also investigated various urban bacteria sources 
affecting the Rideau River. They examined dry-weather continuous coliform sources, the resuspen
sion of contaminated river bottom sediments, exfiltration from sanitary sewers, and bird feces. 
These sources were all considered in an attempt to explain the relatively high dry-weather coliform 
bacteria concentrations found in the river. They concluded, however, that stormwater runoff is the 
most probable source for the wet-weather and continuing dry-weather bacteria concentrations in 
the Rideau River. The slow travel time of the river water usually does not allow the river to recover 
completely from one rainstorm before another begins. 

The Regional Municipality of Ottawa–Carleton (1972) noted the early Ottawa activities in 
correcting stormwater and sanitary sewage cross-connections. Since that time, many combined 
sewer overflows have also been eliminated from the Rideau River. Loijens (1981) stated that, as a 
result of sewer separation activities, only one overflow remained active by 1981 (Clegg Street). 
During river surveys in 1978 and 1979 in the vicinity of this outfall, increased bacteria levels were 
not found. Gore & Storrie/Proctor and Redfern (1981) stated that there was no evidence that 
combined sewer overflows are causing the elevated fecal coliform bacteria levels in the river. 
Environment Canada (1980), however, stated that high dry-weather bacteria density levels, espe-
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cially when considering the fecal coliform to fecal streptococci ratio, constitutes presumptive 
evidence of low-volume sporadic inputs of sanitary sewage from diverse sources into the down
stream Rideau River sectors. 

Street surfaces have been identified as potential major sources of urban runoff bacteria. Pitt 
and Bozeman (1982) found that parking lots, street surfaces, and sidewalks were the major con
tributors of indicator bacteria in the Coyote Creek watershed in California. Gupta et al. (1981) 
found high concentrations of fecal coliforms at a highway runoff site in Milwaukee. This site was 
entirely impervious and located on an elevated bridge deck. The only likely sources of fecal 
coliforms at this site were atmospheric deposition, bird droppings, and possibly feces debris falling 
from livestock trucks or other vehicles. 

Several studies have found that the bacteria in stormwater in residential and light commercial 
areas were from predominantly nonhuman origins. Geldreich and Kenner (1969) stated that the 
fecal coliforms in stormwater are from dogs, cats, and rodents in city areas, and from farm animals 
and wildlife in rural areas. Qureshi and Dutka (1979) found that there may be an initial flush of 
animal feces when runoff first develops. The most important source, however, may be feces bacteria 
that are distributed in the soil and not the fresh feces washing off the impervious surfaces. 

Some studies have investigated vegetation sources of coliform bacteria. For example, Geldreich 
(1965) found that the washoff of bacteria from vegetation does not contribute significant bacteria 
to the runoff. They also found that most of the bacteria on vegetation is of insect origin. Geldreich 
et al. (1980) found that recreation activities in water bodies also increase the fecal coliform and 
fecal streptococci concentrations. These organisms of intestinal origin will concentrate in areas 
near the shore or in areas of stratification. Fennell et al. (1974) found that open dumps containing 
domestic refuse can be a reservoir of Salmonella bacteria that can be spread to nearby water bodies 
by foraging animals and birds. 

When a drainage basin has much of its surface paved, the urban runoff bacteria concentrations 
can be expected to peak near the beginning of the rainfall event and then decrease as the event 
continues. Initial high levels of bacteria may be associated with direct flushing of feces from paved 
surfaces. These feces are from dogs defecating on parking lots and street areas and from birds 
roosting on rooftops. When a drainage area has a lot of landscaped areas or open land, relatively 
high bacteria concentrations in the urban runoff may occur throughout the rain event associated 
with continuous erosion of contaminated soils. 

Fecal Coliform to Fecal Streptococci Bacteria Ratios 

Geldreich (1965) found that the ratio of fecal coliform to fecal streptococci bacteria concen
trations may be indicative of the probable fecal source. In fresh human fecal material and domestic 
wastes, he found that the fecal coliform densities were more than four times the fecal streptococcal 
densities. However, this ratio for livestock, poultry, dogs, cats, and rodents was found to be less 
than 0.6. These ratios must be applied carefully because of the effects of travel time and various 
chemical changes (especially pH) on the die-off rates of the component bacteria. This can result 
in the ratio changing, as the fecal coliform organisms tend to die faster than the fecal streptococcal 
bacteria. As a generality, he stated that fecal coliform to fecal streptococci ratios greater than 4 
indicate that the bacteria pollution is from domestic wastes, which are composed mostly of human 
fecal material, laundry wastes, and food refuse. If the ratio is less than 0.6, the bacteria are probably 
from livestock or poultry in agricultural areas or from stormwater runoff in urban areas. He found 
that agricultural and stormwater runoff can be differentiated by studying the types of fecal strep
tococci bacteria found in the water samples. Geldreich and Kenner (1969) further stressed the 
importance of using this ratio carefully. They stressed that samples must be taken at the wastewater 
outfalls. At these locations, domestic waste, meat packing wastes, stormwater discharges, and 
feedlot drainage contain large numbers of fecal organisms recently discharged from warm-blooded 
animals. Once these organisms are diffused into the receiving stream, however, water temperature, 
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Table 3.10 	 Fecal Coliform to Fecal Streptococci 
Bacteria Population Ratios in Study Area 

Source Areas FC/FS Ratio 

Rooftop runoff 
 
Vacant land sheetflow 
 
Parking lot sheetflow 
 
Gutter flows 
 
Average of source area values 
 

Rideau River segment 
A 
B 
C 
D 
E 
Average of river segment values 

River swimming beaches 
Strathcona 
Brantwood 
Brighton 
Mooney’s Bay 
Average of swimming beach values 

0.5 
0.3 
0.2 
0.2 
0.3 

1.2 
0.6 
0.5 
0.5 
1.0 
0.7 

2.8 
2.3 
2.1 
1.7 
2.2 

From Pitt, R. Urban Bacteria Sources and Control by Street 
Cleaning in the Lower Rideau River Watershed. Rideau 
River Stormwater Management Study Technical Report. 
Prepared for the Ontario Ministry of the Environment, Envi
ronment Canada, Regional Municipality of Ottawa-Carle
ton, City of Ottawa, and Nepean. 1983. 

organic nutrients, toxic metals, and adverse pH values may alter the relationship between the 
indicator organisms. This ratio should only be applied within 24 hours following the discharge of 
the bacteria. 

Feachem (1975) examined how these ratios could be used with bacteria observations taken over 
a period of time. Because the fecal coliform and fecal streptococci bacteria die-off rates are not 
the same, the ratio gradually changes with time. He found that bacteria are predominantly from 
human sources if the FC/FS ratios are initially high (greater than 4) and then decrease with time. 
Nonhuman bacteria sources would result in initially low FC/FS ratios (less than 0.7), which then 
rise with time. 

Pitt (1983) examined the FC/FS bacteria population ratios observed in the Rideau River study 
area in Ottawa, as shown in Table 3.10. These ratios were divided into groups corresponding to 
source area samples, Rideau River water samples, and water samples collected at the swimming 
beaches farther downstream. The source area sheet-flow samples contained the most recent pollu
tion, while the river segment and beach samples contained “older” bacteria. The initial source area 
samples all had ratios of less than 0.7. However, the river averages ranged from 0.5 to 1.2, and the 
beach samples (which may be “older” than the river samples) ranged from 1.7 to 2.8. These ratios 
are seen to start with values less than 0.7 and increase with time. Based on Feachem’s (1975) work, 
this would indicate that the major bacteria sources in the Rideau River are from nonhuman sources. 
Periodic high bacteria ratios in the river and at the beaches could be caused by the greater die-off 
ratio of fecal streptococci as compared to fecal coliform. The observed periodic high Rideau River 
FC/FS ratios (which can be greater than 4) may therefore be from old, nonhuman fecal discharges 
and not from fresh human fecal discharges. 
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Human Health Effects of Stormwater 

There are several mechanisms whereby stormwater exposure can cause potential human health 
problems. These include exposure to stormwater contaminants at swimming areas affected by 
stormwater discharges, drinking water supplies contaminated by stormwater discharges, and the 
consumption of fish and shellfish that have been contaminated by stormwater pollutants. Under
standing the risks associated with these exposure mechanisms is difficult and not very clear. Receiving 
waters where human uses are evident are usually very large, and the receiving waters are affected 
by many sanitary sewage and industrial point discharges, along with upstream agricultural nonpoint 
discharges, in addition to the local stormwater discharges. In receiving waters having only stormwater 
discharges, it is well known that inappropriate sanitary and other wastewaters are also discharging 
through the storm drainage system. These “interferences” make it especially difficult to identify 
specific cause-and-effect relationships associated with stormwater discharges alone, in contrast to 
the many receiving water studies that have investigated ecological problems that can more easily 
study streams affected by stormwater alone. Therefore, much of the human risk assessment associated 
with stormwater exposure must use theoretical evaluations relying on stormwater characteristics and 
laboratory studies in lieu of actual population studies. However, some site investigations, especially 
related to swimming beach problems associated with nearby stormwater discharges, have been 
conducted and are summarized (from Lalor and Pitt 1998) in the following discussion. 

Contact recreation in pathogen-contaminated waters has been studied at many locations. The 
sources of the pathogens are typically assumed to be sanitary sewage effluent, or periodic industrial 
discharges from certain food preparation industries (especially meat packing and fish and shellfish 
processing). However, several studies have investigated pathogen problems associated with storm
water discharges. It has generally been assumed that the source of pathogens in stormwater are 
from inappropriate sanitary connections. However, stormwater unaffected by these inappropriate 
sources still contains high counts of pathogens that are also found in surface runoff samples from 
many urban surfaces. Needless to say, sewage contamination of urban streams is an important issue 
that needs attention during a receiving water investigation. 

Inappropriate Sanitary Sewage Discharges into Urban Streams 

Urban stormwater runoff includes waters from many other sources that find their way into storm 
drainage systems, besides from precipitation. There are cases where pollutant levels in storm 
drainage are much higher than they would otherwise be because of excessive amounts of contam
inants that are introduced into the storm drainage system by various non-stormwater discharges. 
Additionally, baseflows (during dry weather) are also common in storm drainage systems. Dry
weather flows and wet-weather flows have been monitored during numerous urban runoff studies. 
These studies have found that discharges observed at outfalls during dry weather were significantly 
different from wet-weather discharges and may account for the majority of the annual discharges 
for some pollutants of concern from the storm drainage system. 

In many cases, sanitary sewage was an important component (although not necessarily the only 
component) of the dry-weather discharges from the storm drainage systems. From a human health 
perspective (associated with pathogens), it may not require much raw or poorly treated sewage to 
cause a receiving water problem. However, at low discharge rates, the DO receiving water levels 
may be minimally affected. The effects these discharges have on receiving waters is therefore highly 
dependent on many site-specific factors, including frequency and quantity of sewage discharges 
and the creek flows. In many urban areas, the receiving waters are small creeks in completely 
developed watersheds. These creeks are the most at risk from these discharges as dry baseflows 
may be predominantly dry-weather flows from the drainage systems. In Tokyo (Fujita 1998), for 
example, numerous instances were found where correcting inappropriate sanitary sewage discharges 
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resulted in the urban streams losing all of their flow. In cities adjacent to large receiving waters, 
these discharges likely have little impact (such as DO impacts from Nashville, TN, CSO discharges 
on the Cumberland River, as studied by Cardozo et al. 1994). The presence of pathogens from raw 
or poorly treated sewage in urban streams, however, obviously presents a potentially serious public 
health threat. Even if the receiving waters are not designated as water contact recreation, children 
are often seen playing in small city streams. 

There have been a few epidemiology studies describing the increased health risks associated 
with contaminated dry-weather flows affecting public swimming beaches. The following discussion 
presents an overview of the development of water quality criteria for water contact recreation, plus 
the results of a recent epidemiological study that specifically examined human health problems 
associated with swimming in water affected by stormwater. In most cases, the levels of indicator 
organisms and pathogens causing increased illness were well within the range found in urban streams. 

Runoff Pathogens and Their Sanitary Significance 

The occurrence of Salmonella biotypes is typically low, and their reported density is less than 
one organism/100 mL in stormwater. Pseudomonas aeruginosa are frequently encountered at 
densities greater than 10 organisms/100 mL, but only after rains. The observed ranges of concen
trations and percent isolations of bacterial biotypes vary significantly from site to site and at the 
same location for different times. Many potentially pathogenic bacteria biotypes may be present 
in urban runoff. Because of the low probability of ingestion of urban runoff, many of the potential 
human diseases associated with these biotypes are not likely to occur. The pathogenic organisms 
of most concern in urban runoff are usually associated with skin infections and body contact. The 
most important biotype causing skin infections would be P. aeruginosa. This biotype has been 
detected frequently in most urban runoff studies in concentrations that may cause infections. 
However, there is little information associating the cause and effect of increased P. concentrations 
with increased infections. Shigella may be present in urban runoff and receiving waters. This 
pathogen, when ingested in low numbers, can cause dysentery. 

Salmonella 

Salmonella has been reported in some, but not all, urban stormwaters. Qureshi and Dutka (1979) 
frequently detected Salmonella in southern Ontario stormwaters. They did not find any predictable 
patterns of Salmonella isolations; they were found throughout the various sampling periods. Olivieri 
et al. (1977a) found Salmonella frequently in Baltimore runoff, but at relatively low concentrations. 
Typical concentrations were from 5 to 300 Salmonella organisms/10 L. The concentrations of 
Salmonella were about ten times higher in the stormwater samples than in the urban stream receiving 
the runoff. The researchers also did not find any marked seasonal variations in Salmonella concen
trations. Almost all of the stormwater samples that had fecal coliform concentrations greater that 
2000 organisms/100 mL had detectable Salmonella concentrations, while about 275 of the samples 
having fecal coliform concentrations less than 200 organisms/100 mL had detectable Salmonella. 

Quite a few urban runoff studies have not detected Salmonella. Schillinger and Stuart (1978) 
found that Salmonella isolations were not common in a Montana subdivision runoff study and that 
the isolations did not correlate well with fecal coliform concentrations. Environment Canada (1980) 
stated that Salmonella were virtually absent from Ottawa storm drainage samples in 1979. It 
concluded that Salmonella are seldom present in significant numbers in Ottawa urban runoff. The 
types of Salmonella found in southern Ontario were S. thompson and S. typhimurium var. copen
hagen (Qureshi and Dutka 1979). 

Olivieri et al. (1977b) stated that the primary human enteric disease producing Salmonella 
biotypes associated with the ingestion of water include S. typhi (typhoid fever), S. paratyphi 
(paratyphoid fever), and Salmonella species (salmonellosis). These biotypes are all rare except for 
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Salmonella sp. The dose of Salmonella sp. required to produce an infection is quite large (approx
imately 105 organisms). The salmonellosis health hazard associated with water contact in urban 
streams is believed to be small because of this relatively large infective dose. If 2 L of stormwater 
having typical Salmonella concentrations (10 Salmonella organisms/10 L) is ingested, less than 
0.001 of the required infective dose would be ingested. If a worst-case Salmonella stormwater 
concentration of 10,000 organisms/10 L occurred, the ingestion of 20 L of stormwater would be 
necessary for an infective dose. They stated that the low concentrations of Salmonella, coupled 
with the unlikely event of consuming enough stormwater, make the Salmonella health hazard 
associated with urban runoff small. 

Staphylococcus 

Staphylococcus aureus is an important human pathogen it can cause boils, carbuncles, abscesses, 
and impetigo on skin on contact. Olivieri et al. (1977b) stated that the typical concentrations of 
Staphylococci are not very high in urban streams. They also noted that there was little information 
available relating the degree of risk of staph infections with water concentrations. They concluded 
that Staphylococcus aureus appears to be the most potentially hazardous pathogen associated with 
urban runoff, but there is no evidence available that skin, eye, or ear infections can be caused by 
the presence of this organism in recreational waters. They concluded that there is little reason for 
extensive public health concern over recreational waters receiving urban storm runoff containing 
staph organisms. 

Shigella 

Olivieri et al. (1977b) stated that there is circumstantial evidence that Shigella is present in 
urban runoff and receiving waters and could present a significant health hazard. Shigella species 
causing bacillary dysentery are one of the primary human enteric disease-producing bacteria agents 
present in water. The infective dose of Shigella necessary to cause dysentery is quite low (10 to 
100 organisms). Because of this low required infective dose and the assumed presence of Shigella 
in urban waters, it may be a significant health hazard associated with urban runoff. 

Streptococcus 

Streptococcus faecalis and atypical S. faecalis are of limited sanitary significance (Geldreich 
1976). Streptococcus determinations on urban runoff are most useful for identifying the presence 
of S. bovis and S. equinus, which are specific indicators of nonhuman, warm-blooded animal 
pollution. However, it is difficult to interpret fecal streptococcal data when their concentrations are 
lower than 100 organisms/100 mL because of the ubiquitous occurrence of S. faecalis var. liquifa
ciens. This biotype is generally the predominant streptococcal biotype occurring at low fecal 
streptococcal concentrations. 

Pseudomonas aeruginosa 

Pseudomonas is reported to be the most abundant pathogenic bacteria in urban runoff and 
streams (Olivieri et al. 1977b). This pathogen is associated with eye and ear infections and is 
resistant to antibiotics. Oliveri et al. also stated that past studies have failed to show any relationships 
between P. aeruginosa concentrations in bathing waters and ear infections. However, Pseudomonas 
concentrations in urban runoff are significantly higher (about 100 times) than the values associated 
with past bathing beach studies. Cabelli et al. (1976) stated that P. aeruginosa is indigenous in 
about 15% of the human population. Swimmer’s ear or other Pseudomonas infections may, there
fore, be caused by trauma to the ear canals associated with swimming and diving, and not exposure 
to Pseudomonas in the bathing water. 
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Environment Canada (1980) stated that there is preliminary evidence of the direct relationship 
between very low levels of P. aeruginosa and an increase in incidents of ear infections in swimmers. 
It stated that a control level for this Pseudomonas biotype of between 23 and 30 organisms/100 mL 
was considered. Cabelli et al. (1976) stated that P. aeruginosa densities greater than 10 organ
isms/100 mL were frequently associated with fecal coliform levels considerably less than 200 
organisms/100 mL. Pseudomonas aeruginosa densities were sometimes very low when the fecal 
coliform levels were greater than 200 organisms/100 mL. An average estimated P. aeruginosa density 
associated with a fecal coliform concentration of 200 organisms/100 mL is about 12/100 mL. It 
further stated that P. aeruginosa by itself cannot be used as a basis for water standards for the 
prevention of enteric diseases during recreational uses of surface waters. The determinations of this 
biotype should be used in conjunction with fecal coliform or other indicator organism concentrations 
for a specific location. It recommended that bathing beaches that are subject to urban runoff be 
temporarily closed until the P. aeruginosa concentrations return to a baseline concentration. 

Campylobacter 

Koenraad et al. (1997) investigated the contamination of surface waters by Campylobacter and 
its associated human health risks. They reported that campylobacteriosis is one of the most frequently 
occurring acute gastroenteritis diseases in humans. Typical investigations have focused on the 
consumption of poultry, raw milk, and untreated water as the major sources of this bacterial illness. 
Koenraad et al. (1997) found that human exposures to Campylobacter-contaminated surface waters 
is likely a more important risk factor than previously considered. In fact, they felt that Campylobacter 
infections may be more common than Salmonella infections. The incidence of campylobacteriosis 
due to exposure to contaminated recreational waters has been estimated to be between 1.2 to 170 
per 100,000 individuals. The natural habitat of Campylobacter is the intestinal tract of warm-blooded 
animals (including poultry, pigs, cattle, gulls, geese, pigeons, magpies, rodents, shellfish, and even 
flies). It does not seem to multiply outside of its host, but it can survive fairly well in aquatic 
environments. It can remain culturable and infective for more than 2 months under ideal environ
mental conditions. Besides runoff, treated wastewater effluent is also a major source of Campylo
bacter in surface waters. Sanitary wastewater may contain up to 50,000 MPN of Campylobacter 
per 100 mL, with 90 to 99% reductions occurring during typical wastewater treatment. 

Cryptosporidium, Giardia, and Pfiesteria 

Protozoa became an important public issue with the 1993 Cryptosporidium-caused disease 
outbreak in Milwaukee when about 400,000 people become ill from drinking contaminated water. 
Mac Kenzie et al. (1994) prepared an overview of the outbreak, describing the investigation of the 
causes of the illness and the number of people affected. They point out that Cryptosporidium
caused disease in humans was first documented in 1976, but had received little attention and no 
routine monitoring. Cryptosporidium is now being monitored routinely in many areas and is the 
subject of much research concerning its sources and pathways. At the time of the Milwaukee 
outbreak, both of the city’s water treatment plants (using water from Lake Michigan) were operating 
within acceptable limits, based on required monitoring. However, at one of the plants (which 
delivered water to most of the infected people), at the time of the outbreak the treated water 
underwent a large increase in turbidity (from about 0.3 NTU to about 1.5 NTU) that was not being 
well monitored (the continuous monitoring equipment was not functioning, and values were 
obtained only every 8 hours). More than half of the residents receiving water from this plant became 
ill. The plant had recently changed its coagulant from polyaluminum chloride to alum, and equip
ment to assist in determining the correct chemical dosages was not being used. The finished water 
had apparently relatively high levels of Cryptosporidium because some individuals became ill after 
drinking less than 1 L of water. 
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Cryptosporidium oocysts have often been found in untreated surface waters, and it was thought 
that Cryptosporidium oocysts entered the water treatment supply before the increase in turbidity 
was apparent. MacKenzie et al. (1994) point out that monitoring in the United Kingdom has 
uncovered sudden, irregular, community-wide increases in cryptosporidiosis that were likely caused 
by waterborne transmission. They also stated that the source of the Cryptosporidium oocysts was 
speculative, but could have included cattle feces contamination in the Milwaukee and Menomonee 
Rivers, slaughterhouse wastes, and human sewage. The rivers were also swelled by high spring 
rains and snowmelt runoff that may have aided the transport of upstream Cryptosporidium oocysts 
into the lake near the water intakes. 

The Journal of the American Water Works Association has published numerous articles on 
protozoa contamination of drinking water supplies. Crockett and Haas (1997) describe a watershed 
investigation to identify sources of Giardia and Cryptosporidium in the Philadelphia watershed. 
They describe the difficulties associated with monitoring Cryptosporidium and Giardia in surface 
waters because of low analytical recoveries and the cost of analyses. Large variations in observed 
protozoa concentrations made it difficult to identify major sources during the preliminary stages 
of their investigations. They do expect that wastewater treatment plant discharges are a major local 
source, although animals (especially calves and lambs) are likely significant contributors. Combined 
sewer overflows had Giardia levels similar to raw sewage, but the CSOs had much less Cryptospo
ridium than the raw sewage. LeChevallier et al. (1997) investigated Giardia and Cryptosporidium 
in open reservoirs storing finished drinking water. This gave them an opportunity to observe small 
increases in oocyst concentrations associated from nonpoint sources of contamination from the 
highly controlled surrounding area. They observed significantly larger oocyst concentrations at the 
effluent (median values of 6.0 Giardia/100 L and 14 Cryptosporidium/100 L) in the reservoirs than 
in the influents (median values of 1.6 Giardia/100 L and 1.0 Cryptosporidium/100 L). No human 
wastes could influence any of the tested reservoirs, and the increases were therefore likely caused 
by wastes from indigenous animals or birds, either directly contaminating the water or through 
runoff from the adjacent wooded areas. 

A Management Training Audioconference Seminar on Cryptosporidium and Water (MTA 1997) 
was broadcast in May of 1997 to familiarize state and local agencies about possible Cryptosporidium 
problems that may be evident as a result of the EPA’s Information Collection Rule which began in 
July of 1997. This regulation requires all communities serving more than 100,000 people to monitor 
their source water for Cryptosporidium oocysts. If the source water has more than 10 Cryptospo
ridium oocysts/L, the finished water must also be monitored. It is likely that many source waters 
will be found to be affected by Cryptosporidium. The researchers reviewed one study that found 
the percentage of positive samples of Cryptosporidium in lakes, rivers, and springs was about 50 
to 60% and about 5% in wells. In contrast, the percentage of samples testing positive for Giardia 
was about 10 to 20% in lakes and rivers, and very low in springs and wells. 

Special human health concerns have also been recently expressed about Pfiesteria piscicida, a 
marine dinoflagellate that is apparently associated with coastal eutrophication caused by runoff 
nutrients (Maguire and Walker 1997). Dramatic blooms and resulting fish kills have been associated 
with increased nutrient loading from manure-laden runoff from large livestock feedlot operations. 
This organism has garnered much attention in the popular press, usually called the “cell from hell” 
(Zimmerman 1998). It has been implicated as causing symptoms of nausea, fatigue, memory loss, 
and skin infections in south Atlantic coastal bay watermen. Pfiesteria and Pfiesteria-like organisms 
have also been implicated as the primary cause of many major fish kills and fish disease events in 
Virginia, Maryland, North Carolina, and Delaware. In August 1997, hundreds of dead and dying 
fish were found in the Pocomoke River, near Shelltown, MD, in the Chesapeake Bay, prompting 
the closure of a portion of the river. Subsequent fish kills and confirmed occurrences of Pfiesteria 
led to further closures of the Manokin and Chicamacomico Rivers. The Maryland Department of 
Health and Mental Hygiene also presented preliminary evidence that adverse public health effects 
could result from exposure to the toxins released by Pfiesteria and Pfiesteria-like organisms. The 
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increasing numbers of fish kills of Atlantic menhaden (an oily, non-game fish) motivated Maryland’s 
governor to appoint a Citizens Pfiesteria Action Commission. The commission convened a forum 
of noted scientists to examine the existing information on Pfiesteria. The results of the State of 
Maryland’s Pfiesteria monitoring program are available on the Maryland Department of Natural 
Resources’ Web site: http://www.dnr.state.md.us/pfiesteria/. 

Pfiesteria has a complex life cycle, including at lease 24 flagellated, amoeboid, and encysted 
stages. Only a few of these stages appear to be toxic, but their complex nature makes them difficult 
to identify by non-experts (Maguire and Walker 1997). Pfiesteria spends much of its life span in 
a nontoxic predatory form, feeding on bacteria and algae, or as encysted dormant cells in muddy 
sediment. Large schools of oily fish (such as the Atlantic menhaden) trigger the encysted cells to 
emerge and excrete toxins. These toxins make the fish lethargic, so the fish remain in the area 
where the toxins attack the fish skin, causing open sores to develop. The Pfiesteria then feed on 
the sloughing fish tissue. Unfortunately, people working in the water during these toxin releases 
may also be affected (Zimmerman 1998). 

Researchers suggest that excessive nutrients (causing eutrophication) increase the algae and 
other organic matter that the Pfiesteria and Atlantic menhaden use for food. The increased concen
trations of Pfiesteria above natural background levels increase the likelihood of toxic problems. 
Maguire and Walker (1997) state that other factors are also apparently involved, including stream 
hydraulics, water temperature, and salinity. They feel that Pfiesteria is only one example of the 
increasing threats affecting coastal ecosystems that are experiencing increased nutrient levels. Most 
of the resulting algal blooms only present nuisance conditions, but a small number can result in 
human health problems (mostly as shellfish poisonings). The increased nutrient discharges are 
mostly associated with agricultural operations, especially animal wastes from large poultry and 
swine operations. In the Pocomoke River watershed, the Maryland Department of Natural Resources 
estimates that about 80% of the phosphorus and 75% of the nitrogen load is from agricultural 
sources. Urban runoff may also be a causative factor of eutrophication in coastal communities, 
especially those having small enclosed coastal lagoons or embayments, or in rapidly growing urban 
areas. Zimmerman (1998) points out that the Chesapeake Bay area is one of the country’s most 
rapidly growing areas, with the population expected to increase by 12% by the year 2010. 

Viruses 

It is believed that approximately half of all waterborne diseases are of viral origin. Unfortu
nately, it is very difficult and time-consuming to identify viruses from either environmental samples 
or sick individuals. When the EPA conducted its extensive epidemiological investigations of 
freshwater and marine swimming beaches in the 1980s, two viruses common to human gastrointes
tinal tracts (coliphage and enterovirus) were evaluated as potential pathogen indicators. These two 
indicators did not show good correlations between their presence and the incidence of gastroen
teritis. Viruses tend to survive for slightly longer periods in natural waters than do Gram-negative 
bacteria. It is believed that the high correlation observed between gastroenteritis and the presence 
of enterococci may be because the Gram-positive enterococci’s longer survival more closely mimics 
viral survival. Therefore, enterococci may serve as a good recreational water indicator for the 
presence of viral pathogens. 

RECEIVING WATER EFFECT SUMMARY 

Recent studies have combined chemical-physical characterizations of water and sediment with 
biosurveys and laboratory/in situ toxicity surveys (low and high flow) to effectively characterized 
major water column and sediment stressors (Burton and Rowland 1999; Burton et al. 1998; Dyer 
and White 1996; Burton and Moore 1999). Suspended solids, ammonia, sediments, temperature, 
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PAHs, and/or stormwater runoff were observed to be primary stressors in these test systems. These 
primary stressors could not have been identified without low and high flow and sediment quality 
assessments both in the laboratory and field. It is apparent that to determine the role of chemicals 
as stressors in the receiving waters, the role of other stressors (both natural and anthropogenic) 
must be assessed (see also Chapters 6 and 8). 

Johnson et al. (1996) and Herricks et al. (1996a,b) describe a structured tier testing protocol to 
assess both short-term and long-term wet-weather discharge toxicity. The protocol recognizes that 
the test systems must be appropriate to the time-scale of exposure during the discharge. Therefore, 
three time-scale protocols were developed, for intra-event, event, and long-term exposures. 

There is a natural tendency in the popular “weight-of-evidence” or “sediment quality triad” 
approaches to look for “validation” of one assessment tool with another (see also Chapters 6 and 
8). For example, matching a toxic response in a WET test with that of an impaired community 
gives a greater weight of evidence. This does not, however, necessarily “validate” the results (or 
invalidate, if there are differences) (Chapman 1995). Natural temporal changes in aquatic popula
tions at different sites within a study system need not be the same (Power et al. 1988; Resh 1988; 
Underwood 1993); therefore, predictions of effect or no-effect from WET testing of reference sites 
may be in error. Each monitoring tool (i.e., chemical, physical, and indigenous biota characteriza
tions, laboratory and field toxicity, and bioaccumulation) provides unique and often essential 
information (Burton 1995; Chapman et al. 1992; Burton et al. 1996; Baird and Burton 2001). If 
the responses of each of the biological tools disagree, it is likely due to species differences or a 
differing stressor exposure dynamic/interaction. These critical exposures issues can be characterized 
through a systematic process of separating stressors and their respective dynamics into low and 
high flow and sediment compartments using both laboratory and field exposures. Then, a more 
efficient and focused assessment can identify critical stressors and determine their ecological 
significance with less uncertainty than the more commonly used approaches. The chronic degra
dation potential of complex ecosystems receiving multiple stressors cannot be adequately evaluated 
without a comprehensive assessment that characterizes water, sediment, and biological dynamics 
and their interactions. 

Because most sites have multiple stressors (physical, chemical, and biological), it is essential 
that the relative contributions of these stressors be defined to design effective corrective measures. 
The integrated laboratory and field approach rigorously defines the exposures of organisms (media 
of exposure and contaminant concentration), separating it into overlying water, surficial sediment, 
historical sediment, and interstitial water. The degree of contaminant-associated toxicity can best 
be assessed using a combination of laboratory and field screening methods which separate stressors 
(i.e., a Stressor Identification Evaluation (SIE) approach) (Burton et al. 1996), into different, major 
stressor categories, including metals, nonpolar organics, photoinduced toxicity from PAHs, ammo
nia, suspended solids, predators, dissolved oxygen, and flow. There is much research to be done 
to refine these approaches, but the tools are there to make ecologically relevant assessments of 
aquatic ecosystem contamination with reasonable certainty. 

The effects of urban runoff on receiving water aquatic organisms or other beneficial uses is 
also very site specific. Different land development practices may create substantially different runoff 
flows. Different rain patterns cause different particulate washoff, transport, and dilution conditions. 
Local attitudes also define specific beneficial uses and desired controls. There are also a wide 
variety of water types receiving urban and agricultural runoff, and these waters all have watersheds 
that are urbanized to various degrees. Therefore, it is not surprising that runoff effects, though 
generally dramatic, are also quite variable and site specific. 

Previous attempts to identify runoff problems using existing data have not generally been 
conclusive because of differences in sampling procedures and the common practice of pooling data 
from various sites or conditions. It is therefore necessary to carefully design comprehensive, long
term studies to investigate runoff problems on a site-specific basis. Sediment transport, deposition, 
and chemistry play key roles in receiving waters and need additional research. Receiving water 
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aquatic biological conditions, especially compared to unaffected receiving waters, should be studied 
in preference to laboratory bioassays. 

These specific studies need to examine beneficial uses directly, and not rely on published 
water quality criteria and water column measurements alone. Published criteria are usually not 
applicable to urban runoff because of the sluggish nature of runoff and the unique chemical 
speciation of its components. 

The long-term aquatic life effects of runoff are probably more important than short-term effects 
associated with specific events. The long-term effects are probably related to the deposition and 
accumulation of toxic sediments, or the inability of the aquatic organisms to adjust to repeated 
exposures to high concentrations of toxic materials or high flow rates. 
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INTRODUCTION 

This chapter summarizes various approaches that have been used and recommended for evaluating 
receiving water effects. It outlines a reasonable method that allows the study designer to consider 
many factors that may affect the outcome of the project. Major study approaches are presented with 
extensive case study examples. The chapters and appendices in this book complement this material 
by providing guidance for developing an experimental design, methods for the collection of samples 
and their analysis, various other field evaluation efforts, and the statistical analysis of the data. 

Rationale for an Integrated Approach to Assessing Receiving Water Problems 

During the past decade, it has become apparent from numerous water and sediment quality 
assessment studies that no one single approach (e.g., chemical-specific criteria) can be routinely 
used to accurately determine or predict ecosystem health and beneficial use impairment. In Ohio, 
evaluation of indigenous biota showed that many of the impaired stream segments could not be 
detected using chemical criteria alone (EPA 1990b). In an intensive survey, 431 sites in Ohio were 
assessed using in-stream chemical and biological surveys. In 36% of the cases, chemical evaluations 
implied no impairment, but the biological survey evaluations did show impairment. In 58% of the 
cases the chemical and biological assessments agreed. Of these, 17% identified waters with no 
impairment, while 41% identified waters which were considered impaired. Realization of the 
inadequacy of nationwide criteria prompted the EPA to look for other site-specific criteria modi
fications. Numerous studies of bulk sediment contaminant concentrations failed to show significant 
correlations with toxic effects to test species (Burton 1991). 

Each assessment approach or component has associated strengths and weaknesses (Table 4.1). 
The ultimate objective of the CWA (Sec. 101(a)) is “to restore and maintain the chemical, physical, 

Table 4.1 Components of an Integrated Approach to Assess Receiving Water Quality 

Control Approach What It Provides What It Doesn’t Provide: 

Chemical specific 	 Human health protection 
Complete toxicology 
Straightforward treatability 
Familiarity with control 
Persistency coverage 
Regulatory ease 

Toxicity 		Aggregate toxicity 
All toxicants present 
Bioavailability 
Accurate toxicology 
Good trend analysis 
Lab or in situ testing 

Bioassessments 	 Actual receiving water effects 
Trend analysis 
Severity of impact 
Total effect of all sources 

All toxics present 
 
Bioavailability 
 
Interactions of mixtures (e.g., additivity) 
 
Poor trend analysis 
 
Accurate toxicology (false assumptions) 
 
Actual and direct evaluations of receiving water 
 
beneficial use impairments 
 

Human health protection 
 
Complete toxicology (few species may be tested) 
 
Simple treatability 
 
Persistency coverage 
 

Critical flow effects 
 
Straightforward interpretation of results 
 
Cause of impact 
 
Differentiation of sources 
 
Habitat and site variation influence 
 

Modified from EPA. Wisconsin legislature establishes a nonpoint pollution committee. Nonpoint Source 
EPA News-Notes. #8. October 1990a. 
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and biological integrity of the Nation’s waters.” These three components define the overall ecological 
integrity of an aquatic ecosystem (EPA 1990a). Pollutant loadings into receiving waters from point 
and nonpoint sources vary in magnitude, frequency, duration, and type. They are also strongly 
influenced by meteorological and hydrologic conditions, terrestrial processes, and land use activities. 

A myriad of potential stressor combinations are possible in waters that are in human-dominated 
watersheds. In the laboratory, it would be impossible to evaluate even a small number of the possible 
stressor combinations, varying the magnitude, frequency, and duration of each stressor. Traditional 
bioassay methods simply look at one simple exposure scenario. Chemical criteria provide a bench
mark from which to evaluate the significance of contaminant concentrations and direct further 
monitoring resources. Biological assessments indicate if the aquatic community is of a pollution
and/or habitat-tolerant or sensitive nature by showing the effect of long-term exposures. By con
sidering habitat influence and comparing to reference sites, evaluations of ecological integrity 
(health) can be made. Habitat (physical) evaluations are essential to separate point source and 
nonpoint source toxicity effects from physical effects. As an example, some NPS pollution effects 
from stormwater may be of a physical nature, such as habitat alteration and destruction from 
increased stream flow, increased suspended and bedload sediments, or elevated water temperatures. 
In addition, a fourth major assessment component (toxicity) is needed beyond the three components 
of chemical, physical, and biological integrity (EPA 1990a). Biosurvey data may not detect subtle, 
short-term, or recent toxic effects due to the natural variation (spatial and temporal) that occurs in 
aquatic communities. Toxicity testing also removes the effects of habitat problems relatively well, 
focusing on the availability of chemical contaminants alone. The EPA (1990a) states that when any 
assessment approach (i.e., chemical-specific, toxicity, or biosurvey) shows water quality standards 
not being achieved, regulatory action should be taken. 

The complexity of ecosystems dictates that these assessment tools be used in an integrated 
fashion. Scientists in any of the traditional disciplines (such as chemistry, microbiology, ecology, 
limnology, oceanography, hydrology, agronomy) are quick to point out the multitude of ecosystem 
complexities associated with their science. Many of these complexities influence chemical fate and 
effects and, more importantly, affect natural and anthropogenic stressor fate and effects. For example, 
it is well documented that many natural factors may act as significant stressors to organisms in 
aquatic systems, including light, temperature, flow, dissolved oxygen, sediment particle size, sus
pended solids, habitat quality, ammonia, salinity, food quality and quantity, predators, parasites, and 
pathogens. In addition, ecotoxicologists have long been aware of the differences between species 
and their life stages in regard to toxicant sensitivity. Unfortunately, toxicity information exists only 
for a fraction of the 1.5 to 100 million species (Wilson 1992; May 1994) and 7 million chemicals 
(U.S. General Accounting Office 1994) in the world. This reality makes extrapolations between 
species and chemicals tenuous at best. Despite these many and often interacting complexities, some 
excellent and proven tools exist for conducting ecologically relevant assessments of contamination. 

The necessity of using each of the above assessment components and the degree to which each 
is utilized is a site-specific issue. At sites of extensive chemical pollution, extreme habitat destruc
tion, or absence of desirable aquatic organisms, the impact can be clearly established with only 
one or two components, or simply qualitative measures. However, at most study sites, there will 
be “gray” areas where the ecosystem’s integrity (quality) is less clear and should be measured via 
multiple components, using a weight-of-evidence approach to evaluate adverse effects. 

WATERSHED INDICATORS OF BIOLOGICAL RECEIVING WATER PROBLEMS 

The EPA (1996) published a list of 18 indicators to track the health of the nation’s aquatic 
ecosystems. These indicators are intended to supplement conventional water quality analyses in 
compliance-monitoring activities. The use of broader indicators of environmental health is increas
ing. As an example, by 1996, 12 states were using biological indicators and 27 states were 
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developing local biological indicators, according to Pelley (1996). Because of the broad nature of 
the nation’s potential receiving water problems, this list is more general than typically used for any 
one specific discharge type (such as stormwater, municipal wastewaters, or industrial wastewaters). 
These 18 indicators are (EPA 1996): 

1. Population served by drinking water systems violating health-based requirements 
2. Population served by unfiltered surface water systems at risk from microbiological contamination 
3. Population served by community drinking water systems exceeding lead action levels 
4. Drinking water systems with source water protection programs 
5. Fish consumption advisories 
6. Shellfish-growing waters approved for harvest for human consumption 
7. Biological integrity of rivers and estuaries 
8. Species at risk of extinction 
9. Rate of wetland acreage loss 

10. Designated uses: drinking water supply, fish, and shellfish consumption, recreation, aquatic life 
11. Groundwater pollutants (nitrates) 
12. Surface water pollutants 
13. Selected coastal surface water pollutants in shellfish 
14. Estuarine eutrophication conditions 
15. Contaminated sediments 
16. Selected point source loadings to surface water and groundwater 
17. Nonpoint source sediment loadings from cropland 
18. Marine debris 

In one example of the use of watershed indicators, Claytor (1996, 1997) summarized the 
approach developed by the Center for Watershed Protection as part of its EPA-sponsored research 
for assessing the effectiveness of stormwater management programs (Claytor and Brown 1996). 
The indicators selected are direct or indirect measurements of conditions or elements that indicate 
trends or responses of watershed conditions to stormwater management activities. Categories of 
these environmental indicators are shown in Table 4.2, ranging from conventional water quality 
measurements to citizen surveys. Biological and habitat categories are also represented. Table 4.3 
lists 26 indicators, by category. It was recommended that appropriate indicators be selected from 
each category for a specific area under study. This will enable a better understanding of the linkage 
of what is done on the land, how the sources are regulated or managed, and the associated receiving 
water problems. The indicators were selected to (1) measure stress or the activities that lead to 

Table 4.2 Stormwater Indicator Categories 

Principal Element Being 
Category Description Assessed 

Water quality Specific water quality characteristics Receiving water quality 
Physical/hydrologic Measure changes to, or impacts on, the Receiving water quality 

physical environment 
Biological Use of biological communities to measure Receiving water quality 

changes to, or impacts on, biological 
parameters 

Social Responses to surveys or questionnaires to Human activity on the land surface 
assess social concerns 

Programmatic Quantify various nonaquatic parameters for 
measuring program activities 

Regulatory compliance or program 
initiatives 

Site Indicators adapted for assessing specific 
conditions at the site level 

Human activity on the land surface 

From Claytor, R.A. An introduction to stormwater indicators: urban runoff assessment tools. Presented at 
the Assessing the Cumulative Impacts of Watershed Development on Aquatic Ecosystems and Water Quality 
conference. March 20–21, 1996. Northeastern Illinois Planning Commission. pp. 217–224. Chicago, IL. April 
1997. 
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Table 4.3 Environmental Indicators 

Indicator Category Indicator Name 

Water quality indicators 

Physical and hydrologic indicators 

Biological indicators 

Social indicators 

Programmatic indicators 

Site indicators 

Water quality pollutant constituent monitoring 
 
Toxicity testing 
 
Nonpoint source loadings 
 
Exceedance frequencies of water quality standards 
 
Sediment contamination 
 
Human health criteria 
 
Stream widening/downcutting 
 
Physical habitat monitoring 
 
Impacted dry-weather flows 
 
Increased flooding frequency 
 
Stream temperature monitoring 
 
Fish assemblage 
 
Macroinvertebrate assemblage 
 
Single species indicator 
 
Composite indicators 
 
Other biological indicators 
 
Public attitude surveys 
 
Industrial/commercial pollution prevention 
 
Public involvement and monitoring 
 
User perception 
 
Illicit connections identified/corrected 
 
BMPs installed, inspected, and maintained 
 
Permitting and compliance 
 
Growth and development 
 
BMP performance monitoring 
 
Industrial site compliance monitoring 
 

From Claytor, R.A. An introduction to stormwater indicators: urban runoff assessment tools. 
Presented at the Assessing the Cumulative Impacts of Watershed Development on Aquatic 
Ecosystems and Water Quality conference. March 20–21, 1996. Northeastern Illinois Planning 
Commission. pp. 217–224. Chicago, IL. April 1997. 

impacts on receiving waters, (2) assess the resource itself, and (3) measure the regulatory compliance 
or program initiatives. Claytor (1997) presented a framework for using stormwater indicators that 
is similar to many others recommended in hazard and risk assessment, as shown below: 

Level 1 (Problem Identification): 
1. Establish management sphere (who is responsible, other regulatory agencies involved, etc.). 
2. Gather and review historical data. 
3. 	 Identify local uses that may be impacted by stormwater (flooding/drainage, biological integrity, 

noncontact recreation, drinking water supply, contact recreation, and aquaculture). 
4. 	Inventory resources and identify constraints (time frame, expertise, funding and labor 

limitations). 
5. Assess baseline conditions (use rapid assessment methods). 

Obviously, the selection of the indicators to assess the baseline conditions should be based on 
the local uses of concern. Most of the anticipated important uses are shown to require indicators 
selected for each of the categories. However, the indicator selection process requires more than 
just a beneficial use consideration. Additional issues, such as the questions being asked, regulatory 
and societal concerns, the characteristics of the ecoregion, sensitive and threatened indigenous 
species, resource availability, and time constraints, are also important considerations. 

Claytor (1997) also recommends a Level 2 assessment strategy for examining the local man
agement program as outlined below: 
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Level 2: 
1. State goals for program (based on baseline conditions, resources, and constraints) 
2. Inventory prior and ongoing efforts (including evaluating the success of ongoing efforts) 
3. Develop and implement management program 
4. 	Develop and implement monitoring program (more quantitative indicators than typically used 

for the Level 1 evaluations above) 
5. 	Assess indicator results (does the stormwater indicator monitoring program measure the overall 

watershed health?) 
6. 	Reevaluate management program (update and revise management program based on measured 

successes and failures) 

While the approach and recommendations of Claytor (1997) have merit and provide a good 
overall framework, they may not adequately consider all the important study design issues for every 
specific area. Most important, their indicator guidance for determining receiving water effects from 
stormwater runoff may not provide a characterization of all the important stressors. For example, 
short-term pulses of polycyclic aromatic hydrocarbons from roadways and parking lots may be 
creating photoinduced toxicity problems not detected by traditional bioassessment approaches. 

Another example of the effective use of environmental indicators is in the Detroit, MI, area. 
Cave (1998) described how they are being used to summarize the massive amounts of data being 
generated by the Rouge River National Wet Weather Demonstration Project in Wayne County. 
This large project is examining existing receiving water problems, the performance of stormwater 
and CSO management practices, and receiving water responses in a 438 mi2 watershed having 
more than 1.5 million people in 48 separate communities. The baseline monitoring program has 
now more than 4 years of continuous monitoring of flow, pH, temperature, conductivity, and DO, 
supplemented by automatic sampling for other water quality constituents, at 18 river stations. 
More than 60 projects are examining the effectiveness of stormwater management practices, and 
20 projects are examining the effectiveness of CSO controls, each also generating large amounts 
of data. Toxicants are also being monitored in sediment, water, fish tissue, and with semipermeable 
membranes to help evaluate human health and aquatic life effects. Habitat surveys were conducted 
at 83 locations along more than 200 miles of waterway. Algal diversity and benthic macroinver
tebrate assessments were also conducted at these survey locations. Electrofishing surveys were 
conducted at 36 locations along the main river and in tributaries. Several computer models were 
also used to predict sources, loadings, and wet-weather flow management options for the receiving 
waters and for the drainage systems. A geographic information system was used to manage and 
provide spatial analyses of the massive amounts of data collected. However, there was still a great 
need to simplify the presentation of the data and findings, especially for public presentations. 
Cave described how they developed a short list of 35 indicators, based on the list of 18 from 
EPA and on discussions with state and national regulatory personnel. They then developed seven 
indices that could be color-coded and placed on maps to indicate areas of existing problems and 
projected conditions based on alternative management scenarios. These indices are described as 
follows: 

Condition Quality Indicators: 
1. Dissolved oxygen. Concentration and % saturation values (ecologically important) 
2. Fish consumption index. Based on advisories from the Michigan Department of Public Health 
3. River flow. Significant for aquatic habitat and fish communities 
4. Bacteria count. E. coli counts based on Michigan Water Quality Standards, distinguished for 

wet and dry conditions 

Multifactor Indices: 
1. 	Aquatic biology index. Composite index based on fish and macroinvertebrate community 

assessments (populations and individuals) 
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2. 	Aquatic habitat index. Habitat suitability index, based on substrate, cover, channel morphology, 
riparian/bank condition, and water quality 

3. Aesthetic index. Based on water clarity, color, odor, and visible debris 

These seven indicators represent 30 physical, chemical, and biological conditions that directly 
impact the local receiving water uses (water contact recreation, warm water fishery, and general 
aesthetics). Cave presented specific descriptions for each of the indices and gave examples of how 
they are color-coded for map presentation. These data presentations have clearly demonstrated how 
the Rouge River is degraded in specific areas and show the relationships of these critical river areas 
with adjacent watershed activities. 

SUMMARY OF ASSESSMENT TOOLS 

Almost all states using bioassessment tools have relied on the EPA reference documents as the 
basis for their programs. Common components of these bioassessment programs (in general order 
of popularity) include: 

• 	Macroinvertebrate surveys (almost all programs, but with varying identification and sampling 
efforts) 

• Habitat surveys (almost all programs) 
• Some simple water quality analyses 
• Some watershed characterizations 
• Few fish surveys 
• Limited sediment quality analyses 
• Limited stream flow analyses 
• Hardly any toxicity testing 
• Hardly any comprehensive water quality analyses 

Normally, numerous metrics are used, typically only based on macroinvertebrate survey results, 
which are then assembled into a composite index. Many researchers have identified correlations 
between these composite index values and habitat conditions. Water quality analyses in many of 
these assessments are seldom comprehensive, a possible overreaction to conventional, very costly 
programs that have typically resulted in minimally worthwhile information. This book recommends 
a more balanced assessment approach, using toxicity testing and carefully selected water and 
sediment analyses to supplement the needed biological and habitat monitoring activities. A multi
component assessment enables a more complete evaluation of causative factors and potential 
mitigation approaches. 

STUDY DESIGN OVERVIEW 

The study design must be developed based on the study objectives, preliminary site-problem 
assessments, regulatory mandates, and available resources. This chapter includes detailed information 
for developing the experimental design aspects of the study design. Many of the typical monitoring 
subcomponents of each approach are listed in Table 4.4. All of these parameters cannot realistically 
be evaluated in routine water quality assessments. The amount and type of monitoring hinges not 
only on the above issues but the degree of confidence and accuracy expected from the results. This 
issue falls under the Data Quality Objectives process and is also discussed in later chapters. 

The most commonly used test hypotheses in assessing receiving water impacts is that the 
designated use or integrity of the water body is not impaired (null hypothesis), or the alternative 
hypotheses that it or some component is impaired or some specific factor (e.g., stormwater) is 
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Table 4.4 Summary of Recommended Aquatic Ecosystem Assessment Parameters 

Indigenous Biota 
Physical Evaluations Chemical Evaluations Evaluations Toxicity Evaluations 

In-stream characteristics 
Size (mean 
width/depth) 

Flow/velocity 
Total volume 
Reaeration rates 
Gradient/pools/riffles 
Temperature 
Suspended solids 
Sedimentation 
Channel modifications 
Channel stability 

Substrate composition 

and characteristics 

Particle size distribution 

Sediment dry weight 


Channel debris 

Sludge deposits 

Riparian characteristics 

Downstream 

characteristics 


Dissolved oxygen (W) 
Toxicants (WS) 
Nutrients (W) 

Nitrogen 
Phosphorus 

Biochemical oxygen 
demand (W) 

Sediment oxygen 
demand (S) 

Conductivity/salinity(W) 
Hardness (W) 
Alkalinity (W) 
pH (WS) 
Temperature (W) 
Dissolved solids (W) 
Total organic carbon (S) 
Acid volatile sulfides (S) 
Ammonia (WS) 

Biological inventory 
(Existing Use Analysis): 
Fish 
Macroinvertebrates 
Microinvertebrates 
Phytoplankton 
Macrophytes 

Biological 
Condition/Health 
Analysis: 
Diversity indices 
HIS models 
Tissue analysis 
Recovery index 
Intolerant species 
Omnivore-carnivore 
analysis 

Biological potential 
analysis 

Reference reach 
comparison 

Acute/Short-term 
Chronic 
Responses(WS): 
Fish (Pimephales 
promelas) 

Zooplankton 
(Ceriodaphnia dubia) 

Benthic 
macroinvertebrates 
(Selenastrum 
capricornutum) 

Other (microbial, 
protozoan, 
macrophytes, 
amphibian, or 
indigenous species) 

W = Water 


S = Sediment 


causing impairment. To detect differences between ambient and/or reference (nonimpacted) con
ditions in an aquatic system and the test system, it is important to establish the appropriate level 
of sensitivity. A 5% difference in condition or integrity is more difficult to detect than a 50% 
difference. The level of detection needs to be predetermined to establish the sample size (see 
Chapter 5). 

A thorough assessment of ecosystem impact, hazard, or risk may follow the general approach 
proposed by EPA for ecological risk assessments. The toxicity assessment process consists of 
identifying the stressors (hazards), using various measurement endpoints to determine concentration 
(exposure)–response gradients, and then characterizing the stressor–effect level (threshold) and 
degree of impact, hazard, or risk that exists so that management decisions regarding remediation 
(corrective action) can be made. The impact characterization step is the most difficult given the 
many natural and anthropogenic unknowns, such as spatial and temporal variation; chemical fate, 
effects, and interactions through time and food webs; and biotic and abiotic patch interactions. For 
these reasons, the weight-of-evidence approach is the most reliable, as discussed in Chapter 8. The 
most effective use of resources in routine stormwater assessments is via a tiered monitoring approach 
(see also Chapter 8). 

BEGINNING THE ASSESSMENT 

Designing and implementing an assessment study requires careful and methodical planning to 
ensure that the study objectives will be accomplished. The preceding section described the water
shed indicator approach recommended by Claytor (1996, 1997) and the EPA. The following sections 
in this chapter will provide additional critical considerations, approach details, and method options 
for conducting receiving water impact assessments. 

The main objectives of most environmental monitoring studies may be divided into two general 
categories: characterization and/or comparisons. Characterization pertains to quantifying a few 
simple attributes of the parameter of interest. As an example, the concentration of copper in the 
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sediment near an outfall may be of concern. The important question would be, “What is the most 
likely concentration of the copper?” Other questions of interest include changes in the copper 
concentrations between surface deposits and buried deposits, or in upstream vs. downstream loca
tions. These additional questions are considered in the second category, namely, comparisons. Other 
comparison questions may relate to comparing the observed copper concentrations with criteria or 
standards. Finally, many researchers would also be interested in quantifying trends in the copper 
concentrations. This extends beyond the above comparison category, as trends usually consider 
more than just two locations or conditions. Examples of trend analyses would examine copper 
gradients along the receiving stream, or trends of copper concentrations with time. Another type 
of analysis related to comparisons is the identification of hot spots, where the gradient of concen
trations in an area is used to identify areas having unusually high concentrations. 

An adequate experimental design enables a researcher to efficiently investigate a study hypoth
esis. The results of the experiments will theoretically either prove or disprove the hypothesis. In 
reality, the experiments will tend to shed some light on the real problem and will probably result 
in many more questions that need addressing. In many cases, the real question may not have even 
been recognized initially. Therefore, even though it is very important to have a study hypothesis 
and appropriate experimental design, it may be important to reserve enough study resources to 
enable additional unanticipated experiments. In this discussion, sampling plans and specific statis
tical tools will be briefly examined. 

Experimental design covers several aspects of a monitoring program. The most important aspect 
of an experimental design is being able to write down the study objectives and why the data are 
needed. The quality of the data (accuracy of the measurements) must also be known. Allowable 
errors need to be identified based on how the information will change a conclusion. Specifically, 
how sensitive are the data that are to be collected in defining the needed answer? A logical 
experimental process that can be used to set up an assessment of receiving waters consists of 
several steps: 

1. 	 Establish clear study objectives and goals (hypothesis to be tested, calibration of equation or model 
to be used, etc.). 

2. Assess initial site assessment and identify preliminary problem. 
3. 	Review historical site data. Collect information on the physical conditions of the system to be 

studied (watershed characteristics, etc.), estimate the time and space variabilities of the parameters 
of interest (assumed, based on prior knowledge, or other methods). 

4. Formulate a conceptual framework (e.g., the EPA ecological risk framework) and model. 
5. 	 Determine optimal assessment parameters. Determine the sampling plan (strata and relationships 

that need to be defined), including the number of samples needed (when and where, within budget 
restraints). 

6. 	 Establish data quality objectives (DQO) and procedures needed for QA/QC during sample collec
tion, processing, analysis, data management, and data analyses. 

7. Locate sampling sites. 
8. 	 Establish field procedures, including the sampling specifics (volumes, bottle types, preservatives, 

samplers to be used, etc.). 
9. Review QA/QC issues. 

10. 	 Construct data analysis plan by determining the statistical procedures that will be used to analyze 
the data (including field data sheets and laboratory QA/QC plan). 

11. Implement the study. 

Preliminary project data obtained at the beginning of the project should be analyzed to verify 
assumptions used in the experimental design process. However, one needs to be cautious and not 
make major changes until sufficient data have been collected to verify new assumptions. After the 
data have been analyzed and evaluated, it is likely that follow-up monitoring should be conducted 
to address new concerns uncovered during the project. 
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Table 4.5 Principles for Designing Successful Environmental Studies 

1. State concisely to someone what question you are asking. Your results will be as coherent and as 
comprehensible as your initial conception of the problem. 

2. Take replicate samples within each combination of time, location, and any other controlled variable. 
Differences between groups can only be demonstrated by comparison to differences within groups. 

3. To test whether a condition has an effect, collect samples both where the condition is present and where 
the condition is absent (reference site) but all else is the same. An effect can only be demonstrated by 
comparison with a control. 

4. Carry out some preliminary sampling to provide a basis for evaluation of sampling design and statistical 
analysis options. Deleting this step to save time usually results in losing time. 

5. Verify that the sampling device or method is sampling the population it should be sampling, and with equal 
and adequate efficiency over the entire range of sampling conditions to be encountered. Variation in 
efficiency of sampling from area to area biases among-area comparisons. 

6. If the area to be sampled has a large-scale environmental pattern, break the area up into relatively 
homogeneous subareas and allocate samples to each in proportion to the size of the subarea. If it is an 
estimate of total abundance over the entire area that is desired, make the allocation proportional to the 
number of organisms in the subarea. 

7. Verify that the sample unit size is appropriate to the size, densities, and spatial distributions of the organisms 
being sampled. Then estimate the number of replicate samples required to obtain the needed precision. 

8. Test the data to determine whether the error variation is homogeneous, normally distributed, and 
independent of the mean. If it is not, as will be the case for most field data, then (a) appropriately transform 
the data, (b) use a distribution-free (nonparametric procedure, (c) use an appropriate sequential sampling 
design, or (d) test against simulated H0 data. 

9. Having chosen the best statistical method to test the hypothesis, stick with the result. An unexpected or 
undesired result is not a valid reason for rejecting the method and searching for a “better” one. 

Green, R.H. Sampling Design and Statistical Methods for Environmental Biologists. John Wiley & Sons, New 
York. 1979. 

Most of the first six of these elements are described in this chapter, while the remaining ones 
are included in the later chapters. If any of these process components are inadequately addressed, 
the study outputs may not achieve the necessary study goals and/or may lead to erroneous conclu
sions. An early paper by Green (1979) lists principles (Table 4.5) that are still valid for preparing 
environmental study designs. 

Specific Study Objectives and Goals 

The study objectives and goals should be clearly defined, addressing ecosystem characterization 
and protection concerns and also the role of the assessment in the decision-making process for 
managing the particular problem. There are four primary reasons for an assessment program: 
planning, research or design, control and process optimization, and corrective action/regulation. 
The overall scope of planning studies is often general, while the other program types are more 
specific in nature. Study goals may range from establishing trends or background levels to opti
mizing control design or even enforcement actions. Once the objectives are defined, the needed 
sensitivity of the evaluation can be determined in the DQO process. 

Initial Site Assessment and Problem Identification 

It is essential that a reconnaissance survey be conducted or an individual who has previously 
studied the site be included in the design process. A substantial degree of qualitative site charac
terization information is gained through this process and cannot be acquired through reading report 
descriptions. These preliminary studies should be conducted by personnel with expertise in evalu
ating pollution effects on aquatic ecosystems. The preliminary survey should focus on several 
watershed characteristics (Table 4.6) that will need to be addressed in the study design and final 
assessment. Most of these factors are interwoven in a cause–effect relationship, but will often affect 
the study design and field methods as separate, influencing components. As an example, the most 
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Table 4.6 Stream Assessment Factors for Nonpoint Source-Affected Streams 

Watershed 
development factor 

Best management 
practice 

Hydrologic change 
factor 

Channel form/stability 
factor 

Substrate quality factor 

Water quality factor 

Stream community 
factor 

Refugia factor 

Riparian cover factor 

Stream reach factor 

Contiguous wetland 
factor 

Floodplain change 
factor 

Receiving water target 
factor 

Imperviousness of contributing watershed and drainage efficiency of 
land use. Watershed area. Age of development. Nature of upstream 
land use. Percent forest cover. Pollutant (NPS and PS) input 
locations and dynamics. 

Proportion of contributing watershed effectively controlled by a 
proposed BMP or retrofit. Type and performance of BMP. 

Drainage efficiency (such as pre- vs. post-development runoff 
coefficients and times of concentrations). Dry-weather flow rate in 
modified vs. reference watershed. Frequent return period flows and 
associated channel dimensions. 

Natural, eroded, open, lined, protected or enclosed channel form. 
Dry-weather wetted perimeter vs. reference watershed. Evidence of 
widening or downcutting. Bedrock controlled channel. Consolidated 
or unconsolidated banks. Channel gradient. 

Median diameter or bed sediment. Degree of embeddedness. 
Reference substrate in undeveloped stream. Existing and future 
disturbed areas. Evidence of shifting sand bars, discolored cobbles. 

Summer maximum temperature. Benthic algal growth. Organic slime 
on rocks. Silt and sand deposits in stream. Presence/absence of 
point source discharge or pipes along stream. Type and height of 
debris jams. Discolored or black rocks upon turning. Dry-weather 
water velocity. 

Reference macroinvertebrate and fish species expected. Evidence of 
benthic algae or leaf processing. Rock turning or kick sampling. Cold, 
cool, or warm water community. 

Presence of refuge habitats allowing species escape and 
reintroduction. 

Presence or absence of riparian canopy cover over stream. Width of 
buffer 2 1/2 H max. Is vegetation stabilizing banks? 

Presence or absence of pool and riffle structure. Minimum dry
weather flow. Sinuosity of channel. Open or closed to fish migration. 
Creation of linear barrier across stream. 

Presence or absence of nontidal wetlands in riparian, floodplain, or 
BMP zone. Quality, area, and function of wetlands present. 
Downstream wetlands to be affected? 

Constrained or unconstrained floodplain. Extent of ultimate flood 
plain. Property in floodplain. 

Are there any unique watershed water quality targets in a downstream 
river, lake, or estuary? 

Modified from Schueler, T.R. Controlling Urban Runoff: A Practical Manual for Planning and 
Designing Urban BMPs. Department of Environmental Programs. Metropolitan Washington 
Council of Governments. Water Resources Planning Board. 1987. 

important factors at the root of most nonpoint source pollution-related problems include watershed 
development characteristics whether of an urban, agricultural, or silviculture nature. Therefore, the 
preliminary problem identification process should begin with observations on the type, number, 
size, and location of point source discharges, stormwater inputs, upstream land use drainage 
patterns, and combined sewer overflows (CSOs). 

A reference watershed should be located in the same type of ecoregion, but which has an 
undeveloped (unimpacted) watershed of a similar size with a stream (or lake) of a similar size. It 
is not practical to expect to find a completely natural and totally unimpacted watershed that can 
be used as a reference. The amount of allowable impact in the reference watershed will depend on 
the frequency and degree of exposure, persistence of the stressors, substrate composition, habitat 
and riparian quality, ecoregion and species sensitivity, and the range in water quality conditions. 

The use of reference sites is common to most bioassessment approaches. Reference sites are 
typically selected to represent natural conditions as nearly as possible. However, it is not possible 
to identify such pristine locations representing varied habitat conditions in most areas of the country. 
Schueler (1997) points out that in many cases, a completely natural forested area is not a suitable 
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benchmark for current conditions before urbanization. In many areas of the country, land that has 
long been in agricultural use is being converted to urban land, and the in-stream changes expected 
should therefore be more reasonably compared to agricultural conditions. 

The Ohio EPA has been recognized for having one of the more advanced biological assessments 
in place, especially in its efforts to incorporate biological criteria as part of the regulatory program. 
It relies heavily on a large network of reference sites representing the various ecological conditions 
throughout the state. Many of the states waterways were channelized decades ago. This severe 
habitat disruption prevents them from ever attaining as high a quality as a similar unchannelized 
waterway. Therefore, Ohio EPA established “modified” warm water habitat designations with 
appropriate modified reference sites. Few of these reference sites are completely unimpacted by 
modifications or human activity in the watersheds. Yoder and Rankin (1997) reported that biolog
ical monitoring of small streams in Ohio has indicated a general lowering of biological index 
scores with increasing urbanization, especially in areas having CSOs and industrial discharges. 
Of 110 sampling sites, only 23% had good to exceptional biological resources. Poor or very poor 
scores were evident in 85% of the urbanized areas. They also found that more than 40% of the 
suburban, urbanizing sites were impaired, due to increasing residential and commercial develop
ments. An earlier Ohio study found that biological impairments were evident in about half the 
locations where no impairments were indicated, based on chemical ambient monitoring data alone. 
They have, therefore, come to rely on biological monitoring, such as expressed in the Index of 
Biotic Integrity (IBI) and the Invertebrate Community Index (ICI), as a less expensive and more 
accurate overall indication of receiving water problems than conventional chemical water pollutant 
monitoring. 

Crawford and Lenat (1989) examined the differences between streams located in forested, 
agricultural, and urban watersheds in North Carolina. The USGS study found that the stream 
impacted by agricultural operations was intermediate in quality, with higher nutrient and worse 
substrate conditions than the urban stream, but better macroinvertebrate and fish conditions. The 
forested watershed had the best conditions (good conditions for all categories), except for somewhat 
higher heavy metal concentrations in sediment than expected. Even though the agricultural water
shed had little impervious area, it had high sediment and nutrient discharges, plus some impacted 
stream corridors. The urban stream had poor macroinvertebrate and fish conditions, poor sediment 
and temperature conditions, and fair substrate and nutrient conditions. 

Review of Historical Site Data 

As in any environmental assessment process, historical site data should be reviewed initially. 
Municipal, county, regional, state, and federal information sources of public information may be 
available concerning: 

1. 	 Predevelopment water quality, fisheries, and flow conditions (e.g., state and EPA STORET data
base) 

2. Annual hydrological conditions vs. development area (e.g., USGS) 
3. Business and industrial categories (e.g., municipality) 
4. 	 Historical hazardous spills, large quantity toxicant releases and storage (e.g., fire department, state 

EPA, and EPA’s Toxics Release Inventory), and hazardous waste and sanitary landfill locations 
(e.g., state and EPA) 

The initial information search should review land use patterns from a chronological approach 
and attempt to correlate development with hydrological data and previous water quality surveys. 
Unfortunately, these data are often nonexistent for the small and more heavily impacted urban 
streams (headwaters). If the contaminants (stressors) of concern are known, site or area stream 
quality survey data can be used to determine the likely background levels in water, sediment, soil, 
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and fish. Also, one should determine what the effects and threshold levels are likely to be, and 
whether any rare, threatened, or endangered species are indigenous to the area. Sources of the 
above information may include state environmental and natural resource agencies; state game and 
fish agencies; conservation agencies; societies; citizens’ and sportsman’s groups; state agricultural 
agencies; relevant university departments; museums; park officials; local water and wastewater 
utilities; and regional offices of federal agencies (i.e., U.S. Fish and Wildlife Service, U.S. Envi
ronmental Protection Agency, U.S. Department of Agriculture, and Natural Resources Conservation 
Service). From this information, it is possible to determine which species are most likely to be 
present and what problems may exist in an area. 

Formulation of a Conceptual Framework 

A conceptual framework is similar to logistical critical-path control schedules, where the major 
components of the study (i.e., investigation of pollutant sources, hydrologic analyses, and stream 
and ecosystem monitoring) are blended to describe source movement, distribution, and interaction 
with the receiving water ecosystem. Once the previous steps are completed, it should be possible 
to formulate a suitable assessment problem formulation. This process is improved if there are 
adequate knowledge and expertise to address the key issues of pollutant types expected, predicted 
pollutant fate and effects, beneficial use designations, stream hydrological characteristics, meteo
rological characteristics, reference and test stream water quality, and key indicator aquatic organisms 
present at the reference and test locations. This design stage leads directly to the next step of 
defining measurement endpoints. 

This process should be tailored toward addressing the study objectives. If the study is to be an 
“endangerment,” “hazard,” or “risk” assessment to meet EPA regulatory requirements (e.g., RCRA, 
CERCLA), it would be best to follow their assessment paradigm: 

1. Hazard identification: qualitative stress (e.g., lead) and receptor (e.g., trout) identification 
2. Exposure assessment: contaminant (stress) dynamics vs. receptor patterns and characteristics 
3. Toxicity assessment: stress–response relationship quantified 
4. 	Hazard or risk characterization: combine above information to predict or assign adverse effects 

vs. source exposure 

The specifics of these approaches are currently still under development by the EPA. This book 
could possibly be used to support any program directive which includes assessing the effects of 
stormwater runoff on receiving water ecosystems. 

Selecting Optimal Assessment Parameters (Endpoints) 

Characterization of the ecosystem should allow for differentiation of its present “natural” status 
from its present condition caused by polluted discharges and/or other anthropogenic stressors. This 
requires that a number of chemical, biological, and physical parameters be monitored, including 
flow and habitat. There are a wide variety of potentially useful study parameters which vary in 
importance with the study objectives and program needs, as shown in Table 4.7. Many of the 
chemical endpoints would be specifically selected based on the likely pollutant sources in the 
watershed. Those shown in Table 4.7 are a general list. 

The selection of the specific endpoints for monitoring should be based on expected/known 
receiving water problems. The parameters being monitored should confirm if these uses are being 
impaired. If they are, then more detailed investigations can be conducted to understand the dis
charges of the problem pollutants, or the other factors, causing the documented problems. Finally, 
control programs can be designed, implemented, and monitored for success. Therefore, any receiv
ing water investigation should proceed in stages if at all possible. It is much more cost-effective 
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Table 4.7 Useful Receiving Water Assessment Parameters 

Chemical Physical Biological 

Oxygen 
Dissolved 
Biochemical demand 

Carbonaceous 
Nitrogenous 
Ultimate 

Chemical demand 
Sediment demand 

Nutrients 
Nitrogen: Total, Organic, Nitrate, 

Nitrite, Ammonia (total, un-ionized) 
Phosphorus 

Total, Organic 
Carbon 

Total, Dissolved 
pH 
Alkalinity 
Hardness 
Metals: Cd, Cu, Zn, Pb 
Organics: Polycyclic aromatic 
hydrocarbons (PAHs) 
Aliphatic hydrocarbons 
Pesticides (chlorinated and new age) 
Oil and grease 

Habitat quantificationa 


Flow, velocity 

Temperature 

Conductivity, salinity 

Suspended solids 

Dissolved solids 

Reach lengths 

Channel morphology 

Tributary loadings 

Point source loadings 

Nonpoint source loadings 

Particle size distributions 

Bedload 

Precipitation 


Escherichia coli 
Enterococci 

Fecal coliforms 

Benthic macroinvertebrate indicesa 


Fish community indicesa 


Blue-green algal (cyanobacteria) blooms 

Toxicity testsb 


Pimephales promelas early-life stage 
Ceriodaphnia or Daphnia sp. 
Selenastrum capricornutum 
Microtox 
Hyalella azteca 
Chironomus tentans 

Tissue contaminantsb 

Fish or bivalve tissue residues 
Bioaccumulation testing with Lumbriculus 
variegatus, bivalves, or fish 

Uptake in semipermeable membrane 
devices (SPMD) 

a Comprised of multiple endpoints (see EPA 1989 and OEPA 1989 and Chapter 5). 

b Water, whole sediment, and effluent exposures (see Chapter 5 for specific effect endpoints). 


to begin with a relatively simple and inexpensive monitoring program to document the problems 
that may exist in a receiving water than it is to conduct a large and comprehensive monitoring 
program with little prior knowledge. Without having information on the potential existing problems, 
the initial list of parameters to be monitored has to be based on best judgment. Chapter 3 contains 
a review of the potential problems caused by stormwater in urban streams. The parameters to be 
monitored can be taken from Table 4.7 and grouped into general categories depending on expected 
beneficial use impairments, as follows: 

• 	Flooding and drainage: debris and obstructions affecting flow conveyance are parameters of 
concern. 

• 	Biological integrity: habitat destruction, high/low flows, inappropriate discharges, polluted sedi
ment (SOD and toxicants), benthic macroinvertebrate and fish species impairment (toxicity and 
bioaccumulation of contaminants), and wet-weather quality (toxicants, nutrients, DO) are key 
parameters. 

• 	Noncontact recreation: odors, trash, high/low flows, aesthetics, and public access are the key 
parameters. 

• 	Swimming and other contact recreation: pathogens and above-listed noncontact parameters are 
key parameters. 

• Water supply: water quality standards (especially pathogens and toxicants) are key parameters. 
• 	Shellfish harvesting and other consumptive fishing: pathogens, toxicants, and those listed under 

biological integrity are key parameters. 

Point source discharges, stormwater runoff, snowmelt, baseflows in receiving waters, sediments, 
and biological specimens may all need to be sampled and analyzed to obtain a complete under
standing of receiving water effects from pollutant discharges. 
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Figure 4.1- Ecotoxicological endpoints: sensitivity and relevance. (Reprinted with permission from Burton, G.A., 
Jr. Assessing freshwater sediment toxicity. Environ. Toxicol. Chem., 10: 1585–1627, 1991. © 
SETAC, Pensacola, FL, U.S.A.) 

Selection of Biological Endpoints for Monitoring 

The optimal assessment parameters which should be included depend on the project objectives. 
These parameters can be defined as measured characteristics, responses, or endpoints. For example, 
if the affected stream is classified as a high quality water and cold water fishery, then possible 
assessment or measured responses (endpoints) could include trout survival and hatchability, pop
ulation and community indices (e.g., species richness), spawning area quantity and quality, dissolved 
oxygen, suspended solids, and water temperature. Endpoints vary dramatically in their sensitivity 
to pollutants and ecological relevance (Figure 4.1). The endpoints that are more sensitive are often 
more variable or respond to natural “nonpollutant” factors, so that adverse effects (stressors) are 
more difficult to classify with certainty. The most commonly and successfully used biotic indicators 
and endpoints are discussed in subsequent sections. 

Aquatic ecosystems are quite complex, consisting of a wide variety of organisms. These 
organisms have their own unique function in the ecosystem and are directly or indirectly linked 
with other organisms. For example, bacteria, fungi, insects, and other invertebrates that inhabit the 
bottom of the waterways each need the others to assist in the decomposition of organic matter 
(such as leaves) so that they may consume it as food. If any one of these groups of organisms is 
lost or reduced, then the others will also be adversely affected. If the invertebrates are lost, their 
fish predators will be impacted. These groups are made up of a number of species with varying 
tolerance levels to stressors, and each possesses unique or overlapping functional characteristics 
(e.g., organic matter processing, nitrogen cycling). By carefully selecting the biological monitoring 
parameters, a broad range of relevant and sensitive indicator organisms can be used to efficiently 
assess ecosystem quality. 
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The most commonly used biological groups in aquatic assessments are fish, benthic macroin
vertebrates, zooplankton, and algae. In lotic (flowing water) systems, fish and benthic macroinver
tebrates are often chosen as monitoring tools. Benthic refers to sediment or bottom surfaces (organic 
and inorganic). Macroinvertebrates are typically classified as those organisms which are retained 
in sieves larger than 0.3 to 0.5 mm. They include a wide range of invertebrates, such as worms, 
insect larvae, snails, and bivalves. They are excellent indicators of water quality because they are 
relatively sedentary and do not move between different parts of a stream or lake. In addition, a 
great deal is known about their life histories and pollution sensitivity. Algae, zooplankton, and fish 
are used more in lentic (lake) environments. Of these, fish are most often used (both in lotic and 
lentic habitats). Fish are transient, moving between sites, so it is more difficult to determine their 
source of exposure to stressors; however, they are excellent indicators of water quality and provide 
a direct link to human health and wildlife consumption advisories. Rooted macrophytes and 
terrestrial plant species are good wetland health indicators, but are used less frequently. 

In order to effectively and accurately evaluate ecosystem integrity, biosurveys should use two 
to three types of organisms which have different roles in the ecosystem, such as decomposers 
(bacteria), producers, primary to tertiary consumers (EPA 1990b). This same approach should be 
used in toxicity testing (Burton et al. 1989, 1996; Burton 1991). This increases the power of the 
assessment, providing greater certainty that if there is a type of organism(s) (species, population, 
or community) in the ecosystem being adversely affected, either directly or indirectly, it will be 
detected. This also allows for better predictions of effects, such as in food chain bioaccumulation 
with subsequent risk to fish-eating organisms (e.g., birds, wildlife, humans). A large database exists 
for many useful indicator species concerning their life history, distribution, abundance in specific 
habitats or ecoregions, ecological function, and pollutant (stressor) sensitivity. 

In the monitoring of fish and benthic macroinvertebrate communities, a wide variety of approaches 
have been used. A particularly popular approach recommended by the U.S. EPA, Ohio EPA, state 
volunteer monitoring programs, and other agencies is a multimetric approach, as summarized previ
ously. The multimetric approach uses the basic data of which organisms are present at the site and 
analyzes the data using a number of different metrics, such as richness (number of species present), 
abundance (number of individuals present), and groups types of pollution-sensitive and resistant 
species. The various metrics provide unique and sometimes overlapping information on the quality 
of the aquatic community. Structural metrics describe the composition of a community, that is, the 
number and abundance of different species, with associated tolerance rankings. Functional metrics 
may measure photosynthesis, respiration, enzymatic activity, nutrient cycling, or proportions of feed
ing groups, such as omnivores, herbivores, insectivores, shredders, collectors, and grazers. The U.S. 
EPA and Ohio EPA approaches are described in more detail in Chapter 6 and Appendices A, B, and C. 

The Microtox (from Azur) toxicity screening test has been successfully used in numerous 
studies to indicate the sources and variability of toxicant discharges. However, these tests have not 
been standardized by the U.S. EPA or state environmental agencies but have been in Europe. More 
typically, whole effluent toxicity test methods are employed (see Chapter 6, and also review by 
Burton et al. 2000). These tests may miss toxicant pulses and do not reflect real-world exposure 
dynamics. Many of the in situ toxicity tests, especially in conjunction with biological surveys (at 
least habitat and benthic macroinvertebrate evaluations) and sediment chemical analyses, can 
provide more useful information to document actual receiving water toxicity problems than relying 
on water analyses alone. If a water body is shown to have toxicant problems, it is best to conduct 
a toxicity identification evaluation (TIE) to attempt to isolate the specific problematic compounds 
(or groups of compounds) before long lists of toxicants are routinely analyzed. 

Selection of Chemical Endpoints for Monitoring 

An initial monitoring program must include parameters associated with the above beneficial 
uses. However, as the receiving water study progresses, it is likely that many locations and some 
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beneficial uses may not be found to be problematic. This would enable a reduction in the list of 
parameters to be routinely monitored. Similarly, additional problems may also become evident with 
time, possibly requiring an expansion of the monitoring program. The following paragraphs briefly 
describe the main chemical monitoring parameters that could be included for the beneficial use 
impact categories listed previously for a receiving water only affected by stormwater. However, it 
might be a good idea to periodically conduct a more-detailed analysis as a screening tool to observe 
less obvious, but persistent problems. If industrial or municipal point discharges or other nonpoint 
discharges (such as from agriculture, forestry, or mining activities) also affect the receiving water 
under study, additional constituents might need to be added to this list. 

Obviously, chemical analyses can be very expensive. Therefore, care should be taken to select 
an appropriate list of parameters for monitoring. However, the appropriate number of samples must 
be collected (see Chapter 5) to ensure reliable conclusions. Chemical analyses of sediments may 
be more informative of many receiving water problems (especially related to toxicants) than 
chemical analyses of water samples. This is fortunate because sediment chemical characteristics 
do not change much with time, so generally fewer sediment samples need to be analyzed during 
a study period, compared to water samples. In addition, the concentrations of many of the constit
uents are much higher in sediment samples than in water samples, requiring less expensive methods 
for analyses. Unfortunately, sediment sample preparation (especially extractions for organic toxicant 
analyses and digestions for heavy metal analyses) can be much more difficult for sediments than 
for water. 

Sediment Chemical Analyses 

The basic list for chemical analyses for sediment samples, depending on beneficial use impair
ments, includes toxicants and sediment oxygen demand. The toxicants should include heavy metals 
(likely routine analyses for copper, zinc, lead, and cadmium, in addition to periodic ICP analyses 
for a broad list of metals). Acid volatile sulfides (AVS) are also sometimes analyzed to better 
understand the availability of the sediment heavy metals. Other sediment toxicant analyses may 
include PAHs and pesticides. Particle size analyses should also be routinely conducted on the 
sediment samples. Sediment oxygen demand analyses, in addition to an indication of sediment 
organic content (preferably particulate organic carbon, or at least COD and volatile solids), and 
nutrient analyses are important in areas having nutrient enrichment or oxygen depletion problems. 
Microorganisms (Escherichia coli, enterococci, and fecal coliforms) should also be evaluated in 
sediments in areas having likely pathogen problems (all urban areas). Interstitial water may also 
need to be periodically sampled and analyzed at important locations for the above constituents. 

Water Chemical Analyses 

The basic list for chemical analyses for water samples, depending on beneficial use impairments, 
includes toxicants, nutrients, solids, dissolved oxygen, and pathogens. 

The list of specific toxicants is similar to that for the sediments (copper, zinc, lead, and cadmium, 
plus PAHs and pesticides). However, because of the generally lower concentrations of the constit
uents in the sample extracts for these analyses, more difficult analytical methods are generally 
needed, but the extraction and digestion processes are usually less complex than for sediments. In 
addition, because of the high variability of the constituent concentrations with time, many water 
samples are usually required to be analyzed for acceptable error levels. Therefore, less costly 
screening methods should be stressed for indicating toxicants in water. Because of the their strong 
associations with particulates, the toxicants should also be periodically analyzed in both their total 
and filterable forms. This increases the laboratory costs, but is necessary to understand the fates 
and controllability of the toxicant discharges. Typical chemical analyses for stormwater toxicants 
may include: 
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• 	 Metals (lead, copper, cadmium, and zinc using graphite furnace atomic adsorption spectrophotom
etry, or other methods having comparable detection limits), periodic total and filtered sample 
analyses 

• 	Organics (PAHs, phenols, and phthalate esters using GC/MSD with SIM, or HPLC), pesticides 
(using GC/ECD, or immunoassays), periodic total and filtered sample analyses 

Pesticides in urban stormwater have recently started to receive more attention (USGS 1999). 
The USGS’s National Water Quality Assessment (NAWQA) program has extensively sampled urban 
and rural waters throughout the nation. Herbicides commonly detected in urban water samples 
include simazine, prometon, 2,4-D, diuron, and tebuthiuron. These herbicides are extensively used 
in urban areas. However, other herbicides frequently found in urban waters are used in agricultural 
areas almost exclusively (and likely drift in to urban lands from adjacent farm lands) and include 
atrazine, metolachlor, deethylatrazine, alachlor, cyanezine, and EPTC. Insecticides commonly 
detected in urban waters include diazinon, carbaryl, chlorpyrifos, and malathion. 

Nutrient analyses are also important when evaluating several beneficial uses. These analyses 
are not as complex as the toxicants listed above and are therefore much less expensive. However, 
relatively large numbers of analyses are still required. Water analyses may include the following 
typical nutrients: total phosphorus, inorganic phosphates (and, by difference, organic phosphates), 
ammonia, Kjeldahl nitrogen (or the new HACH total nitrogen), nitrate plus nitrite, and TOC. 
Periodic analyses for total and filtered forms of the phosphorus and TOC should also be conducted. 

Dissolved oxygen is a basic water quality parameter and is important for several beneficial 
uses. Historical discharge limits have typically been set based on expected DO conditions in the 
receiving water. The typical approach is to use a portable DO meter for grab analyses of DO. 
Continuous in situ monitors, described in Chapter 6, are much more useful, especially the new 
units that have much more stable DO monitoring capabilities and can also frequently record 
temperature, specific conductance, turbidity, pH, and ORP. These long-term analyses are especially 
useful when evaluating diurnal variations or storm-induced discharges. 

Pathogens should be monitored frequently in most receiving waters. Both urban and rural 
streams are apparently much more contaminated by problematic pathogenic conditions than has 
previously been assumed. Historically monitored organisms (such as fecal coliforms), in addition 
to E. coli and enterococci which are now more commonly monitored, can be present at very high 
levels and be persistent in urban streams. Specific pathogens (such as Pseudomonas aeruginosa 
and Shigella) can also be more easily monitored now than in the past. Most monitoring efforts 
should probably focus on fecal coliforms, E. coli, and enterococci. 

Additional conventional parameters affecting fates and effects of pollutants in receiving waters 
should also be routinely monitored, including hardness, alkalinity, pH, specific conductivity, COD, 
turbidity, suspended solids (SS), volatile suspended solids (VSS), and total dissolved solids (TDS). 

Selection of Additional Endpoints Needed for Monitoring 

Several other stream parameters also need to be evaluated when investigating beneficial uses. 
These may include debris and flow obstructions, high/low flow variations, inappropriate discharges, 
aesthetics (odors and trash), and public access. 

Data Quality Objectives and Quality Assurance Issues 

For each study parameter, the precision and accuracy needed to meet the project objectives 
should be defined. After this is accomplished, the procedures for monitoring and controlling data 
quality must be specific and incorporated within all aspects of the assessment, including sample 
collection, processing, analysis, data management, and statistical procedures (see also Chapter 7). 

When designing a plan one should look at the study objectives and ask: 
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• How will the data be used to arrive at conclusions? 
• What will the resulting actions be? 
• What are the allowable errors? 

This process establishes the Data Quality Objectives (DQOs), which determine the level of 
uncertainty that the manager is willing to accept in the results. DQOs, in theory, require the study 
designers (decision makers and technical staff) to decide what are allowable probabilities for Type 
I and II errors (false-positive and false-negative errors) and issues such as what difference in replicate 
means is significant. The DQO process is a pragmatic approach to environmental studies, where 
limited resources prevent the collection of data not essential to the decision-making process. 
Uncertainty in ecological impact assessments is natural due to variability and unknowns, sampling 
measurement errors, and data interpretation errors. Determining the degree of uncertainty in any 
of these areas can be difficult or impractical. Yet an understanding of these uncertainties and their 
relative magnitudes is critical to the QA objectives of producing meaningful, reliable, and repre
sentative data. The more traditional practices of QA/QC should be expanded to encompass these 
objectives and thus help achieve valid conclusions on the test ecosystem’s health (Burton 1992). 

The first stage in developing DQOs requires the decision makers to determine what information 
is needed, reasons for the need, how it will be used, and to specify time and resource limits. During 
the second stage, the problem is clarified and constraints on data collection identified. The third 
stage develops alternative approaches to data selection, selecting the optimal approach, and estab
lishing the DQOs (EPA 1984, 1986). Chapter 5 includes detailed information concerning the 
required sampling efforts to achieve the necessary DQOs, based on measured or estimated parameter 
variabilities and the uncertainty goals. 

EXAMPLE OUTLINE OF A COMPREHENSIVE RUNOFF EFFECT STUDY 

The following is an outline of the specific steps that generally need to be followed when 
designing and conducting a receiving water investigation. This outline includes the topics that are 
described in detail in later chapters of this book. 

Step 1. What’s the Question? 

For example: Does site runoff degrade the quality of the receiving-stream ecosystem? Chapter 
3 is a summary of documented receiving water problems associated with urban stormwater, for 
example. That chapter will enable the investigator to identify the likely problems that may be 
occurring in local receiving waters, and to identify the likely causes. 

Step 2. Decide on Problem Formulation 

Candidate experimental designs can be organized in one of the following basic patterns: 

1. Parallel watersheds (developed and undeveloped) 
2. Upstream and downstream of a city 
3. Long-term trend 
4. Preferably, most elements of all of the above approaches combined in a staged approach 

Examples of these problem formulations are included at the end of this chapter, while Chapter 5 
describes basic study designs, such as stratified random sampling, cluster sampling, and search 
sampling. 

Another important issue is determining the appropriate study duration. In most cases, at least 
1 year should be planned in order to examine seasonal variations, but a longer duration may be 
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needed if unusual or dynamic conditions are present. As shown in Chapter 7, trend analyses can 
require many years. In addition, variations in the parameters being investigated will require specific 
numbers of observations in order to obtain the necessary levels of errors in the program (as described 
in Chapter 5). If the numbers of observations relate to events (such as runoff events), the study 
will need to last for the duration necessary to observe and monitor the required number of events. 

Step 3. Project Design 

1. Qualitative watershed characterization 
A. Establish degree of residential, commercial, and industrial area to predict potential stressors. 

Typically, elevated solids, flows, and temperatures are stressors common to all urban land uses. 
The following lists typical problem pollutants that may be associated with each of these land 
uses: 
1. Residential: nutrients, pesticides, fecal pathogens, PAHs, and metals 
2. Commercial: petroleum compounds, metals 
3. Industrial: petroleum compounds, other organics, metals 
4. Construction: suspended solids 

Topographical maps are used to determine watershed areas and drainage patterns. 
2. Stream characterization 

A. Identify potential upstream stressor sources and potential stressors 
1. Photograph and describe sites. 

B. Survey upstream and downstream (from outfall to 1 km minimum) quality. Record observations 
on physical characteristics, including channel morphology (pools, riffles, runs, modification), 
flow levels, habitat (for fish and benthos), riparian zone, sediment type, organic matter, oil 
sheens, and odors. Record observations on biological communities, such as waterfowl, fish
eating birds or mammals, fish, benthic invertebrates, algal blooms, benthic algae, and filamen
tous bacteria. 

C. Identify appropriate reference site upstream and/or in a similar sized watershed with same 
ecoregion. 

D. Collect historical data on water quality and flows. 
3. Select monitoring parameters 

A. Habitat evaluation. Should be conducted at project initiation and termination. Includes Quan
titative Habitat Evaluation Index (QHEI), bed instability survey (bed lining materials and 
channel cross-sectional area changes), aesthetic/litter survey, inappropriate discharges (field 
screening), etc. 

B. Stressors and their indicators: 
1. 	Physical: flow, temperature, turbidity. Determine at intervals throughout base to high flow 

conditions. 
2. 	Chemical: conductivity, dissolved oxygen, hardness, alkalinity, pH, nutrients (nitrates, 

ammonia, orthophosphates), metals (cadmium, copper, lead, and zinc), and immunoassays 
(pesticides and polycyclic aromatic hydrocarbons) and/or toxicity screening (Microtox). The 
necessity of testing nutrients, metals, and organics will depend on the watershed character
istics. Determine at intervals throughout base to high flow conditions. 

3. 	Biological: benthic community structure (e.g., RBP), fish community structure, and tissue 
residues (confirmatory studies only). Benthic structure should be determined at the end of 
the project. Sediment bioaccumulation potential can be determined using the benthic inver
tebrate Lumbriculus variegatus. 

4. 	 Toxicity: short-term chronic toxicity assays of stream water, outfalls, and sediment. Sediment 
should be sampled during baseflow conditions and tested before and after a high flow event. 
Water samples should be collected during baseflow and during pre-crest levels. Test species 
selection is discussed in Chapter 6 and in Appendix D. Expose test chambers with and 
without sunlight-simulating light (containing ultraviolet light wavelengths) to detect PAH 
toxicity. In situ toxicity assays should be deployed in the stream for confirmatory studies 
during base and high flow periods. 

RB-AR28355



OVERVIEW OF ASSESSMENT PROBLEM FORMULATION 121 

4. 	 Data quality objectives. Determine the kinds of data needed and the levels of accuracy and precision 
necessary to meet the project objectives. These decisions must consider that there is typically a 
large amount of spatial and temporal variation associated with runoff study parameters. Chapter 
5 relates sampling efforts associated with actual variability and accuracy and precision goals. This 
requires additional resources for adequate quantification. 

5. 	 Triggers and tiered testing. Establish the trigger levels or criteria that will be used to determine 
when there is a significant effect, when the objective has been answered, and/or when additional 
testing is required. Appropriate trigger levels may include: 
A. An arbitrary 20% difference in the test site sample, as compared to the reference site, might 

constitute a significant effect. (However, as noted in Chapter 5, a difference this small for many 
parameters may be difficult and therefore expensive to detect because of the natural variability.) 

B. An exceedance of the 95% statistical confidence intervals as compared to the reference sample. 
C. High toxicity in the test site sample, measured as Toxic Units (TUs) (e.g., 1/LC50). 
D. Exceedance of biotic integrity, sediment, or water quality criteria/guidelines/standards at the 

test site 
E. Exceedance of a hazard quotient of 1 (e.g., site concentration/environmental effect or back

ground concentration). 
A tiered or a phased testing approach is most cost effective, if time permits. A qualitative or 
semiquantitative study may include a greater number of indicator or screening parameters, such 
as turbidity, temperature, DO, specific conductivity, and pH using a continuous recording water 
quality sonde, plus artificial substrate macroinvertebrate colonization tests, and “quick” sediment 
toxicity tests. If possible, Microtox screening toxicity tests, immunoassay tests for pesticides and 
PAHs, and sediment metal analyses should also be added to this initial effort. These simple tests 
can be conducted with more widespread sampling to better focus later tiers on quantifying appro
priate stressors in critical sampling areas and times. Final project tiers can identify specific stressors, 
their contribution to the problem, their sources, or simply confirm the ecological significance of 
the observed effects. 

6. 	 Sampling station selection. Select the study sites, such as upstream reference sites, outfall(s), and 
downstream impacted sites. In the selection of the upstream/reference and downstream sites, 
consider flow dynamics, stressor sources, and reference habitat similarities. 

7. 	 Quality assurance project plans (QAPP). It is essential that the quality of the project be ensured 
with adequate quality assurance and quality control measures. This will include routine laboratory 
and field documentation of operator and instrumentation performance, chain-of-custody proce
dures, adequate sample replication, QA/QC samples (blanks and spikes, etc.), performance criteria, 
and ensuring data validity. Appropriate experimental design (study design and sampling efforts) 
is also a critical component of a QAPP. 

Step 4. Project Implementation (Routine Initial Semiquantitative Survey) 

1. Baseflow conditions 
A. Habitat survey (e.g., Qualitative Habitat Evaluation Index) 
B. Benthic RBP 
C. Test water and sediment from all test sites for short-term chronic toxicity with two species. 
D. Establish spatial and diurnal variation (YSI 6000 for several weeks, plus grab samples or time 

composites). 
E. Set up automatic stream samplers/monitors, stream depth gauges, and rain gauges. 
F. Establish local contacts to oversee field equipment and provide rain event notification. 
G. Conduct field screening survey at outfalls to identify sources of dry-weather flows. 

2. High flow conditions 
A. Confirm that the samplers and monitors are operational. Collect grab samples if necessary (for 

microbiological and VOC analyses, for example). 
B. Deploy in situ toxicity test assays. 
C. Measure flow and note staff gauge depth, using manual or automatic samplers and flow 

recorders. Repeat flow measurements at intervals of 0.5- to 1.0-ft stream depth intervals as the 
stream rises, noting time and depth. Focus on first flush to crest period. 

RB-AR28356



122 STORMWATER EFFECTS HANDBOOK 

D. Measure DO, temperature, turbidity, conductivity, and stage at each station following each flow 
measurement. Establish spatial variance. May use continuous recording water quality sondes. 

E. Collect flow-weighted composited (or combine many discrete) samples for other analyses. 
3. Sample analyses 

A. Filter, preserve, and chill samples, as required. 
B. Deliver samples to analytical laboratories with chain-of-custody forms. 
C. Initiate toxicity testing and other chemical and microbiological analyses within required time 

period since sample collection. 
D. Document QA/QC. 

4. 	 Follow-up (post-event) monitoring 
A. Check in situ assay chambers at 24 and 48 hours and at 7 and 14 days if deployed. 
B. Conduct benthic RBP. 
C. Conduct QHEI, noting bedload movement. 
D. Collect fish for tissue residue analyses. 

Step 5. Data Evaluation 

1. Plot flow vs. physical and chemical analysis results. 
2. 	 Statistically compare responses/loadings during base, first flush, and post-crest conditions. This 

will provide a characterization of flow dynamics and its effect on stressor profiles. 
3. 	 Statistically compare stations (instantaneous, mean periods) for significant differences and corre

lations. 
4. 	 Calculate and compare physical, chemical, and toxicity (using Toxicity Units) loadings. This will 

show the relative load contribution of stressors from reference (upstream) vs. impacted (down
stream) reach. 

5. Identify magnitude and duration of trigger exceedances. 
6. Identify sources of uncertainty. 
7. Identify potential sources of pollutants and stressors. 
8. Determine literature value thresholds for key stressors on key indigenous species. 

Step 6. Confirmatory Assessment (Optional Tier 2 Testing) 

1. 	Repeat Steps 2 and 3 using Tier 1 information to select fewer test parameters with increased 
sampling frequency and/or select more descriptive methods. Increased sampling will better quantify 
the magnitude and duration of stressor dynamics. Expanded sampling will better document the 
quality of the receiving water. More definitive testing could include: 
A. Short-term chronic toxicity testing with additional species (lab and in situ) 
B. Increased testing of toxicants 
C. Characterizing fish, plankton, periphyton, or mussel populations 

D. Measuring assimilative capacity via long-term BOD and SOD testing 

E. Measuring productivity with light/dark bottle BOD in situ tests 


2. 	 Conduct toxicity identification evaluation (TIE) study of water, outfalls, and/or sediment to deter
mine contribution of each stressor to total toxicity. This information can better determine which 
stressors are important to control and can also identify sources of toxicity. 

3. 	 Conduct bioaccumulation testing of site sediments. Some pollutants, such as highly chlorinated 
organic compounds (e.g., chlordane, DDT, PCBs, dioxins) are readily bioaccumulated, yet may 
not be detected using the above study design. The EPA has a benthic invertebrate 28-day assay to 
measure sediment bioaccumulation potential. Also SPMDs may be used. 

4. 	 Indigenous biological community characterization and tissue analysis. More in-depth quantification 
of benthic and/or fish community structure on a seasonal basis will better identify significant 
ecological effects. Tissue sampling of fish for contaminants will provide information on bioaccu
mulative pollutants and potential food web or human health effects from consumption. 
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Table 4.8 Watershed Study Complexity Matrix 

Situation: Complexity Scale 
(Simple to Complex) Primary Considerations 

Single outfall 
Small stream (small watershed) 

Focus on loading of site stressors from site and from upstream. 
Reference upstream. 

Large stream (larger watershed) Determine if upstream inputs are degrading water quality. Upstream 
and separate ideal reference sites. 

Pristine estuary Focus on outfall quality and mixing zone. Deploy in situ monitors. Use 
far-field reference. 

Multiple outfalls 
River (multi-watersheds) Multistation network with habitat, benthos, and select toxicity 

evaluations of water and sediments.Tiered study with TIE, outfall, and 
in situ studies to find major problem sources. Use upstream and 
adjacent watershed references. Focus on tributary mouths for initial 
sampling and use SPMDs. 

Coastal harbor Focus on outfall quality and near-field mixing zones. Deploy in situ 
monitors. Use far-field, adjacent watershed references. 

Step 7. Project Conclusions 

1. List probable stressors. 
2. Document trigger exceedances. 
3. 	 Discuss relative contribution of stressors(s) to ecosystem degradation. Support documentation may 

include: 
A. Literature threshold values 
B. Criteria exceedances 
C. Toxicity observed (from TIE, photoactivation, or in situ assays) 
D. Bioaccumulation factors and potential for food web contamination 

4. Provide recommendations for stressor reduction and ecosystem enhancement. 
5. 	Include suggestions on habitat improvement, flow reduction, turbidity removal, and reduced 

siltation. 

Table 4.8 summarizes the primary considerations that should be examined for different levels 
of receiving water complexity. Obviously, increasingly complex situations require more complex 
study designs and elements. However, this table briefly outlines the major issues that should be 
considered. 

CASE STUDIES OF PREVIOUS RECEIVING WATER EVALUATIONS 

This section presents several case studies that have been conducted to investigate receiving 
water problems associated with runoff. These case studies illustrate the major approaches used to 
identify a potentially affected area through comparisons with a control area. The basic experimental 
designs are: 

• 	Above/below longitudinal study where a stream is studied as it flows from above a city through 
a city. Obviously, the upstream control reach must be in a relatively undisturbed portion of the 
watershed and only wet-weather flows of interest affect any of the test reaches. 

• 	Parallel stream study where two (or more) streams are studied. One of the streams is a control 
stream in a relatively undisturbed area, while the other stream is in an urbanized area. 

• 	Trend analyses with time in a single stream to investigate changes that may occur with time as a 
watershed becomes urbanized, or with the application of stormwater controls. 
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The selection of suitable test areas is critical. As noted, the control water body should be 
minimally affected by urbanization, while the urban test water body should be affected only by 
urban runoff (and not municipal or industrial discharges, for example) if possible. In addition, the 
test and control water bodies must be otherwise very similar (especially as watershed area, topog
raphy, habitat potential, etc., are concerned). In a longitudinal study, the watershed area obviously 
increases in a downstream (urbanized) direction. In addition, the urban water body has a substan
tially different flow regime than an undisturbed water body. These differences should be the result 
of urbanization and not other factors. A successful receiving water study usually requires several 
years of study at many locations in each stream segment. As noted throughout this book, the 
selection of monitoring parameters is also critical. In most cases, varied and complementary 
analyses should be conducted, covering a range of biological, physical, and chemical parameters. 
However, carefully designed investigations can be more successfully focused on limited project 
objectives. 

The first three case studies are examples of these three basic experimental designs for conducting 
a receiving water investigation and include both test and control conditions. Most of the receiving 
water studies reported in the literature only focus on potentially impacted water bodies, without 
any adequate control sites. This may be suitable in an area where the receiving water potential is 
well understood through extensive prior studies (such as in Ohio). However, it is very problematic 
to rely solely on various criteria to identify the magnitude of receiving water problems, without 
extensive local expertise on relatively natural conditions. 

The identification of a “problem” is also highly dependent on desired beneficial uses. The local 
perception of use is critical. Obviously, human health considerations associated with potentially 
contaminated water supplies, consumptive fisheries, or contact recreation areas must be stringently 
addressed. Biological uses may be more open to local interpretation, however. It is unreasonable 
to expect completely natural receiving water conditions in an urban area. There are unavoidable 
impacts that will prevent the best natural conditions from occurring in an urbanized watershed. 
Obviously, general biological uses can still be met by providing suitable habitat and somewhat 
degraded conditions that would allow a reasonable assemblage of aquatic organisms to exist in an 
area. Noncontact recreational uses (especially the aesthetic factors of odors and trash) should also 
be provided in urban receiving waters. Test and control receiving water investigations are very 
useful in that they enable contrasting of existing degraded conditions with less impacted conditions. 
Perhaps the control reference sites should include not natural conditions, but acceptable degraded 
conditions associated with partial urbanization. This is possible with a longitudinal study where a 
receiving water is studied as it flows through an urban area, becoming more degraded in the 
downstream direction. Parallel stream studies can also include partially degraded, but acceptable, 
sites. In addition, trend analyses with time will indicate when unacceptable degradation occurs. 

Example of a Longitudinal Experimental Design — Coyote Creek, San Jose, CA, 
Receiving Water Study 

The Coyote Creek study is an example of an investigation of the effects of stormwater on the 
biological conditions in an urban creek as it passed through the City of San Jose, CA. This was 
an early comprehensive receiving water study that examined many attributes of the creek above 
and within the city. 

This research project included many different biological, chemical, and physical parameters to 
quantify biological effects. The project was conducted by Pitt and Bozeman (1982) from 1977 
through 1982, with funding from the Storm and Combined Sewer Section of the U.S. Environmental 
Protection Agency. The objective of this 3-year field monitoring study was to evaluate the sources 
and impacts of urban runoff on water quality and biological conditions in Coyote Creek. In many 
cases, very pronounced gradients of water and biological quality indicators were observed. Cause-
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and-effect relationships cannot be conclusively proven in a study such as this; the degradation of 
conditions in Coyote Creek may be due to several factors, including urban runoff, stream flows 
(both associated and not associated with urban runoff), and natural conditions (e.g., drought, stream 
gradient, groundwater infiltration, etc.). Information collected during this study implied that the 
effects of various urban runoff constituents, especially organics and heavy metals in the water and 
in the polluted sediment, may be responsible for many of the adverse biological conditions observed. 

The beginning of the project followed 2 years of severe drought. The first major rains occurred 
the previous November (1977), and seasonal rains that occurred during the study period were 
considered normal. Typical rainfall averaged 33 cm (13 in) per year in the area below Lake 
Anderson, and 50 to 71 cm (20 to 28 in) per year in the watershed above Lake Anderson. During 
the drought, which preceded this study, rainfall was only about one half of these amounts. 

Step 1. What’s the Question? 

The major questions that were to be addressed during the Coyote Creek study were: 

1. Identify and describe important sources of urban runoff pollutants. 
2. 	 Describe the effects of those pollutants on water quality, sediment quality, aquatic organisms, and 

the creek’s associated beneficial uses. 
3. Assess potential measures for controlling the problem pollutants in urban runoff. 

Step 2. Decide on Problem Formulation 

This project was designed to examine the changes in conditions in Coyote Creek as it passed 
through San Jose, CA. It was therefore a longitudinal study. The several-year duration of the study 
also enabled year-to-year variations to be compared to the differences in locations. 

Step 3. Project Design 

Qualitative Watershed Characterization 

Figure 4.2 is a map of the San Francisco Bay area showing the location of the Coyote Creek 
watershed, while Figure 4.3 is a detailed map of the Coyote Creek watershed. The watershed itself 
is about 70 km (45 miles) long, 15 km (10 miles) wide, and contains about 80,000 ha (200,000 
acres). Nearly 15% of the watershed consisted of developed urban areas during the study period. 
Most of the urban development is located in the northwest portion of the watershed. 

Stream Characterization 

For much of its length, Coyote Creek flows northwesterly along the western edge of the 
watershed. Elevations in the watershed range from sea level to nearly 920 m (3000 ft). Figure 4.4 
shows the elevations of the various major sampling locations. Near the San Jose urban area, the 
watershed can be characterized as a broad plain with rolling foothills to the east. A portion of the 
watershed (i.e., the narrow strip between Lake Anderson and the urban area) is used for light but 
productive agriculture. The upper reaches and the headwaters of Coyote Creek are in extremely 
rugged terrain, with slopes commonly exceeding 30%. These upper areas can be characterized as 
chaparral-covered hills and gullies in a fairly natural state; they receive little use by man. Much of 
this land is within the Henry Coe State Park; non-park land is used primarily for low-density cattle 
grazing. Even though the watershed is very large and has upstream dams, the flow variations are 
extreme. Figure 4.5 shows the creek during a wet-weather period where the flows are overtopping 

RB-AR28360



126 STORMWATER EFFECTS HANDBOOK 

SAN 
PABLO 

BAY 

OAKLAND 
SAN 

FRAN-
CISCO 

PACIFIC OCEAN 

SAN 
FRANSISCO 

BAY 
HAYWARD 

FREMONT 
SAN 

MATEO 

PALO 
ALTO 

SAN 
JOSE 

COYOTE 
CREEK 

WATERSHED 

C
O

YOT

E
CRE EK 

N 

0 5 10 15 

0 5 15 

20 25 

miles 

kilometers 

1 0 

Figure 4.2 San Francisco Bay area and the 
location of the Coyote Creek 
watershed. (From Pitt, R. and M. 
Bozeman. Sources of Urban 
Runoff Pollution and Its Effects 
on an Urban Creek ,  EPA
600/S2-82-090, U.S. Environ
mental Protection Agency, Cin
cinnati, OH. 1982.) 

N 

0 1 2 3 4 5  
kilometers 
0 1 2 3  

miles
Watershed boundary 

Streams and creeks 

San Jose urban area within 
Coyote Cree watershed 

SOUTH TERMINUS OF 
SAN FRANCISCO BAY 

Silve rC
r 

Coyo te Creek 

Lake Anderson 

Coyote Lake 

Figure 4.3	 Detailed map of the Coyote Creek watershed. (From Pitt, R. and M. Bozeman. Sources of Urban 
Runoff Pollution and Its Effects on an Urban Creek, EPA-600/S2-82-090, U.S. Environmental 
Protection Agency, Cincinnati, OH. 1982.) 

a road culvert, while Figure 4.6 shows the creek during a typical dry period (commonly lasting for 
100 days without rain during summer months). 

Several major facilities have been built on Coyote Creek to provide flood control and ground
water recharge. The largest are the dams, which contain man-made reservoirs: Lake Anderson and 
Coyote Lake. Discharges from these lakes are controlled by the Santa Clara Valley Water District. 
The major study area was located between the farthest downstream dam (Lake Anderson) and the 
first major confluence (where Coyote Creek meets Silver Creek, within the City of San Jose). 
Within this 39-km (24-mile) study area, approximately 16 km (10 miles) are urban and 23 km (14 
miles) are non-urban. Sampling stations were located in both the urban and non-urban reaches of 
the stream for comparison. 
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Figure 4.5	 High flows in Coyote Creek overtopping Figure 4.6 Low flows in Coyote Creek during typi
road culvert. cally extended summer dry period. 

Average daily flows in the northern part of the creek during dry weather were typically less than 
1.5 m3/s (50 cfs). Major storm flows, however, approach 30 m3/s (1000 cfs). The flows in the northern 
part of the creek were controlled largely by the discharges from Lake Anderson and Coyote Lake. 

Coyote Creek is an important element of the Santa Clara Valley Water District’s groundwater 
recharge program. Several recharge basins have been established adjacent to the stream channel 
within the study area. Diversion channels withdraw water from Coyote Creek, route it into these 
large basins, and return it back to the creek, depending upon such factors as season, stream flow, 
and groundwater level. 

There is an average of 0.6 to 3 storm drain outfalls per kilometer (1 to 5 per mile) along the 
urban reach of Coyote Creek that was studied. The outfalls ranged from 20 to 180 cm (8 to 70 
in) in diameter, but most are about 75 cm (30 in) in diameter. The drainage area per outfall 
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Table 4.9 Coyote Creek Drainage Areas above Each Monitoring Station 

Sampling Total Area Urban Area Non-urban Area 
Station (hectares) (hectares) (hectares) Percent Urban 

Cochran 49,510 <5 49,510 <0.01 
Miramonte 50,260 <5 50,260 <0.01 
Metcalfe 52,360 <50 54,360 <0.1 
Crosslees 54,030 50 53,980 0.1 
Hellyer 54,400 350 54,050 0.6 
Sylvandale 54,720 450 54,320 0.7 
Senter 55,300 800 50,500 1.5 
Derbe 56,300 1740 54,560 3.2 
William 56,920 2150 54,770 3.9 
Tripp 57,260 2460 54,800 4.5 

From Pitt, R. and M. Bozeman. Sources of Urban Runoff Pollution and Its Effects on an Urban 
Creek, EPA-600/S2-82-090, U.S. Environmental Protection Agency, Cincinnati, OH. 1982. 

ranged from 2 to 320 ha (5 to 800 acres), but most of the outfalls drained areas smaller than 40 
ha (100 acres). 

Table 4.9 describes the drainage areas which cumulatively contribute runoff flows to selected 
monitoring stations. The urban area stations had about 3 to 5% (1700 to 2500 ha or 4000 to 6000 
acres) of their total drainage areas urbanized, whereas the non-urban area stations had less than 
0.1% of their drainage areas urbanized. The three stations designated as Hellyer, Sylvandale, and 
Senter were transition stations (about 0.6 to 1.5% of their drainage areas were urbanized). 

Select Monitoring Parameters 

The project involved conducting field measurements, observations, sampling, and other studies 
of Coyote Creek from March 1977 through August 1980. The study focused on the urban reaches 
of Coyote Creek, extending from Lake Anderson to the confluence with Silver Creek. In this 
reach of Coyote Creek, there are no known flow or pollutant contributions other than urban runoff. 
The sampling areas were selected such that each included a stretch of stream several hundred 
meters long, which met prescribed criteria for physical, biological, and chemical homogeneity. 

The following parameters were typically examined at each sampling location: 

• Basic hydrologic conditions 
• Water quality 
• Sediment properties 
• General habitat characteristics 
• Fish 
• Benthic organisms (e.g., aquatic insects, crustaceans, mollusks) 
• Attached algae 
• Rooted aquatic vegetation (e.g., cattails) 

Step 4. Project Implementation (Routine Initial Semiquantitative Survey) 

Sampling took place during all months during the complete project period. As an example, the 
biological sampling stressed the spring and summer seasons of all project years, while the water 
column and sediment samples were conducted approximately monthly. 

All water and sediment sampling was conducted manually using either plastic (HDPE) or glass 
wide-mouth bottles. Sediment core samples were obtained using a liquid carbon dioxide freezing 
core sampler. All water and sediment samples were comprised of at least six subsamples from the 
sampling location reach that were composited before analysis. The samples were then appropriately 
preserved and delivered to a commercial analytical laboratory for EPA-approved analyses. 
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Biological samples for lead and zinc bioaccumulation measurements (e.g., mosquito fish, 
filamentous algae, crayfish, cattail plant segments) were obtained at selected sampling stations 
during the routine fish sampling activities. 

Fish were collected by seining and electroshocking representative pool and riffle habitats at 40 
locations within the Coyote Creek system. Most of the collection efforts (conducted during the 
spring and summer of the project years) were focused on the portion of Coyote Creek between 
Lake Anderson and the confluence of Silver Creek. However, to further define the species compo
sition and distribution of fishes, additional samples were obtained from both the upper and lower 
reaches of Coyote Creek, as well as from several locations within major tributaries. Captured fishes 
were identified and counted. The total length and weight were recorded for each specimen. Where 
numerous individuals of a particular species were encountered, only length range and aggregate 
weight were recorded, along with any abnormalities. 

Quantitative collections of benthic macroinvertebrates were made at nine locations in Coyote 
Creek. Benthic macroinvertebrate samples were collected from natural substrates (e.g., cobbles, 
gravel, sand) in both pool and riffle habitats by means of an Ekman dredge (sample area of 0.023 m2) 
or a Surber sampler (sample area of 0.093 m2). Additionally, artificial substrates were used at six 
sampling locations. These consisted of pairs of Hester-Dendy multiplate samplers constructed of 
multiple, parallel plates of tempered hardboard (sample area of 0.120 m2). The Hester-Dendy 
samplers were left in riffle sections of the stream for 8 weeks and then removed and examined in 
the laboratory. 

Qualitative benthic collections were also made with the use of a D-frame sweep net at all 
biological monitoring stations. The benthic samples were washed through a sieve having a mesh 
size of 500 mm. Organisms retained on the screen were removed and preserved in 10% formalin, 
transferred to 70% ethanol, identified to the lowest practicable taxon, and enumerated. 

Attached algae samples were obtained from both natural and artificial substrates throughout 
the various reaches of Coyote Creek. Qualitative samples of attached algae were collected by 
scraping uniform areas of natural substrates such as logs and rocks. Quantitative collections of 
attached algae were made with the use of artificial substrates consisting of diatometers equipped 
with glass slides. These were suspended in the water column at six locations within the study area 
for 8 weeks, then removed and examined in the laboratory. 

Rooted aquatic plants were sampled qualitatively whenever they were encountered in the study 
area. Plant specimens were collected, pressed or preserved, and identified. 

Step 5. Data Evaluation and Step 6. Confirmatory Assessment 

Observed Conditions in Coyote Creek 

Water Quality — The purpose of the water quality monitoring program in Coyote Creek was to 
define receiving water conditions in the urban and non-urban areas during dry-weather conditions. 
Data on wet-weather Coyote Creek water quality conditions were also obtained from other sources 
for comparison (Pitt 1979; Metcalf and Eddy 1978; Pitt and Shawley 1982; SCVWD 1978; USDA 
1978). Table 4.10 summarizes Coyote Creek water quality data for the wet- and dry-weather 
conditions and for both the urban and non-urban creek reaches. Dry-weather concentrations of 
many constituents exceeded corresponding wet-weather concentrations by factors of two to five 
times. For example, during dry weather, many of the major constituents (e.g., major ions, hardness, 
alkalinity, total solids, total dissolved solids, specific conductance, ammonia nitrogen, and ortho
phosphate) were significantly greater in both the urban and non-urban reaches. These constituents 
were all found at substantially lower concentrations in the urban runoff affecting Coyote Creek 
(Pitt 1979). Temperature, pH, dissolved oxygen, nitrate nitrogen, and arsenic were found to be 
about the same for wet and dry weather, for both the urban and non-urban areas. Within the urban 
area, several constituents were found in greater concentrations during wet weather than during dry 
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Table 4.10 	 Typical Coyote Water Quality Condition by Location and Season (mg/L unless otherwise 
noted) 

Urban Area Non-Urban Area 
Wet Dry Wet Dry 

Weather Weather Weather Weather 

Common Parameters and Major Ions 

pH 7 8 8 
Temperature 16 17 — 16 
Calcium — dissolved 20 100 40 100 
Magnesium — dissolved 6 70 20 60 
Sodium — dissolved 0.01 — — 20 
Potassium — dissolved 2 4 2 2 
Bicarbonate 50 150 — 200 
Sulfate 20 60 — 40 
Chloride 10 60 — 20 
Total hardness 70 500 200 600 
Total alkalinity 50 300 150 300 

Residuals 

Total solids 350 1000 600 1000 
Total dissolved solids 150 1000 300 1000 
Suspended solids 300 4 600 20 
Volatile suspended solids 60 2 90 10 
Turbidity (NTU) 50 15 — 20 

500 — 400Specific conductance (µmhos/cm) 200 

Organics and Oxygen Demand Material 

Dissolved oxygen (DO) 8 7 — 9 
Biochemical oxygen demand (5- 25 — 5 — 
day) (BOD5) 

Chemical oxygen demand (COD) 100 40 90 30 
Total organic carbon (TOC) 110 — — 0.6 

Nutrients 

Total Kjeldahl nitrogen (TKN) 7 0.5 2 <0.3 
Nitrate (as N) 0.7 0.8 — 1.2 
Nitrite (as N) — 0.02 — <0.002 
Ammonia (as N) 0.1 0.8 0.1 0.3 
Orthophosphate 0.2 0.5 0.1 0.4 

Heavy Metals 

Lead (µg/L) 2000 40 200 2 
Zinc (µg/L) 400 30 200 20 
Copper (µg/L) 20 10 50 5 
Chromium (µg/L) 20 10 5 5 
Cadmium (µg/L) 5 <1 5 <1 
Mercury (µg/L) 1 0.2 1 0.2 
Arsenic (µg/L) 4 3 5 2 
Iron (µg/L) 10,000 1000 20,000 2000 
Nickel (µg/L) 40 <1 80 <1 

From Pitt, R. and M. Bozeman. Sources of Urban Runoff Pollution and Its Effects on an Urban Creek, EPA
600/S2-82-090, U.S. Environmental Protection Agency, Cincinnati, OH. 1982. 
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weather (e.g., suspended solids, volatile suspended solids, and turbidity). COD and organic nitrogen 
were also present in the urban area in greater abundance during wet weather than dry, as were 
heavy metals (e.g., lead, zinc, copper, cadmium, mercury, iron, and nickel). 

Water quality upstream of the urbanized area was fairly consistent from site to site, but the 
quality changed markedly as the creek passed through the urbanized area. The water quality within 
the urbanized reach was generally poorer than at the stations upstream. Similar differences between 
wet and dry weather were also noted for the non-urban area. However, the wet-weather concentrations 
were typically much higher in the urban area than in the non-urban area. Several other constituents 
were also found in higher concentrations in the urban area than in the non-urban area during wet 
weather. Lead concentrations were more than seven times greater in the urban reach than in the non
urban reach during dry weather. Nitrite concentrations were almost seven times greater in the urban 
area. Ammonia nitrogen values in the urban area were 2.8 times greater than in the non-urban area. 
Other significant increases in urban area concentrations included chloride, nitrate, orthophosphate, 
COD, specific conductance, sulfate, and zinc. Conversely, the dissolved oxygen measurements were 
about 20% less in the urban reach than in the non-urban reach of the creek. 

Selected water and sediment samples from the urban area reaches of Coyote Creek were 
analyzed as part of a nationwide screening effort to assess priority pollutant concentrations in urban 
runoff and urban receiving waters. Three samples were collected in January 1979, during a major 
storm. These included a runoff sample and samples of sediment and water from Coyote Creek. 
The sampling was conducted in and near the Martha Street outfall, which is located in a heavily 
urbanized area. Only 18 of the approximately 120 priority pollutants analyzed were detected (base
neutrals: fluoranthene, diethyl phthalate, di-n-butyl phthalate, bis(2-ethyl hexyl)phthalate, 
anthracene, phenanthrene, and pyrene; the phenols: 2,4,6-tricholorphenol, 2,4-dimethylphenol, 
pentachlorophenol, and phenol; and heavy metals: arsenic, cadmium, copper, lead, mercury, and 
zinc). These priority pollutants are generally the same as those found in most other urban runoff 
and receiving water samples collected nationwide (EPA 1983, Pitt et al. 1995). 

Sediment Quality — Sediment samples were collected at the major sampling locations three times 
during the study. Table 4.11 summarizes all of the Coyote Creek sediment quality measurements 
obtained during the entire project. Orthophosphates, TOC, BOD5, sulfates, sulfur, and lead were 
all found in higher concentrations in the sediments from the urban area stations, as compared with 
those from the upstream, non-urban area stations. The median sediment particle sizes were also 
found to be significantly smaller at the urban area stations, reflecting a higher silt content. Sulfur, 
lead, and arsenic were found in substantially greater concentrations (4 to 60 times greater) for the 
urban area sediments compared to the non-urban area sediments. 

When all of the sediment data from the three monitoring periods were combined, very few 
differences were found between the urban and non-urban area values for COD, total phosphate, 
arsenic, and median particle size. However, seasonal variations were found to be important. When 
the data from just one sampling period were considered alone, greater and more significant varia
tions in constituent concentrations between the two reaches were observed. 

Lead concentrations in the urban area sediments were markedly greater than those from the 
non-urban area, by a factor of about six times (which is the widest margin for any constituent 
monitored). Large differences were also found between the urban and non-urban area data for both 
sulfate and phosphate. Average zinc concentrations in the sediments were found to increase by only 
about 1.5 times, but with a high degree of confidence. 

The largest difference between urban and non-urban area sediment (mg/kg) to water (mg/L) 
concentration ratios (S/W) was for lead, where the S/W ratio was over 3000 for the urban area and 
only about 400 for the non-urban area. The total Kjeldahl nitrogen S/W ratio was about 5500 for 
the urban area but exceeded 22,000 for the non-urban area. For the other constituents studied, the 
differences between the urban and non-urban area S/W ratios were much less. Lead, zinc, arsenic, 
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From Pitt, R. and M. Bozeman. Sources of Urban Runoff Pollution and Its Effects on an Urban Creek, EPA-600/S2-82-090, U.S. Environmental Protection Agency, Cincinnati, 
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and total Kjeldahl nitrogen all had S/W ratios of between 2000 and 5000 in the urban area. COD 
and total phosphate had S/W ratios of 1300 and 670, respectively, while orthophosphate and sulfate 
had S/W ratios of only about 20 and 6, respectively. 

Because of these high observed sediment pollutant concentrations, it is likely that urban runoff- 
affected sediment is an important factor in the general decline in biological quality as Coyote Creek 
passes through the San Jose urban area. Other natural factors (e.g., stream gradient, temperature, 
and velocity changes) also probably contribute to this decline. For example, relatively flat creek 
gradients in the urban reach lead to low velocities which, in turn, encourage sedimentation of 
polluted particulates and allow temperatures to rise. Decreased flows in the urban area (due to 
diversions and infiltration) are an additional cause for changes in flow regime, water quality, and 
biological conditions. 

Bioaccumulation of Lead and Zinc — Biological samples were collected from six stations in 
Coyote Creek and were analyzed to determine the lead and zinc they had accumulated while living 
in the creek. This sampling program was restricted to a single collection of organisms, with 
representative samples obtained from throughout the urban and non-urban stretches of the creek. 
Fish (Gambusia affinis), filamentous algae (Cladophora sp.), crayfish (Procambarus clarkii), and 
cattail plant segments (Typha sp.) were collected for analysis. An effort was made to collect similar 
specimens of the same species from each sampling location. All samples were rinsed to remove 
adhering sediment and were then chemically digested and analyzed for total lead and zinc content. 

Some evidence of bioaccumulation of lead and zinc was found in many of the samples of algae, 
crayfish, and cattails. The measured concentrations of these metals in organisms (mg/kg) exceeded 
concentrations in the sediments (mg/kg) by up to a maximum factor of about 6. Concentrations of 
lead and zinc in the organisms exceeded water column concentrations by factors of 100 to 500 
times, depending on the organism. Lead concentrations in urban area samples of algae, crayfish, 
and cattails were found to be two to three times as high as in non-urban area samples (Table 4.12), 
whereas zinc concentrations in urban area algae and cattail samples were about three times as high 
as the concentrations in the samples from the non-urban areas (Table 4.13). Lead and zinc concen- 
trations in fish tissue were not significantly different between the urban and non-urban area samples. 

Several early studies examined metal bioaccumulations in urban aquatic environments (Wilber 
and Hunter 1980; Neff et al. 1978; Phillips and Russo 1978; Ray and While 1976; Rolfe et al. 
1977; Spehan et al. 1978). The lead concentrations in Coyote Creek waters are probably lower than 
the critical levels necessary to cause significant bioaccumulation in most aquatic organisms. The 
whole-body concentrations of zinc for the fish and crayfish were greater than many of the whole- 
body concentrations reported in the literature. The zinc concentrations in the Coyote Creek plants, 
however, were smaller than concentrations reported elsewhere for polluted waters. 

Table 4.12 Lead Concentrations (mg lead/kg dry tissue) in Biological Samplesa 

Non-Urbanized Area Stations Urbanized Area Stations 
Cochran Miramonte Metcalfe Derbe William Tripp 

Fish <40 NS NS <30 <40 <50 
Attached algae <20 <30 <30 200 170 70 
Crayfish 14 NS <30 29 <36 40 
Higher aquatics <20 <30 <30 <30 <50 60 
Sediment 28 37 16 37 370 400 

a 	During storm events, lead concentrations in the urban reaches of Coyote Creek averaged about 2 mg/L. Dry 
weather, lead concentrations averaged about 0.04 mg/L in the urban reach. Non-urbanized reaches had lead 
water concentrations about 1/10 these values. 

NS = No sample collected. 

From Pitt, R. and M. Bozeman. Sources of Urban Runoff Pollution and Its Effects on an Urban Creek, EPA
600/S2-82-090, U.S. Environmental Protection Agency, Cincinnati, OH. 1982. 
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Table 4.13 Zinc Concentrations (mg zinc/kg dry tissue) in Biological Samplesa 

Non-Urbanized Area Stations 
Cochran Miramonte Metcalfe Derbe William Tripp 

Urbanized Area Stations 

Fish 135 NS NS 100 120 130 
Attached algae 6.5 24 17 160 135 69 
Crayfish 80 NS 90 89 140 62 
Higher aquatics 9 78 26 40 150 210 
Sediment 70 70 14 30 120 70 

a During storm events, zinc concentration in the urban reaches of Coyote Creek averaged about 
0.4 mg/L. Dry-weather zinc concentration in the urban reaches averaged about 0.03 mg/L. Non-urban 
reach water sample zinc concentrations were about half of these values. 

NS = No sample collected. 

From Pitt, R. and M. Bozeman. Sources of Urban Runoff Pollution and Its Effects on an Urban Creek, 
EPA-600/S2-82-090, U.S. Environmental Protection Agency, Cincinnati, OH. 1982. 

Aquatic Biota Conditions 

Fish — The fish fauna known to exist in the Coyote Creek drainage system at the time of the 
study was comprised of 27 species, 11 of which are native California fishes. The remainder were 
introduced through stocking by the California Department of Fish and Game and by the activities 
of bait dealers, fisherman, farm pond owners, and others. Although a relatively large variety of fish 
species was present in the Coyote Creek drainage, the existing distribution of some species was 
not widespread. Both Lake Anderson and Coyote Lake reservoirs sustained warm-water sport 
fisheries, and several of the fish species reported from the drainage were apparently confined to 
the specific habitat provided by those reservoirs. This included brown bullhead, channel catfish, 
Mississippi silverside, pumpkinseed, and redear sunfish. Of the remaining 22 species of fish known 
in Coyote Creek, 21 were encountered during this study, in which a total of 7198 fish were collected 
from 40 locations throughout the drainage. Rainbow trout and riffle sculpin were captured only in 
the headwater reaches and tributary streams of Coyote Creek. Likewise, Sacramento squawfish 
were found only in the upper reaches of the creek and reportedly have not been encountered 
downstream of Lake Anderson since 1960 (Scoppettone and Smith 1978). Seventeen fish species 
were collected from the major study area between Lake Anderson and the confluence of Silver 
Creek. Speckled dace, a native species previously reported to occur in the study area, was not 
encountered. Pacific lamprey, an anadromous species which moves into fresh water to spawn, was 
found only in and around the mouth of Upper Penitencia Creek, a tributary that enters the lower 
reaches of Coyote Creek. 

Introduced fishes often cause radical changes in the nature of the fish fauna present in a given 
water body or drainage system. In many cases, they become the dominant fishes because they are 
able to outcompete the native fish for food or space, or they may possess greater tolerance to 
environmental stress. In general, introduced species are most abundant in aquatic habitats modified 
by man, while native fish tend to persist mostly in undisturbed areas (Moyle and Nichols 1973). 
Such was apparently the case within Coyote Creek. As seen in Table 4.14, samples from the non- 
urban portion of the study area were dominated by an assemblage of native fish species such as 
hitch, threespine stickleback, Sacramento sucker, and prickly sculpin. Collectively, native species 
comprised 89% of the number and 79% of the biomass of the 2379 fish collected from the upper 
reaches of the study area. In contrast, native species accounted for only 7% of the number and 
31% of the biomass of the 2899 fish collected from the urban reach of the study area. 

Hitch was the most numerous native fish species present. Hitch generally exhibit a preference 
for quiet water habitat and are characteristic of warm, low elevation lakes, sloughs, sluggish rivers, 
and ponds (Calhoun 1966; Moyle and Nichols 1976). In streams of the San Joaquin River system 
in the Sierra Nevada foothills of central California, Moyle and Nichols (1973) found hitch to be 
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Table 4.14 Relative Abundance of Fish in Coyote Creek 

Urban Reach Rural Reach 

Native Fish 

Hitch 4.9% 34.8% 
Threespine stickleback 0.8 27.3 
Sacramento sucker 0.1 12.6 
Prickly sculpin <0.1 8.2 

Introduced Fish 

Mosquitofish 66.9 5.6 
Fathead minnow 20.6 0.6 
Threadfin shad 2.4 nd 
Green sunfish 1.2 <0.1 
Bluegill 1.0 0.2 

From Pitt, R. and M. Bozeman. Sources of Urban Runoff Pollution and 
Its Effects on an Urban Creek, EPA-600/S2-82-090, U.S. Environmental 
Protection Agency, Cincinnati, OH. 1982. 

most abundant in warm, sandy-bottomed streams with large pools, where introduced species such 
as green sunfish, largemouth bass, and mosquitofish were common. Likewise, during this Coyote 
Creek study, hitch were found to be associated with green sunfish, fathead minnows, and mosqui- 
tofish in the lower portions of Coyote Creek. However, mosquitofish dominated the collections 
from the urbanized section of the creek and accounted for over two thirds of the total number of 
fish collected from that area. In foothill streams of the Sierra Nevada, Moyle and Nichols (1973) 
found mosquitofish to be most abundant in disturbed portions of the intermittent streams, especially 
in warm, turbid pools. The fish is particularly well adapted to withstand extreme environmental 
conditions, including those imposed by stagnant waters with low dissolved oxygen concentrations 
and elevated temperature. The second most abundant fish species in the urbanized reach of Coyote 
Creek, the fathead minnow, is equally well suited to tolerate extreme environmental conditions. 
The species can withstand low dissolved oxygen, high temperature, high organic pollution, and 
high alkalinities. Often thriving in unstable environments such as intermittent streams, the fathead 
minnow can survive in a wide variety of habitats. However, the species seems to do best in pools 
of small, muddy streams and in ponds (Moyle and Nichols 1976). 

Benthic Macroinvertebrates — The taxonomic composition and relative abundance of benthic 
macroinvertebrates were collected from both natural and artificial substrates in Coyote Creek 
(Figures 4.7 through 4.9). The abundance and diversity of benthic taxa were greatest in the non- 
urbanized sections of the stream. Figure 4.10 shows the trend of the overall decrease in the total 
number of benthic taxa encountered in the urbanized sections of the study area during 1978 and 
1979. An overall increase in number and diversity of benthic organisms was encountered in 1979, 
compared to 1978 collections. This may be attributed to further recovery from the drought conditions 
that preceded this study. The benthos in the upper reaches of Coyote Creek consisted primarily of 
amphipods and a diverse assemblage of aquatic insects. Together those groups comprised two thirds 
of the benthos collected from the non-urban portion of the creek. Clean-water forms were abundant 
and included amphipods (Hyalella azteca) and various genera of mayflies, caddisflies, black flies, 
crane flies, alderflies, and riffle beetles. In contrast, the benthos of the urban reaches of the creek 
consisted almost exclusively of pollution-tolerant oligochaete worms (tubificids). Tubificids 
accounted for 97% of the benthos collected from the lower portion of Coyote Creek. 

Crayfish were present throughout the study area and were collected in conjunction with the fish 
sampling effort. Two species of crayfish were encountered in Coyote Creek waters — Pacifastacus 
leniusculus and Procambarus clarkii. Neither species is native to California waters. Pacifastacus 
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Figure 4.7 	 Natural substrate sampling using a Figure 4.8 Removing benthic macroinvertebrate 
Surber sampler in Coyote Creek. samples from Surber sampler. 

leniusculus was collected in the non-urbanized 
section of the study area. It is typically found in 
a wide variety of habitats including large rivers, 
swift or sluggish streams, lakes, and, occasion- 
ally, muddy sloughs. Procambarus clarkii was 
collected in both the urbanized and non-urban- 
ized sections of the stream. The species prefers 
sloughs where the water is relatively warm and 
vegetation plentiful; however, it is also found in 

Figure 4.9 Artificial substrate sampling using a large streams. Because of its burrowing activities 
Hester-Dendy multiplate sampler in P. clarkii often becomes a nuisance by damaging
Coyote Creek. irrigation ditches and earthen dams. 

Attached Algae — Qualitative samples from natural substrates indicated that the filamentous alga 
Cladophora sp. was found throughout the study area. However, its growth reached greatest pro- 
portions in the upper sections of the stream. Table 4.15 presents the taxonomic composition and 
relative abundance of diatoms collected from artificial substrates (Figure 4.11) placed at selected 
sample locations. The periphyton of the non-urban reaches of the stream was dominated by the 
genera Cocconeis and Achnanthes. The genera Nitzschia and Navicula, generally accepted to be 
more pollution-tolerant forms, dominated the periphyton of the urbanized reaches of Coyote Creek. 

Rooted Aquatic Vegetation — Rooted aquatic plants were not greatly abundant in the Coyote 
Creek study area. Submerged macrophytes were restricted entirely to the upper reaches of the study 
area and consisted of occasional stands of sago pondweed (Potamogeton pectinatus) and curly-leaf 
pondweed (P. crispus). Emergent forms consisted of water primrose (Jussiaea sp.), confined to 
several areas in the non-urban reach of the stream, and numerous small stands of cattails (Typha 
sp.) sparsely distributed throughout the length of the study area. 

Step 7. Project Conclusions 

The biological investigations in Coyote Creek indicated distinct differences in the taxonomic 
composition and relative abundance of the aquatic biota present in Coyote Creek. The non-urban 
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Figure 4.10 	 Trend of total number of benthic taxa observed during 1978 and 1979 (From Pitt, R. and M. 
Bozeman. Sources of Urban Runoff Pollution and Its Effects on an Urban Creek, EPA-600/S2-82
090, U.S. Environmental Protection Agency, Cincinnati, OH. 1982.) 

sections of the creek supported a comparatively diverse assemblage of aquatic organisms, including 
an abundance of native fishes and numerous benthic macroinvertebrate taxa. In contrast, however, 
the urban portions of the creek comprised an aquatic community generally lacking in diversity and 
was dominated by pollution-tolerant organisms such as mosquitofish and tubificid worms. 

Although certain differences in physical habitat occurred in the downstream reaches of the 
study area (e.g., a decrease in stream gradient, shorter riffles, wider, deeper pools, etc.), such 
differences were not thought to be responsible for the magnitude of change noted in the aquatic 
biota of the urban reach of Coyote Creek. 

Urban runoff monitoring during this project showed that stormwater was the significant con- 
tributor to the high levels of many toxic materials in the receiving water and sediments of the 
stream. In addition, changes in the nature of the stream substrate occurred as a result of the 
deposition of silt and debris, which largely originate from urban runoff. Such changes were likely 
the primary reason for the decline in species abundance and diversity observed in the urban reaches 
of Coyote Creek. 

Critique of the Longitudinal Analyses in Coyote Creek 

The Coyote Creek study was very comprehensive, and therefore costly. This was probably the 
earliest large-scale receiving water study conducted to investigate urban runoff effects on in-stream 
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Table 4.15 	 Taxonomic Composition and Relative Abundance of Diatoms Collected on Glass Slides in Coyote 
Creek during the Spring of 1978 

Relative Abundance (%) of each Taxon within the Sample 
Non-Urban Area Stations Urban Area Stations 

Taxon Cochran Miramonte Metcalfe Derbe Williams Tripp 

Centrales 
Coscinodiscaceae 

Melosira sp. 0.4 — — — 1.2 0.8 
Pennales 

Diatomaceae 
Diatoma vulgare 0.4 — 1.5 — — — 

Fragilariaceae — — — 0.8 0.9 0.4 
Synedra sp. 

Achnanthaceae 
Achanthes lanceolata 20.6 37.8 56.1 49.8 0.9 1.6 
Rhoicosphenia curvata 0.4 — — 1.2 — — 
Cocconeis pediculus 15.0 18.2 0.4 — — — 
Cocconeis placentula 62.4 44.0 41.2 — — — 

Naviculaceae 
Navicula spp. — — — — 10.5 23.8 
Diploneis sp. — — — — 2.4 — 
Frustulia rhomboides — — — — 0.4 — 
Gyrosigma  sp. — — — — — 0.4 

Gomphonenataceae 
Gomphonema sp. — — — 2.8 6.9 0.8 

Cybellaceae 
Cymbella sp. 0.8 — — — 2.0 0.4 
Rhopalodia spp. — — — — — 0.4 

Nitzschiaceae 
Nitzachia sp. — — 0.8 43.4 67.5 70.6 
Denticula elegans — — — — 2.4 0.4 

Surirellaceae 
Cymatopleura solea — — — — 0.9 — 
Surirella sp. — — — 2.0 4.0 0.4 

Total Number Frustules/mm2 5545 4950 1874 4488 1189 4575 

From Pitt, R. and M. Bozeman. Sources of Urban Runoff Pollution and Its Effects on an Urban Creek, EPA-600/S2
82-090, U.S. Environmental Protection Agency, Cincinnati, OH. 1982. 

biological conditions. As such, many elements 
were considered in the site investigation. The 
project included field sampling over a period of 
3 years, and more than 40 sampling sites were 
periodically visited. A broad list of biological, 
chemical, and physical measurements was 
obtained. Even though the project was compre- 
hensive, several omissions seem obvious. The 
most notable is the lack of toxicity testing. Some 

Figure 4.11 	 Artificial substrate diatometer sampler 
limited laboratory fathead minnow 96-hour expo- 

being loaded with glass microscope sure tests were conducted as part of the study, 
slides in Coyote Creek. but were inconclusive and therefore not reported. 

The project was also conducted before effective 
and less costly in situ toxicity tests were developed. Another element that was missing was 
comprehensive habitat surveys. Formalized habitat survey procedures detailed in this book (Chapter 
6 and Appendix A) would have been very useful during the Coyote Creek study. Finally, because 
the study design did not have any precedence, it was probably inefficient in that it obtained more 
information than was actually needed, and at more locations than necessary. 
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The longitudinal study design is very helpful in that gradients of conditions can be examined. 
The Coyote Creek study examined a very large number of locations along the creek in an attempt 
to identify locations that were partially degraded, but still in acceptable condition. When these 
locations are identified, watershed modeling can be used to calculate the assimilative capacity of 
the stream, which can then be used to determine necessary stormwater controls to provide these 
conditions farther downstream. Unfortunately, Coyote Creek was found to degrade very rapidly at 
the edge of development. Additional monitoring locations were therefore added in an attempt to 
isolate the degradation gradient. The highly variable conditions in the creek at the edge of urban- 
ization were likely due to major flow changes seasonally and from year-to-year, preventing iden- 
tification of an acceptably degraded site. 

In many cases, a longitudinal study design can be combined with the other two major types of 
designs (parallel and trend studies) to obtain additional information. The trend case study presented 
is for a trend with time, but a trend with distance can also be evaluated using similar statistical 
procedures described in Chapter 7. 

Example of Parallel Creeks Experimental Design — Kelsey and Bear Creeks, 
Bellevue, WA, Receiving Water Study 

Several separate urban stormwater projects (as part of the U.S. EPA’s Nationwide Urban Runoff 
Program, or NURP) were conducted in Bellevue, WA, to address the three major phases in designing 
an urban runoff control program (quantifying the specific local urban runoff receiving water 
problems, determining the sources of the problem pollutants, and selecting the most appropriate 
control measures). These projects were conducted from 1977 through 1982 and constitute one of 
the most comprehensive urban runoff/receiving water impact research programs ever conducted. 

The U.S. Geological Survey (USGS) through its Tacoma, WA, office, conducted one of the 
projects, which was funded by the USGS and the Water Planning Division of EPA. The USGS 
(Ebbert et al. 1983; Prych and Ebbert undated) intensively monitored urban runoff quality and 
quantity from three residential areas in Bellevue and evaluated the effectiveness of a detention 
facility. Wet and dry atmospheric sources were also monitored by the USGS. 

The University of Washington’s Civil Engineering Department and the College of Fisheries 
Research Institute prepared five reports based on their studies, which were funded by the Corvallis 
Environmental Research Laboratory of EPA (Pedersen 1981; Perkins 1982; Richey et al. 1981; 
Richey 1982; Scott et al. 1982). Generally, the University of Washington’s projects evaluated the 
receiving water conditions for direct impairments of beneficial uses. 

The Municipality of Metropolitan Seattle (METRO) research was funded by Region X of EPA 
and was prepared by Galvin and Moore (1982). METRO analyzed many source area, urban runoff, 
and creek samples for metallic and organic priority pollutants. 

The City of Bellevue also conducted a study, which was funded by the Storm and Combined 
Sewer Section of EPA and the City of Bellevue. The Bellevue report was prepared by Pitt (1985) 
and Pitt and Bissonnette (1984). The City of Bellevue collected and analyzed urban runoff and 
baseflow samples using flow-weighted techniques for more than 300 storms from two residential 
areas, in addition to extensively evaluating street and sewerage cleaning as stormwater manage- 
ment practices. 

Bellevue’s moderate climate has a mean annual precipitation of about 1.1 m ( 44 in) which 
occurs mostly as rainfall from October through May. Most of the rainfall results from frontal storms 
formed over the Pacific Ocean. During fall and winter months, low to moderate rainfall intensities 
are common. Even though the runoff quality was found to be much cleaner than in other locations 
in the United States, the urban creek was significantly degraded when compared to the rural creek, 
but still supported a productive, but limited and unhealthy salmonid fishery. Many of the fish in 
the urban creek, however, had respiratory anomalies. The urban creek was not grossly polluted, 
but flooding from urban developments has increased dramatically in recent years. These increased 
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Figure 4.12 Rural Bear Creek, Bellevue, WA. Figure 4.13 	 Rural Bear Creek, Bellevue, WA, in 
undeveloped area. 

Figure 4.14 	 Rural Bear Creek, Bellevue, WA, pass- Figure 4.15 Urbanized Kelsey Creek, Bellevue, WA, 
ing through trailer park. in low-density residential area. 

flows have dramatically changed the urban stream’s channel, by causing unstable conditions with 
increased stream bed movement, and by altering the availability of food for the aquatic organisms. 
The aquatic organisms are very dependent on the few relatively undisturbed reaches. Dissolved 
oxygen concentrations in the sediments depressed embryo salmon survival in the urban creek. 
Various organic and metallic priority pollutants were discharged to the urban creek, but most of 
them were apparently carried through the creek system by the high storm flows to Lake Washington. 

The in-stream studies were conducted in Bear Creek (Figures 4.12 through 4.14), a relatively 
undisturbed natural stream, and in Kelsey Creek (Figures 4.15 through 4.17), a heavily urbanized 
stream. The watershed studies were conducted in the Lake Hills and Surrey Downs neighborhoods 
(Figure 4.18). 

Step 1. What’s the Question? 

Does urban runoff significantly affect Bellevue’s receiving water uses; what are the sources of 
the urban runoff problem pollutants; and can public works practices (street cleaning and catchbasin 
cleaning) reduce the magnitude of these problems? 
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Figure 4.16 	 Urbanized Kelsey Creek, Bellevue, WA, Figure 4.17 Kelsey Creek, Bellevue, WA, street 
in commercial area. crossing with sign. 

Bellevue area waters have five designated 
beneficial uses: 

1. Preservation of habitat suitable for aquatic 
organisms 

2. Flood prevention by the conveyance of 
stormwater 

3. Open space and resource preservation 
4. Recreational uses (swimming and boating) 
5. Aesthetics 

The Bellevue research projects (especially 
those conducted by the University of Washington itored Lake Hills and Surrey Downs 

watersheds, Bellevue, WA. 

Figure 4.18 Typical residential neighborhood in mon

team) investigated the potential impairments of 
these uses in the urbanized Kelsey Creek, com- 
pared to Bear Creek, the control stream. 

Step 2. Decide on Problem Formulation 

The basic problem formulation was to investigate parallel watersheds. Kelsey Creek is com- 
pletely urbanized, while Bear Creek had only minor development and was used as a control stream. 
In addition, the street cleaning portions of the study compared parallel portions of the urban area 
(the Lake Hills and Surrey Downs catchments), with rotating street cleaning operations and outfall 
monitoring. 

Step 3. Project Design, Step 4. Project Implementation, Step 5. Data Evaluation, 
and Step 6. Confirmatory Assessment 

1. Qualitative Watershed Characterization 

The Surrey Downs and Lake Hills test catchments are about 5 km apart and are each about 
40 ha in size. They are both fully developed, mostly as single-family residential areas. The 148th 
Avenue dry detention basin study area is about 10 ha in area and is primarily a street arterial with 
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adjacent landscaping. The Surrey Downs area was developed in the late 1950s. Most of the slopes 
in the basin are moderate with some steeper slopes on the west side of the area. About 60% of the 
Surrey Downs area is pervious. Back and front yards make up most of the land surface area, while 
the streets make up 10%. There is relatively little automobile traffic in the Surrey Downs area and 
the on-street parking density is low. The storm drainage system discharges into an artificial pond 
located in an adjacent development. This pond discharges into Mercer Slough, which eventually 
drains to Lake Washington and Puget Sound. The Surrey Downs catchment ranges in elevation 
from about 3 to 55 m. 

The Lake Hills catchment is about 41 ha in size and contains the St. Louise parish church and 
school in addition to single-family homes. These homes were also developed in the 1950s. Lake 
Hills has a slightly larger percentage of pervious area than Surrey Downs, but a slightly smaller 
typical lot size. The slopes in Lake Hills are also more moderate (with a few exceptions) than those 
found in Surrey Downs. Most of the streets in Lake Hills also carry low volumes of traffic and have 
low parking densities, except for two busy roads which cross through the area. The Lake Hills storm 
drainage system discharges into a short open channel which joins Kelsey Creek just downstream 
from Larsen Lake. Kelsey Creek also discharges into Mercer Slough and finally into Lake Wash- 
ington and Puget Sound. The elevation of the Lake Hills study catchment ranges from 80 to 125 m. 

The 148th Avenue S.E. catchment was used to investigate the effects of a dry detention facility 
on stormwater quality. The drainage area is about 10 ha. Slightly more than one fourth of this area 
is the actual street surface of 148th Avenue S.E., a divided, four-lane arterial. Other impervious 
areas include sidewalks, parking lots, office buildings, and parts of Robins Wood Elementary School. 

The soils in all three of these test catchments are mostly the Arents-Alderwood variety, having 
6 to 15% slopes. The surface soils are made up of gravelly sand loams with an estimated natural 
permeability of between 50 and 150 mm/hour. The total water capacity of this soil horizon is about 
20 mm. 

A demographic survey was conducted in the test catchments by the City of Bellevue at the 
beginning of the project (in 1977). Slightly more than three people per household were reported 
in both basins, while the population density per hectare was about 30 in Lake Hills and about 23 
in Surrey Downs. More than half of the people in both basins had no dogs or cats, with the remainder 
of the households having one or more of each. Slightly more than two cars per household were 
reported, with about 10% of the households in each basin reporting four or more cars. Most of the 
automobile oil was disposed of properly in the household garbage or recycled, but between 5 and 
10% of the households used oil to treat fence posts, dumped it onto the ground, or into the storm 
sewers. Most of the people carried their grass and leaves to the dump, or put them into the garbage, 
and about one third composted the organic debris on their lots. 

2. Stream Characterization 

Kelsey Creek flows through the City of Bellevue, while Bear Creek is about 30 km farther east. 
Kelsey Creek drains a watershed about 3200 ha in area, which is predominantly urban. About 54% 
of the Kelsey Creek watershed has single- and multiple-family residences, 24% has commercial 
or light industrial uses, and 22% has parks and undeveloped areas. A main channel of Kelsey Creek 
starts at Larson Lake and flows about 12 km through the City of Bellevue before discharging into 
Lake Washington. The USGS has continuously monitored Kelsey Creek flows since 1959 at a 
location about 2.5 km upstream from Lake Washington. Kelsey Creek is a relatively narrow stream 
with a mild slope. The mean channel slope is about 1.5% and the bank full width ranges from 
about 3.5 to 6.5 m in the study area. Along much of its length, Kelsey Creek appears disturbed. 
Channelization, riprapping, storm drain outfalls, scoured and eroded banks, and culverts are com- 
mon. The stream bank (riparian) vegetation is mostly composed of low growing alder and vine 
maple with scattered big leaf maples and western red cedar trees. The understory is dominated by 
blackberry bushes. 
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Bear Creek starts at Paradise Lake and drains into Cottage Lake Creek. Its drainage area is 
about 3400 ha and is mostly rural in character. About 85% of the Bear Creek drainage is in pasture 
or woodlands with about 15% developed in single-family residences. Bear Creek also has a mild 
slope (about 0.6%) and is slightly wider than Kelsey Creek with a bank-full width ranging from 
about 7 to 11 m. Bear Creek has the appearance of a relatively undisturbed stream, especially when 
compared to Kelsey Creek. The vegetation along some reaches in Bear Creek has been modified, 
and there is some riprapping for bank stabilization. Most of these disturbances are quite small. 
Throughout most of the Bear Creek study reach, the creek is composed of alternating series of 
pools and riffles, frequent debris dams, side channels, and sloughs. The riparian vegetation along 
Bear Creek is mostly old growth alder, western red cedar, and douglas fir, with an understory of 
vine maple and salmonberry. Richey (1982) states that while Bear Creek receives no point source 
discharges, it is not pristine. Drainage from septic tanks, fertilizers, and livestock wastes has 
enriched the stream. Many homeowners have cut or modified the bank vegetation, installed small 
diversions, and created small waterfalls. These activities appear to have generated an increase in 
sediment transport. Building activity has also increased in the upper parts of the watershed since 
1981. Much of the creek, however, remains in a natural condition and is typical of many of the 
gravel-bottomed streams in the Pacific Northwest. 

3. Select Monitoring Parameters 

The Bellevue city project included monitoring of the quality and quantity of stormwater runoff 
from two urban areas in the City of Bellevue. Street surface particulate samples were collected in 
these two basins along with storm drainage sediment samples. The City of Bellevue conducted 
various street cleaning operations in the two test basins and evaluated the effectiveness of various 
types of street cleaning programs and catchbasin cleaning activities in improving the quality of 
urban runoff. The USGS also monitored stormwater runoff quality and quantity in these two test 
basins. The USGS used different sampling techniques to monitor fewer storms but in much greater 
detail. The USGS monitored rainfall and dustfall quality and quantity along with the performance 
of a series of detention basins at a third Bellevue test site. The University of Washington’s projects 
investigated urban runoff receiving water conditions and conditions in a control stream much less 
affected by urban runoff. The University’s projects studied physical, chemical, and biological 
conditions to identify impacts associated with urban development on receiving water quality. The 
Seattle METRO project involved conducting trace metal and organic pollutant analyses for samples 
collected from these three other projects. The following list summarizes the major components of 
the Bellevue investigations: 

• In-stream effects from urban stormwater (comparing test and control stream conditions over a 2- 
year period) 
– In-stream water quality (wet and dry weather observations) for conventional and nutrient 

constituents, plus some toxicants 
– Interstitial water quality in test and control streams for dissolved oxygen, nutrients, and metallic 

toxicants 
– Continuous stream flow rates 
– Aquatic organism food availability and utilization studies 
– Riparian vegetation, algae, benthic organisms, and fish 
– Creek sediment quality for conventional and toxic pollutants 
– Creek bank stability and stream bed erosion, and creek sedimentation and sediment transport 

• Sources of urban runoff pollutants in two test catchments for 2-year period 
– Atmospheric particulate and rainfall contributions 
– Runoff monitoring from about 400 rain effects (91 to 99% of annual flow monitored during 

2 years) 
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– Stormwater quality from more than 200 events for conventional, nutrient, and toxic constituents 
(200 to 1000 analyses per constituent) 

– Baseflow quality from about 25 sampling periods for conventional, nutrient, and toxic 
constituents 

– Street dirt characteristics from about 600 samples (loading, particle size, washoff, and chemical 
quality) 

– Sewerage and catchbasin sediment accumulations over 2-year period (accumulation and quality) 
from about 200 inlets 

• Effectiveness of urban runoff controls 
– Monitored street dirt loadings and runoff characteristics at two test catchments over 2-year 

period, comparing none with three times a week street cleaning effort 
– Measured changes in catchbasin sump accumulations of pollutants in about 200 inlets over 2 

years in two catchments 
– Monitored influent and effluent from a dry detention pond for the 20 storms during the 2-year 

period when flows were sufficient to enter the pond system 

Observations 

Effects of Urban Runoff on Bellevue’s Stream’s Beneficial Uses — Richey (1982) summa- 
rizes some of the beneficial use impairments that the University of Washington study team 
addressed. Urbanization and stormwater runoff discharges to streams can have a wide variety of 
effects on these receiving waters. These include increased runoff, decreased surface storage, 
decreased transpiration, decreased infiltration, and a degradation in water quality. These effects 
may be either long term or intermittent. Changes in channel geomorphology caused by channel- 
ization in the clearing of stream bank vegetation may cause permanent stresses to the stream. 
Changes in the stream flows during runoff events, such as rapidly rising and falling hydrographs 
and increased total flows and peak discharges, are intermittent stress factors. The discharge and 
transport of pollutants can act as an intermittent stress factor, but the storage of these pollutants in 
the stream system (in the sediments or bioaccumulation) can act as a long-term or chronic stress 
factor. Therefore, it is necessary to identify not only the causative factor in impairing receiving 
water quality but also the times when these effects occur. Elevated concentrations of toxic materials 
in the runoff may affect receiving water organisms during a runoff event. However, they may also 
accumulate in the sediments and not affect the receiving water aquatic life until some time after 
they were discharged. 

Richey points out the difficulty in identifying problem pollutants or their causes based upon 
their different destructive powers. She presents a hypothetical example where the gradual introduc- 
tion of toxic pollutants in the receiving water results in a decline of fish species diversity and system 
productivity. Because the watershed has been urbanizing, increased flows have also occurred. If it 
is assumed that the increased flows causing flooding and scouring in the water body were the most 
important element restricting the fish populations, an abatement program incorporating detention 
facilities to reduce these flooding problems may be implemented. However, the input of toxic 
substances may not be reduced and significant improvements in the beneficial use may not occur. 
She concludes that it is very important to study all effects on a receiving body including hydrology, 
geomorphology, and pollutant inputs. 

Scott et al. (1982) state that factors contributing to the instability of the physical receiving water 
system are relatively easy to identify but that their combined effect on the receiving water aquatic 
life is difficult to measure. They also mention that the Resource Planning Section of the King 
County Planning Division analyzed available data for 15 local streams in an attempt to establish 
a cause-and-effect relationship between urban development and stream degradation. They examined 
watershed variables such as the magnitude of the impervious areas, peak flows, water quality, 
aquatic insects, and salmonid escapement to rank the streams. Bear Creek ranked 12th in impervious 
surfaces, lowest in peak flow, 5th in water quality, 6th in aquatic insects, and 2nd in salmonid 
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escapement. Kelsey Creek ranked 2nd in impervious areas, 6th in peak flow, 15th in water quality, 
50th in aquatic insects, and 8th in salmonid escapement. 

1. Bellevue Receiving Water Beneficial Uses 

Kelsey Creek, the urban receiving water studied during this project, has three primary functions: 
conveyance of stormwater from Bellevue to Lake Washington, providing a scenic resource for the 
area, and providing a habitat for fish. The most important beneficial use of Kelsey Creek is the 
conveyance of stormwater out of the city. The City of Bellevue, in its Storm Drainage Utility and 
support of projects such as these, has a commitment to provide the other beneficial uses. Richey 
(1982) states that Kelsey Creek can physically provide for all of these beneficial uses. The creek 
has been developed for the conveyance of stormwaters, but there are also areas in its lower reaches 
where the canopy cover is relatively intact and the stream banks and morphology are still quite 
natural. Dense growth of shrubbery and blackberry vines also provides cover and shade for stream 
aquatic life. The riprap allows the development of deep pools which can be a good habitat for fish. 
Perkins (1982) states that some of the upstream reaches and tributaries of Kelsey Creek are less 
disturbed and serve as a potential refuge area for aquatic life. The downstream reaches of Kelsey 
Creek, however, are less supportive of aquatic life due to channel instability and erosion, along 
with flashy flows and increasing floods. 

2. Bear Creek and Kelsey Creek Water Quality 

The University of Washington project monitored Kelsey Creek and Bear Creek water quality 
from May 1979 through April 1981. Table 4.16 (Richey 1982) summarizes these creek water quality 
observations. The values for the constituent concentrations were obtained during stable flow periods 
only when the creeks were not rising or falling rapidly. The major ion types are similar for both 
Bear and Kelsey Creeks: calcium/magnesium bicarbonate. The concentrations of these ions were 
typically lower in Bear Creek. Richey found that during the study period the average nutrient levels 
in Kelsey Creek were greater than those found in Bear Creek. Total phosphorus and soluble reactive 
phosphorus in Kelsey Creek were about 2.5 times higher than those found in Bear Creek. Both 
streams have ample supplies of both nitrogen and phosphorus for the aquatic organisms, and the 
nitrate plus nitrite concentrations had a distinct seasonal trend in Bear Creek, while they were 
essentially random in Kelsey Creek. High winter and low summer concentrations of nitrate plus 
nitrite have been observed in other rural streams and are thought to be controlled largely by the 
seasonal nitrogen uptake of terrestrial vegetation. Bear Creek has much more riparian vegetation 
than does Kelsey Creek. The high nitrogen concentrations in Bear Creek may also be caused by 
in-stream nitrification. In addition, the maximum ammonium concentrations in Bear Creek occurred 
during the autumn when there was decomposition of sockeye salmon bodies in the creek. 

The observed low dissolved lead concentrations in Kelsey Creek and Bear Creek are not 
expected to exert a major impact on the aquatic life. However, other possible toxic compounds 
which may be washing into the stream system were not continuously monitored. Pedersen (1981) 
notes that massive fish kills in Kelsey Creek or its tributaries were observed on several occasions 
due to the dumping of toxic materials down storm drains. The resultant impact of this toxic material 
on the benthic organisms from these dumps was found to be substantial, but no permanent impact 
over long time periods was observed. The 5-day biochemical oxygen demand (BOD5) concentra- 
tions were low in both streams. They found that the greatest differences in constituents between 
the two streams occurred in constituents that were in particulate forms. 

Scott et al. (1982) listed the most important water quality differences between these two creeks: 

• Kelsey Creek had higher nutrient concentrations than Bear Creek. /
• Kelsey Creek had one to two times the suspended particulate loads of Bear Creek. /
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Table 4.16 Surface Water Quality (monthly average concentrations from May 1979 through April 1981) 

Kelsey Creek Bear Creek Ratio of Kelsey Creek 
Mean Values to Bear 

Units Mean SD* Minimum Maximum Mean SD Minimum Maximum Creek Mean Values 

Drainage area ha 3109 3600 0.9

Instantaneous discharge m3/s 0.20 8.68 0.13 6.31 1.5/1.4 (min/max ratios) 

Substrate size mm 36.7 6.8 27.5 4.9 1.3

Summer temperature oC 23.0 23.0 1.0 (ratio of max.) 

Winter temperature oC 5.0 3.2 1.6 (ratio of min.) 

Total suspended solids mg/L 11.0 7.4 2.5 32.9 4.7 3.0 0.8 11.9 2.3

Fine particulate organic carbon mg C/L 0.87 0.53 0.10 2.51 0.75 0.36 0.32 1.51 1.2

Dissolved organic carbon mg C/L 7.5 3.4 3.8 14.8 6.4 3.3 3.0 16.8 1.2

Total phosphorus µg P/L 116 32 72 193 43 16 15 79 2.7

Soluble reactive phosphorus µg P/L 82 27 54 167 24 16 8 63 3.4

Nitrate plus nitrite nitrogen µg N/L 743 137 468 962 508 540 59 2350 1.5

Ammonia nitrogen µg N/L 36 14 12 66 30 26 9 114 1.2

BOD5 mg O2/L 2.26 1.27 0.86 5.3 1.63 1.08 0.03 3.59 1.4

Dissolved lead µg Pb/L 5 2 2 11 <4 — <4 <4 >1.3


* SD = standard deviation.


Data from Richey, J. S. Effects of Urbanization on a Lowland Stream in Western Washington, Ph.D. dissertation, University of Washington, Seattle. 1982. With permission.
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Table 4.17 Annual Kelsey and Bear Creek Discharges (June 1979 through May 1980, kg/ha/year) 

Ratio of Kelsey to 
Constituent Kelsey Creek Bear Creek Bear Creek Discharges 

Total suspended solids 300 78 3.8 
Fine particulate organic carbon (FPOC) 33 12 2.8 
Dissolved organic carbon (DOC) 53 55 1.0 
Soluble reactive phosphorus 0.56 0.17 3.3 
Total phosphorus 0.87 0.33 2.6 
Nitrate plus nitrite nitrogen 4.3 7.1 0.6 

Data from Richey, J.S., et al. The effects of urbanization and stormwater runoff on the food quality in 
two salmonid streams. Verh. Internat. Werein. Limnol., Vol. 21, pp. 812–818, Stuttgart. October 1981. 

• Inorganic silt was the dominant fraction of the suspended particulate load in Kelsey Creek. 
• 	 The concentrations of potentially toxic materials in both study streams were quite low and possibly 

negligible. 

Observed problems in Kelsey Creek included high water temperatures and elevated fecal 
coliform counts. The fecal coliform counts, however, varied considerably throughout the Kelsey 
Creek drainage system. Bear Creek also had high fecal coliform counts along with high inorganic 
nitrogen and total phosphorus concentrations. 

The annual creek discharges of various water quality constituents are shown in Table 4.17 
(Richey et al. 1981). The total solids concentrations were highest during the periods of high flows 
(late fall, winter, and early spring). Therefore, most of the solid material was transported during 
only a few months of the year. Thirty-three percent of the solids were transported out of Kelsey 
Creek and 35% out of Bear Creek during the high flow month of December alone. The annual 
yields of both particulate and soluble phosphorus were about three times greater in Kelsey Creek 
than in Bear Creek. The total suspended solids transport in Kelsey Creek was almost four times 
greater than Bear Creek. While the fine particulate organic matter in Kelsey Creek was almost three 
times more than in Bear Creek on an annual basis, the dissolved organic carbon transport was about 
the same. High phosphorus concentrations in the fall in Bear Creek may also be caused by 
decomposing sockeye salmon. Scott reported more than 1000 sockeye carcasses in the stream 
channel during the fall of 1979 and 1980. 

Richey (1982) states that Kelsey Creek is surprisingly clean for a heavily urbanized stream. 
This might be because of the in-stream dilution of the contaminants, because some of the watershed 
is still relatively protected, or possibly the result of differences in the occurrence of the urban 
contaminants. She further states that Kelsey Creek is enriched but does not appear to be polluted 
in the classic sense. The rapid transport of water and materials appears to protect the stream by 
removing many of the potentially hazardous pollutants to downstream locations. In addition, the 
rapid transport of water also helps to maintain high levels of dissolved oxygen. 

The City of Bellevue project (Pitt 1985) evaluated water quality with beneficial use criteria. 
Potential long-term problem pollutants are settleable solids, lead, and zinc. These long-term prob
lems are caused by settled organic and inorganic debris and particulates. This material may silt up 
salmon spawning beds in the Bellevue streams and introduce high concentrations of potentially 
toxic materials directly to the sediments. Oxygen depletion caused by organic sediments may also 
occur under certain conditions, and the lead and zinc concentrations in the sediments may affect 
the benthic organisms. The discharge of particulate heavy metals, which settle out in the sediments, 
may be converted to more soluble forms through chemical or biological processes. 

3. Creek Interstitial Water Quality 

The University of Washington and the Seattle METRO project teams analyzed interstitial water 
for various constituents. These samples were obtained by inserting perforated aluminum standpipes 
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into the creek sediment. This water is most affected by the sediment quality and in turn affects the 
benthic organisms much more than the creek water column. Scott et al. (1982) found that the 
interstitial water pH ranged from 6.5 to 7.6 and did not significantly differ between the two streams 
but did tend to decrease during the spring months. The lower fall temperatures and pH levels 
contributed to reductions in ammonium concentrations. The total ammonia and ammonium con
centrations were significantly greater in Kelsey Creek than in Bear Creek. They also found that the 
interstitial dissolved oxygen concentrations in Kelsey Creek were much below concentrations 
considered normal for undisturbed watersheds. These decreased interstitial oxygen concentrations 
were much less than the water column concentrations and indicated the possible impact of urban 
development. The dissolved oxygen concentrations in the interstitial waters and Bear Creek were 
also lower than expected, potentially suggesting deteriorating fish spawning conditions. During the 
winter and spring months, the interstitial oxygen concentrations appeared to be intermediate 
between those characteristic of disturbed and undisturbed watersheds. 

The University of Washington (Richey 1982) also analyzed heavy metals in the interstitial waters. 
They found that copper and chromium concentrations were very low or undetectable, while lead and 
zinc were higher. Kelsey Creek interstitial water also had concentrations approximately twice those 
found in the Bear Creek interstitial water. They expect that most of the metals were loosely bound to 
fine sediment particles. Most of the lead was associated with the particulates and very little soluble 
lead was found in the interstitial waters. The interstitial samples taken from the standpipes were full 
of sediment particles that could be expected to release lead into solution following the mild acid 
digestion for exchangeable lead analyses. They also found that the metal concentrations in Kelsey 
Creek interstitial water decreased in a downstream direction. They felt that this might be caused by 
stream scouring of the benthic material in that part of the creek. The downstream Kelsey Creek sites 
were more prone to erosion and channel scouring, while the most upstream station was relatively stable. 

Seattle METRO (Galvin and Moore 1982) also monitored heavy metals in the interstitial waters 
in Kelsey and Bear Creeks. They found large variations in heavy metal concentrations depending 
upon whether the sample was obtained during the wet or the dry season. During storm periods, the 
interstitial water and creek water heavy metal concentrations approached the stormwater values 
(200 µg/L for lead). During nonstorm periods, the interstitial lead concentrations were typically 
only about 1 µg/L. They also analyzed priority pollutant organics in interstitial waters. Only benzene 
was found and only in the urban stream. The observed benzene concentrations in two Kelsey Creek 
samples were 22 and 24 µg/L, while the reported concentrations were less than 1 µg/L in all other 
interstitial water samples analyzed for benzene. 

4. Increased Kelsey Creek Water Flows 

The increasing population of the City of Bellevue and the observed peak annual discharges 
have been studied by the University of Washington (Richey 1982). Bellevue was initially settled 
in 1883 but it grew slowly, reaching a population of only 400 by 1900. The Bellevue population 
density continued to be low until the 1940s. During this time, almost the entire Kelsey Creek 
drainage basin was undeveloped. In the late 1940s, the City of Bellevue’s population was stimulated 
by the construction of the Lake Washington floating bridge connecting Bellevue to Seattle. From 
1950 to 1970, low-density residential housing progressed rapidly, and the population of the greater 
Bellevue area increased by nearly 600%. By 1959, residential housing occupied a substantial portion 
of the Kelsey Creek watershed. The Bellevue population slowed during the 1970s due to the 
depressed local economy and the saturation of land development. In 1976, the population of the 
City of Bellevue was estimated to be 67,000 people. The peak annual discharges of Kelsey Creek 
almost doubled between the 1950s and the late 1970s. The frequency of flooding during this period 
of time also increased. Floods that used to return every 10 years in the early 1950s returned at least 
every other year during the late 1970s. The increase in the rate of runoff has also had a measurable 
effect on the channel stability in Kelsey Creek. 
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Figure 4.19 	 Stilling well at Bellevue flow monitoring Figure 4.20 Level recorder at Bellevue flow monitor
station. ing station. 

The University of Washington, in conjunction with the USGS, monitored flows from June 1979 
through May 1980 (Perkins 1982; Richey et al. 1981) (Figures 4.19 and 4.20). The frequency of 
floods and the observed high flows have increased substantially in recent times. The peak flow for 
the same recurrence intervals have approximately doubled for recurrence intervals greater than 2 
years. During the early period, a discharge of 7 m3/s had a 10-year recurrence interval, while it 
had only a 1- to 2-year recurrence interval during the more recent period. Also, a 100-year recurrence 
interval storm had a peak flow of 8.4 m3/s during the earlier period and was almost doubled to 
16.7 m3/s during the latter period. 

The responses of the two streams during individual storms were also significantly different. 
Figure 4.21 shows how Kelsey Creek responded much more dramatically during two storms than 
did Bear Creek. The response of Kelsey Creek to these two example rains showed a very rapidly 
rising hydrograph, while Bear Creek responded relatively slowly. After peaking, the flows in Kelsey 
Creek typically returned to baseflow rates in less than 24 hours, while 48 hours or more were 
required in Bear Creek. The maximum annual discharges in Kelsey Creek during the study period 
were much greater than in Bear Creek (4.6 vs. 1.9 L/ha). The total annual runoff yields in both 
watersheds were similar; therefore, much more of the total runoff occurs during storms in Kelsey 
than in Bear Creek, while baseflows are much less in Kelsey than in Bear Creek. 

Because of these increased flow rates, much of Kelsey Creek is characterized by unstable banks 
with much erosion and deposition of sediment. The amount of stream power available in Kelsey 
Creek is greater than in Bear Creek despite the slightly greater slope of Bear Creek. During peak 
flows, Kelsey Creek has more than twice the available power of Bear Creek. Kelsey Creek can 
therefore move and erode sediments much more effectively than Bear Creek. 

Richey (1982) also summarized low flows observed in Kelsey and Bear Creeks. On a unit area 
basis, about 30% more water was flowing in Bear Creek during the summer of 1981 than in Kelsey 
Creek. The low flow summer discharge in Kelsey Creek was about 250 L/hour/ha while the Bear 
Creek flows were about 350 L/hour/ha. 

5. Aquatic Organism Food Availability and Utilization 

The University of Washington studied primary productivity and the availability of food in the 
two streams. Richey (1982) also examined primary productivity in both Kelsey and Bear Creeks. 
She found that on an annual basis, primary productivity per unit area (measured as carbon fixation) 
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Figure 4.21 	 Hydrographs during winter and summer storms (December 14–16, 1979, and July 12–13, 1979) 
Note: solid line = urban Kelsey Creek; dashed line = rural Bear Creek. (From Richey, J.S. Effects 
of Urbanization on a Lowland Stream in Western Washington, Ph.D. dissertation, University of 
Washington, Seattle. 1982.) 

was almost twice as large in Kelsey Creek (56 g C/m2) than it was in Bear Creek (34 g C/m2). She 
concluded that the scouring of the biomass during periods of high flows in Kelsey Creek limited 
the amount of primary production, even though there were sufficient nutrients available. The low 
levels of primary productivity measured in Bear Creek during October may have been the result of 
high turbidity, limiting the infiltration of sunlight in the water. Richey (1982) also examined the 
consumption of large organic material by grazing macroinvertebrates and microbes. The loss of leaf 
litter in both streams occurred at approximately equal rates. The causes for the loss of the leaf litter, 
however, were quite different. The microbial degradation and consumption by leaf shredding organ
isms are more important in Bear Creek while downstream transport of the leaf material in Kelsey 
Creek was most important. There was some macroinvertebrate consumption of leaf material in some 
of the Kelsey Creek locations, but this consumption occurred at a slower rate than in Bear Creek. 

Richey (1982) also conducted experiments examining the toxicity of the periphyton in Kelsey 
Creek using mayflies. The adults emerged successfully in equal numbers, and the surviving larvae 
were indistinguishable in terms of activity levels from both Kelsey and Bear Creek periphyton. 

The University of Washington’s projects also examined the availability and quality of particulate 
organic matter as food in both creeks. They found no differences in the amount of particulate 
organic matter measured in the two creeks (about 100 g/m2). There was significantly more partic
ulate organic matter in Kelsey Creek during August and significantly less during November than 
in Bear Creek. The surface accumulations of material in Kelsey Creek had much more fine silts 
associated with them and had a lower carbohydrate content. They also analyzed the protein content 
of a particulate organic matter but with varying results. 

Refuge areas seem to play an important role in Kelsey Creek. The more stable areas in Kelsey 
creek had aquatic life populations comparable to those found in Bear Creek. These refuge areas 
did not balance the lack of diversity observed in Kelsey Creek. The Kelsey Creek biota are relatively 
inefficient in utilizing food resources. The efficiency of utilization was only 3% in Kelsey Creek 
and about 20% in Bear Creek when the throughput of dissolved organic carbon was excluded 
(Perkins 1982). 

6. Riparian Vegetation 

Richey (1982) states that modifications to the vegetative cover have been very significant in 
Kelsey Creek. The riparian vegetation was relatively intact throughout the entire length of Bear 
Creek, while only the upper 800 m of Kelsey Creek had a significant amount of intact riparian 
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vegetation. Most of the riparian vegetation along Kelsey Creek was new growth alders less than 
150 mm in diameter, vine maple, and blackberry vines. The riparian vegetation along most of Bear 
Creek was old growth fir, cedar, and alder, which are greater than 300 mm in diameter with an 
understory of salmonberry and vine maple. Riparian cover in the stream channel in both streams 
was common, however. Many sections of Kelsey Creek were overhung with dense blackberry vines, 
which did provide some shade and in-stream cover. Pedersen (1981) states that the vegetation along 
each watershed was possibly the major factor affecting species composition. 

Scott et al. (1982) state that the most beneficial effect of stream alteration is the increase in 
solar energy reaching the stream surface as the result of the removal of a significant portion of the 
overhanging canopy. The current riparian vegetation along the middle and lower reaches of Kelsey 
Creek are only a small fraction of its former growth. The removal of this stream side cover, however, 
has not resulted in excessive water temperatures and appears to have indirectly benefited the trout 
populations in the urban stream. Bear Creek, which is heavily canopied along most of its length, 
can be considered light-limited. Maximum fish growth in Bear Creek occurs in the fall months 
after leaf fall when sunlight can reach the water. This is different from Kelsey Creek where fish 
growth is stimulated during the spring and early summer months when the periphyton and probably 
the benthic productions are greatest. Regardless of the relative production of the benthic inverte
brates in each stream, it was found that the salmonids grew more rapidly in Kelsey Creek than in 
Bear Creek. The size of an age I migrant cutthroat trout from Kelsey Creek was near the length 
of age II outmigrants from Bear Creek. 

7. Algae 

University of Washington studies (Richey et al. 1981) found that periphyton algae were the 
predominant ingredient in the organic accumulation of material in Kelsey Creek. Algae was not 
nearly as important in Bear Creek. Richey (1982) conducted some algae bioassays with interstitial 
water, stormwater, and direct runoff water from the urban stream and its watershed. Only very low 
levels of inhibition to growth were found, and there were few instances where there were growth 
differences from samples taken from the two different streams. These tests indicated that the 
particulate-bound metals were mostly not available to the algae. She found that the stream interstitial 
water caused slight growth inhibition during the laboratory algal tests but that the indigenous algal 
cells were much less affected. Similar results were found with the stormwater and the runoff waters. 
She concludes that there is a potential for some toxic impacts of the stormwaters on the algae in 
Kelsey Creek, but it did not appear to be a dominant factor in limiting algae survival. 

8. Benthic Organisms 

Pedersen examined the benthic organisms in Kelsey and Bear Creeks as part of the University 
of Washington’s project. He studied the relative occurrence of these bottom organisms in the two 
streams from about 350 samples. The variety of the organisms found was striking. Insects such as 
mayflies, stoneflies, caddisflies, and beetles were observed only rarely in Kelsey Creek and were 
usually of the same few families. Baetids, however, were found in large numbers in certain regions 
of Kelsey Creek (relatively undisturbed channel sections with riparian vegetation intact). Bear Creek 
demonstrated a much more diverse distribution of benthic organisms and usually showed more than 
one dominant family in each major grouping. However, the overall abundance of benthic organisms 
based on the average number of organisms per sample was not significantly different in Kelsey 
and Bear Creeks. Kelsey Creek had a mean abundance of about 53 organisms per sample, while 
Bear Creek had a value of about 48. A total of 179 samples were obtained at Kelsey Creek, while 
127 samples were obtained from Bear Creek. 

The worm category in Kelsey Creek was dominated by oligochaetes, which represented about 
50% of benthic biota in Kelsey Creek. Amphipods, and occasional crayfish, made up about 36% 
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of the total benthos population. In Bear Creek, the worm category counted for only about 12% of 
the total benthos, while the amphipod and crayfish group accounted for less than 15% of the total. 
Chironomids showed up at about 10% in Kelsey Creek, demonstrating a fairly stable population 
over time except in late July when the population jumped to nearly 30% of the total benthos. The 
chironomids in Bear Creek made up closer to 20% of the total benthos population. In summary, 
the benthic life-forms dominating Kelsey Creek were of the collector-gatherer feeding types, which 
have a greater potential to survive in disturbed systems. 

The benthos in Kelsey Creek generally showed a constantly changing composition with large 
variations in total numbers while the composition in Bear Creek did not change as much. The Bear 
Creek benthic organisms were also much more evenly distributed among the different taxa. Several 
of the Kelsey Creek stations can be considered polluted with some marginally unpolluted, while 
most of the Bear Creek stations were considered to be unpolluted. 

The lack of the different representatives of the herbivores in Kelsey Creek (such as stoneflies 
or caddisflies) which were found in Bear Creek was probably due to the sensitive nature of 
Hemouridae and most trichoptera to environmental stress (Pederson 1981). Mayflies such as the 
baetids are more adaptable to minor disturbances. The lack of other herbivores could have allowed 
the baetids to increase their numbers due to a lack of competition and predators. 

The violent flows and increased sedimentation in Kelsey Creek could be a problem for most 
benthic organisms, except those such as oligochaetes and chironomids, which are burrowers and 
filter feeders, and amphipods, which can burrow or swim and filter feed. Generally, filter feeders 
prefer areas of little sediment accumulation where they are exposed to maximum current. The fact 
that the chironomids maintain relatively stable populations in Kelsey Creek through storms and 
possible extreme water quality conditions as compared to other groups of insects could be due to 
their relatively short generation time and high recovery potential. Not all chironomids or oligocha
etes, however, are limited to strictly polluted conditions; they can have dense populations where 
other insects are also found. 

Richey (1982) found frequent dense beds of large clams (Unionidae) in Bear Creek, while they 
were not found in Kelsey Creek. The clams found in Bear Creek were large, indicating a stable 
and old population. These clams are very sensitive to heavy siltation and bed instability. They 
depend upon fine particulates carried in the water column for their diet. Therefore, it is not surprising 
that they were not found in Kelsey Creek. The high inorganic content in the suspended solids in 
Kelsey Creek and the unstable nature of the channel bed probably prevents their survival in Kelsey 
Creek. However, empty shells were found buried in the Kelsey Creek stream bed and no live 
organisms were observed. Therefore, they had probably existed in Kelsey Creek but have been 
gradually excluded by a shifting habitat and a gradual decrease in the quality of the available food 
and problems associated with channel instability. 

9. Fish 

Scott et al. (1982) reviewed two earlier studies that examined the fish populations in Bear and 
Kelsey Creeks. They stated that Kelsey Creek was a major producer of coho salmon and also 
supported significant numbers of cutthroat trout and kokanee salmon at one time. A 1956 survey, 
however, indicated that the Kelsey Creek salmon population was already in jeopardy due to 
increased urban development. Another study in 1972 found that the cutthroat were more abundant 
than the coho. Kokanee populations are noted to have declined throughout the Lake Washington 
drainage area because of the successful introduction of sockeye salmon in major tributaries. This 
1972 study also observed occasional chinook salmon in Kelsey Creek. Food availability was 
determined not to be a limiting factor in the fish populations at that time. This earlier study did, 
however, find that a new culvert at the lower end of Kelsey Creek did block upstream fish passage 
under certain flow conditions. This problem was then corrected and the major factor impairing 
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salmon reproduction in the urban streams was thought to be siltation resulting from construction 
activities. 

The University of Washington (Scott et al. 1982) examined fish life in Kelsey and Bear Creeks 
for 3 years ending in 1981. Figure 4.22 summarizes the fish biomass observed at these two creeks 
for the different species during an example month (August 1981). Coho was found to comprise 
only a small fraction of the salmon found in Kelsey Creek, but they frequently exceeded 50% of 
the total salmon population of Bear Creek. There was also a limited number of cutthroat trout older 
than age II inhabiting Kelsey Creek. Cutthroat of up to age III were found in Bear Creek, although 
in limited numbers. The Kelsey Creek salmon were reduced substantially in 1980 relative to both 
1979 and 1981. The maximum salmon density in Kelsey Creek in 1981 was about 1 fish/3 m3, 
which was less than 30% of what was observed in 1979 and 1981. The salmonid population of 
Bear Creek during this 3-year period was also unstable, as the density of salmon increased in each 
succeeding year. 

Figure 4.22 Average biomass of fish at sample sites in Bear (reference) and Kelsey (urbanized) Creeks, August 
1981. (From Scott, J.B. et al. Impacts of Urban Runoff on Fish Populations in Kelsey Creek, 
Washington, Contract No. R806387020, U.S. Environmental Protection Agency, Corvallis Environ
mental Research Laboratory, Corvallis, OR. 1982.) 
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The dominant seasonal trends of fish biomass in Kelsey Creek showed a rapid buildup of 
biomass in the late winter and early spring followed by a sharp decline in early summer. The 
generally increasing trend of salmonid biomass in Bear Creek ended with a maximum of 3.7 g/m2 

in May of 1981. The maximum biomass in Kelsey Creek was about 6.5 g/m2 in comparison. 
Non-salmon fish species were also quite abundant in Bear Creek, made up mostly of various species 
of sculpins and dace. Non-salmonids in Kelsey Creek were not very important, with only a few 
large-scale sucker found. Some dace stickleback and sculpin were also found in Kelsey Creek but 
in very small numbers. When all fish species were considered, it was found that Bear Creek 
supported only a slightly greater quantity of total fish biomass (5.2 g/m2) compared to Kelsey Creek 
(4.5 g/m2). Also, no single grouping of fish accounted for more than about 35% of the total fish 
biomass in Bear Creek. However, the salmonid biomass in Kelsey Creek was greater than the 
salmonid biomass in Bear Creek, with cutthroat trout comprising almost all of the salmon species 
found in Kelsey Creek, while large populations of coho salmon were found in Bear Creek along 
with cutthroat trout. In comparison to some standards, the salmonid production in Bear Creek is 
low, the direct consequence of a depressed standing crop. 

Scott et al. (1982) state that perhaps the best measure of the relative health of a stream in the 
Pacific Northwest is the number of smolts it produces. The number of smolts in Kelsey Creek is 
approximately 40% less than that observed in other area creeks. The relative abundance of the 
cutthroat trout may explain the apparently poor salmonid smolt production of the Kelsey Creek 
watershed. Cutthroat trout require a larger territory than the typical coho smolt. Therefore, because 
of the large cutthroat population in Kelsey Creek, the smaller than normal smolt production may 
be expected. 

The Kelsey Creek cutthroat appeared to grow considerably more rapidly than cutthroat observed 
previously in other streams. The average length of an age I cutthroat smolt in Kelsey Creek was 
close to the average length of an average age II cutthroat smolt in other streams. The Kelsey Creek 
age II smolts were typical of the lengths for other age III smolts. Also, most of the fish in Kelsey 
Creek outmigrated at age I. Typically, cutthroat smolts from other streams generally outmigrate 
from ages II through IV. It is believed that the cutthroat migrating from Kelsey Creek spend an 
additional year in Lake Washington before entering Puget Sound. 

Scott et al. (1982) summarized the potential effects of sedimentation on stream-living salmon. 
These include the clogging and abrasion of gills, abrasion or adherence of sediment to the egg 
chorion, increasing susceptibility to diseases, modification of behavior, blocking emergence of 
alevins, reducing spawning habitat, changing intragravel permeability with reduced dissolved oxy
gen concentrations, introducing potentially toxic materials associated with the suspended material, 
and altering the structure and productivity of the food resources available to the fish. They studied 
the incidence of damaged gills on the fish in Kelsey and Bear Creeks (Scott et al. 1982). They 
found that from 0 to 77% of the fish sampled in Kelsey Creek were afflicted with respiratory 
anomalies. The season and location along the channel, as well as the age and species of the fish, 
affected these anomalies. Cutthroat, as an example, had afflictions that rapidly increased after 
mid-May. Older cutthroat also had less incidence of gill damage. Small coho salmon in Kelsey 
Creek had little gill damage. They also note that the incidence of damage to gills in the cutthroat 
trout in Kelsey Creek generally decreased in a downstream direction. No cutthroat trout and only 
two of the coho salmon sampled in Bear Creek had damaged gills. 

In-stream embryo bioassays indicated that coho embryo salmon survival was significantly 
greater in Bear Creek but that no difference was found when using rainbow trout embryos. 
Streamside bioassays, however, indicated that the surface waters of Kelsey Creek did not signifi
cantly reduce the survival of the salmon embryos. The survival of the embryos during the winter 
bioassays was significantly greater in Bear Creek than in Kelsey Creek, but no difference in survival 
was noted during the spring bioassay tests. While the laboratory and field bioassays tended to 
indicate minimal toxic influences, other field observations suggested a stronger possibility of toxic 
problems. Coho salmon were absent in the more heavily developed areas, and the incidence of 
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cutthroat trout with gill damage increased in those areas. Higher levels of toxic pollutants, such as 
lead, were occurring with the increases of sediment transport in these more developed areas and 
may have contributed to the observed increase in gill damage. 

Creek flows may also significantly affect the salmon fisheries. Scott et al. (1982) state that high 
creek flows may increase the sweeping of poorly swimming fish from the creeks. The highest flows 
where migration of fish from the creek were monitored was a little over 4 m3/s which was less 
than one third of the peak flow recorded during the study period on Kelsey Creek. At these monitored 
flows, the species with relatively poor swimming ability were swept from the system, while the 
salmon were better able to withstand these increased flows. They estimated that a flood with a 
recurrence interval of about 5 years in Kelsey Creek having a peak instantaneous discharge of about 
11 m3/s may be expected to increase the coho embryo mortality by about 20%. This would increase 
the scour mortality during a 5-year flood to 10% or less. The lower summer flows may also limit 
the survival of some salmon populations (especially coho salmon) (Richey 1982). 

Pedersen (1981) states that the salmon in Kelsey Creek seem to be adjusting their feeding to 
invertebrates that are present based upon fish stomach contents analyses. Their growth did not 
appear to be limited by the type of diet available in Kelsey Creek. The salmon fishery in Kelsey 
Creek seems to be surviving; the City of Bellevue and the Municipality of Metropolitan Seattle 
have supported the installation and maintenance of stream-side boxes for the incubation of sockeye 
salmon eggs. This program has provided direct involvement for the local school children and, 
therefore, also serves the educational aspects of the beneficial uses for these urban streams. 

10. Creek Sediment Quality 

Several of the University of Washington projects and the Seattle METRO project investigated 
physical and chemical characteristics of the Kelsey and Bear Creek sediments. Perkins (1982) stated 
that the size and composition of the sediments near the water interface tended to be more variable 
and of a larger median size in Kelsey Creek than in Bear Creek. These particle sizes varied in both 
streams on an annual cycle in response to runoff events. Larger particle sizes were more common 
during the winter months when the larger flows were probably more efficient in flushing through 
the finer materials. Pedersen (1981) also states that Kelsey Creek demonstrated a much greater 
accumulation of sandy sediments in the early spring. This decreases the suitability of the stream 
substrates for benthic colonization. Scott et al. (1982) state that the level of fines in the sediment 
samples appears to be a more sensitive measure of substrate quality than the geometric mean of the 
particle size distribution. Fines were defined as all material less than about 840 µm in diameter. 

METRO (Galvin and Moore 1982) also analyzed organic priority pollutants in 17 creek sedi
ments including several in Kelsey and Bear Creeks. Very few organic compounds were detected 
in either stream, with the most notable trend being the much more common occurrence of various 
PAHs in Kelsey Creek while none was detected in Bear Creek. 

Scott et al. (1982) state that stream bed substrate quality can be an important factor in the 
survival of salmonid embryos. Richey (1982) describes sediment bioassay tests which were per
formed using Kelsey and Bear Creek sediments. She found that during the 4-day bioassay exper
iment, no mortalities or loss of activities were observed in any of the tests. She concluded that the 
chemical constituents in the sediment were not acutely toxic to the test organism. However, the 
chronic and/or low level toxicities of these materials were not tested. 

11. Creek Bank and Stream Bed Erosion 

Richey (1982) made some observations about bank stabilities in Kelsey and Bear Creeks. She 
notes that the Kelsey Creek channel width has been constrained during urban development. 
Thirty-five percent of the Kelsey Creek channel mapped during these projects was modified by the 
addition of some type of stabilization structure. Only 8% of Bear Creek’s length was stabilized. 
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Most of the stabilization structures in Bear Creek were low walls in disrepair, while more than half 
the structures observed along Kelsey Creek were large riprap or concrete retention walls. The need 
for the stabilization structures was evident from the extent and severity of erosion cuts and the 
number of deposition bars observed along the Kelsey Creek stream banks. Bridges and culverts 
were also frequently found along Kelsey Creek; these structures further act to constrict the channel. 
As discharges increase and the channel width is constrained, the velocity increases, causing 
increases in erosion and sediment transport. 

The use of heavy riprapping along the creek seems to worsen the flood problems. Storm flows 
are unable to spread out onto a floodplain, and the increased velocities are evident downstream 
along with increased sediment loads. This rapidly moving water has enough energy to erode 
unprotected banks downstream of riprap. Many erosion cuts along Kelsey Creek downstream of 
these riprap structures were found. Similar erosion of the banks did not occur in Bear Creek. Much 
of the Bear Creek channel had a wide floodplain with many side sloughs and back eddies. High 
flows in Bear Creek could spread onto the floodplains and drop much of their sediment load as the 
water velocities decreased. 

12. Creek Sedimentation and Sediment Transport 

The University of Washington studies also examined sediment transport in Kelsey and Bear 
Creeks. Richey (1982) found that the relative lack of debris dams and off-channel storage areas 
and sloughs in Kelsey Creek contributed to the rapid downstream transit of water and materials. 
The small size of the riparian vegetation and the increased stream power probably both contributed 
to the lack of debris in the channel. It is also possible that the channel debris may have been cleared 
from the stream to facilitate rapid drainage. The high flows from high velocities caused the sediments 
to be relatively coarse. The finer materials were more easily transported downstream. Larger 
boulders were also found in the sediment but were probably from failed riprap or gabion structures. 

The effects of erosion and sediment deposition in Kelsey Creek were more severe than those 
found in Bear Creek. Kelsey Creek’s channel was scoured to deeper depth, there was much more 
channel instability in Kelsey Creek, and the numbers of erosion cuts and deposition bars were 
much more frequent in Kelsey Creek. Richey (1982) reported that the sediment transport in Bear 
Creek during December 1979 was 27 kg/ha, while 98 kg/ha left Kelsey Creek. The suspended 
solids transport was almost exponentially related to discharge. On an annual basis, Kelsey Creek 
discharged almost four times as much suspended solids as did Bear Creek, but most of this material 
passed through the stream in a few hours or days. Richey (1982) found that much of the solids 
transport in Kelsey Creek occurred during the rapid rise of the hydrograph when the energy to 
move sediment material was increasing. The silts and associated pollutants were rapidly trans
ported through the system during these periods. The scouring of the channel appeared to remove 
temporarily stored silts and the associated pollutants. The higher levels of particulate transport in 
Kelsey Creek are probably due to increased stream power rather than increased sources of sediment 
material in the watershed. However, there were substantial amounts of in-stream sources of 
sediment material in Kelsey Creek to augment the runoff discharged sediment. Because of the 
lack of debris dams in the downstream sections of Kelsey Creek, the transported materials are 
carried significant distances before deposition. The high stream power available to transport the 
materials and the erodable nature of the stream banks in the watershed areas along with the lack 
of storage sites along the stream all contributed to high particulate yields from Kelsey Creek. 
Because much of the suspended particulate material in Kelsey Creek was from the relatively 
unpolluted bank materials, the sediments and suspended loads in Kelsey Creek had much lower 
concentrations of many of the typical urban pollutants compared to the urban runoff that was 
discharged to the creek. 

RB-AR28391



OVERVIEW OF ASSESSMENT PROBLEM FORMULATION 157 

Sources of Urban Runoff Pollutants 

1. Atmospheric Particulate and Rainfall Deposition of Pollutants 

The USGS (Ebbert et al. 1983; Prych and Ebbert undated) studied dustfall quantity and quality 
along with rain quality at each of three locations in the test watersheds. Seattle METRO also 
examined the metallic and organic priority pollutant quality of atmospheric particulates. These data 
indicated that the airborne PAHs are combustion products, while the street dirt PAHs are from 
petroleum product spills. In August of 1980, ash from the eruption of Mt. St. Helens fell in the 
study area and substantially increased the dustfall measurements. These increased dustfall values 
were typically two to four times the average monthly values. During most months, dry atmospheric 
dustfall was much greater than the total solids associated with the rainwater. 

2. Runoff Water Sources 

The City of Bellevue study (Pitt 1985) monitored runoff and rainfall characteristics at the two 
main study locations (Surrey Downs and Lake Hills) during the 2 years of the project. Bellevue 
receives about 1 m of rain each year. Dry periods of more than a week are quite rare. Rains come 
on an average about once every 2 or 3 days throughout the year. Slightly more than 100 rains may 
occur each year, but the amount of rain associated with each is quite small. Most of the rains are 
less than 6 mm. The largest rains monitored during this project were about 100 mm. 

The Lake Hills rain depths were about 12% more than the comparable Surrey Downs rains. 
The average duration of the Lake Hills rains was also about 10% longer than the Surrey Downs 
rains. The Lake Hills rains also started about a half hour before the rains in Surrey Downs began. 
Most of the rain events had less than 6 mm of rain, and less than 10% of the rain events had depths 
greater than 25 mm. Most of the rainfall quantities were associated with rain events greater than 
about 15 mm. The much more common small rains did not add up to much total depth. The rains 
that were smaller than 6 mm accounted for less than 25% of the total rainfall depth, while about 
30% of the total rainfall depth was associated with rains greater than 25 mm. 

Almost 400 runoff events were monitored at the Surrey Downs and Lake Hills monitoring 
stations during the 2-year study period. Almost 99% of the rains that occurred in Surrey Downs 
and 91% of the Lake Hills rains were monitored. The baseflow in the Surrey Downs basin accounted 
for about 23% of the total annual flow, while the baseflow was only about 13% of the total annual 
flow in Lake Hills. The stormwater flows in Lake Hills were about 35% greater than in Surrey 
Downs. Overall, the base plus stormwater urban flows from Lake Hills were about 18% greater 
than Surrey Downs on an equal area basis. 

For both study years and test basins, only about 25% of the rain that fell in the test basins left 
the areas as runoff. The small rains typically had the smallest runoff factors, while the large rains 
had the largest factors. For very small rains, no runoff is expected to occur from the pervious areas 
nor from the impervious areas that drain to these pervious areas. Starting at about 2.5 mm of rain, 
however, the volumetric runoff coefficients (Rv) are about 0.3 to 0.5 times the maximum values 
that they are likely to obtain. The dry season runoff coefficients are less than the wet season values 
due to different soil moisture conditions. For all rains greater than about 2.5 mm, impervious 
surfaces contribute more than 60% of the total urban runoff flows. The remainder of the flows are 
approximately evenly divided between front and back yards, while vacant lots and parks contribute 
very little flow due to their limited presence in the area. Street surfaces contribute about 25% of 
the total urban flows for most rains causing runoff. 
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3. Stormwater and Baseflow Urban Runoff Quality and Pollutant Source Areas 

Collecting stormwater runoff quality data was a major aspect of the City of Bellevue’s and the 
USGS projects. In addition, Seattle METRO analyzed some of the samples collected by the City 
of Bellevue for metallic and organic priority pollutants. Most of the analytical effort was associated 
with a core list of important constituents. Tables 4.18 and 4.19 summarize USGS and City of 
Bellevue stormwater quality data for these core constituents. The USGS obtained many discrete 

Table 4.18 	 Urban Runoff Quality Reported by the USGS (many discrete samples for 
a limited number of storms) 

No. of Discrete 
Constituent Approx. Samples 

(mg/L, unless otherwise noted) Maximum Minimum Median Analyzed 

Temperature, oC 14.8 2.6 8.0 49 
Specific conductance, µmhos/cm 1480 12 41 1299 
pH, pH units 7.9 3.4 6.7 1093 
COD 780 8 60 681 
BOD5 40 <0.1 6.6 321 
BOD ultimate 115 3.5 20 138 
Particulate organic carbon 40 <0.1 2.1 638 
Dissolved organic carbon 120 0.2 7.5 681 
Fecal coliforms, No./100 mL 66,000 1 980 326 
Suspended solids 2740 1 50 1180 
Dissolved solids 788 8 35 241 
Nitrate plus nitrite nitrogen 4.5 <0.01 0.21 691 
Ammonia nitrogen 7.2 <0.01 0.14 689 
Total Kjeldahl nitrogen 45 0.21 1.1 687 
Dissolved Kjeldahl nitrogen 33 <0.01 0.63 686 
Total phosphorus 9.2 0.01 0.15 686 
Dissolved phosphorus 7.2 <0.01 0.06 685 
Lead 1.8 0.004 0.14 693 
Oil and grease 10 <1 2.5 16 

Data from Ebbert, J.C. et al. Data Collected by the U.S. Geological Survey During a Study 
of Urban Runoff in Bellevue, Washington, 1979–82. Preliminary U.S. Geological Survey 
Open-File Report, Tacoma, WA. 1983. 

Table 4.19 	 Urban Runoff Quality Reported by the City of Bellevue (total storm, flow-weighted composite 
samples for most runoff events, Surrey Downs and Lake Hills observations combined, 
2/80–1/82) (mg/L, unless otherwise noted) 

No. of Flow-Weighted 
Total Storm Samples 

Constituent Maximum Minimum Average Analyzed 

Specific conductance, µmhos/cm 300 16 41 204 
pH, pH units 7.4 5.2 6.3 204 
Turbidity, NTU 150 4 19 204 
Total solids 620 24 109 208 
Total Kjeldahl nitrogen 5.9 <0.5 1.0 208 
COD 150 13 46 208 
Total phosphorus 3.6 0.002 0.26 208 
Lead 0.82 <0.1 0.17 208 
Zinc 0.37 0.03 0.12 208 

From Pitt, R. Characterizing and Controlling Urban Runoff through Street and Sewerage Cleaning. U.S. 
Environmental Protection Agency, Storm and Combined Sewer Program, Risk Reduction Engineering Labora
tory. EPA/600/S2-85/038. PB 85-186500. Cincinnati, OH. 467 pp. June 1985. 
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samples throughout individual storms but only analyzed data from a small percentage of the total 
runoff events that occurred during the study period. The City of Bellevue’s sampling procedures 
involved collecting total storm flow-weighted composite samples throughout most of the events 
that occurred during the sampling period at the Surrey Downs and Lake Hills sites. 

The USGS (Ebbert et al. 1983) found that when the stormwater runoff discharge was high, the 
concentrations of the constituents in particulate forms tended to be high, and the concentrations of 
the constituents in dissolved forms tended to be low. During periods of low discharge, particulate 
concentrations were low, and the dissolved concentrations were high. There was very little variation 
in most of the constituent concentrations for each of the three sites for most rains. The hardness 
of the stormwater was generally very low. About two thirds of the total solids and phosphorus 
loads, and one third of the total Kjeldahl nitrogen, total nitrogen, and organic carbon loads were 
associated with particulates. They also found that about 15% of the total nitrogen load was in the 
form of dissolved nitrate plus nitrite nitrogen, about 10% is as dissolved ammonia, 40% as dissolved 
organic nitrogen, and 35% was particulate Kjeldahl nitrogen. 

Seattle METRO (Galvin and Moore 1982) analyzed about 21 of the total storm flow-weighted 
composite samples from Bellevue for 14 metallic priority pollutants. The stormwater metal con
centrations were very low when compared to other urban runoff metal data for other locations 
(except for arsenic). They also found that the stormwater metal concentrations did not vary signif
icantly between the study areas. METRO also analyzed many of the samples for dissolved concen
trations of the different metals in addition to the total concentrations. Only copper and zinc showed 
significant dissolved concentrations, while the other metals were almost completely associated with 
the particulates in the stormwater. None of the organic priority pollutants detected by METRO was 
found in more than 25% of the samples submitted. Of the 111 organic priority pollutants, only 19 
were detected at least once in the METRO stormwater sample analyses. Except for one value (a 
pentachlorophenol value of 115 µg/L), they were all very close to the detection limits. 

The USGS also analyzed about 16 of their discrete samples for a long list of insecticides and 
herbicides. Lindane, Diazinon, Malathion, Dieldrin, and 2,4-D were detected in more than half the 
samples. Endosulfan, Silvex, and 2,4,5-T were found in about one third of the samples submitted. 
Many of the insecticides and herbicides analyzed were not detected in any of the samples. 

The USGS (Prych and Ebbert undated) also examined stormwater-suspended sediment size 
distributions in four to seven samples. These analyses showed that 64% of the particulate material 
in stormwater was associated with particle sizes smaller than 62 µm. Only about 10% of the 
stormwater particles had sizes greater than 250 µm. 

The City of Bellevue study (Pitt 1983) also examined the baseflow quality at Surrey Downs 
and Lake Hills. The runoff water quality at Bellevue was much better compared to most other 
locations. The baseflow quality, on the other hand, was found to be worse than expected. This was 
probably because the study basins were completely urbanized and the baseflows were percolated 
urban sheet flow waters from previous storms that were draining out of the surface soils. In basins 
with undeveloped upstream areas, the baseflow would originate mostly from the non-urbanized 
upper reaches and would have much better quality. The data shown in Table 4.20 were collected 
from 26 composite samples collected over 24-hour periods from both Surrey Downs and Lake Hills. 

Table 4.21 shows the measured annual baseflow and stormwater runoff yields for the two test 
catchments. There was an apparent increase in storm runoff discharges at Lake Hills, while Surrey 
Downs had larger baseflow contributions. The baseflow contributions were much less than the 
storm-generated flows, but the phosphorus and TKN baseflow discharges comprised about 25 to 
30% of the total Surrey Downs discharges. 

Pitt (1985) made estimates of the pollutant contributions from the different source areas. 
Table 4.22 summarizes these estimates. During very small rains, most of the runoff, and therefore 
pollutant discharges, was associated with the directly connected impervious areas. As the rain total 
increased (greater than about 2.5 mm), the pervious areas became much more important. These 
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Table 4.20	 Baseflow Water Quality Reported by the City of Bellevue (Surrey Downs and Lake 
Hills data combined) (mg/L, unless otherwise noted) 

No. of 24-hr 
Composite Baseflow 

Constituent Maximum Minimum Average Samples Analyzed 

Specific conductance, µmhos/cm 430 138 260 18 
Total solids 326 108 202 26 
COD 67 6.8 23 26 
Total Kjeldahl nitrogen 2.4 0.20 0.8 26 
Total phosphorus 1.2 0.027 0.16 26 
Lead 0.1 <0.1 <0.1 26 
Zinc 0.47 0.026 0.09 26 

From Pitt, R. Characterizing and Controlling Urban Runoff through Street and Sewerage Cleaning. 
U.S. Environmental Protection Agency, Storm and Combined Sewer Program, Risk Reduction Engi
neering Laboratory. EPA/600/S2-85/038. PB 85-186500. Cincinnati, OH. 467 pp. June 1985. 

Table 4.21	 Annual Baseflow and Stormwater Runoff Mass Yields Reported by the City of 
Bellevue (kg/ha/yr) 

Surrey Downs Lake Hills 
Storm Storm 

Constituent Baseflow Runoff Total Baseflow Runoff Total 

Total solids 110 205 315 76 280 360 
COD 11 90 100 9.9 110 120 
Total Kjeldahl nitrogen 0.60 1.8 2.4 0.20 2.7 2.9 
Total phosphorus 0.11 0.40 0.51 0.04 0.69 0.73 
Lead 0.03 0.26 0.29 0.02 0.45 0.47 
Zinc 0.060 0.24 0.30 0.027 0.31 0.34 

From Pitt, R. Characterizing and Controlling Urban Runoff through Street and Sewerage Cleaning. 
U.S. Environmental Protection Agency, Storm and Combined Sewer Program, Risk Reduction 
Engineering Laboratory. EPA/600/S2-85/038. PB 85-186500. Cincinnati, OH. 467 pp. June 1985. 

Table 4.22	 Source Area Contributions for Runoff Pollutants from Bellevue Residential 
Areas (for 2.5 to 65 mm rains) (% contributions from source areas) 

Total 
Total Kjeldahl 

Source Area Solids COD Phosphates Nitrogen Lead Zinc 

Streets 9 45 32 31 60 44 
Driveways and parking lots 6 27 21 20 37 28 
Rooftops <1 3 5 10 <1 24 
Front yards 44 13 22 19 <1 2 
Back yards 39 12 20 20 <1 2 
Vacant lots and parks 2 <1 <1 <1 <1 <1 

From Pitt, R. Characterizing and Controlling Urban Runoff through Street and Sewerage 
Cleaning. U.S. Environmental Protection Agency, Storm and Combined Sewer Program, Risk 
Reduction Engineering Laboratory. EPA/600/S2-85/038. PB 85-186500. Cincinnati, OH. 467 
pp. June 1985. 
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patterns varied significantly for different areas depending on the rain characteristics and land uses. 
It was estimated that for most rain events, total solids originated mostly from the back and front 
yards in the test areas, and street surfaces contributed only a small fraction of the total solids urban 
runoff discharge. Street surfaces, however, were expected to make up most of the lead, zinc, and 
COD concentrations in urban runoff. Phosphates and total Kjeldahl nitrogen were mostly contrib
uted from street surfaces, driveways, and parking lots combined. Front and back yards made up 
slightly less than half of these nutrient contributions to the outfall. It was noted that zinc contribu
tions from rooftops made up about one fourth of the total zinc discharges. These zinc rooftop 
sources were expected to be associated with galvanized metal rain gutters and downspouts. 

4. Street Dirt Contributions to Urban Runoff Discharges 

The City of Bellevue examined street dirt loadings in the three urban runoff test areas during 
the 2-year period of study (Pitt 1985). By the end of January 1982, about 600 street surface 
accumulation samples were collected from the test areas in Bellevue. Each of these 600 street 
surface samples was separated into eight different particle sizes. The smallest particle sizes account 
for only a small fraction of the total material. This was especially true during the wet season when 
the rains were most effective in removing the smallest particles. During the dry season, the larger 
particle sizes accounted for relatively small fractions of the total solids weight. Most of the street 
surface particulates were associated with particles in the size range of 125 to 1000 µm. 

The Bellevue street surfaces were relatively clean when compared to other locations throughout 
the country. This difference is expected to be mostly due to the frequent rains that occur in Bellevue. 
The initial accumulation rates (assumed to be equal to the deposition rates) in the test areas were 
estimated to vary between 1 and 6 (with an average of about 3) g/curb-meter/day. This is comparable 
to accumulation rates observed in other locations for smooth streets in good condition. However, 
the Bellevue streets never have an opportunity to become extremely dirty due to the relatively 
frequent rains. 

The Bellevue study (Pitt 1985) also examined the chemical characteristics associated with the 
particulates in different size ranges. The chemical characteristics were not unusual when compared 
to other locations throughout the United States. The Seattle METRO project (Galvin and Moore 
1982) also examined heavy metals in the street surface particulate samples collected by the Bellevue 
sampling team. All of the inorganic priority pollutants, except selenium, were detected in the street 
dirt. The most abundant metals were lead, zinc, chromium, copper, nickel, arsenic, cadmium, and 
beryllium. METRO did not find any clear differences between metal concentrations in the two 
residential basins nor when these residential basin street dirt characteristics were compared with 
commercial and industrial samples collected in Seattle. They also found that the concentrations of 
metals were greatest in the finer size particles, but these fine particles accounted for only a small 
portion of the total solids loadings on the street surfaces. When these metallic priority pollutant 
analyses were compared with similar analyses conducted elsewhere in the United States, the 
Bellevue concentrations tended to be quite low (except for arsenic). 

Seattle METRO (Galvin and Moore 1982) also analyzed street dirt samples for organic priority 
pollutants. Of the 111 organic priority pollutants, only about 30 were detected in the street dirt 
samples. Two of the PAHs (fluoranthene and phenanthrene) were found in all of the street dirt 
samples. Several of the compounds had concentrations greater than 1 mg constituent/kg total 
solids, while one phthalate was recorded as great as 35 mg constituent/kg total solids. It was also 
noted that most of the organic priority pollutants were associated with the finest particle size 
fractions. The halogenated aliphatics, monocyclic aromatics, phenolics, and phthalate esters were 
very common in the residential samples but were only infrequently found in the other samples. 
The industrial sample, however, periodically had very high concentrations of some of the organic 
constituents. 
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Most of the material that washed off the street surfaces during rains occurred in particle sizes 
less than about 125 µm. Only about 10% of the washoff material was greater than about 500 µm 
in size. The largest street surface particulates were notably absent in the runoff water. For all of 
the sites combined, only about 14% of the total solids were removed by rains observed during the 
test period. The washoff percentage is substantially greater for lead (about 21%) because of the 
greater abundance of lead found in the smaller particle sizes. 

5. Sewerage and Catchbasin Sediment Accumulations 

Sewerage system sediment loadings were periodically observed in the Surrey Downs and Lake 
Hills study areas during the City of Bellevue project (Pitt 1985). The storm drainage system was 
cleaned before the start of the project and the accumulating sediment volumes in inlets and 
catchbasins were observed nine times during the 2 years. During the second year of observations, 
the amount of accumulated material remained relatively constant. Typically, there was about twice 
as much sediment in the storm drainage systems at any one time as there was on the streets. 
Table 4.23 shows the calculated sewerage accumulation rates in inlets and catchbasins in Surrey 
Downs and Lake Hills. These accumulation values were the rates observed after the initial cleaning 
and before the stable Year 2 volumes were obtained. During the second year (October 1981) a very 
large storm (about 100 mm) occurred. However, the loading observations before and after this event 
were not significantly different, indicating very little net removal due to flushing. The chemical 
quality of the catchbasin and inlet sump material was very similar to the street dirt materials, for 
similar particle sizes. 

A survey of the pipe dimensions and slopes throughout each of the study areas was made during 
the early months of the project by the City of Bellevue (Pitt 1985). Very few pipes in either Surrey 
Downs or Lake Hills had slopes less than 1%, the slope assumed to be critical for sediment 
accumulation. Frequent observations of sediment accumulations in the pipes throughout the two 
study areas were also made. Generally, very small amounts of sediment were found in the sewerage 
in Lake Hills and Surrey Downs. The pipes that had significant quantities of sediment were sloped 
less than 1.5% and/or located close to a source of sediment. The characteristics of the sewerage 
sediment were also similar to the characteristics of the sediment in the close-by manholes and 
catchbasins and the street surface materials. The volume of sediment accumulated in the Lake Hills 

Table 4.23 Stormwater Inlet Sediment Volumes and Accumulation Rates 

Approximate 
Sediment Sediment Months Needed Steady-State Steady-State 

Total Inlets per ha per Inlet to Reach Steady- Volume Volume per 
Inlets per ha (L/month) (L/month) State Volume per ha (L) Inlet (L) 

Surrey Downs (38.0 ha) 

Catchbasins 43 1.1 5.3 4.8 13 68 62 
Inlets 27 0.7 2.0 2.8 20 40 57 
Manholes 6 0.2 0.8 4.0 19 15 76 
Average 76 (total) 2.0 (total) 8.1 4.2 15 123 62 

Lake Hills (40.7 ha) 

Catchbasins 71 1.7 2.4 1.4 18 43 25 
Inlets 45 1.1 1.5 1.4 14 22 20 
Manholes 15 0.4 1.6 4.0 23 36 90 
Average 131 (total) 3.2 (total) 5.5 1.7 18 100 31 

From Pitt, R. Characterizing and Controlling Urban Runoff through Street and Sewerage Cleaning. U.S. Environ
mental Protection Agency, Storm and Combined Sewer Program, Risk Reduction Engineering Laboratory. 
EPA/600/S2-85/038. PB 85-186500. Cincinnati, OH. 467 pp. June 1985. 
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pipes was about 0.04 m3/ha (about 70 kg/ha). In Surrey Downs, the pipe sediment volume was 
estimated to be more than 0.5 m3/ha (about 1000 kg/ha). Most of the sediment in Surrey Downs 
was located in silted-up pipes along 108th Street and Westwood Homes Road, which were not 
swept and had nearby major sediment sources. The pipe sediment volume estimated to be available 
for runoff transport in Surrey Downs was about 0.01 m3/ha (about 15 kg/ha). 

Urban Runoff Controls 

1. The Effects of Street Cleaning in Controlling Urban Runoff Pollutant Discharges 

The coordination of the street surface sampling, street cleaning operations, and runoff moni
toring activities during the City of Bellevue project allowed many different data analysis procedures 
to be used to investigate possible effects of street cleaning on runoff water quality. The use of two 
test basins and the rotation of the street cleaning operations also allowed one basin to be compared 
against the other along with internal basin comparisons. 

The design of an effective street cleaning program requires not only a determination of the 
accumulation rates, but also an assessment of the performance of specific street cleaning equipment 
for the actual conditions encountered. The street cleaning tests conducted by the City of Bellevue 
(Pitt 1985) utilized two different street cleaning frequencies. These two frequencies included no 
cleaning and intensive three times a week cleaning. Each cleaning frequency was employed in both 
the Surrey Downs and the Lake Hills test catchments for a several-month period and were then 
rotated. There was also a several-month period when no street cleaning was conducted in either 
test catchment. Runoff was simultaneously monitored for the two catchments during these varying 
street cleaning programs. 

During the entire project period, street dirt loadings were about 115 g/curb-meter (with an 
extreme value of about 350) during the period of no street cleaning. The loadings were reduced to 
about 60 g/curb-meter shortly after the start of street cleaning. Median particle sizes decreased 
with the start of street cleaning because of the selective removal of the large particle sizes by street 
cleaners. The rain periods all reduced the street surface loadings appreciably, except for the largest 
rain observed during the study. The rains also increased the median particle sizes because they 
were most effective in removing the finer material. The largest rain had little effect on the net 
loading change, probably because of substantial erosion material carried onto the street during this 
major storm and the relative cleanliness of the street surface before the storm occurred. 

Street loadings responded rapidly to initiation of street cleaning. Changes from periods of street 
cleaning to no street cleaning were not as rapid. The Bellevue study collected many street surface 
particulate samples in the two test basins immediately before and immediately after the streets 
were cleaned. Street cleaning equipment cannot remove particulates from the street surface unless 
the loadings are greater than a certain amount. This value was about 85 g/curb-meter in the test 
basins for the mechanical broom street cleaners and about 30 g/curb-meter for the regenerative air 
street cleaner. If the initial street surface loading values were smaller than this, the residual loadings 
typically were equal to the initial loadings. 

Statistical analysis showed that the frequent rains in Bellevue were probably more effective 
than the street cleaning in keeping Bellevue streets clean. The street surface loadings after rains 
were usually about 50 g/curb-meter, and the mechanical street cleaning equipment could only 
remove the street surface particulates down to about 85 g/curb-meter. It was also found that typical 
mechanical street cleaning equipment is quite ineffective in removing the small particle sizes that 
are removed by rains. However, a modified street cleaner resulted in an almost constant residual 
loading value in the cleaning width after cleaning, irrespective of the initial loading. This indicates 
a very important advantage in the cleaning effectiveness for this street cleaner. 

Much data analysis effort during the Bellevue City project was directed toward attempting to 
identify differences in runoff concentrations and yields caused by street cleaning operations (Pitt 
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1985). No significant differences in runoff yields or concentrations during periods of intensive 
street cleaning vs. no street cleaning were observed. Street surfaces contributed less than 25% of 
the runoff yield for most storms. Therefore, street cleaning would have to be extremely effective 
to cause stormwater yield improvements approaching 25%. For very small rains, street surface 
washoff is estimated to contribute more than 60% of most of the constituents to the runoff yield. 
For larger rains, however, the importance of street washoff diminishes. With intensive street 
cleaning, only the larger particle sizes are significantly reduced, while particle sizes most subject 
to washoff by rains are not effectively reduced. This may result in less than a 6% expected 
improvement in runoff water quality for intensive street cleaning. The modified regenerative air 
street cleaner is expected to have only slightly better effectiveness in reducing runoff yields. The 
modified street cleaner may reduce the runoff yields by as much as 10%. 

2. Sewerage Inlet Cleaning Effects in Reducing Urban Runoff Yields 

The City of Bellevue’s project (Pitt 1985) also studied the potential benefits of cleaning sewerage 
inlet structures in controlling urban runoff discharges. The rains preferentially removed the finer, 
more heavily polluted, and more available materials during washoff. The sediments in the catch
basins and the sewerage were mostly the largest particles that were washed off the street. Catchbasin 
sump sediments can be relatively conveniently removed to eliminate this potential source of urban 
runoff pollutants. Because the catchbasin sediment accumulation rate is quite low, frequent cleaning 
of catchbasins is not necessary. 

Only about 60% of the available sump volumes in the inlets were used for detention of 
particulates. The structures with large sump volumes required less frequent cleaning and held larger 
volumes of sediments. It is expected that cleaning these inlet sumps about twice a year could reduce 
the lead and total solids urban runoff discharges by between 10 and 25%. COD, total Kjeldahl 
nitrogen, total phosphorus, and zinc may be controlled by between 5 and 10% with semiannual 
catchbasin cleaning. Cleaning less frequently than this would reduce these expected improvements. 
If the catchbasin sumps are left full, the potential exists for dramatically increased runoff yields 
during rare events that may flush captured material. Some pollutants may also be chemically 
changed by oxidation-reduction reactions or other chemical or biological changes in the catchbasins. 

3. The Use of Dry Detention Basins in Controlling Urban Runoff Discharges 

The USGS (Ebbert et al. 1983) tested the effectiveness of a dry detention facility in the 148th 
Avenue S.E. test catchment. The detention basin system consisted of five normally dry grass-lined 
swales which were contoured into a small park adjacent to the road. The swales were about 300 m 
long and 30 m wide. There were five control structures used to regulate the flow and the storage 
along the 27-in trunk line running under the park. The original design of the detention system 
permitted the flow and storage to be regulated by weirs and valves. Runoff from low-intensity 
storms was originally allowed to pass through the system with little detention, while discharge 
from higher intensity storms was detained behind the weirs in the 27-in trunk line. During extreme 
events, the higher flows ran over the weirs when the detention basins were full. 

During the study, the USGS (Ebbert et al. 1983) modified the control structures to permit the 
slow release of water stored in the detention basin, which was then monitored with a recorder 
installed behind the weir. Water was therefore stored during much smaller rains than in the original 
configuration. The detention time was about 30 min or less, which was sufficient time for settling 
of sand and some coarse silt. Much of the finer material, however, was probably transported directly 
through the detention system. Earlier data indicated that most of the suspended sediment in the 
storm runoff at this site was finer than 62 µm. The results of the monitoring (Prych and Ebbert 
undated) indicated that the detention of the storm runoff had little effect on the concentrations of 
the runoff constituents. The performance of the detention basins on the four to seven storms that 
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were tested seemed to depend mostly on the distribution of the constituents between the suspended 
and dissolved phases. The volume of the storm sewer behind the weir used to control the flow was 
adequate to store the runoff during about 70% of the storms that occurred during that phase of the 
study. For the other 30% of the storms, the volume of the sewer was insufficient to store all the 
detained water and some was backed up into the grass-lined depressed area. When the grassy area 
was inspected after a storm, only a trace of fine residual material was noted on the blades of grass. 

Over the entire detention phase of the study, there were about 20 storms (about 10% of all 
storms) large enough to cause detention in the grassy swale. At the end of the study, only a small 
amount of suspended sediment was seen on the grass. It was estimated that less than one tenth of 
the total amount transported through the system was detained. The USGS (Prych and Ebbert 
undated) also examined the ability of the detention facility to affect the discharge rate of storms. 
The average ratio of peak discharge rates without detention to detention was 0.63. 

Step 7. Project Conclusions 

Degradation of Habitat and Biological Communities 

• 	The urbanized Kelsey Creek environmental quality was much better than expected, but was 
degraded when compared to the less urbanized Bear Creek. Kelsey Creek apparently lacked gross 
contamination by pollutants. The direct toxic effects of pollutants during storms appeared to be 
small; the stream did support a small, unhealthy salmonid population. Kelsey Creek salmon did 
grow faster than Bear Creek salmon, however. 

• 	The fish population in Kelsey Creek had adapted to its degrading environment by shifting the 
species composition from coho salmon to less sensitive cutthroat trout and by making extensive 
use of less disturbed refuge areas. 

• 	Studies of damaged gills found that up to three fourths of the fish in Kelsey Creek were affected 
by respiratory anomalies, while no cutthroat trout and only two of the coho salmon sampled in 
Bear Creek had damaged gills. 

• 	Massive fish kills in Kelsey Creek and its tributaries were observed on several occasions during 
the project due to the dumping of toxic materials into storm drains. 

• 	 There were significant differences in the numbers and types of benthic organisms found. Mayflies, 
stoneflies, caddisflies, and beetles were rarely observed in Kelsey Creek but were quite abundant 
in Bear Creek. These organisms are commonly regarded as sensitive indicators of environmental 
degradation. By comparison, Kelsey Creek fauna was dominated by oligochaetes, chironomids, 
and amphipods, commonly regarded as species more tolerant to environmental degradation. 

• 	 As an example of a degraded aquatic habitat in Kelsey Creek, a species of clams (Unionidae) was 
not found in Kelsey Creek, but was found in Bear Creek. These clams are very sensitive to heavy 
siltation and unstable sediments. Empty clam shells, however, were found buried in the Kelsey 
Creek sediments, indicating their previous presence in the creek and their inability to adjust to the 
changing conditions. 

• 	 The benthic organism composition in Kelsey Creek varied radically with time and place while the 
organisms were much more stable in Bear Creek. 

Degradation of Habitat and Biological Conditions, Possible Causes 

• 	 These aquatic organism differences were probably mostly associated with the increased peak flows 
in Kelsey Creek caused by urbanization and the resultant increase in sediment-carrying capacity 
and channel instability of the creek. 

• 	There was also the potential for accumulation of toxic materials in the stream system affecting 
aquatic organisms, but only low concentrations of toxic materials were found in the receiving 
waters. 

• 	The concentrations of dissolved oxygen in the urban creek’s gravel waters were quite low and 
may have decreased the survival of salmon embryos. In-stream embryo bioassays indicated that 
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coho embryo salmon survival was significantly greater in Bear Creek than in Kelsey Creek, but 
no difference was found when using rainbow trout embryos. 

• Direct receiving water effects from urban runoff may not have been significant for most storms. 
Potential long-term problems, however, may be associated with settleable solids, lead, and zinc. 
These settled materials may have silted up spawning beds and introduced high concentrations of 
potentially toxic materials directly to the sediments. The oxygen depletion observed in the inter
stitial waters was probably caused by organic sediment buildup from runoff events. 

• 	Kelsey Creek had much lower flows than Bear Creek during periods between storms. About 30% 
less water was available in Kelsey Creek during the summers, even though both creeks have 
drainage basins of similar size, rainfall characteristics, and soils. These low flows may also have 
significantly affected the aquatic habitat and the ability of the urban creek to flush toxic spills or 
other dry-weather pollutants from the creek system. 

• 	Kelsey Creek had higher water temperatures (probably due to reduced shading) than Bear Creek. 
This probably caused the faster fish growth in Kelsey Creek. 

Conveyance of Stormwater 

• 	Kelsey Creek had extreme hydrologic responses to storms. Flooding substantially increased in 
Kelsey Creek during the period of urban development; the peak annual discharges have almost 
doubled in the last 30 years, and the flooding frequency has also increased due to urbanization. 

• 	These increased flows in urbanized Kelsey Creek resulted in greatly increased sediment transport 
and channel instability. 

Open Space and Resource Preservation Beneficial Uses 

• 	The lack of adequate buffer zones and natural creek banks along much of the urban reaches of 
Kelsey Creek is balanced by extensive park system developments along selected reaches. Natural 
creek reaches are very important for the aquatic organisms in Kelsey Creek. 

• 	 Creek bank-side homeowners have made extensive channel and riparian vegetative changes, which 
significantly reduced the ability of the creek to support aquatic life. 

Recreational Beneficial Uses 

• 	The natural small size of Kelsey Creek restricts its usefulness for most water contact-related 
activities, although swimming does occur in the lower reaches of Kelsey Creek during the summer. 

• 	The fecal coliform bacteria counts in Kelsey Creek were high and variable. These organisms 
indicate the potential presence of pathogenic bacteria and commonly exceeded water contact 
numeric criteria. 

Aesthetics Beneficial Uses 

• 	 This use is related to most of the above uses; unsightly creeks are not utilized in educational field 
trips or as swimming areas, or desired as amenities to property. 

• Dead fish from periodic toxic material spills significantly degrade this use. 
• Debris and unstable channels also adversely affect the aesthetic quality of Kelsey Creek. 

Sources of Increased Flows and Pollutants 

• 	For all rains greater than about 2.5 mm (0.1 in), the impervious surfaces (streets, sidewalks, 
driveways, parking lots, and rooftops) were found to contribute more than 60% of the total urban 
runoff flows. The remainder of the flows were approximately evenly divided between front and 
back yards, while vacant lots and parks contributed very little to the flows due to their limited 
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presence in the test areas. For most of the rain events monitored, the street surfaces contributed 
about 25% of the total urban runoff flows. 

• Most of the total solids in urban runoff originated from front and back yards in the test areas. The 
street surfaces contributed only a small fraction to the total solids of urban runoff discharges. Lead, 
zinc, and COD, however, were mostly contributed from street surfaces. Nutrients (phosphorus and 
total Kjeldahl nitrogen) were found to originate mostly from street surfaces, driveways, and parking 
lots combined. 

• 	 Pesticides were only found in the residential street dirt samples, and not in the arterial, commercial, 
or industrial street dirt samples. The arterial street dirt samples had much higher concentrations 
of lead, most likely due to increased automobile activity. 

• 	Many organic priority pollutants were detected in the soil samples. The most important organics 
found were the polycyclic aromatic hydrocarbons (PAHs), which were frequently detected in the 
street dirt samples and the Kelsey Creek sediment samples. 

• 	 Motor vehicle activity was expected to be the primary contributor of most of the toxic organic and 
inorganic priority pollutants. Gasoline and diesel fuel combustion products, lubricant and fuel 
leakages, and wear of the vehicles affected the street dirt material most significantly. 

• 	Almost as much of the street dirt was lost to the air, as suspended particulates, as was washed off 
during rain events. 

• 	Only a small fraction of the total particulate loadings on the impervious surfaces was removed by 
the rains (about 15%). Large particles were not effectively removed, while about one half of the 
smallest particles (less than 50 µm) were washed off during rains. These small particles were not 
very abundant, but had very high heavy metal and nutrient concentrations. 

• 	Most of the settled particulate material in the storm drainage inlets and sewerage pipes was not 
removed by the observed storms. 

Control of Urban Runoff by Street and Storm Drainage Inlet Cleaning 
and by Dry Detention Ponds 

• 	 Intensive street cleaning (three times a week) resulted in rapid and significant decreases in street 
surface loadings; from about 110 g/curb-meter down to about 55 g/curb-meter. The median particle 
sizes also decreased significantly with intensive street cleaning. A regenerative air street cleaner 
showed substantially better performance in removing the finer street surface materials than the 
regular mechanical street cleaner. 

• 	Extensive data analysis did not show any significant improvements in runoff water quality during 
periods of intensive street cleaning. The street cleaning operations tested are only expected to 
improve runoff quality by a maximum of about 10%. The street cleaning equipment preferentially 
removed the larger particle sizes, while the rain events preferentially removed the finer materials. 
Street cleaning was not very effective in removing the particulates available for washoff. 

• Mechanical broom street cleaning was effective in removing the larger litter from the streets. 
• 	Infrequent street cleaning may result in significant increases in fugitive dust losses to the atmo

sphere. 
• 	After an initial cleaning, it required almost a full year for sediment to reach a stable volume in 

the inlet structures. Only about 60% of the total available sump volumes in inlets and catchbasins 
was used for detention of particulates. Cleaning the inlets and catchbasin sumps about twice a 
year was expected to reduce the lead and total solids urban runoff concentrations by between 10 
and 25%. COD, the nutrients, and zinc might be controlled between 5 and 10%. 

• 	The small detention basin tested (detention time of 30 min or less) did not have any significant 
effect on urban runoff quality. 

• 	 The small detention basin did have a significant effect on the peak flow rates. The peak flow rates 
were reduced by about 60%. 

Summary 

The Bellevue studies indicated the very significant interrelationships between the physical, 
biological, and chemical characteristics of the urbanized Kelsey Creek system. The aquatic life 
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beneficial uses were found to be impaired and stormwater conveyance was found to be significantly 
stressed by urbanization. These degradations were most likely associated with increased flows from 
the impervious areas in the urban area. Changes in the flow characteristics could radically alter the 
ability of the stream to carry the polluted sediments into the other receiving waters. If the stream 
power of Kelsey Creek was reduced, then these toxic materials could be expected to be settled into 
its sediment, with increased effects on the stream’s aquatic life. Reducing peak flows would also 
reduce the flushing of smaller fish and other aquatic organisms from the system. 

If detention basins were used to control peak flows, they would have to be carefully located 
and designed so that increased flow rates did not occur in downstream areas. The placement of 
flow-modifying structures throughout the watershed could significantly affect the response time of 
the watershed to rain events, with possible resultant increases in downstream peak flows. 

It was found that substantial quantities of water originated from the impervious areas in the 
developed areas. More careful planning to increase the perviousness of these areas should also be 
considered. 

Another recommendation is to preserve any of the refuge areas in Kelsey Creek and to carefully 
design any channelization project to include refuge areas for the aquatic life. Because of the larger 
potential for sedimentation of toxic pollutants in Kelsey Creek, increased awareness of the beneficial 
uses and undesirable discharges to the drainage system will be more important. The large assimi
lative capacity of the water bodies that currently receive most of these pollutants are currently 
masking this concern. 

Many recommendations concerning the public works practices in the Bellevue area can also 
be made based on this project. However, their effects on improving the urban runoff quality would 
probably be quite small. If intensive street cleaning was implemented, along with semiannual 
catchbasin sediment cleaning, urban runoff discharges for most pollutants would be reduced by 
about 10%, while some of the heavy metal discharges may be reduced by as much as 25%. Even 
though these reductions are quite small, they may be important to reduce the accumulation of these 
highly polluted sediments in the smaller creek systems, especially if peak flushing flows are reduced. 

Critique of Parallel Stream Analyses in Bellevue 

The Bellevue, WA, NURP project included many in-stream measurements to compare the test 
Kelsey Creek with the control Bear Creek. The study included numerous physical and biological 
measurements. In addition, in-stream toxicity tests were conducted. This large research program 
included numerous components. As for the Coyote Creek study, this program was likely much 
larger than needed. Newer tools and the use of efficient indicators could have reduced the sampling 
and analytical effort. The very large number of storms evaluated and the long-term stream studies 
were extremely enlightening, but similar conclusions could have been obtained through less expen
sive means. Again, this was one of the first comprehensive receiving water studies conducted, and 
there was little guidance to indicate what to expect. 

The numerous researchers and different institutions conducting this research program indicated 
numerous communication and coordination problems, especially concerning preliminary conclu
sions. Most of the researchers were reluctant to share their results with the other groups until they 
had completed their thorough evaluations. If better communications were practiced, efficient mod
ifications to the field activities would have been possible. However, the many experts involved in 
this research program resulted in a very important multidisciplinary study that would not have been 
possible with a smaller team of researchers. 

In general, parallel stream investigations can be expanded well beyond a two-stream comparison 
by including numerous streams having variable levels of development. This has been a common 
experimental design for recent receiving water investigations. However, it is still important to 
conduct the study over a long duration and in numerous locations to best understand the dynamics 
of the systems. In many cases, in-stream variations can easily mask differences between streams. 
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Figure 4.23 . Drawing showing underwater features of Figure 4.24 FBM installation located at Lake Tre
an FBM facility. (Used with permission hormingen, Sweden. (Used with permis
of Fresh Creek Technologies, Inc.) sion of Fresh Creek Technologies, Inc.) 

Example of Long-Term Trend Experimental Design — Lake Rönningesjön, Sweden, 
Receiving Water Study 

An example showing the use of trend analyses for investigating receiving water effects of 
stormwater is presented here, using a Swedish lake example that has undergone stormwater treat
ment (Pitt 1995a). The significant beneficial use impairment issue is related to decreasing trans
parency due to eutrophication. The nutrient enrichment was thought to have been aggravated by 
stormwater discharges of phosphorus. Stormwater treatment was shown to decrease the phosphorus 
discharges in the lake, with an associated increase in transparency. The data available include 
nutrient, chlorophyll a, transparency, and algal evaluations conducted over a 20- to 30-year period, 
plus treatment plant performance information for 10 years of operation. This trend evaluation was 
conducted by Pitt (1995a) using data collected by Swedish researchers, especially Enell and 
Henriksson-Fejes (1989–1992). 

A full-scale plant, using the Karl Dunkers’ system for treatment of separate stormwater (the 
Flow Balancing Method, or FBM) and lake water, has been operating since 1981 in Lake Rön
ningesjön, Taby (near Stockholm), Sweden. The FBM and the associated treatment system signif
icantly improved lake water quality through direct treatment of stormwater and by pumping lake 
water through the treatment system during dry weather. Figure 4.23 is an illustration of an idealized 
FBM system showing how inflowing stormwater is routed though a series of interconnected 
compartments, before being discharged to the lake. A pump can also be used to withdraw water 
from the first compartment to a treatment facility. Figure 4.24 is a photograph of an FBM installation 
located at Lake Trehormingen, Sweden. Figure 4.25 shows wetland vegetation growing in one of 
the compartments of the FBM at Lake Rönningesjön, while Figure 4.26 shows the building con
taining the chemical treatment facility at the Lake Rönningesjön facility. 

The annual average removal of phosphorus from stormwater and lake water by the ferric chloride 
precipitation and clarification treatment system was 66%, while the annual average total lake 

Figure 4.25 . Wetland vegetation growing in FBM cell Figure 4.26 Chemical treatment facility at FBM instal
at Lake Rönningesjön, Sweden. (Used lation at Lake Rönningesjön, Sweden. 
with permission of Fresh Creek Technol- (Used with permission of Fresh Creek 
ogies, Inc.) Technologies, Inc.) 
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phosphorus concentration reductions averaged about 36%. Excess flows are temporarily stored in 
the FBM before treatment. Stormwater is pumped to the treatment facility during rains, with excess 
flows stored inside in-lake flow-balancing tanks. The treatment system consists of a chemical 
treatment system designed for the removal of phosphorus and uses ferric chloride precipitation and 
crossflow lamella clarifiers. The stormwater is pumped from the flow-balancing storage tanks to 
the treatment facility. Lake water is also pumped to the treatment facility during dry periods, after 
any excess stormwater is treated. 

Step 1. What’s the Question? 

The specific question to be addressed by this research was whether controlling phosphorus in 
stormwater discharges to a lake would result in improved lake water quality. Secondly, this eval
uation was made to determine if the treatment system was designed and operated satisfactorily. 

Step 2. Decide on Problem Formulation 

The problem formulation employed for this project was a long-term trend analysis. Up to 30 
years of data were available for some water quality parameters, including about 10 years of 
observations before the treatment system was implemented. Data were available for two sampling 
locations in the lake, plus at the stormwater discharge location. In addition, mass balance data were 
available for the treatment operation. 

Monitored water quality in Lake Rönningesjön, near Stockholm, Sweden, was evaluated to 
determine the changes in transparency and nutrient concentrations associated with retrofitted storm
water controls. Statistical trend analyses were used to evaluate these changes. Several publications 
have excellent descriptions of statistical trend analyses for water quality data. In addition to 
containing detailed descriptions and examples of experimental design methods to determine 
required sampling effort, Gilbert (1987) devotes a large portion of his book to detecting trends in 
water quality data and includes the code for a comprehensive computer program for trend analysis. 
That information and other experimental design issues on conducting a trend investigation are 
briefly reviewed in Chapter 7 of this book. 

Step 3. Project Design 

Qualitative Watershed and Lake Characterization 

Lake Rönningesjön is located in Taby, Sweden, near Stockholm. Figure 4.27 shows the lake 
location, the watershed, and the surrounding urban areas. The watershed area is 650 ha, including 
Lake Rönningesjön itself (about 60 ha) and the urban area that has its stormwater drainage bypassing 
the lake (about 175 ha). The effective total drainage area (including the lake surface) is therefore 
about 475 ha. Table 4.24 summarizes the land use of the lake watershed area. About one half of 
the drainage area (including the lake itself) is treated by the treatment and storage operation. 

The lake volume is about 2,000,000 m3 and the lake has an annual outflow of about 950,000 m3. 
The estimated mean lake resident time is therefore slightly longer than 2 years. The average lake depth 
is 3.3 m. It is estimated that rain falling directly on the lake surface contributes about one half of the 
total lake outflow. 

The treatment process consists of an in-lake flow-balancing storage tank system (the Flow Balancing 
Method, or FBM) to contain excess stormwater flows which are pumped to a treatment facility during 
dry weather. The treatment facility uses ferric chloride and polymer precipitation and crossflow lamella 
clarifiers. Figure 4.28 shows the cross section of the FBM in the lake. It is made of plastic curtains 
forming the cell walls, supported by floating pontoons and anchored to the lake bottom with weights. 

Figure 4.29 shows that the FBM provides storage of contaminated water by displacing clean 
lake water that enters the storage facility during dry weather as the FBM water is pumped to the 
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treatment system. All stormwater enters the FBM directly (into cell A). The pump continuously
pumps water from cell A to the chemical treatment area. If the stormwater enters cell A faster than
the pump can remove it, portions of the stormwater flows through curtain openings (as a slug flow)
into cells B, C, D, and finally E, displacing lake water (hence the term flow balancing). As the
pump continues to operate, stormwater is drawn back into cell A and then to the treatment facility.
The FBM is designed to capture the entire runoff volume of most storms. The Lake Rönningesjön
treatment system is designed to treat water at a higher rate than normal to enable lake water to be
pumped through the treatment system after all the runoff is treated. 

The FBM is mainly intended to be a storage device, but it also operates as a wet detention
pond, resulting in sedimentation of particulate pollutants within the storage device. The first two
cells of the FBM facility at Lake Rönningesjön were dredged in 1991, after 10 years of operation,
to remove about 1 m of polluted sediment.

Figure 4.27 Lake Rönningesjön watershed in
Taby, Sweden. (From Pitt 1995a.
Used with permission of Fresh
Creek Technologies, Inc.)

Table 4.24 Lake Rönningesjön Watershed Characteristics

Area Treated, ha Additional Area, ha Total Area, ha

Urban 50 100 150 (32%)
Forest 75 80 155 (32%)
Agriculture 65 45 110 (23%)
Lake surface 60 0 60 (13%)
Total drainage 250 225 475 (100%)

From Pitt 1995a.

Figure 4.28 Cross section of FBM in-lake tanks. (From Pitt 1995a. Used with permission of Fresh Creek
Technologies, Inc.)
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Figure 4.29 	 Flow pattern in FBM. (From Pitt 
1995a. Used with permission of 
Fresh Creek Technologies, Inc.) 

Table 4.25 	 Stormwater Treatment System 
Operating Cost Breakdown 

Chemicals 26% 
Electricity 8 
Sludge transport 3 
Labor 41 
Sampling and analyses 22 

From Pitt 1995a. 

The treatment flow rate is 60 m3/hour (about 0.4 MGD). The ferric chloride feed rate is about 
20 to 35 g/m3 of water. About 30 m3 of thickened sludge is produced per day for co-disposal with 
sludge produced at the regional sanitary wastewater treatment facility. The annual operating costs 
are about $28,000 per year (or about $0.03 per 100 gallons of water treated), as shown in Table 4.25. 

From 1981 through 1987, the FBM operated an average of about 5500 hours per year (about 
7.6 months per year), treating an average of about 0.33 million m3 per year. The treatment period 
ranged from 28 to 36 weeks (generally from April through November). The FBM treatment system 
treated stormwater about 40% of its operating time and lake water about 60% of its operating time. 
The FBM treatment system directly treated about one half of the waters flowing into the lake (at 
a level of about 70% phosphorus removal). 

Lake Rönningesjön and Treatment System Phosphorus Budgets 

Two tributaries flow directly to the treatment facility. Excess flows (exceeding the treatment 
plant flow capacity) are directed to the FBM in the lake. As the flows in the tributaries fall below 
the treatment plant capacity, pumps in the FBM deliver stored stormwater runoff for treatment. 
When all of the stormwater is pumped from the FBM, the pumps deliver lake water for treatment. 
Tables 4.26 and 4.27 summarize the runoff and lake volumes treated and phosphorus removals 
during the period of treatment. 
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Table 4.26 Water Balance for Treatment System (m3) 

From From Total From Total Treated Stormwater, % 
Trib. A Trib. B Stormwater Lake and Discharged of Total Treated 

1981 185,100 
1982 112,700 
1983 14,400 
1984 122,000 
1985 96,600 
1986 216,000 
1987 243,000 
1988 26,200 
1989 24,900 
1990 12,160 
1991 11,610 

101,100 286,200 121,600 407,700 70 
41,000 153,700 238,700 391,900 39 

6400 20,800 250,000 271,000 8 
53,000 175,000 95,000 270,000 65 
46,500 143,100 149,000 292,400 49 
86,000 302,000 48,000 350,000 86 
97,000 340,000 13,000 353,000 96 
19,300 45,500 186,300 231,800 20 
19,900 44,800 267,700 312,500 14 
8,330 20,490 201,270 221,760 9 
7780 19,390 121,730 141,120 14 

From Pitt 1995a. 

Table 4.27 Phosphorus Treatment Mass Balance (kg) 

P 
From From From Total to Discharged 

Trib. A Trib. B Lake Treatment to Lake P Removal % Removal 

1981 20.3 
1982 8.0 
1983 1.5 
1984 10.0 
1985 7.1 
1986 15.2 
1987 18.6 
1988 1.7 
1989 1.7 
1990 1.3 
1991 7.7 

16.8 10.2 47.3 13.6 33.7 71.2 
8.0 18.0 34.0 12.8 21.2 62.4 
2.5 20.0 24.0 11.0 13.0 54.2 
9.5 3.0 22.5 10.0 12.5 55.6 
5.9 2.1 15.1 4.3 10.8 71.5 

21.4 3.7 40.3 5.1 35.2 87.3 
7.5 1.7 27.8 4.3 23.5 84.5 
2.3 9.2 13.2 6.1 7.1 53.8 
1.4 14.1 17.2 7.6 9.6 55.8 
0.3 10.5 12.1 3.7 8.4 69.4 
9.8 5.6 23.1 8.9 14.2 61.5 

From Pitt 1995a. 

There have been highly variable levels of phosphorus treatment from stormwater during the 
period of operation. The years from 1988 through 1990 had low phosphorus removals. These years 
had relatively mild winters with substantial stormwater runoff occurring during the winter months 
when the treatment system was not operating. Normally, substantial phosphorus removal occurred 
with spring snowmelt during the early weeks of the treatment plant operation each year. The greatest 
phosphorus improvements in the lake occurred during the years when the largest amounts of 
stormwater were treated. 

The overall phosphorus removal rate for the 11 years from 1981 through 1991 was about 17 
kg/year. About 40% of the phosphorus removal occurred in the FBM from sedimentation processes, 
while the remainder occurred in the chemical treatment facility. This phosphorus removal would 
theoretically cause a reduction in phosphorus concentrations of about 10 µg/L per year in the lake, 
or a total phosphorus reduction of about 100 µg/L during the data period since the treatment system 
began operation. About 70% of this phosphorus removal was associated with the treatment of 
stormwater, while about 30% was associated with the treatment of lake water. 

Select Monitoring Parameters 

Lake Rönningesjön water quality has been monitored since 1967 by the Institute for Water and 
Air Pollution Research (IVL); the University of Technology, Stockholm; the Limnological Institute 
at the University of Uppsala; and by Hydroconsult Corp. Surface and subsurface samples were 
obtained at one or two lake locations about five times per year. In addition, the tributaries being 
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treated, incoming lake water, and discharged water were all monitored on all weekdays of treatment 
plant operation. The creek tributary flow rates were also monitored using overflow weirs. Phos
phorus, nitrogen, chlorophyll a, and Secchi disk transparency were all monitored at the lake stations. 

Step 4. Project Implementation, Step 5. Data Evaluation, and Step 6. Confirmatory 
Assessment 

Observed Long-Term Lake Rönningesjön Water Quality Trends 

The FBM started operation in 1981. Based on the hydraulic detention time of the lake, several 
years would be required before a new water quality equilibrium condition would be established. 
A new water quality equilibrium will eventually be reached after existing pollutants are reduced 
from the lake water and sediments. The new water quality conditions would be dependent on the 
lake flushing rate (or detention time, estimated to be about 2.1 years), and the new (reduced) 
pollutant discharge levels to the lake. Without lake water treatment, the equilibrium water quality 
would be worse and would take longer to obtain. 

Figure 4.30 is a plot of all chlorophyll a data collected at both the south and north sampling 
stations. Very little trend is obvious, but the wide swings in chlorophyll a values appeared to have 
been reduced after the start of stormwater treatment. Figure 4.31 is a three-dimensional plot of 
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Figure 4.30 Chlorophyll a observations with time (µg/L). (From Pitt 1995a.) 
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smoothed chlorophyll a data, indicating significant trends by season. The values started out rela
tively low each early spring and dramatically increased as the summer progressed. This was expected 
and was a function of algal growth. Homogeneity, seasonal Kendall, and Mann–Kendall statistical 
tests (Gilbert 1987) were conducted using the chlorophyll a data. The homogeneity test was used 
to determine if any trends found at the north and south sampling stations were different. The 
probabilities that the trends at these two stations were the same were calculated as follows: 

χ2 Probability 

Season 14.19 0.223 
Station 0.00001 1.000 
Station–season 0.458 1.000 
Trend 21.64 0.000 

This test shows that the trend was very significant (P < 0.001) and was the same at both sampling 
stations (P = 1.000). The seasonal trend tests only compared data obtained for each season, such 
as comparing trends for June observations alone. The station-season interaction term shows that 
the chlorophyll a concentration trends at the two stations were also very similar for all months 
(P = 1.000). Therefore, the sampling data from both stations were combined for further analyses. 

The seasonal Kendall test calculated the chlorophyll a concentration trends and determined the 
probabilities that they were not zero, for all months separately. This test and the Mann–Kendall 
tests found that both the north and south sampling locations had slight decreasing (but very 
significant) overall trends in concentrations with increasing years (P ≤ 0.001). However, individual 
monthly trends were not very significant (P ≥ 0.05). The trends do show an important decrease in 
the peak concentrations of chlorophyll a that occurred during the fall months during the years of 
the FBM operation. The 1980 peak values were about 60 µg/L, while the 1987 peak values were 
lower, at about 40 µg/L. 

Swedish engineers (Söderlund 1981; Lundkvist and Söderlund 1988) summarized major 
changes in the algal species present and in the algal biomass in Lake Rönningesjön, corroborating 
the chlorophyll a and phosphorus-limiting nutrient observations. From 1977 through 1983, the 
lake was dominated by a stable population of thread-shaped blue-green algae species (especially 
Oscillatoria sp. and Aphanizomenon flos aquae f. gracile). Since 1985, the algae population has 
been unstable, with only a small amount of varying blue-green (Gomphosphaeria), silicon (Melo
sira, Asterionella, and Synedra), and gold (Chrysochromulina) algae species. They also found a 
substantial decrease in the algal biomass in the lake. From 1978 through 1981, the biomass 
concentration was commonly greater than 10 mg/L. The observed maximum was about 20 mg/L, 
with common annual maximums of 15 mg/L in July and August of each year. From 1982 through 
1986, the algal biomass was usually less than 10 mg/L. The observed maximum was 14 mg/L 
and the typical annual maximum was about 6 mg/L each late summer. The lake showed an 
improvement in its eutrophication level since the start of stormwater treatment, going from 
hypotrophic to eutrophic. 

Figure 4.32 is a plot of all Secchi disk transparency data obtained during the project period. A 
very large improvement in transparency is apparent from this plot, but large variations were observed 
in most years. A large improvement may have occurred in the first 5 years of stormwater treatment 
and then the trend may have decreased. The smoothed plot in Figure 4.33 shows significant 
improvement in Secchi disk transparency since 1980. This three-dimensional plot shows that the 
early years started off with clearer water (as high as 1 m transparency) in the spring and then 
degraded as the seasons progressed, with transparency levels decreasing to less than 0.5 m in the 
fall. The later years indicated a significant improvement, especially in the later months of the year. 

Homogeneity, seasonal Kendall, and Mann–Kendall statistical tests (Gilbert 1987) were con
ducted using the Secchi disk transparency data. The homogeneity test was used to determine if any 
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Figure 4.32 Secchi disk transparency observations with time (m). (From Pitt 1995a.) 
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Figure 4.33 	 Secchi disk trends by season and 

year (m). (From Pitt 1995a.) 

trends found at the north and south sampling stations were different. The probabilities that the 
trends at these two stations were the same were calculated as follows: 

Tr
an
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m
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χ2 Probability 

Season 17.15 0.103 
Station 0.012 0.913 
Station–season 3.03 0.990 
Trend 29.44 0.000 

These statistics show that the observed trend was very significant (P < 0.001) and was the same 
at both stations. The seasonal Kendall and Mann–Kendall tests found that both the north and south 
sampling locations had increasing transparency values (the average trend was about 0.11 m per 
year) with increasing years (P < 0.001). The trend in later years was found to be less than in the 
early years. The transparency has remained relatively stable since about 1987 (ranging from about 
1 to 1.5 m), with less seasonal variation. 

Figure 4.34 plots observed phosphorus concentrations with time, while Figure 4.35 is a 
smoothed plot showing seasonal and annual variations together. The initial steep decreases in 
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Figure 4.34 Total phosphorus observations with time (µg/L). (From Pitt 1995a.) 

Figure 4.35 	 Total phosphorus trends by sea
son and year (µg/L). (From Pitt 
1995a.) 
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phosphorus concentration in the early years of the FBM operation were followed by a sharp increase 
during later years. The increase was likely associated with the decreased levels of stormwater 
treatment during the mild winters of 1988 through 1990 when the treatment system was not 
operating; large amounts of untreated stormwater were discharged into the lake instead of being 
tied up as snow to be treated in the spring as snowmelt runoff. 

Individual year phosphorus concentrations leveled off in the summer (about July). These 
seasonal phosphorus trends were found to be very significant (P ≤ 0.002), but were very small, 
using the seasonal Kendall test (Gilbert 1987). Homogeneity tests found no significant differences 
between lake sample phosphorus concentrations obtained at the different sampling locations, or 
depths, irrespective of season: 
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χ2 Probability 

Season 15.38 0.166 
Station 0.0033 0.954 
Station–season 1.64 0.999 
Trend 12.43 0.000 
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The overall lake phosphorus concentrations ranged from about 15 to 130 µg/L, with an average 
of about 65 µg/L. The monitored stormwater, before treatment, had phosphorus concentrations 
ranging from 40 to >1000 µg/L, with an average of about 200 µg/L. 

An increase in nitrogen concentrations also occurred from the beginning of each year to the 
fall months. The overall annual trend decreased during the first few years of the FBM operation, 
but it then subsequently increased. These total nitrogen concentration variations were similar to 
the total phosphorus concentration variations. However, homogeneity, seasonal Kendall, and 
Mann–Kendall statistical tests (Gilbert 1987) conducted using the nitrogen data found that neither 
the north nor south sampling locations had significant concentration trends with increasing years 
(P > 0.2). However, lake Kjeldahl nitrogen concentration reductions were found to occur during 
years when the FBM system was treating the largest amounts of stormwater. 

Lake Water Quality Model 

A simple water quality model was used with the Lake Rönningesjön data to determine the total 
annual net phosphorus discharges into the lake and to estimate the relative magnitude of various 
in-lake phosphorus-controlling processes (associated with algal growth and sediment interactions, 
for example). These estimated total phosphorus discharges were compared to the phosphorus 
removed by the treatment system. The benefits of the treatment system on the lake water quality 
were then estimated by comparing the expected lake phosphorus concentrations (as if the treatment 
system was not operating) to the observed phosphorus concentrations. 

Thomann and Mueller (1987) presented the following equation to estimate the resulting water 
pollutant concentrations associated with varying input loadings for a well-mixed lake: 

St = (M/V) exp(–T/Td) (4.1) 

where St = concentration associated with a step input at time t 
M = mass discharge per time-step interval (kg) 
V = volume of lake (2,000,000 m3) 
T = time since input (years) 

Td = hydraulic residence time, or lake volume/lake outflow (2.1 years) 

This equation was used to calculate the yearly total mass discharges of phosphorus to Lake 
Rönningesjön, based on observed lake concentrations and lake hydraulic flushing rates. It was 
assumed that the varying concentrations observed were mostly caused by varying mass discharges 
and much less by variations in the hydraulic flushing rate. The flushing rate was likely to vary, but 
by relatively small amounts. The lake volume was quite constant, and the outflow rate was expected 
to vary by less than 20% because of the relatively constant rainfall that occurred during the years 
of observation (average rainfall of about 600 mm, with a coefficient of variation of about 0.15). 

The total mass of phosphorus discharged into the lake each year from 1972 to 1991 was 
calculated using the following equation (an expansion of Equation 4.1), solving for the Mn-x terms: 

Sn = Mn [exp(−Tn Td) V] + Mn−1[exp(−Tn−1 Td) V] + M n−2 [exp(−Tn−2 Td) V] 
Td) V] + L 

(4.2) 
+ Mn−3[exp(−Tn−3 

where Sn is the annual average phosphorus concentration during the current year, Mn is the net 
phosphorus mass discharged into the lake during the current year, Mn–1 is the phosphorus mass 
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discharged during the previous year, Mn–2 is the phosphorus mass that was discharged 2 years 
previously, etc. 

The effects of discharges into the lake many years earlier have little effect on the current year’s 
observations. Similarly, more recent discharges have greater effects on the lake’s concentrations. 
The magnitude of effect that each year’s step discharge has on a more recent concentration 
observation is dependent on the exp(–Tn/Td) factors shown in Equation 4.2. A current year’s 
discharge affects that year’s concentration observations by about 40% of the steady-state theoretical 
value (M/V), and a discharge from 5 years earlier would affect the current year’s concentration 
observations by less than 10% of the theoretical value for Lake Rönningesjön. Similarly, a new 
steady-state discharge would require about 4 years before 90% of its equilibrium concentration 
would be obtained. It would therefore require several years before the effects of a decrease in 
pollutant discharges would have a major effect on the lake pollutant concentrations. 

The annual control of phosphorus ranged from about 10 to 50%, with an average lake-wide 
level of control of about 36%, during the years of treatment plant operation. It is estimated that 
there would have been about a 1.6 times increase in phosphorus discharges into Lake Rönningesjön 
if the treatment system was not operating. There was a substantial variation in the year-to-year 
phosphorus discharges, but several trends were evident. If there was no treatment, the phosphorus 
discharges would have increased over the 20-year period from about 50 to 75 kg/year, associated 
with increasing amounts of contaminated stormwater, in turn associated with increasing urbaniza
tion in the watershed. With treatment, the discharges were held relatively constant at about 
50 kg/year (as evidenced by the lack of any observed phosphorus concentration trend in the lake). 
During 1984 through 1987, the phosphorus discharges were quite low compared to other years, 
but increased substantially in 1988 and 1989 because of the lack of stormwater treatment during 
the unusually mild winters. 

Figure 4.36 is a plot of the annual average lake phosphorus concentrations with time. If there 
had been no treatment, the phosphorus concentrations in the lake would have shown a relatively 
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Figure 4.36 	 Effects of treatment on Lake Rönningesjön total phosphorus concentrations (µg/L). (From Pitt 
1995a.) 
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steady increase from about 50 to about 100 µg/L over the 20-year period. With treatment, the lake 
phosphorus concentrations were held within a relatively narrower range (from about 50 to 75 µg/L). 
The lake phosphorus concentration improvements averaged about 50 µg/L over this period of time, 
compared to an expected theoretical improvement of about 100 µg/L. Therefore, only about one 
half of the theoretical improvement occurred, probably because of sediment-water interchange of 
phosphorus, or other unmeasured phosphorus sources. 

Step 7. Project Conclusions 

The in-lake flow-balancing method (FBM) for storage of excess stormwater during periods of 
high flows allowed for lower treatment flow rates, while still enabling a large fraction of the 
stormwater to be treated for phosphorus removal. The treatment system also enabled lake water to 
be treated during periods of low (or no) stormwater flow. The treatment of the stormwater before 
lake discharge accounted for about 70% of the total observed phosphorus discharge reductions, while 
the lake water treatment was responsible for the remaining 30% of the discharge reductions. The 
lake water was treated during 60% of the operating time, but resulted in less phosphorus removal, 
compared to stormwater treatment. The increased efficiency of phosphorus removal from stormwater 
compared to lake water was likely due to the more abundant particulate forms of phosphorus that 
were removed in the FBM by sedimentation and by the stormwater’s higher dissolved phosphorus 
concentrations that were more efficiently removed during the chemical treatment process. 

Lake transparency improved with treatment. Secchi disk transparencies were about 0.5 m before 
treatment began and improved to about 1 to 1.5 m after treatment. The total phosphorus concen
trations ranged from about 65 to 90 µg/L during periods of low levels of stormwater treatment, to 
about 40 to 60 µg/L during periods of high levels of stormwater treatment. 

The annual average removal of phosphorus by the ferric chloride precipitation and clarification 
treatment system was 66%, with a maximum of 87%. The observed phosphorus concentration 
improvements in the lake were strongly dependent on the fraction of the annual stormwater flow 
that was treated. The annual average total lake phosphorus discharge and concentration reductions 
averaged about 36%, or about one half the maximum expected benefit. 

Critique of the Trend Analyses at Lake Rönningesjön 

The water sampling for this project was irregular. Only a relatively few samples were obtained 
in any one year, but up to 30 years of data were obtained. In addition, no winter data were available 
due to icing of the lake. In general, statistically based trend analyses are more powerful with evenly 
spaced data over the entire period of time. However, this is typically unrealistic in environmental 
investigations because of an inability to control other important factors. If all samples were taken 
on the 15th of each month, for example, the samples would be taken under highly variable weather 
conditions. Weather is a significant factor in urban runoff studies, obviously, and this statistical 
methodology requirement would have severely confounded the results. The trend analyses presented 
by Gilbert (1987) enable a more reasonable sample collection effort, with some missing data. 
However, the procedure does require relatively complete data collected over an extended period of 
time. It would have been very difficult to conduct this analysis with only a few years of data, for 
example. The seasonal patterns were very obvious when multiple years of before and after treatment 
were monitored. In addition, the many years of data enabled unusual weather conditions (such as 
the years with unusually mild winters) to stand out from the more typical weather conditions. 

The analytical effort only focused on a few parameters. This is acceptable for a well-designed 
and executed project, but prohibits further insights that a more expansive effort may obtain. Since 
this project was specifically investigating transparency-associated eutrophication, the parameters 
evaluated enabled the basic project objectives to be effectively evaluated. However, the cost of 
labor for the sampling effort is a major component of an investigation like this one, and some 
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additional supportive analyses may not have added much to the overall project cost while adding 
potentially valuable additional information. 

In general, trend analyses require a large amount of data, typically obtained over a long period 
of time. These requirements cause potential problems. Experimental designs for a several-year (or 
several-decade) monitoring effort are difficult to carry out. Many uncontrolled changes may occur 
during a long period, such as changes in laboratory analysis methods. Laboratory method changes 
can affect the specific chemical species being measured, or at least have differing detection limit 
capabilities. This study examined basic measurements that have not undergone major historical 
changes, and very few “non-detectable” values were reported. In contrast, examining historical 
heavy metal data is very difficult because of changes in instrumentation and associated detection 
limits. The need for a typically long-duration study also requires a long period before statistically 
relevant conclusions can be obtained. Budget reductions in the future always threaten long-term 
efforts. In addition, personnel changes lead to inconsistent sampling and may also possibly lead to 
other errors. Basically, adequate trend analyses require a large amount of resources (including time) 
to be successful. The use of historical data not collected for a specific trend analysis objective is 
obvious and should be investigated to supplement an anticipated project. However, great care must 
be expended to ensure the quality of the data. In most cases, incorrect sampling locations and dates, 
let alone obvious errors in reported concentrations, will be found in historical data files. These 
problems, in conjunction with problems associated with changing laboratory methods during the 
monitoring period, require special attention and effort. 

Case Studies of Current, Ongoing, Stormwater Projects 

Los Angeles County Stormwater Monitoring Program to Support Its Stormwater 
Discharge Permit 

Step 1. What’s the Question? 

Los Angeles County is currently conducting a comprehensive stormwater monitoring program 
in conjunction with its stormwater discharge permit. The Los Angeles region of the California 
Regional Water Quality Control Board (RWQCB) oversees the enforcement of the NPDES storm
water discharge permit for the Los Angeles area. The County of Los Angeles is the principal 
permittee of the municipal permit and is the permit coordinator responsible for administration for 
the 80 co-permittees (Rashedi and Liu 1996). The municipal permit had partitioned Los Angeles 
County and adjacent areas into five regional drainage basins: Santa Monica Bay, Upstream Los 
Angeles River, Upper San Gabriel River, Lower Los Angeles River, Lower San Gabriel River, and 
Santa Clarita Valley. 

The originally proposed monitoring program was thought to be insufficient by local environ
mental groups and a suit was filed by the NRDC (Natural Resources Defense Council v. County 
of Los Angeles, CV 94-5978, C.D. Cal). After lengthy discussions between experts representing 
Los Angeles County and the NRDC, a settlement was reached between NRDC and Los Angeles 
County (with the approval of the California RWQCB) which specified the scope of work for the 
monitoring program needed to support the stormwater discharge permit. This program is described 
in the following paragraphs. Because of the importance and magnitude of the work involved, it is 
likely that changes to this program will be needed as information is collected and reviewed. Like 
all monitoring programs, it is necessary to retain a certain degree of flexibility and make slight 
changes in the monitoring program based on periodic comprehensive data reviews. In this case 
study, for example, certain monitoring parameters may be eliminated from the basic monitoring 
program if they are infrequently observed. However, they should still be periodically monitored on 
a less frequent schedule in case their initial absence was due to seasonal or unusual weather-related 
factors. 
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Figure 4.37 Santa Monica Bay/Beach. Figure 4.38 Downtown Los Angeles. 

Figure 4.39 	 Los Angeles River and roadway cross- Figure 4.40 Los Angeles River showing small central 
ings. pilot channel containing perennial flow. 

This monitoring program is multifaceted and will last for several years. The information to be 
obtained will enable the county to fulfill its permit obligations by conducting a stormwater man
agement program based on local data and conditions. Without this local information, decisions that 
would have been made and stormwater management activities to be conducted would likely result 
in inadequate stormwater control and be very expensive for the benefits received. The comprehen
sive monitoring program being conducted will enable cost-effective management decisions to be 
made in the future. Figure 4.37 shows one of the major receiving waters addressed in the Los 
Angeles County stormwater management program (Santa Monica Bay), while Figure 4.38 shows 
the characteristics of the intensively developed ultra-urban area affecting local receiving waters. 
Figures 4.39 and 4.40 show the massive concrete-lined Los Angeles River draining much of the 
Los Angeles basin (discharges to Long Beach, not to the Santa Monica Bay). 

Step 2. Decide on Problem Formulation 

The Los Angeles County activities address the three main topics necessary in a comprehensive 
stormwater monitoring program: (1) measurements of the effects of stormwater on local receiving 
water beneficial uses, (2) identification of the sources of the problem pollutants responsible for 
these problems, and (3) local evaluations of candidate stormwater control practices to reduce the 
discharge of these problem pollutants and conditions. 

This is a large effort and will include components of many of the sampling strategies available 
(such as comparing stormwater characteristics from multiple land use areas and evaluating trends 
in receiving water quality over time). Most of the monitoring activities will be conducted over a 
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3- to 5-year period and will include sampling during all seasons. Long-term evaluations are 
especially important in southern California because of the tremendous variability in precipitation 
from year to year. Some years have very little rain, while others, like the 1997–98 rain year affected 
by El Niño, are characterized by massive flooding. Under these conditions, it is very difficult to 
define what is “typical” and to design a comprehensive and effective stormwater management 
program without a monitoring program extending over several years and including many events. 

Step 3. Project Design 

The Los Angeles County stormwater permit (CA0061654) required the implementation of a 
monitoring program to control and eliminate the sources of stormwater pollution being discharged 
from the separate municipal stormwater drainage system. The California Regional Water Quality 
Control Board (Board Order No. 90-079) required the following actions in the monitoring program: 

1. 	 Initiate a monitoring network of initially nine stations to establish long-term trends in stormwater 
quality in the Santa Monica Drainage Basin. 

2. 	 Use a stormwater model in conjunction with the monitoring program to refine annual estimates 
of pollutant loads to Santa Monica Bay. 

3. 	 Implement targeted monitoring to identify sources of specific toxic pollutants in the local storm
water. 

4. Implement a monitoring program to evaluate the effectiveness of specific stormwater controls. 
5. Implement monitoring to identify locations of illegal practices and to eliminate pollutant sources. 
6. 	Develop and implement a program to evaluate stormwater impacts on selected receiving waters 

including conducting toxicity studies in the Santa Monica Bay Drainage Basin. 

The nine initial sampling locations were first separated into four “mass emission” stations to 
examine long-term water quality trends, and five land use stations that were relatively homogeneous 
to obtain unit area loadings and typical effluent concentrations. Critical source area locations will also 
be monitored to characterize stormwater from locations expected to contribute especially high loadings 
of toxicants. Thirteen “baseline” stormwater management practices will also be selected for evaluation. 
Public education (inlet sign painting, billboards, and radio messages) are of special interest. 

1. Qualitative Watershed Characterization — The four mass emission sites currently being 
monitored are in large watersheds and are as follows (LACDPW 1995): 

• 	Ballona Creek. 89 mi2, representing much of the 127 mi2 watershed that is not tidally influenced. 
The overall level of imperviousness is about 53%, and the land uses are approximately as follows: 
19% open space, 30% single-family residential, 32% multiple-family residential, 14% commercial, 
and 4% industrial. The gauging/sampling station location is in a concrete-lined trapezoid channel, 
about 100 ft wide with a maximum depth of about 25 ft. 

• 	 Malibu Creek. 105 mi2, representing almost all of the 110 mi2 watershed. The overall impervious
ness is about 13%, and the land uses are approximately as follows: 54% open space, 36% single
family residential, 5% multiple-family residential, and about 5% commercial and industrial com
bined. The monitoring station is located in a natural section of the creek, about 200 ft wide. 

• 	Los Angeles River at Wardlow Rd. 815 mi2, the largest watershed discharging into the Pacific 
Ocean in Los Angeles County. This site has been an active gauging station since 1931. The channel 
is concrete-lined and 400 ft wide. The maximum depth is 22 ft, while a shallow 28-ft-wide pilot 
channel carries dry-weather flows. This very large watershed contains all of the Los Angeles 
County land uses. Stream diversions, dams, and spreading areas are common in the watershed, all 
affecting the flows, especially from the upper foothill areas. 

• 	 San Gabriel River. 460 mi2, also at an existing gauging station. Numerous flow regulation facilities 
also exist in this large watershed. The river is partially stabilized with concrete at the monitoring 
station and is 200 ft wide. The maximum depth is from 11 to 14 ft. 
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These stations represent the four major drainage points for the watersheds that discharge into 
the ocean from Los Angeles County. Up to 10 storms per year will be monitored at each of these 
locations. The purpose of monitoring at these drainages is to observe trends in stormwater quality 
over the period of monitoring. The data will also be useful in confirming the models calibrated 
from the land use specific monitoring stations. However, the large number of flow modification 
structures in the large watersheds will hinder some of the comparisons. 

Besides the initial mass emission drainage monitoring stations listed above, initial land use 
monitoring stations were also established. These drainages represent relatively homogeneous (or 
simple combined) land uses and are as follows: 

• 	Trancas Canyon. 7.45 mi2, 97% open space (mostly in the Santa Monica Mountains National 
Recreation Area), and 3% low-density residential, with 1% imperviousness 

• 	Palos Verdes Estates. 1.7 mi2, 81% single-family residential, and 19% open space, with 40% 
imperviousness 

• 	 Manhattan Beach. 200 acres, 98% single-family residential and 2% commercial, with 42% imper
viousness 

• 	Downtown Los Angeles drain. 150 acres, 51% industrial and 49% commercial, with 91% imper
viousness 

• 	 City of Santa Monica drain. 50 acres, 96% commercial (Santa Monica Mall) and 4% multifamily 
residential, with 92% imperviousness 

A marginal benefit analysis was conducted by Woodward Clyde Consultants (WCC) and Psomas 
(1996), using the procedures described in Chapter 5, to identify additional land use monitoring sites 
to best represent the wide range of land uses in Los Angeles County. Table 4.28 lists the general 
land use categories for Los Angeles County, showing the percentage of each in the area covered by 
the NPDES stormwater discharge permit, plus the percentage of the total area total suspended solids 
(TSS) and copper loadings. Site surveys were conducted for the 12 most important land uses shown 
on this table (excluding vacant land). These 12 land uses comprised about 75% of the area of all 
land uses, excluding the vacant land. Seven to eight homogeneous areas representing each of these 
land use areas were surveyed during a 5-week period in the summer of 1996. Site survey information 
included detailed descriptions of the land use and age of the area, the nature and character of the 
buildings, the routing of on-site drainage (roof drainage and paved area drainage), the condition of 
the streets and other impervious areas, gutter types, the nature of the landscaping adjacent to the 
road, the presence of treated wood near the streets, and landscaping practices. In addition, measure
ments from maps and aerial photographs were made to determine the areas of each element of the 
development (roofs, streets, sidewalks, gutters, driveways, parking/storage areas, paved playgrounds, 
other paved areas, landscaped areas, and other pervious areas). Figure 4.41 shows box plots of the 
site-measured directly connected impervious areas for each of these 12 major land use areas. 

The individual land use categories are also ranked in Table 4.28 according to their total area 
contributions of these attributes. The estimated contributions for each land use category were based 
on measured site characteristics (especially imperviousness) of the most important land uses, plus 
the best estimates of runoff characteristics for these land uses. Analyses using other expected critical 
pollutants (especially bacteria) would have been informative, but preliminary data were not avail
able. Similar analyses using runoff volume, COD, and P were also conducted, with very similar 
results: the same land uses were always included in the group of the most important land uses. 

Figure 4.42 is the plot from the marginal benefit analysis of all Los Angeles County land use 
areas, showing the decreasing marginal benefits associated with monitoring an increasing number 
of land use monitoring sites. From this analysis, a total of seven land uses were identified: high
density single-family residential, vacant land, light industrial, transportation, retail and commercial, 
multifamily residential, and educational facilities. Multifamily residential and educational facilities 
were therefore added to the five land use areas previously selected for monitoring. It must be noted 
that heavy industrial land use data are being collected by the industrial component of the NPDES 
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Table 4.28 Land Uses in Los Angeles County and Estimated Pollutant Discharge Rankings 

Rank Rank 
Rank % of Based % of Based on 

% of Based TSS on TSS Copper Copper 
Land Use Category Area on Area Load Load Load Load 

Vacant land 56.0 1 19.5 2 13.3 3 
High-density single-family 18.6 2 22.9 1 32.5 1 
residential 

Light industry 3.2 3 14.8 3 17.1 2 
Multifamily residential 2.8 4 4.9 6 6.9 4 
Retail and commercial 2.5 9.5 4 4.6 6 
Transportation 1.7 6 5.6 5 6.5 5 
Low-density SFR 1.6 7 1.6 11 2.2 8 
Educational facilities 1.6 8 3.6 7 1.7 11 
Receiving waters 1.4 9 0.0 34 0.0 34 
Open space/recreation 1.2 1.6 13 0.54 19 
Mixed residential 1.1 11 1.5 14 2.1 10 
Utility facilities 1.1 12 1.2 15 0.69 16 
Natural resources extraction 0.73 13 2.1 8 2.4 7 
Institutions 0.66 14 1.6 12 0.76 14 
Urban vacant 0.64 0.26 24 0.14 26 
Golf courses 0.64 16 0.46 21 0.16 25 
Rural residential 0.62 17 0.29 23 0.40 22 
Floodways and structures 0.62 18 0.85 17 0.29 23 
Heavy industry 0.51 19 1.9 9 2.2 9 
General office use 0.49 1.8 10 0.86 12 
Agriculture 0.45 21 0.21 25 0.11 29 
Under construction 0.41 22 0.56 19 0.65 17 
Other commercial 0.33 23 1.2 16 0.58 18 
Nurseries and vineyards 0.33 24 0.10 29 0.27 24 
Mobile homes and trailer parks 0.25 0.50 20 0.71 15 
Mixed transportation and utility 0.14 26 0.66 18 0.77 13 
Animal husbandry 0.11 27 0.09 30 0.09 31 
Military installations 0.10 28 0.12 27 0.13 27 
Maintenance yards 0.08 29 0.38 22 0.44 21 
Mixed commercial and industrial 0.04 0.07 31 0.09 30 
Harbor facilities 0.04 31 0.12 26 0.52 20 
Marina facilities 0.03 32 0.03 33 0.07 32 
Mixed urban 0.03 33 0.05 32 0.06 33 
Communication facilities 0.02 34 0.11 28 0.13 28 

program, and construction sites were not deemed an appropriate source to be included in this 
program by the county. 

Further analyses were conducted to select smaller watershed areas for monitoring critical 
sources (WCC and Psomas Assoc. 1996). A list of industrial categories (by SIC codes), along with 
their ranking by their pollution potential and the number of the facilities, is shown in Table 4.29. 
The pollution potential rank was determined based on the number of sources in the area, the relative 
size of the paved areas at each source, the likelihood of specific toxic pollutants, and the exposure 
potential of the on-site sources. From this analysis, the following critical light industrial and 
commercial sources were selected for potential monitoring: 

• Wholesale trade (including scrap yards and auto dismantlers) 
• 	Automotive repair/parking (intend to stress repair facilities over parking areas in the monitoring 

program) 
• Fabricated metal products (including electroplating) 
• Motor freight (including trucking) 
• Chemical manufacturing 
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Figure 4.41	 Box plots of hydraulically connected impervious areas of the most important Los Angeles County 
land use areas. (From Woodward Clyde Consultants and Psomas and Associates. Evaluation of 
Land Use Monitoring Stations. Prepared for the Los Angeles County Department of Public Works. 
August 1996.) 
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Figure 4.42	 Marginal benefit analysis of all Los Angeles County land use areas. (From Woodward Clyde 
Consultants and Psomas and Associates. Evaluation of Land Use Monitoring Stations. Prepared 
for the Los Angeles County Department of Public Works. August 1996.) 
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Table 4.29 Ranking of Candidate Critical Sources in Los Angeles County 

No. of Facilities in Ranking Based 
SIC Los Angeles on Pollution 

Industrial Category Code County Study Area Potential 

Wholesale trade (scrap, auto dismantling) 50 587 
Automotive repair/parking 

Fabricated metal products 

Motor freight 

Chemical manufacturing 

Automotive dealers/gas stations 

Primary metals products 

Electric/gas/sanitary 

Air transportation 

Rubbers/miscellaneous plastics 

Local/suburban transit 

Railroad transportation 

Oil and gas extraction 

Lumber/wood products 

Machinery manufacturing 

Transportation equipment 

Stone, clay, glass, concrete 

Leather/leather products 

Miscellaneous manufacturing 

Food and kindred products 

Petroleum refining 

Mining of nonmetallic minerals 

Printing and publishing 

Electric/electronic 

Paper and allied products 

Furniture and fixtures 

Personal services (laundries) 

Instruments 

Textile mills products 

Apparel 


75 6067 
34 3283 
42 872 
28 1069 
55 2744 
33 703 
49 2001 
45 431 
30 1034 
41 336 
40 319 
13 327 
24 905 
35 4223 
37 1838 
32 733 
31 163 
39 1144 
20 1249 
29 231 
14 39 
27 2432 
36 1636 
26 451 
25 1368 
72 2515 
38 1029 
22 440 
23 1900 

From WCC and Psomas 1996. 

These source categories were found to be poorly represented in past stormwater studies, with 
very little characterization data already available. Therefore, all of these categories were selected 
for further monitoring. 

2. Receiving Water Characterization — The near-shore Pacific Ocean, local ocean beaches, and 
the large streams and major rivers are the receiving waters examined during this monitoring effort. 
As an example of the characteristics of the receiving waters, the Los Angeles River has a watershed 
of 827 mi2, draining portions of the San Gabriel Mountains, the San Fernando Valley, and a large 
part of the metropolitan area of the city of Los Angeles. Lowe and Rashedi (1996) reviewed the 
historical flows in the Los Angeles River and reported an average runoff flow of about 235 million 
m3/year, corresponding to about 4.4 in of runoff (a volumetric runoff coefficient of about 1/3, typical 
for large urban areas). The Los Angeles River also has a relatively small base flow, of about 14 
million m3/year, which is primarily treated wastewater discharged from upstream treatment facili
ties. Seasonal variations of flows are very large. Lowe and Rashedi (1996) reported that about 80% 
of the rainfall occurs in the winter, between November and March, with about 84% of the annual 
runoff also occurring during these months. January typically has the greatest flows and only about 
2% of the annual runoff occurs in June through August. There is also a great variation in flows 
from year to year. They found about a 15 times difference in annual flows between the 10th 
percentile year and the 90th percentile year. These flow variations reported for the Los Angeles 
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River are likely similar to the variations that may be found in other urbanized rivers and streams 
of Los Angeles County. The physical nature of the Los Angeles River is greatly modified. It is 
completely channelized and concrete-lined for most of its length through the urban area toward 
the ocean. The river is very wide (about 400 ft) and relatively shallow (about 20 ft) in the downstream 
reaches. It has a shallow low-flow pilot channel about 25 ft wide and 2 ft deep. Many of the other 
major receiving waters in the county are also greatly modified, although all are smaller than the 
Los Angeles River. 

A receiving waters study is also planned as part of the Los Angeles County monitoring program. 
This will be a joint effort between USC, UCSB, and the Southern California Coastal Water Research 
Project. An ongoing toxicity study conducted by UCLA will also be supported by the Los Angeles 
County Department of Public Works (LACDPW). The receiving water studies include a plume 
study to investigate the dispersion of stormwater flows and pollutants into the ocean from Malibu 
and Ballona Creeks. Marine benthic conditions near the outfalls of these two large creeks will also 
be investigated. The toxicity studies will investigate the stormwater flows from these two creeks, 
plus the affected sediments. The plume study will investigate discharges over 2 years from these 
creeks into Santa Monica Bay following strong winter storms. The spatial and temporal nature of 
the stormwater plumes will be mapped, and the interaction between the stormwater and the ocean 
water will be determined. The suspended particulate matter and dissolved organic material dis
charges will be of special interest. The benthic study will investigate water quality (DO, salinity, 
density, temperature, light transmissivity, and pH), sediment characteristics (grain size, organic and 
other constituent concentrations), and the structure of the benthic invertebrate community. The 
toxicity study will examine water column toxicity by using sea urchin fertilization tests and toxicity 
identification examinations (TIE). Sediment toxicity tests will include amphipod survival tests, sea 
urchin growth tests, chemical analyses of sea urchin tissue, and TIE tests. Two stormwater and one 
dry-weather flow sample will also be tested for toxicity (using sea urchin fertilization tests) at the 
Los Angeles River and the San Gabriel River monitoring stations in each of 2 years. 

3. Select Monitoring Parameters and Magnitude of Sampling — The nine initial monitoring 
stations were instrumented with refrigerated automatic water samplers. Since the mass emission 
sampling locations required lifts greater than 15 ft and very long sample line lengths, auxiliary 
pumps were located in the stream channels that delivered a continuous flow of water close to the 
automatic samplers. The stormwater samples are being collected on a flow-proportionate basis, 
using existing flow monitoring facilities if available, or installing flow monitoring equipment, if 
needed. The samples were collected as discrete samples and then manually composited for analyses. 
Certain parameters (bacteria and VOCs) required manual sampling. The dry-weather sampling uses 
the same automatic samplers, but the samplers are reprogrammed to obtain samples on a time
weighted basis. At least one rain gauge capable of measuring rain intensity was also installed in 
the upper watersheds. The LACDPW operates many rain gauges throughout the Santa Monica 
Drainage Basin, and these were used to supplement the installed gauges. 

Table 4.30 lists the priorities for the monitored constituents and the associated sample volumes 
needed to conduct the selected constituents. The total sample volume needed for the complete list 
of analyses to be collected from the automatically collected stormwater samples is about 8 L. As 
shown in Chapter 6, many of these analyses may be conducted using procedures requiring much 
smaller sample volumes. However, the use of alternative (but acceptable) methods can be more 
costly, especially if the laboratory needs to develop new methods. Only 40 mL of water is needed 
for the VOC analyses, but the samples must be manually collected because specialized automatic 
VOC samplers are not being used. Other analyses to be conducted on manually collected grab 
samples include total coliforms, fecal coliforms, fecal streptococcus, oil and grease, total phenols, 
cyanide, pH, and temperature. About 2.5 L of water is needed for these additional analyses. 
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Table 4.30 	 Analyses Priority and Sample Volumes Needed for Automatically Collected 
Stormwater Samples 

Sample Volume 
Priority Constituent Method Needed (mL) 

Heavy metals (total and dissolved) EPAa 200 500 
Total petroleum hydrocarbons (TPH) EPA 418.1 1000 
Semivolatile organic compounds EPA 8250 1000 
Pesticides and PCBs EPA 8250 or 608 1000 
Total suspended solids (TSS) EPA 160.1 100 
Volatile suspended solids (VSS) EPA 160.1 100 
Total organic carbon (TOC) EPA 415.1 25 
Chemical oxygen demand (COD) EPA 410.4 500 
Specific conductance EPA 120.1 100 
Total dissolved solids (TDS) EPA 160.1 100 
Turbidity EPA 180.1 100 
Biochemical oxygen demand (BOD5) EPA 405.1 1000 
Dissolved phosphorus EPA 300 50 
Total phosphorus EPA 300 50 
Total ammonia nitrogen EPA 350.2 500 
Total Kjeldahl nitrogen EPA 351.3 100 
Nitrate and nitrite nitrogen SMb 4110 100 
Alkalinity EPA 310.1 100 
Chloride SM 4110 50 
Fluoride SM 4110 300 
Sulfate SM 4110 50 
Herbicides EPA 619 1000 

a EPA published method. 

b Standard Methods for the Examination of Water and Wastewater. 


Sampling at the land use monitoring locations will include the complete list of constituents, 
unless the constituent is frequently not detected. If the constituent is not found at the method 
detection limit (MDL) in at least 25% of the samples, it will be eliminated from the list for routine 
analyses. However, the constituent will be analyzed at least once a year. In addition, once sufficient 
storms at a specific location have been sampled to allow the event mean concentration (EMC) of 
a constituent to be determined with an error rate of 25%, or less, that constituent will also be 
removed from the list of analyses to be conducted at that location. The land use station will remain 
in operation until the following constituent EMCs are determined at the 25% error level: 

Total PAHs 

Chlordane 

Cd, Cu, Ni, Pb, Cr, Ag, Zn 

TSS 

Total nitrogen 

Total phosphorus 


A chain-of-custody record was prepared specifically for this project by the LACDPW. The 
sampling program also included routine QA/QC field activities, such as the use of field blanks for 
manual VOC sampling and field duplicates for all events. Before the sampling program began, a 
sampling instruction manual was prepared, detailing such things as specific sampling equipment 
features, sample handling, and field equipment lists. The Quality Assurance Manual from the local 
laboratory being used (Environmental Toxicology Laboratory of the County of Los Angeles Office 
of Agricultural Commissioner/Weights and Measures) was also included in the initial proposed 
stormwater monitoring program description prepared by the LACDPW. 
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The initial monitoring design was to program the automatic samplers to obtain the needed sample 
volume for a 0.4-inch storm, with a maximum rain depth of 1.7 inches capable of filling the samplers. 
During the 45-year period from 1948 to 1993, about 1350 rains occurred at LAX (assuming a 
conventional 6-hour inter-event dry period), or about 30 rain events per year. Figure 4.43 shows a 
probability plot of rain event depths and estimated runoff depths for residential and commercial sites 
in the Los Angeles area for 1969 through 1993 rains. The median rain depth (by count and considering 
all rains) was about 0.2 inches, and about 70% of all recorded rains at LAX were less than 0.4 
inches. About 5% of the rain events were greater than 1.7 inches in rain depth. Therefore, only about 
25% of all rains (by occurrence) were in the range of 0.4 to 1.7 inches in depth. The 0.4-inch rain 
depth needed for complete analyses was therefore found to be relatively large, resulting in a 
significant number of events that would not be represented in the monitoring program. A special 
monitoring test was therefore conducted to determine the minimum rain event size that would produce 
significant runoff that could also be adequately sampled. The results of this special test indicated 
that the samplers could be programmed to capture runoff from at least a 0.25-inch rain, resulting in 
about 90% of the annual runoff volume being represented in the monitoring program. 

Experimental design calculations also indicated the need for very large paired data sets to 
observe statistically significant differences in stormwater runoff quality from most public education 
and public works practices. With a coefficient of variation of 1 (common for most stormwater 
concentration data), plus a 20% likelihood of false negatives and 95% confidence, about 200 paired 
observations would be needed if the control program produces a change of about 25% in stormwater 
characteristics. If the change is about 50%, then about 50 paired observations would be needed. If 
the control program produced about 95% differences in stormwater characteristics (only possible 
for the most effective stormwater controls, such as well-designed and operated wet detention ponds 
or grass swales), then only 15 pairs of data would be needed. In an area having relatively few rain 
events per year, it could take many years to obtain adequate data for important decisions. 

The sampling plan for the critical source areas includes monitoring at six sites in each of the 
five categories (WCC and Psomas Assoc. 1996). These monitoring activities will also include 
evaluations of site stormwater controls. The first year will include monitoring of the sites without 
controls, while the second year of monitoring will include the use of site controls at three of the 
sites in each category. These paired tests will enable site and rainfall differences to be identified 
to enable more accurate stormwater control evaluations. Five rain events will be monitored using 
manual grab sampling during the first year, and ten will be monitored during the second year. The 
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Table 4.31 Constituents to Be Monitored as Part of the Critical Source Area Monitoring Program 

Fabricated 
Wholesale Automotive Metal Motor Chemical 

Constituent Trade Repair/Parking Products Freight Manufacturing 

pH X X X X X 
Specific conductance X X X X X 
Oil and grease X X X X 
Semivolatile organics X X X X X 
Total petroleum hydrocarbons X X 
(TPH) 

Chemical oxygen demand (COD) X X X X X 
Total suspended solids (TSS) X X X X X 
Total dissolved solids (TDS) X X X X X 
Total organic carbon (TOC) X X X X X 
MBAS (detergents) X 
Heavy metals (Al, Cd, Cr, Cu, Fe, X X X X 
Pb, Ni, and Zn) 

Other (based on chemicals X X 
handled at facility) 

From WCC and Psomas Assoc. 1996. 

samples will be composited before analysis into test and control samples for each source area 
category. The samples will be analyzed for the constituents shown on Table 4.31. 

The stormwater controls to be investigated will be selected from the following ranked listing: 

Infiltration 

Media filtration (sand filters and similar devices) 

Oil/water separators 

Water quality inlets (oil spill containment) 

Biofiltration (vegetated swales or filter strips) 

Wet or extended detention dry ponds 

Constructed wetlands 

Runoff quantity control ponds and vaults 

Multiple systems 


In addition, industrial and commercial source controls will also be considered, including pre
ventive maintenance, spill containment, material handling, litter control, etc. 

Step 4. Project Implementation (Routine Initial Semiquantitative Survey) 

An important initial step in any monitoring program is to collect and review any existing data 
and information. LACDPW has been actively monitoring surface water quality since the late 1960s 
(Rashedi and Liu 1996). Since the mid-1980s, 28 sampling sites have been routinely monitored 
during both dry weather (monthly observations) and wet weather (three to four storms per year). 
Table 4.32 lists the constituents that have been included in these monitoring activities. 

The available data were reported by LACDPW as part of its evaluation of existing stormwater 
quality monitoring data (task 5.2, Report of Waste Discharge, volume 8). This report included some 
of the stormwater data (TDS, chloride, pH, sulfate, nitrite, lead, fecal coliforms, enterococcus, and 
total coliforms) for several storms a year. The bacteria were generally high, as is typical for storm
water. Fecal coliforms averaged from 10,000 to 100,000 organisms per 100 mL, and the enterococci 
were only slightly lower. Similar monitoring was also conducted at these locations during dry weather. 
The dry weather fecal coliform observations were much lower, being about 1000 to 10,000 organisms 
per 100 mL, while the TDS and chlorides were higher. The “Basin Plan Objective” for fecal coliforms 
is only 200 organisms per 100 mL, with most observations greatly exceeding this value. 
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Table 4.32 Constituents Monitored at 28 Surface Water Sampling Locations since the Late 1980s 

Constituent Dry Weather Wet Weather 

Minerals X X 
Pesticides X X 
Total petroleum hydrocarbons X 
Heavy metals X Total and 

filtered 
Bacteria (total and fecal coliforms, streptococci, and enterococci) X X 
Suspended solids (total and volatile) X 
Oil and grease X 
Biochemical oxygen demand X 
Total organic carbon X 
Volatile organic compounds Semiannually X 

Rashedi and Liu (1996) reported that the top ten compounds with the highest numbers of 
exceedances of the water quality objectives were: fecal coliforms, enterococcus, TDS, ammonia, 
chloride, nitrite, pH, sulfate, total coliforms, and lead. The available data indicated very high 
variabilities in concentrations, with no obvious and consistent trends observed. However, most of 
the lower basin monitoring data showed higher concentrations of chloride, sulfate, lead, and TDS 
than the corresponding upper basin areas. Lead concentrations sharply decreased after 1990, and 
the most recent data were mostly below the water quality objective limits. The dry-weather flow 
lead concentrations were generally higher than the storm-generated flows in the Los Angeles River 
(Lowe and Rashedi 1996). 

Rashedi and Liu (1996) also evaluated the available data for different land uses. They found 
higher concentrations of total and fecal coliforms, lead, TDS, chloride, and sulfate in drainages 
having large industrial areas. Higher chloride, sulfate, TDS, nitrate, ammonia, total coliforms, and 
lead concentrations were found in watersheds that were heavily urbanized. 

Because of the observed high variability (typical for stormwater quality), a large number of 
samples (probably at least 50) will be needed to obtain event mean concentration values having 
errors of 25%, or less. If only five storms can be monitored per year at each of the monitoring 
locations, it may require at least a decade before enough data are collected for the necessary 
statistical analyses to satisfy the project objectives. 

Several special studies were also conducted to investigate potential local monitoring problems. 
One included an investigation of reducing the smallest storm size that could be monitored, and 
another investigated problems associated with monitoring in very wide and shallow channels. As 
noted previously, the samplers were programmed to sample storms as small as 0.25 inches, reduced 
from the initial design of 0.4 inches. This reduction in the small storm size that could be sampled 
should increase the capture of the annual runoff significantly. About 15 to 20% of the annual runoff 
is associated with rains less than 0.4 inches, while less than 10% of the annual runoff is expected 
from storms less than 0.25 inches in depth (using a conventional interevent dry period of 6 hours 
and for the LAX rain history from 1969 to 1993). The larger range of storms to be monitored will 
enable the collection of most storms that occur and will allow analyses of concentration variations 
associated with rain depth. The design of many less expensive stormwater controls is based on the 
assumption that higher concentrations of pollutants occur with small rains, or with the first portion 
of rains. Therefore, this monitoring effort will enable this important characterization aspect to be 
investigated. The number of events associated with these small storms is also very large and is 
therefore important in relation to water quality objectives (especially bacteria). Characterizing these 
smaller events will therefore enable better evaluations of exceedance frequency and durations of 
water quality objectives. 

A study was conducted at the monitoring station at Ballona Creek to investigate whether the 
single midstream sampling location was reasonably representative of the 100 × 25 ft channel (WCC 
and CDM 1996). Four surface samples (collected from locations evenly spaced along the width 
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of the channel) were compared to the single midchannel automatic sampling location at the channel 
bottom during three storms. Samples were obtained at 3-hour intervals during the storm durations 
and were analyzed for temperature, pH, specific conductivity, turbidity, TDS, TSS, copper (total 
and dissolved), zinc (total and dissolved), and nitrate. The three storms monitored were 1.8, 3.1, and 
2.2 inches in depth, all quite large, but sufficient to create enough depth in the channel to enable 
sampling over a wide area. The flows were confined in a channel about 50 to 100 ft wide and from 
2 to 8 ft deep, and the water velocities ranged from 0.2 to 0.3 ft/s during this study. The differences 
in constituent concentrations for the different sampling locations for any storm were found to be 
much less than the differences in concentrations between storms. As an example, the middle bottom 
sample was from 5 to 25% different from the overall average, with no clear bias, for suspended 
solids. Calculations were also made by LACDPW (1998) to determine the flow distances required 
for complete mixing in the channel during these events (to achieve less than a 10% variation in 
water quality). It may require from 600 to 2500 ft of channel length from a discharge to achieve 
this level of mixing for these storms. At the Ballona Creek monitoring station, three upstream 
outfalls are within 2500 ft. However, these outfalls only represent about 2% of the complete 
drainage area. The required flow distances for complete mixing at the other wide channel sites 
(200 to 400 ft in width) would likely be substantially longer, depending on the expected flow rates 
and water depths. However, problems associated with automating a multilocation sampling system 
are difficult, requiring multiple sampling pumps spread across the channel, instead of the single 
unit used here. 

An important aspect of any monitoring program is the health and safety of the project personnel. 
The LACDPW requires all employees to identify the likely hazards that may be encountered on 
their jobs. For this project, these hazards included hazardous weather conditions, working in 
confined spaces, hazards associated with chemicals, snakes, poison ivy, traffic, falling, drowning, 
etc. The county requires field sampling personnel to undergo a minimum of 40 hours of Hazardous 
Materials Awareness training and other training to enable the personnel to evaluate potentially 
hazardous situations and safety concerns. 

Step 5. Data Evaluation 

This case study describes the development of a workplan for a large and comprehensive 
stormwater management program. Only preliminary data are currently available, as described above, 
which were used to modify and refine the initial workplan. 

Step 6. Confirmatory Assessment (Optional Tier 2 Testing) 

There are several additional stormwater monitoring programs being conducted in southern 
California that can be very useful for Los Angeles County. One of the most interesting is a unique 
epidemiological study conducted at Santa Monica Bay beaches to examine human health risks 
associated with swimming in water contaminated by stormwater. It is summarized in the following 
paragraphs and tables. This study was the first large-scale epidemiological study in the United 
States to investigate possible adverse health effects associated with swimming in ocean waters 
affected by discharges from separate storm drains (Water Environment & Technology 1996a,b; 
Environmental Science & Technology 1996; Haile et al. 1996). 

During a 4-month period in the summer of 1995, about 15,000 ocean swimmers were inter
viewed on the beach and by telephone 1 to 2 weeks later. They were queried concerning illnesses 
since their beach outing. The incidence of illness (such as fever, chills, ear discharge, vomiting, 
coughing with phlegm, and credible gastrointestinal illness) was significantly greater (from 44 to 
127% increased incidence) for oceangoers who swam directly off the outfalls, compared to those 
who swam 400 yards away, as shown on Table 4.33. As an example, the rate ratio (RR) for fever 
was 1.6, while it was 2.3 for ear discharges, and 2.2 for highly credible gastrointestinal illness 
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Table 4.33	 Comparative Health Outcomes for Swimming in Front of Storm Drain Outfalls, Compared 
to Swimming at Least 400 Yards Away 

Estimated No. of Excess 
Cases per 10,000 

Relative Rate Estimated Swimmers (rate 
Health Outcome Risk, % Ratio Association difference) 

Fever 57 1.57 Moderate 259 
Chills 58 1.58 Moderate 138 
Ear discharge 127 2.27 Moderate 88 
Vomiting 61 1.61 Moderate 115 
Coughing with phlegm 59 1.59 Moderate 175 
Any of the above symptoms 44 1.44 Weak 373 
HCGI-2 111 2.11 Moderate 95 
SRD (significant respiratory disease) 66 1.66 Moderate 303 
HCGI-2 or SRD 53 1.53 Moderate 314 

From SMBRP (Santa Monica Bay Restoration Project). A Health Effects Study of Swimmers in Santa Monica 
Bay. Santa Monica Bay Restoration Project. Monterey Park, CA. October 1996. 

comprised of vomiting and fever (HCGI). Disease incidence dropped significantly with distance 
from the storm drain. At 400 yards, and beyond, upcoast or downcoast, elevated disease risks were 
not found. The results did not change when adjusted for age, beach, gender, race, socioeconomic 
status, or worry about health risks associated with swimming at the beach. 

These interviews were supplemented with indicator and pathogenic bacteria and virus analyses 
in the waters. The greatest health problems were associated with times of highest concentrations 
(E. coli > 320 cfu/100 mL, enterococcus > 106 cfu/100 mL, total coliforms >10,000 cfu/100 mL, 
and fecal coliforms > 400 cfu/100 mL). Bacteria populations greater than these are common in 
urban runoff and in urban receiving waters. Symptoms were found to be associated with swimming 
in areas where bacterial indicator levels were greater than these critical counts. Table 4.34 shows 
the health outcomes associated with swimming in areas having bacterial counts greater than these 
critical values. The association for enterococcus with bloody diarrhea was strong, and the association 
of total coliforms with skin rash was moderate, but nearly strong. 

The ratio of total coliform to fecal coliform was found to be one of the better indicators for 
predicting health risks when swimming close to a storm drain. When the total coliforms were 
greater than 1000 cfu/100 mL, the strongest effects were generally observed when the total to fecal 
coliform ratio was 2. The risks decreased as the ratio increased. In addition, illnesses were more 
common on days when enteric viruses were found in the water. 

The percentage of survey days exceeding the critical bacterial counts was high, especially when 
closest to the storm drains, as shown on Table 4.35. High densities of E. coli, fecal coliforms, and 
enterococcus were observed on more than 25% of the days; however, there was a significant amount 

Table 4.34 Health Outcomes Associated with Swimming in Areas Having High Bacterial Counts 

Indicator (and critical Increased Risk Estimated Excess Cases per 
cutoff count) Health Outcome Risk, % Ratio Association 10,000 Swimmers 

E. coli (>320 cfu/100 Ear ache and 46 1.46 Weak 149 
mL) nasal congestion 24 1.24 Weak 211 

Enterococcus (>106 Diarrhea w/blood 323 4.23 Strong 27 
cfu/100 mL) and HCGI-1 44 1.44 Weak 130 

Total coliform bacteria 
(>10,000 cfu/100 mL) 

Skin rash 200 3.00 Moderate 165 

Fecal coliform bacteria 
(>400 cfu/100 mL) 

Skin rash 88 1.88 Moderate 74 

From SMBRP (Santa Monica Bay Restoration Project). A Health Effects Study of Swimmers in Santa Monica 
Bay. Santa Monica Bay Restoration Project. Monterey Park, CA. October 1996. 
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Table 4.35 Percentages of Days When Samples Exceeded Critical Levels 

1 to 100 yards 1 to 100 yards 400+ yards 
Bacterial Indicator 0 yards Upcoast Downcoast Upcoast 

E. coli (>320 cfu/100 mL) 25.0 3.5 6.7 0.6 
Total coliforms (>10,000 cfu/100 mL) 8.6 0.4 0.9 0.0 
Fecal coliforms (>400 cfu/100 mL) 29.7 3.0 8.6 0.9 
Enterococcus (>106 cfu/100 mL) 28.7 6.0 9.6 1.3 
Total/Fecal coliform ratio ≤5 (and total 12.0 0.5 3.9 0.4 
coliforms >1000 cfu/100 mL) 

From SMBRP (Santa Monica Bay Restoration Project). A Health Effects Study of Swimmers in Santa Monica 
Bay. Santa Monica Bay Restoration Project. Monterey Park, CA. October 1996. 

of variability in observed counts in the water samples obtained directly in front of the drains. The 
variability and the frequency of high counts dropped considerably with distance from the storm 
drains. Upcoast bacteria densities were less than downcoast densities probably because of prevailing 
near-shore currents. 

The SMBRP (1996) concluded that less than 2 miles of Santa Monica Bay’s 50-mile coastline 
had problematic health concerns due to the storm drains flowing into the bay. They also concluded 
that the bacterial indicators currently being monitored do help predict risk. In addition, the total to 
fecal coliform ratio was found to be a useful additional indicator of illness. As an outcome of this 
study, the Los Angeles County Department of Health Services will post new warning signs advising 
against swimming near the outfalls (“Warning! Storm drain water may cause illness. No swim
ming”). These signs will be posted on both sides of all flowing storm drains in Los Angeles County. 
In addition, county lifeguards will attempt to warn and advise swimmers to stay away from areas 
directly in front of storm drain outlets, especially in ponded areas. The county is also accelerating 
its studies on sources of pathogens in stormwater. 

Step 7. Project Conclusions 

It was necessary to modify the original workplan for conducting this large and comprehensive 
stormwater management study in support of the local stormwater discharge permit. Los Angeles 
County is probably the largest and most complex urban area that has ever attempted to conduct 
such a comprehensive study needed for the permit and to direct its future stormwater management 
decisions. In addition to its unique complexity and size, highly variable and sometimes violent rain 
conditions also occur. These have all contributed to produce a study that is examining many scales 
of the stormwater problem. Even though there will still exist some deficiencies in this project (such 
as not examining beneficial use problems in the smaller urban drainages that have informal human 
contact recreation), the results of this work will be very important for many years to come. 

Birmingham Separate Sewer Overflow Program Monitoring 

The Department of Civil and Environmental Engineering at the University of Alabama at 
Birmingham (Lalor and Pitt 1998) participated in a multiyear research project funded by the U.S. 
Environmental Protection Agency to develop a protocol to enable municipalities to assess local 
problems associated with sanitary sewer overflows (SSOs). SSOs and receiving waters are highly 
variable, resulting in highly variable conclusions pertaining to local problems. If SSOs occur 
frequently and affect small streams having substantial human contact, the problem is likely serious. 
However, if the receiving water is relatively large, the SSOs infrequent, and human contact rare, 
the problems associated with these discharges may be insignificant. This project therefore developed 
and demonstrated a preliminary protocol to enable municipalities to understand their specific local 
SSO-related problems and to plan better for their control. 
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Step 1. What’s the Question? 

Identify and quantify the human and environmental risks associated with SSOs in urban streams. 
Need to quantify the sources, fates, and exposure mechanisms of pathogens and toxicants in SSOs. 
Human exposure ranges from informal human contact associated with children playing in urban 
receiving waters to consumption of water and fish contaminated by upstream SSOs. 

Step 2. Decide on Problem Formulation 

As in most environmental research projects, this project was designed as a series of overlapping 
individual experiments, some of short duration and some long, some examining specific individual 
processes and some examining many processes interacting together. The conventional stream 
monitoring activities associated with this project involve longitudinal “above” and “below” moni
toring following the stream path as it flows past several known SSO locations. The project test 
sites have different characteristics to test the sensitivity of the monitoring program in identifying 
the known SSO discharges and to determine if the SSO discharges were causing measurable 
beneficial use impairments. Initial monitoring during the first project phase only included specific 
tracer analyses that were thought to be the most sensitive in detecting SSO discharges. Later project 
phases could include more comprehensive chemical and biological monitoring at the locations 
along the streams that were found to have a variety of SSO effects. From this sequence of tests, 
the ability of these different parameters to detect SSO discharges and their effects for different 
stream conditions will be determined. The initial test locations include: 

• 	 A local hillside where a low-volume, but constant SSO is occurring, flowing into a moderate-sized 
stream 

• 	 A moderate-sized stream (Five-Mile Creek), having a watershed area of about 100 mi2 with a large 
intermittent SSO and a small continuous SSO 

• 	A small, completely urbanized stream (Griffin Brook), having a watershed area of about 10 mi2 

with numerous small SSOs 

A sampling strategy examining the individual streams as they flowed past the SSO locations 
(longitudinal sampling along the flow path) was used for most of the field studies. The variable 
conditions that these test sites provide enabled us to investigate a range of discharge and receiving 
water conditions, and different resulting problems. The hillside site was used to investigate changes 
in the SSO’s characteristics as it flowed toward the creek. The moderate- and small-sized receiving 
waters also used longitudinal sampling, with samples collected above and below the known dis
charge locations, and for an extended distance downstream. The moderate-sized stream also 
included small-scale up- and downgradient analyses of sediment conditions. The field studies were 
also conducted during different seasons and flow patterns, contrasting wet- and dry-weather con
ditions and warm and cold weather. 

Another important aspect of this research was to determine suitable risk assessment approaches 
and tools to enable municipalities to determine the magnitude of local SSO-related problems. 
Therefore, various experiments were conducted to enable receiving water models to be calibrated 
for expected local SSO characteristics. The experiments conducted and planned include: 

• In situ bacteria and other pathogen die-off tests 
• Photosynthesis and respiration (P/R) of sewage-contaminated waters 
• Interaction of water column pollutants and contaminated sediments and interstitial waters 
• Interstitial water measurements 
• Measurement of frequency, duration, and magnitude of WWF events 
• Sediment oxygen demand (SOD) and sediment P/R tests 
• Settleability of SSO-related bacteria and toxicants 
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Step 3. Project Design 

Qualitative Watershed Characterization and Stream Characterization — There are several 
sites where samples were taken. The sites were located in and along two urban streams in the 
Birmingham, AL, area. These sites were chosen to allow for overland, upstream, in-stream, and 
downstream samples near known SSO locations. 

Five-Mile Creek — The Five-Mile Creek area has ten sampling sites along an approximately 3
mile reach from Five-Mile Creek Road to Highway 79. Five-Mile Creek is located in the northern 
part of Birmingham and is surrounded by industrial and suburban development. This series of 
sampling locations includes sites from 500 ft upstream to 1000 ft downstream from known SSO 
discharge points. 

Overland Flow Sampling Site — The small-volume, overland flow/continuous discharge SSO 
site is located on Five-Mile Creek, and in-stream sampling points are above and below its location. 
In order to evaluate the effects of overland flow on SSO characteristics (especially pathogen die
off and particulate toxicant settling), several hillside locations were sampled as the discharge flowed 
overland toward the stream. 

Griffin Brook — Griffin Brook is within a small, fully developed watershed, and is a first-order 
stream. Griffin Brook is located within Homewood, a suburb located in the southern Birmingham 
area, and discharges into Shades Creek. The Griffin Brook test reach is approximately 2.5 miles 
in length, bracketing several known small SSO discharges. 

Select Monitoring Parameters — The stream sampling locations were tested during the first 
project phase using a brief set of chemical and microbiological parameters. These parameters 
were thought to be the most sensitive to enable the identification of SSO discharges. These 
parameters (mostly based on earlier work on identifying inappropriate discharges into storm 
drainage systems; Pitt et al. 1993; Lalor 1994) were: 

• Indicators of sewage (detergents, ammonia, potassium, fluoride, color, and odor) 
• Other conventional parameters (pH, turbidity, and conductivity) 
• 	 Rapid microbiological analyses for E. coli., enterococci, and total coliforms (using IDEXX Quan

titrays) 

The later phase of the project could involve more comprehensive analyses at the sites found to 
have detectable SSO discharges. These analyses will be used to quantify the receiving water effects 
of SSOs on beneficial uses (contact and noncontact recreation, water supply, consumptive fishing, 
and aquatic life uses). These analyses may include the following parameters: 

Primary list (for routine analysis of most samples): 
• 	 Pathogens, including protozoa (Giardia and Cryptosporidium), Pseudomonas aeruginosa, and 

Shigella, along with E. coli. Viruses, if possible, will also be investigated. 
• Trash and other debris along the streams. 
• 	 Toxicants, including partitioned metals (lead, copper, cadmium, and zinc, using graphite furnace 

atomic adsorption spectrophotometer, or other methods having comparable detection limits), 
partitioned organics (PAHs, phenols, and phthalate esters using GC/MSD with SIM, or HPLC), 
herbicides, and insecticides (using GC/ECD or immunoassays); suggest routinely using toxicant 
screening method, such as Azur’s Microtox, for possible guidance in modifying specific list 
of toxicants. 

• 	 Nutrients, including phosphates, total phosphorus, ammonia, total Kjeldahl nitrogen, nitrate 
plus nitrite, and partitioned TOC (or at least COD). 
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• 	 Additional conventional parameters affecting fates and effects of pollutants in receiving waters, 
including hardness, alkalinity, pH, specific conductivity, particle size analyses, turbidity, sus
pended solids (SS), volatile suspended solids (VSS), and dissolved solids (TDS). 

Secondary list (in addition to the above-listed analyses at selected critical locations at least 
seasonally): 

• 	 Selected additional metallic toxicants (such as arsenic and mercury and possible screening 
using mass spec/mass spec) and selected additional organic toxicants (such as VOCs) 

• Long-term NBOD and CBOD (for k rates and ultimate BOD) 
• Particulate organic carbon (POC) 
• Major cations and anions 
• Continuous pH, ORP, specific conductivity, temperature, and turbidity should also be conducted 

using an in situ water quality sonde. 
Sediment analyses (seasonal analyses): 

• Particle size distributions of sediment 
• Acid volatile sulfides (AVS) in sediments 
• Toxicants and nutrients by particle size 
• BOD and COD (and possibly POC) by particle size 
• Interstitial water analyses for key parameters, especially pathogens, nutrients, pH, and ORP, 

plus others, volume permitting 
Numerous seasonal biological attributes should also be included at each sampling reach, including: 

• Benthic macroinvertebrates (natural and artificial substrates) 
• Algae (natural and artificial substrates) and macrophytes 
• In situ toxicity test assays 

Partitioned analyses of the toxicants in runoff and in the receiving water is very important, as 
the form of the pollutants will have great effects on their fate and treatability. Conventional 
assumptions that only filterable toxicants have a toxic effect on receiving water organisms is not 
always correct. 

The sampling requirements will vary for each primary parameter, based on the concentration 
variations observed. In most cases, 1 year of data (including about 15 to 35 events) will likely be 
sufficient. For most parameters (assuming a COV of 0.75 to 1.0), this number of samples will result 
in an event-mean concentration (EMC) value estimate with about 25% levels of error, and will 
enable effective comparisons to be made between paired upstream and downstream locations. The 
secondary parameters will only be analyzed about four times (seasonally) and at fewer locations. 
The likely errors in their EMCs will therefore be quite large. However, the purpose of these 
measurements is for screening: to identify the presence of additional significant parameters. The 
seasonal sediment and biological analyses should be sufficient because their variability is much 
less than for the water parameters. 

An important aspect of this research project is to develop an approach useful for municipalities 
to determine the local risks and the role that SSOs play in TMDL calculations. As such, this project 
will develop several alternative field program recommendations that should result in different levels 
of confidence. The above list of parameters will therefore be narrowed considerably for these 
alternative approaches. 

Step 4. Project Implementation (Routine Initial Semiquantitative Survey) and Step 5, 
Data Evaluation 

A series of initial tests was conducted during the first project period to investigate methods to 
measure the fates of the critical pathogens and toxicants associated with SSO events. This initial 
effort includes the following experiments: 

Initial Steam Surveys in Five-Mile Creek and in Griffin Brook — A number of SSO discharge 
points were observed along Five-Mile Creek. Figure 4.44 shows a large, intermittent, SSO discharge 
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Figure 4.44 	 Five-Mile Creek SSO discharge during Figure 4.45 Five-Mile Creek under normal flow 
large flow. conditions. 

Figure 4.46 Typical SSO discharge point along Figure 4.47 Unusual continuous SSO discharge 
banks of Five-Mile Creek. from surcharged/broken sewerage 

along Five-Mile Creek. 

during a large rain event, Figure 4.45 shows Five-Mile Creek under normal flow conditions, while 
Color Figure 4.1* shows this discharge mixing with the creek during this large overflow. Figure 4.46 
shows another intermittent SSO discharge location at a poorly sealed sanitary sewer manhole in 
the creek right-of-way. Moderate rains causing surcharging conditions in the sewerage would 
obviously cause a large SSO at this location. Figure 4.47 shows an unusual continuous (but relatively 
low volume) SSO discharge that was caused by a leaking sewer on a hillside discharging to Five-
Mile Creek. 

The initial stream surveys in Five-Mile Creek found no significant SSO discharge effects in the 
stream during wet or dry weather in the proximity of the small continuous hillside discharge shown 
in Figure 4.47, except within a few feet of the discharge location. No samples were obtained during 
high creek flows when the large intermittent SSO was discharging. However, visual observations 
were obtained during one large discharge event, indicating very large amounts of SSO being 
discharged into Five-Mile Creek (Figures 4.44 and Color Figure 4.1). During this event, the SSO 
discharge was likely about 10% of the creek flow and was visually obvious for several hundred 
feet downstream of the discharge location. This SSO discharge is scheduled to be corrected by 
Jefferson County in the near future. 

The stream surveys in Griffin Brook indicated significant effects from continuous SSO dis
charges during dry weather, but no noticeable SSO effects during wet weather. The numerous SSOs 
were all individually quite small, but were responsible for a significant portion of the dry-weather 

* Color figures follow page 370. 

RB-AR28434



200 STORMWATER EFFECTS HANDBOOK 

flow in the stream during the summer. During 
rains, the much higher flows and the moderate to 
high concentrations of most pollutants in the 
urban runoff masked the continuous SSO dis
charges, effectively diluting the SSOs below 
detection (Figure 4.48). 

In Situ Bacteria and Other Pathogen Die-off 
Tests — Dialysis bags were initially used to 
measure in situ die-off of pathogens (Figures 
4.49 and 4.50). In situ die-off tests are more 

Figure 4.48 Griffin Brook during wet weather condi- accurate indicators of pathogen die-off compared 
tions. (Courtesy of Robin Chapman.) to laboratory tests, as actual environmental con

ditions are allowed to affect the test organisms. 
The dialysis bags allow water, nutrients, and gases to enter the bags, but restrain the test organisms. 
Samples of raw sewage collected from known SSO discharge locations were diluted with stream 
water and placed in sealed bags. The bags were fitted into large-diameter plastic pipes (with coarse 
screening on the ends) for protection and anchored in the streams. Bags were then periodically 
removed and the pathogen populations determined and compared to the initial conditions. In later, 
extended tests lasting several weeks, we found that the dialysis bag material decomposed, allowing 
substantial leakage. We have since replaced these initial chamber designs with ones using plastic 
tubing with membrane filter ports. These new designs and test results are described in Chapter 6. 

Photosynthesis and Respiration of Sewage-Contaminated Waters — The aim of this exper
iment was to examine the acclimation period of the effects of a sewage discharge to a receiving 
water’s dissolved oxygen, and to measure the photosynthesis and respiration (P/R) rates for several 
mixtures of sewage and receiving waters. The P/R discussion in Chapter 6 describes the test results 
and summarizes the specific procedures used. The acclimation period of an intermittent discharge 
into a receiving water may be relatively long, requiring extended observations to obtain an under
standing of the likely dissolved oxygen effects. The use of continuously recording water quality 
sondes enables the collection of water quality data over an extended period (14 days during this 

Figure 4.49 	 Placement of in situ pathogen die-off Figure 4.50 In place pathogen die-off test chambers. 
test chambers in Five-Mile Creek. (Courtesy of John Easton.) 
(Courtesy of John Easton.) 
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field study). Traditional measurements of P/R rates are performed using light and dark bottles over 
a short period of time, usually several hours, and with little replication. These short period data 
are then used to construct a dissolved oxygen curve for a 1-day cycle, for the light and dark bottles, 
from which P/R calculations are made. With the continuously recording sondes, several curves can 
be constructed over multiple days having variable weather, providing far more useful results than 
the traditional method. In addition, the acclimation period can be accurately determined and 
considered in DO calculations. 

The net effect of the P/R processes is that the dissolved oxygen level in the water rises during 
the daylight and falls at night. In addition, the pH of typical receiving waters is governed by the 
carbonic acid/bicarbonate/carbonate buffering system. Increases in the dissolved CO2 concentration 
cause corresponding decreases in pH, and vice versa. Therefore, the pH increases during the daytime 
hours because CO2 is being fixed by photosynthetic organisms and is thereby removed from the 
water. Then, at night, pH drops because atmospheric CO2 and CO2 being produced by respiration 
increase the concentration of CO2 in the water. The DO and pH sonde probes measured these changes 
directly. In addition, changes in temperature, ORP, and specific conductance were also observed. 

The site for this experiment was a small lake on private property located in Shelby County, 
AL, to ensure security for the sondes. This lake rarely, if ever, received sanitary sewage, producing 
a likely worst case for acclimation. YSI 6000 sondes were used to measure the following parameters 
during these experiments: depth, specific conductance, dissolved oxygen, turbidity, pH, oxidation
reduction potential, and temperature. The sondes were programmed to acquire data in unattended 
mode for 2 weeks at 15-min intervals. Raw sewage was obtained at the Riverview Sewage Treatment 
Plant. Lake water was used for diluting the sewage in the following ratios: 0/100%, 33/67%, 
67/33%, and 100/0% (sewage/lake water). The test chambers were 5-gallon clear plastic bags 
containing 15 L of the test water mixtures. The measurement ends of the sondes were placed into 
the test chamber bags and sealed with tape after as much air as possible was removed. The test 
chambers and sondes were placed on the lake bottom in approximately 1 to 2 ft of water near the 
shore and in full sun. 

The 0% sewage test chamber indicated a 5-day biochemical oxygen demand, BOD5, of approx
imately 2.5 mg/L. The 33% sewage chamber had initial anoxic conditions, but after acclimating 
for approximately 5 days, there was a diurnal photosynthesis/respiration variation observed: the 
DO levels in this chamber were supersaturated during the daylight hours. When this chamber was 
pulled at the experiment’s end, there was a large amount of green biomass present, indicating large 
amounts of photosynthesizing material. The 67% and the 100% sewage test chambers stayed at 
anoxic DO levels throughout the test period. 

Plots of DO were then created using the 0 and 33% sewage results for the last 5-day period in 
order to calculate the P/R rates, corrected for the experimental photoperiod. The net photosynthesis 
rates for the 33% sewage were very high, ranging from 12 to 30 mg/L/day for the 5 days of useful 
data, indicating variations associated with different cloud cover. The net photosynthesis rates for 
the 0% sewage/100% lake water mixture were typical for local lake waters, being approximately 
1 to 2 mg/L/day. 

The use of the YSI 6000 sonde, with the rapid-pulse DO sensor, allowed these simple experiments 
to be conducted. Conventional P/R measurements using light and dark bottles would not be sensitive 
to the relatively long acclimation period noted for raw sewage discharges into waters that rarely 
receive SSOs. In areas having more consistent SSOs, the acclimation period would not be as long. 
In addition, the long-duration experiment enabled us to observe variations in the P/R rates correspond
ing to different weather conditions and other factors. The use of only a single random P/R value 
(which would be obtained using conventional in situ light/dark bottle tests) could result in large errors. 

Interaction of Water Column Pollutants and Contaminated Sediments and Interstitial 
Waters — There are five processes that affect the pollutant exchange between the water column 
and the sediment interstitial water and that affect the fates of SSO discharged pollutants: (1) 
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hydrodynamics, currents, and wave action; (2) resuspension/erosion of sediments; (3) flocculation, 
settling speeds, and deposition; (4) sorption of chemicals to sediments; and (5) flux/diffusion of 
chemicals from the water column to interstitial water, and vice versa. The most important processes, 
or those that contribute most to short-period chemical exchange, in a stream such as Five-Mile 
Creek, are those that promote turbulent mixing of the water column and the interstitial water. 
Therefore, experiments were conducted to measure the relative exchange rates between the water 
column and interstitial water for coarse and fine stream bed sediments. Results of these tests are 
presented in Chapter 6. 

This study examined the exchange of water and the degradation of interstitial water due to poor 
water quality flowing over its surface. It was expected that differences in sediment particle size 
between the monitored sites will impact exchange, i.e., sites having larger, well-graded sediment 
particles will allow more rapid and complete exchange between the interstitial water and the stream 
water than will smaller sediment particle sizes. 

The test locations for this experiment on Five-Mile Creek were near a site of a continuous 
SSO. At this site, raw sewage, at a rate of several liters per minute, flows over about 300 ft of 
ground before discharging into the creek. The flow in the creek ranged from approximately 2 to 
10 m3/s during the experiment. Four sondes were deployed: two were located upstream and two 
were located downstream of the SSO discharge point. At each upstream and downstream site, one 
sonde was located on the creek bottom and the second sonde was buried under approximately 6 
in of sediment. The sondes were protected from large particles by placing them inside 75 µm 
aperture nylon mesh bags. 

The YSI 6000 sondes enabled direct measurements of the lag time and magnitude response 
from the surface to the interstitial water for several parameters. There were no detectable differences 
between the upstream and downstream water quality data, in relation to the continuous SSO location. 
The background levels of pollutants in the creek masked the smaller SSO discharge effects. The 
differences in the flow rates of the SSO discharge and the creek were high, causing great dilution. 
However, the data from the buried sondes were used to compare interstitial water characteristics 
at the two sites based upon different sediment characteristics. 

At the fine sediment site, the temperature plots indicated a definite lag time between changes 
in the water column and the sediment interstitial water of approximately 6 hours from peak to peak 
at the fine sediment site and approximately 2 hours at the coarse sediment site. The data at the 
coarse sediment site showed a much closer correlation between the water and the interstitial water 
than for the fine sediment site. The interstitial water at the coarse sediment site changed with the 
water column, albeit at a reduced magnitude, while the interstitial water at the fine sediment site 
showed no change. 

Specific conductance was selected as the best parameter for monitoring chemical exchange 
between the water column and sediment interstitial water. The rate of relative chemical exchange 
was much higher and more variable in the coarse sediment than in the fine sediment. In the coarse 
sediment, the much more rapid process of turbulent mixing was occurring, as opposed to the slower 
process of diffusion, which is the driving force in the fine sediment. 

The use of the continuously recording sondes, especially with the rapid-pulse DO sensors, 
enabled real-time interstitial water quality changes to be made. These measurements are especially 
important for sensitive parameters that are not possible to accurately measure in collected samples 
(especially ORP). The continuous measurements showed that interstitial water within fine sediments 
was basically isolated from the overlying water column, and the quality of the interstitial water 
was therefore affected by sediment quality. The coarse sediments, however, allowed a relatively 
free exchange of water between the overlying water and the interstitial water, with much less of 
an influence of sediment quality on interstitial water quality. 

Interstitial Water Measurements — Peepers (described in Chapter 5) were used to contrast 
interstitial water conditions in sediments having different textures and levels of contamination. The 
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Bacterial Profile in East Lake 
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Figure 4.51 Interstitial water bacteria populations contrasted to overlying water conditions. 

fine vertical spatial resolution enables measurements close to the sediment–water interface and at 
deeper depths. Initial experiments were conducted to examine bacteria population variations with 
depth. Figure 4.51 presents bacteria observations using the peepers. Very high bacteria populations 
were observed in the sediments, much greater than the overlying water column observations. These 
data indicate that the deposition of particulates, with associated bacteria, is likely an important fate 
mechanism for wet-weather flow bacteria. These bacteria may also be readily scoured during periods 
of high flows, as shown during monitoring on the Rideau River in Ottawa (Pitt 1983b). 

Ten peepers were constructed for monitoring vertical variations in interstitial water quality. 
The peepers are machined from Delrin and have 46 (8 mL) cells, 1 cm apart. For use, the cells 
are covered with a 74-µm nylon screen, which will hold water, but allow diffusion of most 
pollutants, bacteria, and silts. The peepers are washed with concentrated nitric acid, rinsed with 
deionized water, and all cells are filled with Reverse Osmosis quality water (18 Mohms resistivity). 
The cells are then sealed with the nylon screen membrane, and the slotted covers are bolted on. 
Special stainless steel covers slide over the peepers, protecting the membranes during transport 
and placement. The prepared peepers are then brought to the field (keeping them horizontal to 
minimize water loss) and carefully pushed into the soft deposits of the stream bed, leaving at least 
a few of the uppermost cells above the sediment surface. After installation, the stainless steel 
covers are then carefully removed by sliding them off, leaving the membranes relatively unimpacted 
by sediments. 

The array of cells allows investigations of the effects of depth on interstitial water chemistry 
and microbiology. The peeper is placed in the sediment and allowed to equilibrate for a period of 
time, usually at least 2 hours with the relatively coarse screen. After this period, the stainless steel 
covers are pushed over the peepers, and the units are removed from the sediment when they are 
carefully rinsed with clean water to remove any superficial sediment from the cell coverings. In 
order to extract the water samples from the cells, a small hole is made in the mesh covering with 
a sharp object, allowing a 10-mL plastic syringe to withdraw the sample water. The water is then 
transferred to a small storage vial and sealed and brought to the laboratory for analysis. pH and 
conductivity are measured on site using a micro probe. 
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Measurement of Frequency, Duration, and Magnitude of WWF Events — This experiment 
was conducted to examine the utility of the continuous recording YSI 6000 sondes as a tool for 
monitoring the duration, frequency, and magnitude of wet-weather flow events. Short-term, or 
runoff-induced, pollution effects can be studied in detail using these instruments. The long deploy
ment time and continuous monitoring capability of the YSI 6000 enables acquisition of data for 
multiple events, i.e., as many as occur during the time of deployment. The sonde can be programmed 
to record stream depth, turbidity, and specific conductivity, all found to be all good indicators of 
wet-weather flows. Chapter 6 contains illustrations of the data obtained during these experiments. 

Depth and turbidity values both increased, and the specific conductivity values decreased 
simultaneously at the beginning of a WWF event. The rise period for all of the parameters was 
very rapid, and the peaks occurred very early in the runoff event. They then returned to the previous 
levels within 1 to 2 days, depending upon the parameter. The data set acquired for water depth is 
obviously the parameter that best correlates to the runoff hydrographs. 

The flow in Five-Mile Creek rapidly changes with rain conditions, especially considering that 
the watershed is relatively large (many square miles). However, the water quality remained degraded 
long after the water levels decreased to baseflow conditions. The turbidity remained elevated for 
about 30 hours, and the specific conductivity remained depressed for about 40 hours, although the 
hydrograph response was completed in about 12 hours. Because of the common rains in Alabama 
(rains occurring about every 3 to 5 days, and moderate rains similar to that which was monitored 
occurring about every 10 to 15 days), the degraded water quality associated with the WWF could 
affect the creek about 10 to 20% of the time. In addition, several days of exposure to degraded 
conditions may be common, instead of the several hours of exposure to degraded conditions 
typically assumed for WWF effects. 

Continuously recording sondes, especially those capable of long-term monitoring of depth, 
turbidity, and specific conductivity, are therefore very useful in indicating the frequency, magnitude, 
and duration of WWF degradation on in-stream water quality. If located upstream and downstream 
from a major SSO discharge point, these devices can also continuously measure the magnitude of 
the SSO flows in relation to the receiving water flow. The SSO location where the sondes were 
located for this demonstration did not cause any measurable difference in the sonde parameters 
(DO, temperature, specific conductivity, pH, ORP, turbidity, or water depth) because of its relatively 
small flow in relation to the large creek flow. 

Additional Tests for Sediment Oxygen Demand (SOD), Sediment P/R, and Settleability of 
Bacteria and Toxicants — A series of tests is also planned to more fully examine the role that 
sediments play with SSO pathogens, oxygen-demanding material, and toxicants. These tests will 
be necessary to calibrate receiving water models and estimate the fates and risks associated with 
SSO discharges. Four clear plastic bottomless boxes are being constructed as SOD chambers. A 
flange opening on one side of the boxes will hold the YSI 6000 continuously by recording sondes. 
During short-term use, two of the test chambers will be covered with opaque material (such as 
aluminum foil) to act as a dark chamber for respiration analyses, while two will remain clear for 
respiration plus photosynthesis measurements. During extended tests, the chambers will remain 
clear, measuring respiration during the night and photosynthesis plus respiration during the day. 
The chambers will also have temporary bottoms available for background water P/R analyses. This 
will enable the SOD to be directly measured over a period of several days, as in the previously 
described in situ water column P/R tests. Deployment of the test chambers over a several-day period 
above and in the vicinity of an SSO discharge will result in sufficient data to indicate SSO-impacted 
SOD under various weather conditions. 

It is possible that much of the reported die-off of bacteria in natural waters is actually associated 
with settling. Very high bacteria populations have been noted near the sediment–water interface and 
these can be easily resuspended during periods of high flow or other turbulence (Pitt 1983b). These 
settling experiments will therefore supplement the in situ peeper tests and the in situ die-off tests to 
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distinguish settling and die-off of bacteria and biochemical changes of the pollutants. Conventional 
laboratory settling columns (30 cm in diameter and 1.3 m in height) will be used to measure the 
settling rate of SSO pollutants, especially bacteria and toxicants. Control tests (using a continuously 
stirred chamber) will indicate die-off of the bacteria and biochemical modifications of the chemicals. 

Step 6. Confirmatory Assessment 

Being a multiyear project, numerous project elements should be conducted during later project 
phases. An important element of this later work will be confirmation of the recommended approach 
developed during the earlier phases, based on actual receiving water beneficial use impairment 
measurements. The recommended approach will present several options, having increasingly com
plex and expensive activities, but with increasing confidence in the conclusions. It is expected that 
a moderate level of activity will be the most cost-effective approach. However, the costs associated 
with correcting SSOs in an area are extremely high and additional information and associated higher 
confidence in the assessment studies will result in a greater degree of success of the control program. 

Step 7. Project Conclusions 

The preliminary results confirmed several obvious hypotheses: small SSOs discharging into 
large receiving waters produce little measurable effects, while large intermittent SSOs discharging 
into smaller water bodies can be serious. However, many small, continuous SSOs in small urbanized 
waterways can dominate dry-weather conditions, producing hazardous situations, while they are 
completely obscured during most wet-weather events by the larger flows and pollutants associated 
with urban runoff. 

The small experiments demonstrated useful tools needed for calibrating receiving water models 
used for estimating fates and exposures of SSO pollutants. Without site and SSO specific tests, 
modeling estimates could be very misleading. 

It is expected that the extensive list of chemical and biological parameters being investigated 
during this project can be effectively reduced to result in cost-effective investigations of local SSO 
problems, especially considering the very high cost of reducing SSO discharges. The information 
obtained can also be used in a TMDL evaluation to determine the role of SSOs in relation to other 
discharges in a watershed. 

Outlines of Hypothetical Case Studies 

The following hypothetical case studies represent commonly encountered situations where the 
effects of stormwater runoff may need to be determined. These brief examples are based on similar 
studies and reflect integrated, weight-of-evidence study designs (as described previously). As 
always, available resources will determine how comprehensive a design is feasible. The following 
designs assume relatively limited resources, yet address the essential components that allow for 
reliable weight-of-evidence-based conclusions and decision making. Additional resources are 
needed for Tier 2 level “confirmatory” assessments that identify specific stressors, their relative 
contribution to degradation, and their sources. These test designs can easily fit into the EPA 
Ecological Risk Assessment paradigm or Stressor Identification Evaluation Process. For additional 
information on useful multistressor assessment methods see Baird and Burton (2001). 

Effect of Outfall on Algal Growth 

Case Situation: A permitted industrial effluent contains low levels of nitrogen and phosphorus 
and is discharged into a small urban stream. The upstream watershed is predominantly older resi
dential neighborhoods. Stormwater runoff is discharged directly into the stream. Upstream of the 
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outfall the stream is intermittent, with occasional no-flow conditions occurring during dry, summer 
periods. However, the industry provides continual flow from its outfall, providing aquatic habitat 
downstream throughout the year. The receiving stream has excessive algal growth downstream of 
the outfall. The state environmental agency is concerned over the role of the effluent on the algal 
growth and suggests additional wastewater treatment should be added to reduce nutrient levels. 

Step 1. What’s the Question? 

Does the outfall degrade water quality and cause excessive algal growth in the receiving stream? 

Step 2. Problem Formulation 

There are basically two separate issues that should be addressed. First, if there were no industrial 
outfall, what would be the quality of the downstream reach? Given the intermittent nature of the 
stream, it is likely that both the benthic macroinvertebrate and fish populations would be very 
limited and only of a brief seasonal nature. However, the environmental agency may argue that 
since the outfall does occur, it must be free of excess nutrients. The second issue is whether nutrients 
from the outfall are degrading downstream conditions. These two issues dictate that upstream and 
downstream sampling be conducted during low and high flow conditions, monitoring the relation
ship of flow and outfall loadings with both biological communities and nutrient concentrations. 

Steps 3 and 4. Project Design and Implementation 

A site reconnaissance found >90% of the upstream watershed was an older, middle-income 
residential neighborhood with no septic systems. There were no continual discharges or combined 
sewers evident; however, stormwater discharges emptied directly to the stream. This suggests that 
runoff would include nutrients (from lawn fertilizers and small mammal feces), pathogens (from 
small mammal feces), pesticides (from lawn/garden care chemicals and agrichemicals in rainfall), 
and some metals and petroleum products (from automobiles and roadways). The stream habitat 
was relatively good throughout, with a good riparian zone, some stream canopy, and sand to cobble 
substrates with little siltation or embeddedness. However, there were no pools of depths greater 
than 1 ft, indicating a susceptibility to drought conditions. Excessive algal growth occurred near 
the outfall, but decreased downstream. Various fish species and benthic macroinvertebrates were 
observed downstream, but not upstream of the outfall. 

A weight-of-evidence, multicomponent assessment design was used. This included physico
chemical monitoring of key parameters (ammonia, nitrate, nitrite, total and orthophosphorus, 
turbidity, temperature, pH, conductivity, flow) during a low and high flow event. The outfall was 
sampled with an ISCO automatic sampler during each event. Composited samples were collected 
during low flow by grab sampling and during high flow with a flow-activated ISCO automatic 
sampler. ISCO samples were separated into 15-min intervals. Flow was measured using a Marsh-
McBirney flow meter. Effluent flow was monitored continuously by the plant and did not vary 
during the low and high flow sampling events. During high flow, flow was measured during pre
crest and post-crest for comparisons to ISCO samples and stage graphs. In addition, the benthic 
macroinvertebrate and fish communities were assessed at two sites upstream and downstream of 
the outfall during low flow conditions in late summer using the EPA’s Rapid Bioassessment Protocol 
I (EPA 1987, Appendices B and C). This process includes a Qualitative Habitat Evaluation Index 
assessment at the same sites (Appendix A). Finally, the EPA algal 96-hour growth test using 
Selenastrum capricornutum (Appendix D) was conducted during the low and high flow events on 
three samples (upstream, outfall, and downstream). 
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Steps 5 and 6. Data Evaluation and Confirmatory Assessment 

The data showed significant water quality differences between high and low flow conditions in 
the stream. The outfall contributed nondetectable levels of phosphorus, nitrite, and ammonia and 
approximately 1 mg/L nitrate. The habitat downstream was better than the upstream habitat. The 
upstream reach was only isolated pools during late summer. The downstream habitat had flowing 
water and greater canopy cover. During low flow, nitrogen and phosphorus were nondetectable in 
both upstream and downstream water samples. During high flow conditions nutrient levels were 
highly elevated and did not differ significantly between upstream and downstream samples. A 
conversion to mass loading based on flow conditions showed the outfall contribution less than 1% 
of the nitrogen to the stream on an annual basis, as compared to one high flow event. No fish or 
benthic macroinvertebrates were recovered from the upstream isolated pools during the summer 
low flow sampling. Several pollution-tolerant species were recovered downstream. The algal growth 
test showed increased growth in the outfall sample. The upstream and downstream samples showed 
similar low levels of growth. No confirmatory assessment was deemed necessary. 

Step 7. Conclusions 

The weight of evidence clearly established that while the outfall does contribute nitrogen to 
the stream, it is insignificant in comparison to the nutrient loading during high flow conditions 
from the upstream residential area. The pollution-tolerant species found downstream of the outfall 
are typical of an urban waterway and likely reflect the stressor loadings from the upstream water
shed. Stormwater controls should be installed to yield the greatest improvement to water quality. 

Effect of On-Site Runoff from an Industry 

Case Situation: A manufacturer has site runoff discharging into a drain which empties directly 
into a small stream. The manufacturer has a large amount of on-site vehicular traffic and uses a 
variety of inorganics (e.g., caustics, metals) and petroleum products in the production process. The 
upstream watershed is mixed urban and agricultural. As part of the stormwater permitting process, 
the company must determine whether its runoff is contaminated. 

Step 1. What’s the Question? 

Does the on-site runoff degrade receiving water quality? 

Step 2. Problem Formulation 

A potential for stormwater contamination exists since there is a large amount of impervious 
area being drained that is susceptible to spills from industrial processes, chemical accidents, and 
diesel-gasoline-powered vehicles. The watershed upstream of the stormwater outfall is approxi
mately 50% commercial and industrial sites and 50% agriculture (crops and pasture). The brief 
survey of the stream showed primarily pollution-tolerant species with occasional sensitive species 
both upstream and downstream of the outfall. 

Steps 3 and 4. Project Design and Implementation 

The stormwater from the test site had the potential to be contaminated with a wide range of 
compounds, which may or may not have water quality standards. Given the changing nature of the 
stormwater quality and the sporadic discharges, it is unlikely that any chemical data could be 
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logically interpreted using water quality standards. The uncertain and changing exposures that 
organisms would undergo in the stream would not allow for reliable predictions of ecological effects 
using chemical data only. To achieve an adequate database would require extensive inorganic and 
organic monitoring during many runoff events. Therefore, to improve data interpretation in a cost
effective manner, a tiered approach was chosen, whereby biological effects were first monitored to 
determine if detrimental impacts were occurring. 

Tier 1 of the study involved a stream survey of benthic macroinvertebrates upstream and 
downstream of the stormwater outfall using the Ohio EPA’s Invertebrate Community Index approach 
(Appendix B). This was conducted for 30 days during the summer, during which two storm events 
occurred. During those storm events, flow-activated ISCO samplers collected samples from the 
outfall, upstream and downstream. Short-term chronic toxicity testing was conducted on the water 
samples using Ceriodaphnia dubia (Appendix D). In addition, toxicity testing was conducted on 
upstream and downstream samples during low flow conditions. 

In the event that toxicity or biological impairment was suspected due to the outfall, a Tier 2 
study was designed that focused on identification of the stressor. This involved both laboratory and 
field testing, using EPA’s Toxicity Identification Evaluation (TIE) procedure and in situ exposures 
of caged organisms (Appendix D). The Phase 1 TIE was conducted on a fresh composited outfall 
sample using C. dubia acute exposures. The in situ exposures were conducted during low and high 
flow events (4 days each), upstream and downstream of the outfall. Two species were used: Daphnia 
magna (a zooplankton similar to C. dubia) and Hyalella azteca (a benthic macroinvertebrate 
recommended by EPA for sediment toxicity testing). These organisms were exposed in different 
treatments to better identify potential stressors: (1) light vs. dark cages to identify whether photo
induced toxicity from polycyclic aromatic hydrocarbons (PAHs) exists, and (2) small vs. large mesh 
cages to identify whether suspended solids contribute to mortality. Basic water quality measures 
monitored during the exposures were DO, pH, temperature, conductivity, turbidity, ammonia, 
alkalinity, and hardness. 

Steps 5 and 6. Data Evaluation and Confirmatory Assessment 

Tier 1 testing found the benthic invertebrate populations upstream and downstream of the outfall 
were of fair quality; however, those downstream scored lower. This suggested that the outfall may 
be contributing stressors to the stream; however, given the variable nature of benthic invertebrate 
communities and stormwater, these results were not conclusive. The toxicity testing results were 
mixed as shown in Table 4.36. 

These data suggest that toxicity from the outfall is variable, but does exist. Its effect on the 
receiving water is uncertain, as the upstream and downstream samples were not significantly 
different statistically. It is also apparent that storm events are toxic in the stream, but baseflow 
conditions are not. The results of the ICI showed both upstream and downstream communities were 
of poor quality. 

Table 4.36 	 C. dubia Survival and Reproduction at 
Manufacturing Site 

Upstream Outfall Downstream 

Storm event no. 1 60% 70% 62% 
15 neonates 13 neonates 10 neonates 

Storm event no. 2 75% 20% 65% 
20 neonates 0 neonates 10 neonates 

Baseflow event 90% NA 95% 
28 neonates 32 neonates 
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Tier 2 testing was then initiated. The laboratory-based TIE Phase 1 suggested metals as a 
primary toxicant and nonpolar organics as a possible toxicant. The in-stream in situ exposures 
showed no significant differences between upstream and downstream, at low or high flows. High 
turbidity existed during high flow events, and hardness values, while lower during high flow events, 
were still >300 mg/L CaCO3. The suspended solids exposure treatment during high flow showed 
relatively high survival when solids were removed. During low flows there was greater toxicity in 
the light treatments suggesting PAH-photoinduced toxicity exists. 

Step 7. Conclusions 

These results show the outfall is toxic, primarily due to metals. The concentrations of metals 
found, however, are not at a level that is likely to cause toxicity in the receiving water due to its 
high hardness. The nonpolar organic toxicity observed in the effluent may be contributing to the 
photoinduced toxicity observed during baseflows. However, since these effects were also noted 
upstream, there are likely additional sources of PAHs upstream. The high levels of suspended solids 
appear to be contributing to the poor benthic community quality also and will require water
shed-based controls to mitigate the problem. These studies did not ascertain whether or not 
chemicals associated with the suspended solids are contributing to mortality, nor did they rule out 
other stressors in the receiving stream, such as pesticides. The conclusion is that the outfall does 
contribute some toxicity to the receiving water, but not at a significant level that could be detected 
in the stream. 

Effect of a Dry Detention Pond 

Case Situation: A shopping center has many acres of property that drain into a dry detention 
pond. The detention pond outfall empties into a stream. A local citizens group expresses concern 
that water quality is poor downstream of the outfall. A study is initiated to determine whether the 
dry detention pond drainage is contributing to stream degradation. 

Step 1. What’s the Question? 

Does the dry detention pond outfall degrade water quality in the stream? 

Step 2. Problem Formulation 

Four different situations are likely to be encountered in urban watersheds where dry detention 
ponds are used that will affect the study design. First, the outfall discharges into the headwaters 
of a stream so that the upstream–downstream sampling design is not possible. In this case, a nearby 
ecoregion reference site may be used that has a similar sized drainage area and the habitat is similar. 
If habitat modification is a possible cause of impairment (stress), the reference site should have a 
reasonably good habitat that is unmodified. Since this is a headwater area, fish and benthic 
communities are likely to be limited by stream size, available habitat, and food availability. 
Therefore, monitoring should focus on toxicity and loadings of pollutants (chemical and physical) 
to downstream areas. 

The second situation often encountered is that the upstream reach is also degraded, so the 
upstream–downstream sampling design is somewhat problematic. Again, a nearby reference site is 
useful, but mainly as a control site to ensure method validity. The key approach in this situation 
is to assess the outfall quality and its loading of pollutants to the stream during high flow conditions. 
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An upstream–downstream sampling approach may show increased toxicity and contamination 
downstream or dilution of upstream contamination. 

The third situation encountered is that the upstream area is relatively unimpacted, so traditional 
upstream–downstream sampling designs as described above may be used. 

Finally, the fourth situation is the use of “side-stream” detention ponds where the detention 
pond is located adjacent to the stream or drainage and captures water only during unusually high 
flow periods (possibly only a couple of times a year). In small drainages, a dry detention pond may 
have a lined channel passing through the excavated area that carries the stormwater. Only when 
the stormwater flow exceeds the capacity of a downstream culvert does the water back up into the 
adjacent area (like an artificial floodplain). Side-stream dry ponds can also be located adjacent to 
larger receiving waters, and can fill with excessive flows when the stream stage exceeds a side 
overflow weir. In many cases, these larger side-stream dry ponds are used as recreation areas. It is 
difficult to monitor the benefits of these ponds during events where the pond is in operation, as 
their operation is commonly so intermittent that they rarely divert water. 

The primary benefit of a dry detention pond is the reduction in peak stormwater runoff flow 
rates and associated energy. The increased flow and energy resulting from greater runoff across 
impervious areas and loss of infiltration basins can cause flooding and/or destroy stream habitat, 
resulting in beneficial use impairments. Unfortunately, many of the detention ponds in use do not 
reduce flow enough, still resulting in habitat alteration. In addition, monitoring dry detention ponds 
rarely has shown significant and important pollutant concentration and mass yield reductions. Some 
dry ponds partially may act as percolation ponds where some of the runoff is infiltrated. 

Steps 3 and 4. Project Design and Implementation 

Since many detention pond outfalls discharge into small headwaters or tributaries, the first 
situation described in Step 2 will be addressed. A site reconnaissance showed that the watershed 
that drains into the dry detention pond is >90% impervious parking lots. This suggests that runoff 
may contain suspended soils, salt (during periods of snowmelt and possibly for a few additional 
months, depending on the levels of deicing salt applications), petroleum products and metals (from 
automobiles), and perhaps low levels of pesticides associated with precipitation events. The stream 
into which the pond discharges is a first-order tributary and is intermittent in flow; however, it joins 
a small, high-quality, perennial stream approximately 200 yards from the pond. 

As in the previous case study examples, this site should be studied at both low and high flow 
conditions. There should be a minimum of four stations, two on the tributary (near outfall and near 
mouth) and two on the perennial stream just upstream and downstream of the tributary confluence. 
In addition, it would be useful to have a similar ecoregion reference site for comparison. At each 
site, qualitative habitat evaluation indices (Appendix A) would be evaluated, along with rapid 
bioassessments of the benthic macroinvertebrate communities (Appendix B) on one occasion during 
the summer. Toxicity testing (Pimephales promelas 7-day survival and growth assay, Appendix D) 
was conducted on grab water samples collected during first flush conditions and at low flow. In 
addition, toxicity of depositional sediments (Hyalella azteca 10-day assay, Appendix D) was 
conducted at three sites (near mouth of tributary, and upstream and downstream of confluence at 
the first depositional sites). General water quality measures were also made during low and high 
flow collection periods. 

If toxicity was observed, confirmatory assessments would consist of in situ toxicity exposures 
on the tributary and two sites on the perennial stream. These exposures would include treatments 
to evaluate whether toxicity was associated with water or sediments, suspended solid or dissolved 
fractions, and whether PAH-photoinduced toxicity was a stressor (as described in the preceding 
Case Study Example). Extensive chemical analyses were not warranted as the only source was a 
parking lot. If advanced treatment was recommended, then identification of the dominant chemical 
stressors might be needed. 
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Steps 5 and 6. Data Evaluation and Confirmatory Assessment 

It was apparent that the tributary had received substantial loadings of eroded soils during the 
construction of the shopping center, as the natural large-grained sediments were embedded with 
clays and silts. The habitat quality of the two tributary sites was very different due to the change 
in gradient, which precluded comparisons of station impairment. The perennial stream habitats did 
not vary appreciably from each other. 

The laboratory toxicity tests showed growth impairment in both of the tributary high flow 
samples, but not in any other water samples (high or low flow). The amphipod H. azteca had poor 
survival in the tributary and downstream perennial stream sediments. The benthic community 
results showed only a fair community in the intermittent tributary, but a good community in the 
perennial stream. 

Confirmatory Tier 2 studies revealed that most of the toxicity was associated with the suspended 
solids; however, some toxicity was also observed in the small mesh (50 µm) chambers. No water 
column treatment difference were observed in the light–dark treatments. However, the sediment 
light treatments showed increased toxicity during baseflow conditions in the tributary and down
stream samples. 

Step 7. Conclusions 

The dry detention pond outfall was toxic during the first flush of the events. Since the drainage 
area was mostly a large paved area, with simple drainage, high concentrations are more common 
near the beginning of storms than later. However, if short periods of high rain intensity occur later 
in the storm, an additional surge of high concentrations would likely occur due to the increased 
storm energy. If the drainage area was a typical mixed urban area, the drainage system would be 
more complex and the different surfaces would cause flows coming from different areas to be much 
more mixed, significantly reducing any first-flush effect. 

Most of the toxicity was associated with suspended solids and likely contributed to the toxic 
sediments observed downstream. It is uncertain whether this toxicity from the pond is significantly 
impacting the perennial stream without more extensive studies. Improved reduction of suspended 
solids, possibly by retrofitting the pond to an extended detention pond or a wet pond, would likely 
result in improved downstream aquatic communities. 

Effect of a Wet Detention Pond 

Case Situation: A wet detention pond is located on-line, in a creek that drains a developing 
watershed of approximately 3 mi2. The pond was created by constructing a small dam across the 
creek. The creek begins in farmland and drains into the residential development containing expen
sive homes before reaching the detention pond. The detention pond water quality has degraded, 
with eutrophic conditions such as algal blooms and occasional fish kills. The state environmental 
protection agency suspects additional downstream problems may be due to the pond and conducts 
an assessment. 

Step 1. What’s the Question? 

Is the wet detention pond impairing water quality downstream? 

Step 2. Problem Formulation 

Wet detention ponds typically are located on or off a stream. On-line ponds are constructed in 
the existing waterway and capture all upstream flows. Adjacent ponds are located next to the stream, 
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before the outfall, and only treat water originating from the smaller drainage, and not the complete 
receiving watershed. The advantage of these ponds is as for dry detention ponds, in that they can 
reduce the power associated with high flow events, thereby reducing habitat destruction and loss 
of aquatic organisms. If large enough, they can also capture appreciable amounts of the stormwater 
particulates and associated pollutants. Since on-line ponds may treat much larger areas, they need 
to be correspondingly larger for similar levels of treatment. In addition, the low head dams across 
the stream result in a loss of flowing stream reach, block fish migration, degrade the habitat needed 
for more pollution-sensitive species, and allow accumulation of depositional sediments that contain 
toxicants. This study will not focus on the water quality of the pond, but whether the outflow from 
the pond degrades downstream beneficial uses. 

Steps 3 and 4. Project Design and Implementation 

Water quality was evaluated during both low and high flow conditions. There were three stations, 
two downstream of the pond and one upstream. An ecoregion reference site was also selected with 
which to compare fish and benthic community results. At each site, qualitative habitat evaluation 
indices (Appendix A) were evaluated, along with rapid bioassessments of the fish and benthic 
macroinvertebrate communities (Appendices B and C). Toxicity was assessed using in situ expo
sures of caged organisms (Appendix D). The in situ exposures were conducted during low and 
high flow events (4 days each), upstream and downstream of the outfall. Two species were used: 
Daphnia magna and H. azteca. Contrary to earlier case studies, PAH-photoinduced toxicity was 
not suspected as a potential stressor in this watershed. So in situ treatments were limited to water 
and sediment exposures. Basic water quality measures monitored during the exposures were DO, 
pH, temperature, conductivity, turbidity, ammonia, alkalinity, and hardness. Testing was conducted 
during the spring and late summer to investigate critical time periods of pesticide application, fish 
spawning, and low flow conditions. 

If toxicity was observed in the water column during high flow, a TIE would be conducted as 
described above. This would help identify the source of the toxicity. If sediment toxicity or 
community impairment was observed, confirmatory assessments would consist of additional 
sediment toxicity testing and bioaccumulation testing. Toxicity of depositional sediments (H. 
azteca and Chironomus tentans 10-day assay, Appendix D) would be conducted at all sites where 
depositional sediments occurred. Since pesticides were suspected from both the farming and 
residential areas, bioaccumulation of organochlorines (such as DDT, chlordane) was also inves
tigated by looking at fish tissue samples. If upper trophic level fish could not be captured, then 
semipermeable membrane devices (SPMDs) would be used to collect bioaccumulable substances 
(see Chapter 6). 

Steps 5 and 6. Data Evaluation and Confirmatory Assessment 

High levels of turbidity were observed during high flow events. The majority of this turbidity 
appeared to originate from upstream farmland and erodable stream banks. Toxicity was observed 
during high flow conditions in the water column. Slight toxicity was observed in stream sediment 
exposures. Habitat conditions did not vary appreciably among sites. The benthic communities were 
of fair quality at all sites and were not significantly different. The fish community was poor upstream 
of the detention pond and fair to poor below. Ammonia was found at elevated levels during the 
late summer period at all sites. 

Follow-up confirmatory assessments showed significant sediment toxicity in laboratory expo
sures. A TIE evaluation suggested pesticides may be present during the spring high flow periods. 
Fish tissue residues showed detectable levels of chlordane and DDE. 
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Step 7. Conclusions 

The wet detention pond affected downstream water quality appreciably. The upstream and 
downstream portions appeared to be impacted by elevated levels of pesticides and nutrients from 
the farming and residential drainage. The poor water quality observed in the pond was likely due 
to the buildup of nutrients in the sediments and water, allowing for excessive productivity and 
occasional anoxia. The widespread toxicity and detection of pesticides in the fish suggest upstream 
stormwater controls are needed. 

SUMMARY: TYPICAL RECOMMENDED STUDY PLANS 

Components of Typical Receiving Water Investigations 

The specifics for any receiving monitoring program would be determined by the study objectives 
and the site conditions. As an example, Table 4.37 summarizes some general parameters that should 
be included in an urban water use evaluation study, depending on the specific beneficial uses of 
interest. Of course, the final parameters selected for study would vary for specific site conditions 
and historical information. As expected, an investigation of drainage uses (the primary use for an 
urban waterway) would be relatively straightforward compared to studies of other use impairments. 
However, investigations of drainage problems can be expensive and time-consuming. When the 
other uses are added to the list of potential objectives, the necessary data collection effort can 
become very comprehensive and expensive. Therefore, a staged approach is usually recommended, 
with a fairly simple initial effort used to obtain basic information. This information can then be 
used to develop specific experimental designs for later study stages. 

Example Receiving Water Investigations 

The following scenarios are brief examples of simple to complex receiving water investigations 
that incorporate many of the elements shown in Table 4.37. The first example, budgeted in Table 
4.38, is the least expensive and would be appropriate for a single monitoring condition, such as a 
small lake or pond, or a short segment of a relatively small and homogeneous stream, having a 
single stormwater outfall. The proposed sampling effort is: 

Water quality: 1 location × 1 season × 2 phases × 5 events/periods = 10 samples for analyses 

Bacteria: With above water samples, lab to analyze (E. coli and enterococci) 

YSI sondes: Rental for first/single deployment, $1000 per month 

Inappropriate 


discharge screens: 1 outfall × 2 replicates = 2 samples 
Habitat: 1 season × 2 phases × 2 locations = 4 station tests 
Rapid bioassessment 

(RBP): 1 season × 2 locations × 3 replicates = 6 site visits 
Toxicity: 1 season × 2 phases × 2 locations = 4 station tests 

Twenty sets of outfall water samples during both wet- and dry-weather phases would be needed 
to obtain an allowable error of 40% for typical levels of variation (as described in Chapter 5). 
However, since this is a single season sampling effort, not many wet-weather events are likely to 
occur. Therefore, it is assumed that five wet-weather events would be monitored during about a 1
to 3-month period, and the error in estimating the event mean concentration (EMC) could therefore 
be larger than 40%. A laboratory budget of $225 per sample should cover both E. coli and enterococci 
bacteria analyses, and selected total heavy metals and nutrients, plus COD and suspended solids 
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Table 4.37 Parameters of Concern When Evaluating Different Receiving Water Uses 

Shellfish 
Swimming Harvesting 

Biological and Other and Other 
Life and Noncontact Contact Water Consumptive 

Drainage Integrity Recreation Recreation Supply Fishing Uses 

Debris and obstructions 
(channel conveyance 
capacity) 

X 

Habitat destruction (channel 
stability, sediment scour, 
and deposition) 

X X 

High/low flows (rates and 
durations) 

X X X X 

Aesthetics, odors, and trash X X 
Safety (bank condition, X X 
garbage) 

Public access X X 
Inappropriate discharges X X X X X 
Benthic macroinvertebrate X X 
species present 

Fish species present X X 
Polluted sediment (SOD and X X 
toxicantsa) 

Toxicity and bioaccumulation X X 
of toxicantsa 

Health-related water quality 
standards (especially 
microorganismsb and 
toxicantsa) 

X X X 

Wet-weather quality 
(toxicantsa, nutrientsc, DO, 
temperature, alkalinity, and 
hardness) 

X X 

Primary constituents are indicated in bold/underlined and should be analyzed for most all samples. Others can 

be analyzed less often as screening tests. In all cases, the common constituents should also be analyzed for 

all samples. 

a Toxicants (organic toxicants such as pesticides, herbicides, and PAHs; metallic toxicants such as zinc, copper, 


lead, cadmium, arsenic, and mercury) and toxicity tests (such as Microtox screening test, plus other in situ 
and laboratory toxicity tests). 

b Microorganisms (indicator bacteria and selected pathogens such as: fecal coliforms, E. coli, enterococci, 
and Pseudomonas aeruginosa). 

c Nutrients (ammonia, TKN, nitrates, TP, phosphates). 

Common constituents, added to all water quality investigations (pH, conductivity, turbidity, suspended solids, 
COD). 

analyses. These data would be supplemented with field screening in the drainage system during two 
dry-weather flow periods (assuming water was found during both visits) to identify inappropriate 
sources of wet-weather flows. It is recommended that a YSI 6000 probe be rented for a 1 month to 
measure flow (depth values) and water quality variations (DO, temperature, conductivity, turbidity, 
and pH) during several runoff events and periods of dry weather in the receiving water. This would 
indicate the duration and severity of the runoff events and the associated recovery periods. Diurnal 
DO and temperature fluctuations would also be measured. This water quality data would be sup
plemented with habitat, rapid bioassessment (RBP), and limited in situ and laboratory toxicity testing 
above and below the outfall (two locations). This collective information should give a good indication 
of the presence of receiving water problems at the site. Of course, because it is a single season 
analysis, an appropriate sampling schedule needs to be carefully selected, probably based on critical 
biological conditions in the receiving water (likely early spring or late summer, depending on the 
expected organisms present and the local weather patterns). Besides being a minimum sampling 
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$205 
49 

2000 
420 

1280 
2250 

4500 
$10,704 

Costs 
TotalCosts at 

$35/hr 

$105 
49 

420 
280 

3500 
$4354 

na 

na 

Monitoring Cost Estimate for Single Outfall in a Single Receiving Water Segment of Interest 

124.4 

Total 

1.4 

hrs 

Labor Cost 

na 

na 

100 

12 

3 

8 

Needed 
No. 

na 

na 

2 
4 

6 
1 

Labor 
(hrs) 

0.35 
na 

na 

1.5 

2 
8 

$4350 

Total 
Cost 

$100 

2000 

2250 

na 

na 
na 

Analytical Cost 

Needed 
No. 

na 
na 
10 

2 
4 
4 

Cost 
Unit 

$50 

500 

225 

na 

na 
na$1000 

1000 
$2000 

Total 
Cost 

Equipment Cost 

Needed 
No. 

1$1000 

Cost 
Unit 

YSI probe (rental) 

Field screening 

bacteria (lab) 

Table 4.38 

Water and 

Site costs 

Toxicity 
Habitat 

Total 

RBP 
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effort incorporating all recommended phases of a monitoring program, this scheme could be used 
as the initial effort for a longer-duration and more complex study. 

The next scenario is for a more complex situation where there are 25 outfalls in a moderately 
sized (first-order) receiving water about 2 miles long in a completely urbanized watershed, 3 mi2 

in area. This is also presented as a first step in a possible recurring effort to cover more seasons 
or several years. The main purpose of this program is to identify possible serious receiving-water 
problems that would warrant more extensive evaluations. This scenario could be repeated at other 
similarly sized receiving waters in an area. In many ways, this scenario is very similar to the 
previously described program, except that the water sampling for bacteriological and chemical 
analyses would be conducted in the receiving water with some outfall samples. Outfall screening 
(using purchased test kits) during dry weather would also be conducted to identify inappropriate 
discharges. Table 4.39 shows the estimated costs, and the following lists the proposed effort for 
this program: 

Water quality: 1 location × 1 season × 2 phases × 20 sets = 40 

Bacteria: With above water samples, lab to analyze (E. coli and enterococci) 

YSI sondes: Rental for first/single deployment, $1000 per month 

Inappropriate 


discharge screens: 25 outfalls × 2 replicates = 50 samples 
Habitat: 1 season × 2 phases × 25 locations = 50 station tests 
RBP: 1 season × 4 locations × 3 replicates = 12 site visits 
Toxicity: 1 season × 2 phases × 4 locations = 8 station tests 

The last option shown is a relatively complete approach, covering all seasons, and is reasonably 
comprehensive and, therefore, relatively expensive. Again, the components are similar to the above 
programs, but the number of samples is greatly increased to cover the two critical seasons (RBP 
and sondes during four seasons) and to collect both outfall and receiving water samples. Because 
of the study duration, it would likely be more economical to purchase the YSI 6000 sondes and 
the bacteriological test equipment. The other water quality analyses would be conducted by a 
commercial laboratory. It may be appropriate to add selected immunoassay tests for pesticides and 
PAHs for some of the water samples (at about $25 each). Much greater site costs are shown because 
flow monitoring and rainfall monitoring will also be conducted during this effort. The sampling 
effort is shown below, while the estimated cost is shown in Table 4.40: 

Water quality: 4 locations × 2 seasons × 2 phases × 20 sets = 320 
Bacteria: 4 locations × 2 seasons × 2 phases × 20 sets = 320 
YSI sondes: 4 locations × 4 seasons = 16 deployments 
Inappropriate 

discharge screens: 25 outfalls × 2 seasons × 3 replicates = 150 samples 
Habitat: 4 seasons × 2 phases × 25 locations = 200 station tests 
RBP: 2 seasons × 4 locations × 5 replicates = 40 site visits 
Toxicity: 4 seasons × 2 phases × 4 locations = 32 station tests 

In all cases, major modifications are expected to be made to the above scenarios for real 
situations. In addition, the initial analyses will provide information that should be used to reexamine 
the complete workplan. Obviously, the above costs are only crude approximations, depending on 
local labor costs, site access, the availability of equipment, etc. 

This chapter outlined an approach for designing appropriate multicomponent assessment 
projects for various conditions and objectives. As will be stressed throughout this book, it is critical 
that potential problems be examined using complementary and supportive procedures. It is ineffi
cient, and subject to significant evaluation errors, to rely on simplistic single parameter/media 
approaches. Typical urban receiving waters are likely most affected by habitat degradation, frequent 
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$5225 
612 

4000 
840 

1280 
9000 
9500 

$30,457 

Costs 
Total 

$12,475 
2450 

16,000 
2800 
8360 

32,480 
56,000 
37,400 

$167,965 

Costs 
Total 

612 

840 
280 

7000 

$2625 

$11,357 

Costs at 
$35/hr 

na 

na 

$7875 
2450 

2800 
560 

4480 

22,400 
$40,565 

Costs at 
$35/hr 

Annual Sampling Effort for a Moderately Sized, Completely Urbanized Watershed Having 25 Outfalls 

na 

na 

17.5 

Total 
hrs 

Labor Cost 

na 

na 
200 
324 

75 

24 
8 

Total 

225 

128 

640 

70 

80 
16 

1159 

hrs 

Labor Cost 

na 

na 

Needed 
No. 

50 
50 
na 
12 

na 
1 

Needed 

150 
200 

320 

No. 

40 

16 

na 

na 

Labor 
(hrs) 

0.35 
na 

na 

1.5 

2 
8 

Labor 
(hrs) 

0.35 

0.05 

na 

na 

1.5 

2 

8 

4000 

$1000 

9000 

$14,000 

Total 
Cost 

na 

na 
na 

$3000 

16,000 

4800 

56,000 

$79,800 

Total 
Cost 

Analytical Cost 

na 

na 

na 

First Evaluation for 2-Mile Stream Segment Having 25 Outfalls 

Analytical Cost 

Needed 
No. 

50 
50 

na 
na 
40 

8 

Needed 

150 
200 

320 

320 

No. 

32 
na 

na 

Cost 
Unit 

500 

225 

20 
na 

na 
na 

Cost 
Unit 

500 

175 

20 

15 

na 

na 

na 

$1600 

1000 

2500 
$5100 

Total 
Cost 

$1600 

3000 
28,000 

15,000 
$47,600 

Equipment Cost 

Total 
Cost 

Needed 

Equipment Cost 

No. 

1 

1 

Needed 
No. 

1 

1 
4 

$1600 

1000 

Cost 
Unit 

$1600 

3000 
7000 

Cost 
Unit 

Water and bacteria (lab) 

Field screening 

YSI probe (rental) 

Water quality 

Field screening 

Table 4.40 

YSI probe 

Site costs 

Bacteria 

Table 4.39 

Toxicity 
Habitat 

Site costs 

Total 

RBP 

Toxicity 
Habitat 

Total 

RBP 
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high flows, and contaminated sediment. While water and sediment chemical analyses can be 
expensive, they should not necessarily be rejected outright. Some of these more expensive analyses 
may be critical when evaluating biological and habitat information, for example. The number of 
needed data observations (as discussed in Chapter 5) and the sampling methods (described in 
Chapters 5 and 6) are critical for a successful assessment, in addition to the selection of the most 
appropriate assessment endpoints and overall assessment strategy. 
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CHAPTER 5 


Sampling Effort and Collection Methods 

“A little experience often upsets a lot of theory.” 

Cadman 
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INTRODUCTION 

This chapter begins by describing experimental design methods enabling the user to determine 
the sampling effort needed to accomplish project objectives. The statistical basis for this approach 
is required to justify the allocation of scarce resources. In many cases, certain elements of a 
multifaceted study program, as required for practically all receiving water studies, require much 
more time and money than other elements of the program. The approach and tools given in this 
chapter enable one to balance project resources and scope with expected outcomes. It can be 
devastating to project conclusions if needed numbers of samples are not obtained at the appropriate 
time. The tools in this chapter enable one to better plan and conduct a sampling program to minimize 
this possibility. Of course, all projects conclude with some unresolved issues that were not consid
ered at the outset. This can only be minimized with increased experience and subject knowledge, 
and by retaining some flexibility during project execution. 

The tools presented here assume some prior knowledge of the situation (especially expected 
variation in a variable to be measured) in order to determine the sampling effort. This is initially 
obtained through professional judgment (based on one’s experience in similar situations and from 
the literature), and is generally followed up with a multistaged sampling effort where an initial 
experimental design sampling effort is conducted to obtain a better estimate of parameter variability. 
That estimate can then be used to help foresee and estimate the needed sampling effort during later 
sampling periods. In all cases, the tools presented here enable one to obtain a level of confidence 
concerning the significance of the project conclusions. As an example, if it is necessary to compare 
two sampling location conditions (a very common objective), the sampling effort will determine 
the sensitivity of the study. Depending on the variability of the parameter of interest, a few samples 
collected may be useful to identify only very large differences in conditions between two sampling 
locations. Of course, the objective of the study may be only to confirm large differences (such as 
between reference and grossly contaminated sites, or between influent and effluent conditions for 
a stormwater measure known to be very effective). Unfortunately, in most cases involving nonpoint 
source discharges, the differences are likely to be much more subtle, requiring numerous samples 
and careful allocations of project resources. The tools presented in this chapter enable one to predict 
the statistical sensitivity of different sampling schemes, allowing informed decisions and sound 
budget requests to be made. 

The other elements of this chapter involve specific options for collecting samples from the 
many ecosystem components of interest. Quality control/quality assurance (QA/QC) sampling 
requirements are described along with basic considerations for safe sample collection (selecting 
sampling locations, preventing sample contamination, sample volumes needed, sample shipping, 
personnel requirements, etc.). Water sampling (manual sampling, automatic samplers, sampler setup 
options, sampler modifications, bedload samples, suspended sediment samples, floatable material 
sampling, source area sheetflow sampling, etc.) are also described and discussed. This chapter also 
includes important considerations pertaining to sediment sampling and interstitial (pore water) 
sampling. The material included in this chapter, therefore, describes how to collect basic water and 
sediment samples for receiving water studies. Chapter 6, in turn, discusses measurement methods, 
including the collection of biological samples. 

EXPERIMENTAL DESIGN: SAMPLING NUMBER AND FREQUENCY 

The first task in any study is to formulate the questions being addressed. The expected statistical 
analysis tools (described in Chapter 7) that are expected to be used for evaluating the data should 
also be an early part of the experimental design. Alternative study plans can then be examined, and 
finally, the sampling effort can be estimated. 
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Sampling Plans 

All sampling plans attempt to obtain certain information (usually average values, totals, ranges, 
etc.) about a large population by sampling and analyzing a much smaller sample. The first step in 
this process is to select the sampling plan and then to determine the number of samples needed. 
Many sampling plans have been well described in the environmental literature. The following are 
the four main categories, plus subcategories, of sampling plans (Gilbert 1987): 

• 	Haphazard sampling. Samples are taken in a haphazard (not random) manner, usually at the 
convenience of the sampler when time permits. Especially common when the weather is pleasant. 
This is only possible with a very homogeneous condition over time and space; otherwise biases 
are introduced in the measured population parameters. It is therefore not recommended because 
of the difficulty in verifying the homogeneous assumption. This is the most common sampling 
strategy when volunteers are used for sampling, unless the grateful agency is able to spend sufficient 
time to educate the volunteer samplers about the problems of this type of sampling and to specify 
a more appropriate strategy. 

• 	 Judgment sampling. This strategy is used when only a specific subset of the total population is to 
be evaluated, with no desire to obtain “universal” characteristics. The target population must be 
clearly defined (such as during wet-weather conditions only) and sampling is conducted appropri
ately. This could be the first stage of later, more comprehensive sampling of other target population 
groups (multistage sampling). 

• Probability sampling. Several subcategories of probability sampling have been described: 
– 	 Simple random sampling. Samples are taken randomly from the complete population. This 

usually results in total population information, but it is usually inefficient as a greater sampling 
effort may be required than if the population was subdivided into distinct groups. Simple random 
sampling doesn’t allow information to be obtained for trends or patterns in the population. This 
method is used when there is no reason to believe that the sample variation is dependent on 
any known or measurable factor. 

– 	 Stratified random sampling. This may be the most appropriate sampling strategy for most 
receiving water studies, especially if combined with an initial limited field effort as part of a 
multistage sampling effort. The goal is to define strata that result in little variation within any 
one strata, and great variation between different strata. Samples are randomly obtained from 
several population groups that are assumed to be internally more homogeneous than the 
population as a whole, such as separating an annual sampling effort by season, lake depth, site 
location, habitat category, rainfall depth, land use, etc. This results in the individual groups 
having smaller variations in the characteristics of interest than in the population as a whole. 
Therefore, sample efforts within each group will vary, depending on the variability of charac
teristics for each group, and the total sum of the sampling effort may be less than if the complete 
population was sampled as a whole. Also, much additional useful information is likely if the 
groups are shown to actually be different. 

– 	 Multistage sampling. One type of multistage sampling commonly used is associated with the 
required subsampling of samples obtained in the field and brought to the laboratory for sub
sequent splitting for several different analyses. Another type of multistage sampling is when 
an initial sampling effort is used to examine major categories of the population that may be 
divided into separate clusters during later sampling activities. This is especially useful when 
reasonable estimates of variability within a potential cluster are needed for the determination 
of the sampling effort for composite sampling. These variability measurements may need to 
be periodically reverified during the monitoring program. 

– 	 Cluster sampling. Gilbert (1987) illustrates this sampling plan by specifically targeting specific 
population units that cluster together, such as a school of fish or clump of plants. Every unit 
in each randomly selected cluster can then be monitored. 

–	 Systematic sampling. This approach is most useful for basic trend analyses, where evenly spaced 
samples are collected for an extended time. Evenly spaced sampling is also most efficient when 
trying to find localized hot spots that randomly occur over an area. Gilbert (1987) presents 
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guidelines for spacing of sampling locations for specific project objectives relating to the size of 
the hot spot to be found. Spatial gradient sampling is a systematic sampling strategy that may be 
worthy of consideration when historical information implies an aerial variation of conditions in 
a river or other receiving water. One example would be to examine the effects of a point source 
discharge on receiving-sediment quality. A grid would be described in the receiving water in the 
discharge vicinity whose spacing would be determined by preliminary investigations. 

• Search sampling. This sampling plan is used to find specific conditions where prior knowledge is 
available, such as the location of a historical (but now absent) waste discharger affecting a receiving 
water. Therefore, the sampling pattern is not systematic or random over an area, but stresses areas 
thought to have a greater probability of success. 

Box et al. (1978) contains much information concerning sampling strategies, specifically 
addressing problems associated with randomizing the experiments and blocking the sampling 
experiments. Blocking (such as in paired analyses to determine the effectiveness of a control device, 
or to compare upstream and downstream locations) eliminates unwanted sources of variability. 
Another way of blocking is to conduct repeated analyses (such as for different seasons) at the same 
locations. Most of the above probability sampling strategies should include randomization and 
blocking within the final sampling plans (as demonstrated in the following example and in the use 
of factorial experiments). 

Albert and Horwitz (1988) warn that the user of statistics should be critical and alert in making 
decisions based on sample estimates, and they list the following as essential aspects of statistical 
sampling: 

• 	 Sampling should not be undertaken until the questions have been determined and properly framed. 
The expense of conducting a survey can only be justified if the questions answered have a value. 
Vague or unstructured exploratory surveys are wasteful. 

• 	The individuals included in the sample must be chosen at random, specifically from a population 
that is well defined. 

Example Use of Stratified Random Sampling Plan 

Street dirt samples were collected in San Jose, CA, during an early EPA project to identify 
sources of urban runoff pollutants (Pitt 1979). The samples were collected from narrow strips, from 
curb to curb, using an industrial vacuum. Many of these strips were to be collected in each area 
and combined to determine the dust and dirt loadings and their associated characteristics (particle 
size and pollutant concentrations). Each area (stratum) was to be sampled frequently to determine 
the changes in loadings with time and to measure the effects of street cleaning and rains in reducing 
the loadings. The analytical procedure used to determine the number of subsamples needed for 
each composite sample involved weighing individual subsamples in each study area to calculate 
the coefficient of variation (COV = standard deviation/mean) of the street surface loading. The 
number of subsamples necessary (N), depending on the allowable error (L), was then determined. 
An allowable error value of about 25%, or less, was needed to keep the precision and sampling 
effort at reasonable levels. The formula used (after Cochran 1963) was: 

N = 4σ2/L2 

With 95% confidence, this equation estimates the number of subsamples necessary to determine 
the true mean value for the loading within a range of ±L. As will be shown in the following 
discussions, more samples are required for a specific allowable error as the COV increases. 
Similarly, as the allowable error decreases for a specific COV, more samples are also required. 
Therefore, with an allowable error of 25%, the required number of subsamples for a study area 
with a COV of 0.8 would be 36. 
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Initially, individual samples were taken at 49 locations in the three study areas to determine 
the loading variabilities. The loadings averaged about 2700 lb/curb-mile in the Downtown and 
Keyes Street areas, but were found to vary greatly within these two areas. The Tropicana area 
loadings were not as high, and averaged 310 lb/curb-mile. The Cochran (1963) equation was then 
used to determine the required number of subsamples in each test area. The data were then examined 
to determine if the study areas should be divided into meaningful test area groups. 

The purpose of these divisions was to identify a small number of meaningful test area-groupings 
(strata) that would require a reasonable number of subsamples and to increase the usefulness of 
the test data by identifying important groupings. Five different strata were identified for this 
research: two of the areas were divided by street texture conditions into two separate strata each 
(good vs. poor), while the other area was left undivided. The total number of individual subsamples 
for all five areas combined was 111, and the number of subsamples per strata ranged from 10 to 
35. In contrast, 150 subsamples would have been needed if the individual areas were not subdivided. 
Subdividing the main sampling areas into separate strata not only resulted in a savings of about 
25% in the sampling effort, but also resulted in much more useful information concerning the 
factors affecting the values measured. The loading variations in each strata were reexamined 
seasonally, and the sampling effort was readjusted accordingly. 

Factorial Experimental Designs 

Factorial experiments are described in Box et al. (1978) and in Berthouex and Brown (1994). 
Both of these books include many alternative experimental designs and examples of this method. 
Berthouex and Brown (1994) state that “experiments are done to: 

1. Screen a set of factors (independent variables) and learn which produce an effect 
2. Estimate the magnitude of effects produced by experimental factors 
3. Develop an empirical model 
4. Develop a mechanistic model.” 

They concluded that factorial experiments are efficient tools in meeting the first two objectives and 
are also excellent for meeting the third objective in many cases. Information obtained during the 
experiments can also be very helpful in planning the strategy for developing mechanistic models. 
The main feature of factorial experimental designs is that they enable a large number of possible 
factors that may influence the experimental outcome to be simultaneously evaluated. 

Box et al. (1978) presents a comprehensive description of many variations of factorial experi
mental designs. A simple 23 design (three factors: temperature, catalyst, and concentrations at two 
levels each) is shown in Figure 5.1 (Box et al. 1978). All possible combinations of these three 
factors are tested, representing each corner of the cube. The experimental results are placed at the 
appropriate corners. Significant main effects can usually be easily seen by comparing the values 
on opposite faces of the cube. If the values on one face are consistently larger than on the opposite 
face, then the experimental factor separating the faces likely has a significant effect on the outcome 
of the experiments. Figure 5.2 (Box et al. 1978) shows how these main effects are represented, 
along with all possible two-factor interactions and the one three-factor interaction. The analysis of 
the results to identify the significant factors is straightforward. 

One of the major advantages of factorial experimental designs is that the main effect of each 
factor, plus the effects of all possible interactions of all of the factors can be examined with relatively 
few experiments. The initial experiments are usually conducted with each factor tested at two levels 
(a high and a low level). All possible combinations of these factors are then tested. Table 5.1 shows 
an experimental design for testing four factors. This experiment therefore requires 24 (=16) separate 
experiments to examine the main effects and all possible interactions of these four factors. The 
signs signify the experimental conditions for each main factor during each of the 16 experiments. 
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Figure 5.1 	 Basic cubic design of 23 factorial test. (From Box, G.E.P., W.G. Hunter, and J.S. Hunter. Statistics 
for Experimenters. Copyright 1978. This material used by permission of John Wiley & Sons, Inc., 
New York.) 
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Figure 5.2 	 Main effects and interactions for 23 factorial test. (From Box, G.E.P., W.G. Hunter, and J.S. Hunter. 
Statistics for Experimenters. Copyright 1978. This material used by permission of John Wiley & 
Sons, Inc., New York.) 
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Table 5.1 Factorial Experimental Design for Four Factors and 16 Experiments 

Experiment 
No. A B C D AB AC AD BC BD CD ABC ABD BCD ABCD 

1 + + + + 
2 – + – + + + – – + – 
3 + + – + + – – + – – 
4 – + + + – + + + – + 
5 + + + – + – – 
6 – – – + – – + 
7 + – – + – – + – + + 
8 – + + + – – + + – 
9 + – + + – + – – – 

10 – + – + + – – + – + 
11 + – – – + + + 
12 – – + + – + – 
13 + + – – + – + – – + + 
14 – – – + – + + + – 
15 + – – + + + + + – – 
16 – + – + 

+++ ++++ 
++ 

+– 
––– 

–+–+– 
+–+ 

+ 
–+– 
–+– 

+ 
–+– 

–+–+– 
––– 

–+ 
–– 
––– ++++ 

+ + 
– – 

– – 
– 

+ – 
– + – + 

– + 
– – 
+ + 

– – 
– + – + 

– + 

+ – + 
– – 

– – 

+

– 

– 

+

The shaded main factors are the experimental conditions, while the other columns specify the data 
reduction procedures for the other interactions. A plus sign shows when the factor is to be held at 
the high level, while a minus sign shows when the factor is to be held at the low level for the main 
experimental conditions (A through D). This table also shows all possible two-way, three-way, and 
four-way interactions, in addition to the main factors. Simple analysis of the experimental results 
allows the significance of each of these factors and interactions to be determined. As an example, 
the following list shows the four factors and the associated levels for tests conducted to identify 
factors affecting runoff quality: 

A: Season (plus: winter; minus: summer) 

B: Land use (plus: industrial; minus: residential) 

C: Age of development (plus: old; minus: new) 
D: Rain depth (plus: >1 in; minus: <1 in) 

These factors would require the selection of four sampling locations: 

1. Old industrial area 
2. New industrial area 
3. Old residential area 
4. New residential area 

The above experiments are designed to collect stormwater runoff data from four test locations. 
Obviously, both winter and summer seasons must be monitored, and rainfall events of varying 
depths will be sampled. Rains both less than 1 inch and greater than 1 inch will need to be sampled 
at all monitoring stations in both seasons in order to obtain the needed information. 

Even though factorial experiments are best suited in controlled laboratory settings, they have 
been very useful in organizing environmental data for analysis. Table 5.2 shows an example where 
environmental data were organized using a simple factorial design. The design called for a 23 

experiment to investigate the effects of soil moisture, soil texture, and soil compaction on observed 
soil infiltration rates (Pitt et al. 1999a). This table shows the calculations from 152 double-ring 
infiltration tests for the Horton (1939) equation final infiltration rate coefficient (fc). 

Replicate observations enhance the data analysis efforts, and grouped standard error values can 
be calculated (Box et al. 1978) to identify the significant factors affecting runoff quality. In Table 
5.2, at least 12 replicates were conducted for each test condition to improve the statistical basis 
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Table 5.2 Example Factorial Experiment Analysis for Field Project Investigating Infiltration into Disturbed Urban Soils

Moisture
(Wet = +/Dry = –)

Texture
(Clay = +/Sand = –)

Compacted
(Yes = +/No = –) Factorial Group Average Standard Error Number

+ + + 1 0.23 0.13 18
+ – 2 0.43 0.50 27
+ – + 3 1.31 1.13 18
+ – 4 16.49 1.40 12
– + + 5 0.59 0.35 15
– + – 6 7.78 4.00 17
– + 7 2.25 0.98 21
– 8 13.08 2.78 24

Overall average
Calculated polled S.E.

5.27
1.90

Factorial Group Effects Rank Prob. fc = 5.27 ± (T/2) ± (C/2)
fc = 5.27 ± (–6.02/2) ± (–8.35/2)

Calculated Values
C –8.35 1 7.14
T –6.02 2 21.43 T C
MT –2.55 3 35.71 + + –1.92
M –1.31 4 50.00 + – 6.43
MC 0.66 5 64.29 – + 4.10
MTC 2.83 6 78.57 – 12.45
TC 4.66 7 92.86

From Pitt, R., J. Lantrip, R. Harrison, C. Henry, and D. Hue. Infiltration through Disturbed Urban Soils and Compost-Amended Soil Effects on Runoff Quality and Quantity.
U.S. Environmental Protection Agency, Water Supply and Water Resources Division, National Risk Management Research Laboratory. EPA 600/R-00/016. Cincinnati, OH.
231 pp. December 1999a.
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for the conclusions. These unusually large numbers of replicates were needed because of the 
inherently large variability within each test category. If the variability was less, then the number 
of required replicates could have been much less (as described later in this chapter). In addition, 
the site test conditions were not known with certainty when the field tests were run, as some field 
estimates required confirmation with later laboratory tests that resulted in the reclassification of 
some of the data. 

If observations are not available for some of the needed conditions (such as the monitoring 
equipment failing during the only large event that occurred at the old industrial site during the 
summer), then a fractional factorial design can still be used to organize the data and calculate the 
effects for all of the main factors, and for most of the interactions (as noted in the above experiment). 
Once the initial experiments are completed, follow-up experiments can be efficiently designed to 
examine the linearity of the effects of the significant factors by conducting response surface 
experimental designs. In addition, further experiments can be conducted and merged with these 
initial experiments to examine other factors that were not considered in the first experiments. 
Because of the usefulness and adaptability of factorial experimental designs, Berthouex and Brown 
(1994) recommend that they “should be the backbone of an experimenter’s design strategy.” 

Number of Samples Needed to Characterize Conditions 

An important aspect of any research is the assurance that the samples collected represent the 
conditions to be tested and that the number of samples to be collected is sufficient to provide 
statistically relevant conclusions. Unfortunately, sample numbers are most often not based on a 
statistical process and follow traditional “best professional judgments,” or are resource driven. The 
sample numbers should be equal between sampling locations if comparing station data (EPA 1983b) 
and paired sampling should be conducted, if at all possible (the samples at the two comparison 
sites should be collected at the “same” time, for example), allowing for much more powerful paired 
statistical comparison tests (see Chapter 7). In addition, replicate subsamples must also be collected 
and then combined to provide a single sample for analysis for many types of ecosystem sampling. 
Cairns and Dickson (1971) observed from many years of experience that at least three artificial 
substrate samplers, 3 to 10 dredge hauls, and three Surber square foot samples were the minimum 
number of samples required to describe benthic macroinvertebrates at a given station. These are 
then combined (to reduce analysis expenses) or kept as separate samples (more costly, but provides 
a legitimate measure of variation/precision). 

Receiving water studies frequently include objectives to characterize various chemical, biolog
ical, and physical parameters of the water body itself, or influencing features (meteorological, 
discharges, watershed, etc.). An experimental design process can be used that estimates the number 
of needed samples based on the allowable error, the variance of the observations, and the degree 
of confidence and power needed for each parameter. A basic equation that can be used is as follows: 

n = [COV(Z1-α + Z1-β)/(error)]2 

where 
n = number of samples needed 
α = false positive rate (1 – α is the degree of confidence. A value of α of 0.05 is usually 

considered statistically significant, corresponding to a 1 – α degree of confidence of 
0.95, or 95%) 

β = false negative rate (1 – β is the power. If used, a value of β of 0.2 is common, but 
it is frequently ignored, corresponding to a β of 0.5) 

Z1–α = Z score (associated with area under normal curve) corresponding to 1 – α. If α is 
0.05 (95% degree of confidence), then the corresponding Z1–α score is 1.645 (from 
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standard statistical tables). 
Z1–β = 	Z score corresponding to 1 – β value. If β is 0.2 (power of 80%), then the corre

sponding Z1–β score is 0.85 (from standard statistical tables). However, if power is 
ignored and β is 0.5, then the corresponding Z1–β score is 0. 

error = allowable error, as a fraction of the true value of the mean 
COV = coefficient of variation (sometimes noted as CV), the standard deviation divided by 

the mean. (Data set assumed to be normally distributed.) 

This equation is only approximate, as it requires that the data set be normally distributed. 
However, if the coefficient of variation (COV) values are low (less than about 0.4), then there is 
probably no significant difference in the predicted sampling effort. This equation is only appropriate 
as an approximation in many cases, as normal distributions are rare (log-normal distributions are 
appropriate for most water quality parameters) and the COV values are typically relatively large 
(closer to 1). The presentation of the results and the statistical procedures used to evaluate the data, 
however, should calculate the exact degree of confidence of the measured values. 

Figure 5.3 (Pitt and Parmer 1995) is a plot of this equation, showing the approximate number 
of samples needed for an α of 0.05 (degree of confidence of 95%), and a β of 0.2 (power of 80%). 
As an example, if an allowable error of about 25% is desired and the COV is estimated to be 0.4, 
then about 20 samples would have to be analyzed. The samples could be composited and a single 
analysis conducted, but this would not allow the COV assumption to be confirmed, or the actual 
confidence range of the concentration to be determined. The use of stratified random sampling can 
usually be used to advantage by significantly reducing the COV of the subpopulation in the strata, 
requiring fewer samples for characterization, as illustrated above. 
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Figure 5.3 	 Sample requirements for confidence of 95% (α = 0.05) and power of 80% (β = 0.20). (From Pitt, 
R. and K. Parmer. Quality Assurance Project Plan: Effects, Sources, and Treatability of Stormwater 
Toxicants. Contract No. CR819573. U.S. Environmental Protection Agency, Storm and Combined 
Sewer Program, Risk Reduction Engineering Laboratory. Cincinnati, OH. February 1995.) 
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Gilbert (1987) presents variations of this basic equation that consider the number of samples 
needed to determine the probability of occurrence within a specified range (such as to calculate 
the frequency of standard violations). He also presents equations that consider correlated data, such 
as when the observations are not truly independent, as when very high pollutant concentrations 
affect values in close spatial or temporal proximity. As expected, correlated data necessitate more 
samples than indicated from the basic equations. Additional sample size equations are presented 
in experimental design texts and in listings from government agencies (such as Table 5.3 from 
Environment Canada 1994). 

Types of Errors Associated with Sampling 

Unfortunately, there are many errors associated with a receiving water study. Errors associated 
with too few (or too many) samples for a parameter of interest is only one category. Sampling and 
analytical errors may also be significant and could add to these other errors. Hopefully, the collective 
sum of all errors is known (through QA/QC activities and adequate experimental design) and 
manageable. An important aspect of a monitoring program is recognizing the levels of errors and 
considering the uncertainties in developing recommendations and conclusions. 

Generally, errors can be divided into precision and bias problems. Both of these errors, either 
together or separately, have dramatic effects on the final conclusions of a study. Figure 5.4 (Gilbert 
1987) shows the effects of these errors. Bias is a measure of how close the measured median value 
is to the true median value, while precision is a measure of how “fuzzy” the median estimate is 
(the repeatability of the analyses; used to determine the confidence of the measurements). 

Errors in decision making are usually divided into Type 1 (α: alpha) and Type 2 (β: beta) errors: 

α (alpha) (Type 1 error) — a false positive, or assuming something is true when it is actually false. An 
example would be concluding that a tested water was adversely contaminated, when it actually was 
clean. The most common value of α is 0.05 (accepting a 5% risk of having a Type 1 error). Confidence 
is 1 – α, or the confidence of not having a false positive. 

β (beta) (Type 2 error) — a false negative, or assuming something is false when it is actually true. An 
example would be concluding that a tested water was clean when it actually was contaminated. If 
this was an effluent, it would therefore be an illegal discharge with the possible imposition of severe 
penalties from the regulatory agency. In most statistical tests, β is usually ignored (if ignored, β is 
0.5). If it is considered, a typical value is 0.2, implying accepting a 20% risk of having a Type 2 
error. Power is 1 – β, or the certainty of not having a false negative. 

It is important that power and confidence be balanced for an effective monitoring program. 
Most studies ignore power, while providing a high value (typically 95%) for the level of confidence. 
This is an unrealistic approach because both false negatives and false positives are important. In 
many environmental programs, power (false negative problems) may actually be more critical than 
confidence. If a tested water had a Type 2 error (false negative), inappropriate discharges would 
occur. Typical fines imposed by regulatory agencies are $10,000 per day for nonpermitted dis
charges. Future liability for wastes discharged due to an error in measurement or negligence can 
easily reach into millions of dollars for cleanup and mitigation of health effects. Clearly, one wants 
to minimize costs, yet have the assurance that the correct decision is being made. However, errors 
will always be present in any analysis, and some uncertainty in the conclusions must be accepted. 
Obviously, it can become prohibitively expensive to attempt to reduce monitoring errors to 
extremely low levels, especially when the monitoring program is affected by uncontrollable envi
ronmental factors. 

Chapter 7 describes statistical analysis procedures that can be used for data analyses. It is always 
important to report the statistical significance (and importance) of the test results. The “importance” 
of the test results relates to the magnitude of the difference between two alternatives, for example, 
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Table 5.3 Typical Listing of Sample Size Equations That Are Useful for Environmental Research 

Objective Formula Ref. 

To determine the sample size required to Green 1989 
detect an effect in an impacted area vs. a 
control area over time: 

a)- Resampling same sites before and after 
impact and testing if the mean change in 

2 

n = 2(t α + t β )
2  S  
 

∆ 
 

the control area is the same as that in the 
impacted area 

b)- Sampling different sites before and after 
impact and testing if the mean change in 
the control area is the same as that in 

2 

n = 4(t α + t β )
2  S  
 

∆ 
 

Green 1989 

impacted area 

To determine if the mean value for an 
impacted area differs significantly from a 
standard value (e.g., sediment quality 
criterion) 

To determine if the mean value for an 

where:

n = number of samples for each of the 


control and impact areas 
S = standard deviation 
∆ = magnitude of change required to 

be a real effect with specified 
power (1 – b) 

tα = t statistic given a Type I error 
probability 

tβ = t statistic given a Type II error 
probability 

(Z α + Z β )
2 

2 

Alldredge 1987 
n ≥ 

d 2 + 0 5Z α. 

where:

n = sample size

Zα = Z statistic for Type I error 


probability (e.g., x = 0.05) 
Zβ = Z statistical for Type II error 

probability (e.g., B – 0.90) 
d = magnitude of the difference to be 

detected (i.e., effect level) 

Alldredge 1987 
impacted area differs significantly from the n ≥ 

2(Z α + Z β )
2

. 2 

d 2 + 0 25Z α
mean of a control site 

where:

n = sample size

Zα = Z statistic for Type I error 


probability (e.g. x = 0.05) 
Zβ = Z statistical for Type II error 

probability (e.g., B – 0.90) 
d = magnitude of the difference to be 

detected (i.e., effect level) 

 S  Håkanson 1984 
xyx 
1 0 5  


= t c 


(N − ) . 

where: 

To determine the number of samples that 
would be required to determine a mean 
value (representative of the area) with a 
given statistical certainty 

y = 

x = 
Sx = 
tc = 

N = 

accepted error in the percent of 

the mean value (e.g., y = 10%) 

mean value of xi (i = 1…n)

standard deviation

confidence coefficient (e.g., 90% 

or t0.95)

number of samples 
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Table 5.3 Typical Listing of Sample Size Equations That Are Useful for Environmental Research (Continued) 

Objective Formula Ref. 

To determine the number of samples required 
to give a result with a specific confidence 
limit 

To determine the number of samples required 
to achieve a maximum acceptable error 

To determine the number of samples required 
to estimate a mean 

To determine the number of samples required 
for a particular power for: 

a) A normal distribution (i.e., x > s2) 

b) A Poisson distribution (i.e., x – S2) 

c)- A negative binomial distribution (i.e., s < 
S2) 

N = 
(t1 + t 2 )2 

S 
Gad and Weil 1988 

d 2 

where: 
t1 = 

t2 = 

S = 
d = 

one-tailed t value with N – 1 d.f.

corresponding to a level of 

confidence

one-tailed t value with N – 1

degrees of freedom corresponding 

to the probability that the sample 

size will be adequate to achieve

the desired precision

sample standard deviation

the acceptable range of variation 

for the variable being measured


Z 2 σ 2 Gilbert 1981 
n = 

E 2 

where:

n = number of samples

Z = Z statistic

E = maximum acceptable error


(Z α /2 )σ2 Milton et al. 1986 
n = 

d 2 

where:

n  = number of samples

Z  = Z statistic (standard normal curve)

σ2  = variance

α/2 = probability of a 95% confidence 


level 
d = the distance between the center 

of the lower confidence and the 
upper confidence bound 

a) Kratochvil and Taylor 
2 1981 

N = 104(t s  2 ) 
2(R x  2 ) 

b) 

104 2t
N = 2 2(R x  ) 

c) 

N = 104  t 2  

 1  

 
1   

 
R 2  

 x 
 +  

K 



 

where: 
N = 
t  = 

x = 

s = 
R2 = 
K = 

number of samples 

t statistic for a desired confidence 

level

mean value from preliminary 

sampling or historical data

standard deviation of mean

percentage coefficient of variation

index of clumping


Data from EC (Environment Canada). Guidance Document on Collection and Preparation of Sediments for 
Physicochemical Characterization and Biological Testing. Environmental Protection Series Report, EPS 1/RM/29. 
Ottawa, Canada. pp. 111–113, December, 1994.) 
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Figure 5.4 

(c) (d) 

(a) (b) 

STORMWATER EFFECTS HANDBOOK 

Accuracy definitions: (a) low precision, 
large bias, (b) low precision, small bias, 
(c) high precision, large bias, and (d) high 
precision, small bias (the only “accurate” 
case). (From Gilbert, R.O. Statistical 
Methods for Environmental Pollution 
Monitoring. Van Nostrand Reinhold. New 
York. Copyright 1987. This material is 
used by permission of John Wiley & 
Sons.) 

and determines if a decision should be changed. In some cases, statistically significant results may 
occur simultaneously with small data differences (usually if low variations and/or large data sets 
are available). In this case, it may not be worthwhile, or feasible, to change a process or make 
other major changes. 

Determining Sample Concentration Variations 

An important requirement for using the above sampling effort equation is estimating the COV 
of the parameter of interest. In many cases, the approximate range of likely concentrations can be 
estimated for a parameter of interest. Figure 5.5 (Pitt and Lalor 2001) can be used to estimate the 
COV value for a parameter by knowing the 10th and 90th percentile ratios (the “range ratio”), 
assuming a log-normal distribution. Extreme values are usually not well known, but the approximate 
10th and 90th percentile values can be estimated with better confidence. As an example, assume 
that the 10th and 90th percentile values of a water quality constituent of interest was estimated to 
be about 0.7 and 1.5 mg/L, respectively. The resulting range ratio is therefore 1.5/0.7 = 2.1 and 
the estimated COV value is 0.25. 

Also shown in Figure 5.5 is an indication of the median value, compared to the 10th percentile 
value and the range ratio, assuming a log-normal distribution. As the range ratio decreases, the 
median comes close to the midpoint between the 10th and 90th percentile values. Therefore, at 
low COV values, the differences between normal distributions and log-normal distributions dimin
ish, as stated previously. As the COV values increase, the mean values are located much closer 
to the 10th percentile value. In log-normal distributions, no negative concentration values are 

Figure 5.5 Determination of coefficient of 
variation from range of observa° 
tions (Pitt, R. and M. Lalor. Iden 
tification and Control of Non-
Stormwater Discharges into 
Separate Storm Drainage Sys 
tems. Development of Methodol 
ogy for a Manual of Practice. U.S. 
En  v i ronmenta l  P ro tec t ion  
Agency, Water Supply and Water 
Resources Division, National 
Risk Management Research 
Laboratory, Cincinnati, OH. 451 
pp. To be published in 2001.) 
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allowed, but very large positive “outliers” can occur. In the previous example, the median location 
is about 0.4 for the range ratio of 2.1. The following calculation shows how the median value can 
be estimated using this “median location” value: 

median location = 0.4 = (X50 – X10)/(X90 – X10) 

therefore X50 – X10 = 0.4(X90 – X10). 

(X90 – X10) = 1.5 mg/L – 0.7 mg/L = 0.8 mg/L. 

Therefore X50 – X10 = 0.4 (0.8) = 0.32 mg/L, 

and X10 = 0.7 mg/L, X50 = 0.32 mg/L + 0.7 mg/L = 1.0 mg/L. 


For comparison, the average of the 10th and 90th percentile values is 1.1 mg/L. Therefore, the 
concentration distribution is likely close to being normally distributed and the equation shown 
previously can be used to estimate the required number of samples needed because these two values 
are within about 10% of each other. The following paragraphs (from Pitt and Lalor 2001) show 
how log transformations of real-space data descriptors (COV and median) can be used in modifi
cations of these equations. 

Example of Log10 Transformations for Experimental Design Calculations 

For relatively large COV values, it may be necessary to transform the data from known log
normal distributions (checked using log-normal probability paper, for example) before calculating 
the actual error associated with the collected data. Much urban receiving water quality data from 
the 10th to 90th percentile can typically be described as a normal probability distribution, after 
log10 transformations of the data. However, values less than the 10th percentile value are usually 
less than predicted from the log-normal probability plot, while values greater than the 90th percentile 
value are usually greater than predicted from the log-normal probability plot. Nontransformed water 
quality data do not typically fit normal probability distributions very well, except for pH (which 
are log transformed, by definition). 

Figure 5.6 (Pitt and Lalor 2001) presents a relationship between the COV value in real space 
(nontransformed) and the standard deviation of log10 transformed data. Knowing the log10 trans
formed standard deviation values enables certain statistical experimental design features to be 
determined. The most significant feature is determining the number of observations needed to 
enable the data to be described with a specific error level. It can also be used to calculate the error 
associated with any observation, based on the assumed population distribution characteristics and 
the number of observations. As an example, consider a pollutant having a COV of 0.23 and a 
median value of 0.14. The resulting log10 transformed standard deviation would be about 0.12. One 

Figure 5.6 	 Relationship between COV (real 
space) and standard deviation 
(log10 space) (From Pitt, R. and 
M. Lalor. Identification and Con 
trol of Non-Stormwater Dis 
charges into Separate Storm 
Drainage Systems. Development 
of Methodology for a Manual of 
Practice. U.S. Environmental Pro° 
tection Agency, Water Supply and 
Water Resources Divis ion, 
National Risk Management 
Research Laboratory, Cincinnati, 
OH. 451 pp. To be published in 
2001.) 
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equation that has been historically used to calculate the number of analyses needed, based on the 
allowable error is (Cochran 1963): 

Number of samples = 4(standard deviation)2/(allowable error)2 

.With an approximate 95% level of confidence (1.962 = 4), this relationship determines the 
number of samples needed to obtain a value within the range of the sample mean, plus and minus 
the error. This equation can be rearranged to obtain the error, based on the number of samples 
obtained and the standard deviation. As an example, for 10 samples and the above standard deviation 
(0.12), the resulting approximate 95% confidence range (ignoring false negatives) of the median 
observation (0.14 mg/L) is: 

Error = 2(0.12)/(10)0.5 = 0.076 in log10 space 

The confidence interval is therefore log10(0.14) ± 0.076, which is –0.778 to –0.930 in log10 

space. This results in an approximate 95% confidence range of 10–0.930 (= 0.12) to 10–0.778 (= 0.17). 
The absolute value for the error in the estimate of the median value is therefore between 14% (100 
× (0.14 – 0.12)/0.14) and 21% (100 × (0.17 – 0.14)/0.14) for 10 samples. If the original untrans
formed data were used, the error associated with 10 samples is about 15%, within the range of the 
estimate after log transformations. These results are close because of the low COV value (0.23). 
If the COV value is large (>0.4), the need for log transformations increases. 

Example Showing Improvement of Mean Concentrations with Increasing 
Sampling Effort 

Many stormwater discharge samples were obtained from two study areas during the Bellevue, 
WA, Urban Runoff Program (Pitt 1985). The runoff from each drainage area was affected by 
different public works stormwater control practices, and the outfall data were compared to identify 
if any runoff quality improvements were associated with this effort. These data offer an opportunity 
to examine how increasing numbers of outfall data decreased the uncertainty of the overall average 
concentrations of the stormwater pollutants. Table 5.4 shows how the accumulative average of the 
observed concentrations eventually becomes reasonable steady, but only after a significant sampling 
effort. As an example: the average on the first three observations results in an EMC (event-mean 
concentration) that is in error by about 40%. It would require more than 15 samples before the 
average value would be consistently less than 10% from the seasonal average value, which only 
had a total population of 25 storm events, even with the relatively small COV value of 0.65. 

Albert and Horwitz (1988) point out that taking averages leads to a tighter distribution. As shown 
above, the extreme values have little effect on the overall average, even with a relatively few 
observations (for a Gaussian distribution). The reduction in the standard deviation is proportional 
to 1/n0.5, for n observations. Even if the population is not Gaussian, the averages tend to be Gaussian
like. In addition, the larger the sample size, the more Gaussian-like is the population of averages. 

Determining the Number of Sampling Locations (or Land Uses) Needed to Be 
Represented in a Monitoring Program 

The above example for characterizing a parameter briefly examined a method to determine the 
appropriate number of samples to be collected and analyzed at a specific location. However, another 
aspect of sample design is determining how many components (specifically sampling locations) 
need to be characterized. The following example uses a marginal benefit analysis to help identify 
a basic characterization monitoring program. The sampling effort procedure discussed previously 
applies to the number of samples needed for each sampling location, while this analysis identifies 
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Table 5.4 Event-Mean Concentrations for Series of Storm Samples in Bellevue, WA 

Moving Average Error from 
Lead Concentration Concentration Seasonal Average 

Storm No. (mg/L) (EMC) (percent) 

1 0.53 0.53 119 
2 0.10 0.32 30 
3 0.38 0.34 39 
4 0.15 0.29 20 
5 0.12 0.26 6 
6 0.12 0.23 –3 
7 0.56 0.28 16 
8 0.19 0.27 11 
9 0.38 0.28 16 

10 0.23 0.28 14 
11 0.20 0.27 11 
12 0.39 0.28 16 
13 0.53 0.30 24 
14 0.05 0.28 16 
15 0.26 0.28 16 
16 0.05 0.27 10 
17 0.05 0.25 5 
18 0.39 0.26 8 
19 0.28 0.26 8 
20 0.10 0.25 5 
21 0.29 0.25 6 
22 0.18 0.25 4 
23 0.31 0.25 5 
24 0.10 0.25 2 
25 0.10 0.24 0 

From Pitt, R. Characterizing and Controlling Urban Runoff through Street and Sewerage 
Cleaning. U.S. Environmental Protection Agency, Storm and Combined Sewer Program, 
Risk Reduction Engineering Laboratory. EPA/600/S2-85/038. PB 85-186500. Cincinnati, 
OH. 467 pp. June 1985. 

the number of sampling locations that should be monitored. This example specifically examines 
which land use categories should be included in a city-wide monitoring program when the total 
city’s stormwater discharges need to be quantified with a reasonable error. 

Land Use Monitoring for Wet-Weather Discharge Characteristics 

The following paragraphs outline the steps needed to select the specific land uses that need to 
be included in a monitoring program to characterize stormwater runoff from an urban area to a 
specific receiving water. This method was also shown earlier in Chapter 4 for the Los Angeles 
County monitoring effort case study. The following example is loosely based on analyses of data 
for the Waller Creek drainage in Austin, TX. 

Step 1 — This step identifies the land use categories that exist in the area of study. The information 
compiled during site selection activities will enable effective monitoring sites to be selected. In 
addition, this information will be very useful in extrapolating the monitoring results across the 
whole drainage area (by understanding the locations of similar areas represented by the land use
specific monitoring stations) in helping to identify the retrofit control programs that may be suitable 
for these types of areas, and in understanding the benefits of the most cost-effective controls for 
new development. 

The initial list of land use areas to be considered for monitoring should be based on available 
land use maps, but they will have to be modified by overlaying additional information that should 
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have an obvious effect on stormwater quality and quantity. The most obvious overlays would be 
the age of development (an “easy” surrogate for directly connected imperviousness, maturity of 
vegetation, width of streets, conditions of streets, etc., that all affect runoff conditions and control 
measure applications) and the presence of grass swale drainage (which has a major effect on mass 
emissions and runoff frequency). Some of these areas may not be important (very small area 
represented in study area, especially with known very low concentrations or runoff mass) and may 
be eliminated at this step. After this initial list (with overlays) is developed, locations that are 
representative of each potential category need to be identified for preliminary surveys. About 10 
representative neighborhoods in each category that reflect the full range of development conditions 
for each category should be identified. The 10 locations in each land use would be relatively small 
areas, such as a square block for residential areas, a single school or church, a few blocks of strip 
commercial, etc. The 10 sites would be selected over a wide geographical area of the study area 
to include topographical effects, distance from ocean, etc. 

Step 2 — This step includes preliminary surveys of the land uses identified above. For each of 
the 10 neighborhoods identified in each category, simple field sheets are filled out with information 
that may affect runoff quality or quantity, including type of roof connections, type of drainage, age 
of development, housing density, socioeconomic conditions, quantity and maintenance of landscap
ing, condition of pavement, soils, inspections of storm drainage to ensure no inappropriate dis
charges, and existing stormwater control practices. These are simple field surveys that can be 
completed by a team of two people at the rate of about 10 locations a day, depending on navigation 
problems, traffic, and how spread out the sites are. Several photographs can also be made of each 
site and be archived with the field sheets for future reference. 

Step 3 — In this step, measurements of important surface area components are made for each of 
the neighborhoods surveyed above. These measurements are made using aerial photographs of each 
of the 10 areas in each land use category. Measurements will include areas of rooftops, streets, 
driveways, sidewalks, parking areas, storage areas, front grass strips, sidewalks and streets, play
grounds, backyards, front yards, large turf areas, undeveloped areas, decks and sheds, pools, railroad 
rows, alleyways, and other paved and nonpaved areas. This step requires the use of good aerial 
photography in order to resolve the elements of interest for measurement. Print scales of about 100 
ft per 1 inch are probably adequate, if the photographs are sharp. Photographic prints for each of 
the homogeneous neighborhoods examined on the ground in step 2 are needed. The actual mea
surements require about an hour per site. 

Step 4 — In this step, the site survey and measurement information are used to confirm the 
groupings of the individual examples for each land use category. This step finalizes the categories 
to be examined, based on the actual measured values. As an example, some of the sites selected 
for field measurement may actually belong in another category (based on actual housing density, 
for example) and would then be reassigned before the final data evaluation. More important, the 
development characteristics (especially drainage paths) and areas of important elements (especially 
directly connected pavement) may indicate greater variability within an initial category than between 
other categories in the same land use (such as for differently aged residential areas, or high-density 
residential and duplex home areas). A simple ANOVA test would indicate if differences exist, and 
additional statistical tests can be used to identify the specific areas that are similar. If there is no 
other reason to suspect differences that would affect drainage quality or quantity (such as landscaping 
maintenance for golf courses vs. undeveloped areas), these areas could be combined to reduce the 
total number of individual land use categories/subcategories used in subsequent evaluations. 

Step 5 — This step includes the ranking of the selected land use categories according to their 
predominance and pollutant generation. A marginal benefit analysis can be used to identify which 
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land use categories should be monitored. Each land use category has a known area in the drainage 
area and an estimated pollutant mass discharge. This step involves estimating the total annual mass 
discharges associated with each land use category for the complete study area. These sums are then 
ranked, from largest to smallest, and an accumulated percentage contribution is produced. These 
accumulated percentage values are plotted against the number of land use categories. The curve 
will be relatively steep initially and then level off as it approaches 100%. A marginal benefit analysis 
can then be used to select the most effective number of land uses that should be monitored. 

The following is an example of this marginal benefit analysis to help select the most appropriate 
number of land uses to monitor. The numbers and categories are based on the Waller Creek, Austin, 
TX, watershed. Table 5.5 shows 16 initial land use categories, their land cover (as a percentage), and 
the estimated unit area loadings for each category for a critical pollutant. These loading numbers will 
have to be obtained using best judgment and prior knowledge. This table then shows the relative masses 
of the pollutant for each land use category (simply the % area times the unit area loading). The land 
uses are shown ranked by their relative mass discharges and a summed total is shown. This sum is then 
used to calculate the percentage of the pollutant associated with each land use category. These are then 
accumulated. The “straight-line model” is the straight line from 0 mass at 0 stations to 100% of the 
mass at 16 stations. The final column is the difference between these two lines (the marginal benefit). 

Figure 5.7 is a marginal benefit plot of these values. The most effective monitoring strategy is 
to monitor seven land uses in this example. After this number, the marginal benefit starts to decrease. 
Seven (out of 16) land uses will also account for about 75% of the total annual emissions from 
these land uses in this area. A basic examination of the plot shows a strong leveling of the curve 
at 12 land uses, where the marginal benefit dramatically decreases and where there is little doubt 
of additional benefit for additional effort. The interpretation of these data should include the 
following issues that may expand the basic monitoring effort: 

• The marginal benefit (as shown to include 7 of the 16 land uses for monitoring in this example) 
• 	 Land uses that have expected high unit area mass discharges that may not be included in the above 

list because of relatively low abundance, such as shopping malls in this example 
• 	Land uses that are expected to become a significant component (such as the new medium-density 

residential area in this example) 
• 	Land uses that have special conditions, such as a grass swale site in this example, that may need 

to be demonstrated/evaluated. 

Step 6 — Final selection of monitoring locations. The top-ranked land uses will then be selected 
for monitoring. In most cases, a maximum of about 10 sites would be initiated each year. The 
remaining top-ranked land uses will then be monitored starting in future years because of the time 
needed to establish monitoring stations. In selecting sites for monitoring, sites draining homogeneous 
areas need to be found. In addition, monitoring locations will need to be selected that have sampling 
access, no safety problems, etc. To save laboratory resources, three categories of land uses can be 
identified. The top group would have the most comprehensive monitoring efforts (including most 
of the critical source area monitoring activities), while the lowest group may only have flow 
monitoring (with possibly some manual sampling). The middle group would have a shorter list of 
constituents routinely monitored, with periodic checks for all constituents being investigated. 

Step 7 — The monitoring facilities need to be installed. The monitoring equipment should be 
comprised of automatic water samplers and flow sensors (velocity and depth of flow in areas 
expected to have surcharging flow problems), plus a tipping bucket rain gauge. The samples should 
all be obtained as flow-weighted composites, requiring only one sample to be analyzed per event 
at each monitoring station. 

The sampler should initiate sampling after three tips (about 0.03 inches of rain) of the tipping 
bucket rain gauge at the sampling site. Another sample initiation method is to use an offset of the flow 
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Table 5.5 Example Marginal Benefit Analysis 

Land Use (ranked by % mass per % of Critical Unit Relative % Mass per Accum. Straight-line Marginal 
category) Area Area Loading Mass Category (% mass) Model Benefit 

1 Older medium-density residential 24 200 4800 22.8 22.8 6.25 16.5 
2 High-density residential 7 300 2100 10.0 32.7 12.5 20.2 

f3 O fi  ce 7 300 2100 10.0 42.7 18.8 24.0 
4 Strip commercial 8 250 2000 9.5 52.2 25.0 27.2 
5 Multiple-family 8 200 1600 7.6 59.8 31.3 28.5 
6 Manufacturing industrial 3 500 1500 7.1 66.9 37.5 29.4 
7 Warehousing 5 300 1500 7.1 74.0 43.8 30.3 
8 New medium-density residential 5 250 1250 5.9 80.0 50.0 30.0 
9 Light industrial 5 200 1000 4.7 84.7 56.3 28.4 

10 Major roadways 5 200 1000 4.7 89.4 62.5 26.9 
11 Civic/educational 10 100 1000 4.7 94.2 68.8 25.4 
12 Shopping malls 3 250 750 3.6 97.7 75.0 22.7 
13 Utilities 1 150 150 0.7 98.5 81.3 17.2 
14 Low-density residential with swales 5 25 125 0.6 99.1 87.5 11.6 
15 Vacant 2 50 100 0.5 99.5 93.8 5.8 
16 Park 2 50 100 0.5 100.0 100.0 0.0 

Total 100 21,075 100 
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stage recorder to cause the sampler to begin sampling after a predetermined rise in flow conditions. 
False starts are then possible, caused by inappropriate discharges in the watershed above the sampling 
station. Frequent querying of sampler, flow, and rain conditions (using a data logger with phone 
connections) will detect this condition to enable retrieval of these dry-weather samples for analyses 
and to clean and reset the sampler. Both methods can be used simultaneously to ensure that only wet
weather samples are obtained. Of course, periodic (on random days about a month apart) dry-weather 
sampling (on a time composite basis over 24 hours) is also likely to be needed. 

The base of the automatic sampler will need to be modified for a larger sample bottle (as much 
as a 100 L Teflon®-lined drum, with a 10 L glass bottle suspended for small events) in order to 
automatically sample a wide range of rain conditions without problems. A refrigerated base may 
also be needed, depending on ambient air conditions and sample holding requirements. The large 
drum will need to be located in a small freezer, with a hole in the lid where the sample line from 
the automatic sampler passes through. 

Each sampler should also be connected to a telephone so the sampler status (including the 
temperature of the sample) and rainfall and flow conditions can be observed remotely. This significantly 
reduces personnel time and enables sampler problems to be identified quickly. Each sampler site will 
also need to be visited periodically (about weekly) to ensure that everything is ready to sample. 

Step 8 — The monitoring initiation should continue down the list of ranked land use categories 
and repeat steps 6 and 7 for each category. At some point the marginal benefit from monitoring an 
additional land use category will not be sufficient to justify the additional cost. 

While it is difficult to state how long this eight-step process should take, as a very rough 
estimate, it could take the following times to complete each step for a large city: Steps l to 3, 1 
month each; Steps 4 and 5, 1 month combined; Step 6, 3 months; Step 7, 3 months; Step 8, 
continuous, for a total of about 10 months. This process was totally completed by Los Angeles 
County, for the unincorporated areas, in just a few months (see Chapter 4 case study). 

Determining the Number of Samples Needed to Identify Unusual Conditions 

An important aspect of receiving water effects studies is investigating unusual conditions. The 
methods presented by Gilbert (1987) (“Locating Hot Spots”) can be used to select sampling 

Figure 5.7 Marginal benefit associated 
with increasing sampling effort. 
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locations that have acceptable probabilities of locating these unusual conditions. These methods 
are probably most applicable for lake or large stream sediment investigations in two dimensions. 
One-dimensional (longitudinal) studies can also be designed using a similar approach. Gilbert 
concluded that the use of a regular spacing of samples over an area was more effective when the 
contamination pattern was irregular, and an irregular pattern was best if the contamination existed 
in a repeating pattern. In almost all cases, unusual contamination has an irregular pattern and a 
regular grid is recommended. Gilbert presents square, rectangular, and triangular grid patterns to 
help locate sampling locations over an area. The sampling locations are located at the nodes of the 
resulting grids. Figure 5.8 (Gilbert 1987) is for the rectangular grid pattern, where the grid has a 
2-to-1 aspect ratio. The figure relates the ratio of the size of a circular hot spot to the rectangular 
grid dimensions (sampling spacing) to the probability of detection. β is the probability of not finding 
the spot, while S is the shape factor for the hot spot (S = 1 for a circular spot; S = 0.5 for an 
elliptical spot). For example, if a semi-elliptical spot was to be targeted (S = 0.7) and the probability 
of not finding the spot was set at 25% (β = 0.25), the required L/G ratio would be 0.95+, with the 
rectangular width (G) about equal to the minor radius of the target. 

Number of Samples Needed for Comparisons between Different Sites or Times 

The comparison of paired data sets is commonly used when evaluating the differences between 
two situations (locations, times, practices, etc.). An equation related to the one given previously 
can be used to estimate the needed samples for a paired comparison: 

n = 2 [(Z1–α + Z1–β)/(µ1 –µ2)]2σ2 

where α = false positive rate (1 – α is the degree of confidence. A value of α of 0.05 is usually 
considered statistically significant, corresponding to a 1 – α degree of confidence of 
0.95, or 95%) 

β = false negative rate (1 – β is the power. If used, a value of β of 0.2 is common, but 
it is frequently ignored, corresponding to a β of 0.5) 

Z1–α = Z score (associated with area under normal curve) corresponding to 1 – α 
Z1–β = Z score corresponding to 1 – β value 

µ1 = mean of data set one 
µ2 = mean of data set two 
σ = standard deviation (same for both data sets, same units as µ; both data sets are 

assumed to be normally distributed) 

This equation is also only approximate, as it requires that the two data sets be normally distributed 
and have the same standard deviations. As noted previously, many parameters of interest in receiving 
water studies are likely closer to being log-normally distributed. Again, if the coefficient of variation 

RB-AR28479



SAMPLING EFFORT AND COLLECTION METHODS 245 

Figure 5.9- Sample effort needed for paired testing 
(power of 80% and confidence of 95%). 
(From Pitt, R. and K. Parmer. Quality Assur
ance Project Plan: Effects, Sources, and 
Treatability of Stormwater Toxicants. Con° 
tract No. CR819573. U.S. Environmental 
Protection Agency, Storm and Combined 
Sewer Program, Risk Reduction Engineer° 
ing Laboratory. Cincinnati, OH. February 
1995.) 
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(COV) values are low (less than about 0.4), then there is probably no real difference in the predicted 
sampling effort. Also, variations after treatment are commonly lower than before treatment. 

Figure 5.9 (Pitt and Parmer 1995) is a plot of this equation (normalized using COV and 
differences of sample means) showing the approximate number of sample pairs needed for an α 
of 0.05 (degree of confidence of 95%), and a β of 0.2 (power of 80%). As an example, 12 sample 
pairs will be sufficient to detect significant differences (with at least a 50% difference in the 
parameter value) for two locations, if the coefficient of variation is no more than about 0.5. Appendix 
A (Pitt and Parmer 1995) contains similar plots for many combinations of other levels of power, 
confidence, and expected differences. 

Need for Probability Information and Confidence Intervals 

The above discussions have presented information mostly pertaining to a simple characteristic 
of the population being sampled: the “central tendency,” usually presented as the average, or mean, 
of the observations. However, much greater information is typically needed, especially when 
conducting statistical analyses of the information. Information concerning the probability distribu
tion of the data (especially variance) was used previously as it affected the sampling effort. However, 
many more uses of the probability distributions exist. Albert and Horwitz (1988) state that the 
researcher must be aware of how misleading an average value alone can be, because the average 
tells nothing about the underlying spread of values. Berthouex and Brown (1994) also point out 
the importance of knowing the confidence interval (and the probability) of a statistical conclusion. 
It can be misleading to state simply that the results of an analysis are significant (implying that the 
null hypothesis, the difference between the means of two sets of data is zero, is rejected at the 0.05 
level), for example, when the difference may not be very important. It is much more informative 
to present the 95% confidence interval of the difference between the means of the two sets of data. 

One important example of how probability affects decisions concerns the selection of critical 
and infrequent conditions. In hydrology analyses, the selection of a “design” rainfall dramatically 
affects the design of a drainage system. Similarly, the likelihood of extreme events is also important 
for receiving water analyses (such as the frequency of high flushing flows vs. needed recovery 
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periods). The probability that a high flow rate in a stream (or any other factor of interest having a 
recurrence interval of “T” years) will occur during “n” years is: 

P = 1 – (1 – 1/T)n 

As an example, the probability of a 5-year rain occurring at least once in a 5-year period is not 
1, but is: 

P = 1 – (1 – 1/5)5 = 1 – (0.8)5 = 1 – 0.328 = 0.67 (or 67%) 

In another example, a flow having a recurrence interval of 20 years is assumed to cause 
substantial damage to critical biological species in a stream. That flow is likely to have the following 
probability of occurrence during a 100-year period: 

P = 1 – (1 – 1/20)100 = 1 – (0.95)100 = 1 – 0.0059 = 0.994 (99.4%) 

but only the following probability of occurrence during a 5-year period: 

P = 1 – (1 – 1/20)5 = 1 – (0.95)5 = 1 – 0.774 = 0.227 (22.7%) 

Figure 5.10 (McGee 1991) illustrates this equation. If a construction site is undergoing devel
opment for 2 years and the erosion control practices had to be certain of survival at least at the 
95% level, then a 40-year design storm condition must be used! Similarly, a 1000-year design flow 
(one having only a 0.1% chance of occurring in any 1 year) would be needed if one needed to be 
90% certain that it would not be exceeded during a 100-year period. 

An entertaining example presented by Albert and Horwitz (1988) illustrates an interesting case 
concerning the upper limits of a confidence interval. In their example, an investigator wishes to 
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determine if purple cows really exist. While traveling through a farming district, 20 cows are 
spotted, but none is purple. What is the actual percentage of cows that are purple (at a 95% 
confidence level), based on this sampling? The following formula can be used to calculate the upper 
limit of the 95% confidence interval: 

(1 – 0)n – (1 – x)n = 0.95 

or 

1 – (1 – x)n = 0.95 

where n is the number of absolute negative observations and x is the upper limit of the 95% 
confidence interval. Therefore, for a sampling of 20 cows (n = 20), the actual percentage of cows 
that are purple is between 0.0% and 13.9% (x = 0.139). If the sample was extended to 40 cows (n 
= 40), the actual percentage of cows that are purple would be between 0.0% and 7.2% (x = 0.072). 
The upper limit of both of these cases is well above zero and, for most people, these results generally 
conflict with common sense. Obviously, the main problem with the above purple cow example is 
the violation of the need for random sampling throughout the whole population. 

DATA QUALITY OBJECTIVES (DQO) AND ASSOCIATED QA/QC 
REQUIREMENTS 

As noted in Chapter 4, the precision and accuracy necessary to meet the project objectives 
should be defined. After this is accomplished, the procedures for monitoring and controlling data 
quality must be specific and incorporated within all aspects of the assessment, including sample 
collection, processing, analysis, data management, and statistical procedures. 

• When designing a plan, one should look at the study objectives and ask: 
– How will the data be used to arrive at conclusions? 
– What will the resulting actions be? 
– What are the allowable errors? 

The first stage in developing DQOs requires the decision makers to determine what information 
in needed, reasons for the need, how the information will be used, and to specify time and resource 
limits. During the second stage, the problem is clarified and constraints on data collection identified. 
The third stage develops alternative approaches to data selection, selecting the optimal approach, 
and establishing the DQOs (EPA 1984, 1986). 

Quality Control and Quality Assurance to Identify Sampling and Analysis Problems 

Quality assurance and quality control (QA/QC) have been used in laboratories for many years 
to ensure the accuracy of analytical results. Unfortunately, similar formal QA/QC programs have 
been lacking in field collection and field analysis programs. Without carefully planned and 
executed sample collection activities, the best laboratory results are meaningless. Previous sec
tions of this chapter have discussed the necessary experimental design aspects that enable the 
magnitude of the sampling effort to be determined. They specifically showed how the sample 
collection and data analysis efforts need to be balanced with experimental objectives. These 
sections stressed the need for a well-conceived experimental design to enable the questions at 
hand to be answered. This section presents additional information for conducting a water sampling 
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program. These two discussions therefore contain information pertaining to “good practice” in 
conducting a field investigation and are therefore fundamental components of a QA/QC program 
for field activities. 

This section reviews some of the aspects of conventional laboratory QA/QC programs that must 
also be used in field investigations of receiving water problems. This is not a comprehensive 
presentation of these topics suitable for conventional laboratory use. It is intended only as a 
description of many of the components that should be used in field or screening analyses. It is also 
suitable as a description of the QA/QC efforts that supporting analytical laboratories should be 
using and can help the scientist or engineer interpret the analytical reports. 

Use of Blanks to Minimize and Identify Errors 

Blanks are the most effective tools for assessing and controlling contamination, which is a 
common source of error in environmental measurements. Contamination can occur from many 
sources, including during sample collection, sample transport and storage, sample preparation, and 
sample analysis. Proper cleaning of sampling equipment and sample containers, as previously 
described, is critical in reducing contamination. The use of appropriate materials that contact the 
sample (sampling equipment and sample containers especially) was also previously noted as being 
critical in reducing sample contamination. Field handling of samples (such as adding preservatives) 
may also cause sample contamination. During the Castro Valley urban runoff study, Pitt and Shawley 
(1982) found very high, but inconsistent, concentrations of lead in the samples. This was especially 
critical because the several months’ delay between sending the samples to the laboratory and 
receiving the results prevented repeating the collection and analysis of the suspect samples. After 
many months of investigation, the use of trip blanks identified the source of contamination. The 
glass vials containing the HNO3 used for sample preservation were color-coded with a painted 
strip. The paint apparently had a high heavy metal content. When the acid was poured into the 
sample container in the field, some of it flowed across the paint strip, leaching lead into the sample. 
About 1 year of runoff data for heavy metals had to be discarded. 

There are many types of blanks that should be used in monitoring programs. The following are 
typical blanks and their purpose: 

• 	 Instrument blank (system blank). Used to establish the baseline response of an instrument in the 
absence of the analyte. This is a blank analysis using only the minimal reagents needed for 
instrument operation (doesn’t include reagents needed to prepare the sample); could be only 
ultrapure water. 

• 	Calibration blank (solvent blank). Used to detect and measure solvent impurities. Similar to the 
above blank but only contains the solvent used to dilute the sample. This typically is the zero 
concentration in a calibration series. 

•	 Method blank (reagent blank). Used to detect and measure contamination from all of the 
reagents used in sample preparation. A blank sample (using ultrapure water) with all reagents 
needed in sample preparation is processed and analyzed. This value is commonly subtracted 
from the analytical results for the samples prepared in the same way during the same analytical 
run. This blank is carried through the complete sample preparation procedures, in contrast to 
the calibration blank which doesn’t require any preparation, but is injected directly into the 
instrument. 

• 	Trip blank (sampling media blank). Used to detect contamination associated with field filtration 
apparatus and sample bottles. A known water (similar to sample) is carried from the laboratory 
and processed in the field in an identical manner as a sample. 

• 	Equipment blank. Used to detect contamination associated with the sampling equipment. Also 
used to verify the effectiveness of cleaning the sampling equipment. A known water (similar to 
sample) is pumped through the sampling equipment and analyzed. Rinse water (or solvent) after 
the final equipment cleaning can also be collected and analyzed for comparison with a sample of 
the fluid before rinsing. 
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Quality Control 

Standard Methods for the Examination of Water and Wastewater (1995) lists seven elements 
of a good quality control program: certification of operator competence, recovery of known 
additions, analysis of externally supplied standards, analysis of reagent blanks, calibration with 
standards, analysis of duplicates, and the use of control charts. These elements are briefly 
described below. 

Certification of Operators 

Adequate training and suitable experience of analysts are necessary for good laboratory work. 
Periodic tests of analytical skill are needed. A test proposed by Standard Methods (1995) is to use 
at least four replicate analyses of a check sample that is between 5 and 50 times the method 
detection limit (MDL) of the procedure. The precision of the results should be within the values 
shown in Table 5.6. 

Recovery of Known Additions 

The use of known additions should be a standard component of regular laboratory procedures. 
A known concentration is added to periodic samples before sample processing. This increase should 
be detected compared to a split of the same sample that did not receive the known addition. Matrix 
interferences are detected if the concentration increase is outside the tolerance limit, as shown in 
Table 5.6. The known addition concentration should be between 5 and 50 times the MDL (or 1 to 
10 times the expected sample concentration). Care should be taken to ensure that the total concen
tration is within the linear response of the method. Standard Methods (1995) suggests that known 
additions be added to 10% of the samples analyzed. 

Analysis of External Standards 

These standards are periodically analyzed to check the performance of the instrument and the 
calibration procedure. The concentrations should be between 5 and 50 times the MDL, or close to 
the sample concentrations (whichever is greater). Standard Methods (1995) prefers the use of 
certified standards, which are traceable to National Institute of Standards and Technology (NIST) 
standard reference materials, at least once a day. Do not confuse these external standards with the 
standards used to calibrate the instrument. 

Table 5.6 Acceptance Limits for Replicate Samples and Known Additions 

Recovery of Precision of Low-Level Precision of High-Level 
Known Additions (<20 × MDL) Duplicates (>20 × MDL) Duplicates 

Parameter (%) (±%) (±%) 

Metals, anions, nutrients, 
other inorganics, and TOC 

80–120 25 10 

Volatile and base/neutral 
organics 

70–130 40 20 

Acid extractable organics 60–140 40 20 
Herbicides 40–160 40 20 
Organochlorine pesticides 50–140 40 20 
Organophosphate pesticides 50–200 40 20 
Carbamate pesticides 50–150 40 20 

Data from Standard Methods for the Examination of Water and Wastewater. 19th edition. Water Environment 
Federation. Washington, D.C. 1995. 
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Analysis of Reagent Blanks 

Reagent blanks must also be analyzed periodically. Standard Methods (1995) suggests that at 
least 5% of the total analytical effort be reagent blanks. These blanks should be randomly spaced 
between samples in the analytical run order, and after samples having very high concentrations. 
These samples will measure sample carry-over, baseline drift of the instrument, and impurity of 
the reagents. 

Calibration with Standards 

Obviously, the instrument must be calibrated with known standards according to specific 
guidelines for the instrument and the method. However, at least three known concentrations of the 
parameter should be analyzed at the beginning of the instrument run, according to Standard Methods 
(1995). It is also preferable to repeat these analyses at least at the end of the analytical run to check 
for instrument drift. 

Analysis of Duplicates 

Standard Methods (1995) suggests that at least 5% of the samples have duplicate analyses, 
including those used for matrix interferences (known additions), while other guidance may suggest 
more duplicate analyses. Table 5.6 presents the acceptable limits of the precision of the duplicate 
analyses for different parameters. 

Control Charts 

The use of control charts enables rapid and visual indications of QA/QC problems, which can 
then be corrected in a timely manner, especially while it may still be possible to reanalyze samples. 
However, many laboratories are slow to upgrade the charts, losing their main benefit. Most auto
mated instrument procedures and laboratory information management systems (LIMs) have control 
charting capabilities built in. Standard Methods (1995) describes a “means” chart for standards, 
blanks, and recoveries. A means chart is simply a display of the results of analyses in run order, 
with the ±2 (warning level) and ±3 (control level) standard deviation limits shown. At least five 
means charts should be prepared (and kept updated) for each analyte: one for each of the three 
standards analyzed at the beginning (and at least at the end) of each analytical run, one for the 
blank samples, and one for the recoveries. Figure 5.11 is an example of a means chart. The pattern 
of observations should be random and most within the warning limits. Drift, or sudden change, 
should also be cause for concern, needing immediate investigation. Of course, if the warning levels 
are at the 95% confidence limit (approximate ±2 standard deviations), then approximately 1 out of 
20 samples will exceed the limits, on average. Only 1 out of 100 should exceed the control limits 
(if at the 99% confidence limit, or approximate ±3 standard deviations). 

Standard Methods (1995) suggests that if one measurement exceeds the control limits, the 
sample should be immediately reanalyzed. If the repeat is within acceptable limits, then continue. 
If the repeat analysis is again outside the control limits, the analyses must be discontinued and the 
problem identified and corrected. If two out of three successive analyses exceed the warning limits, 
another replicate analysis is made. If the replicate is within the warning limits, then continue. 
However, if the third analysis is also outside the warning limits, the analyses must be discontinued 
and the problem identified and corrected. If four out of five successive analyses are greater than 
±1 standard deviation of the expected value, or are in decreasing or increasing order, another sample 
is to be analyzed. If the trend continues, or if the sample is still greater than ±1 standard deviation 
of the expected value, then the analyses must be discontinued and the problem identified and 
corrected. If six successive samples are all on one side of the average concentration line, and the 
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Figure 5.11 	Means quality control chart (From Standard Methods for the Examination of Water and Waste 
water. 20th edition. Water Environment Federation. Washington, D.C. Copyright 1998. APHA. 
With permission.) 

next is also on the same side as the others, the analyses must be discontinued and the problem 
identified and corrected. After correcting the problem, Standard Methods (1995) recommends that 
at least half the samples analyzed between the last in-control measurement and the out-of-control 
measurement be reanalyzed. 

Standard Methods (1995) also points out that another major function of control charts is to 
identify changes in detection limits. Recalculate the warning and control limits (based on the 
standard deviations of the results) for every 20 samples. Running averages of these limits can be 
used to easily detect trends in precision (and therefore detection limits). 

Carrying out a QA/QC program in the laboratory is not inexpensive. It can significantly add 
to the analytical effort. ASTM (1995) summarizes these typical extra sample analyses: 

• Three or more standards to develop or check a calibration curve per run 
• One method blank per run 
• One field blank per set of samples 
• At least one duplicate analysis for precision calculations for every 20 samples 
• One standard sample to check the calibration for every 20 samples 
• One spiked sample for matrix interference analyses for every 20 samples. 

This can total at least eight additional analyses for every run of up to 20 samples. 

Checking Results 

Good sense is very important and should be used in reviewing analytical results. Extreme 
values should be questioned, for example, not routinely discarded. With a complete QA/QC 
program, including laboratory and field blanks, there should be little question if a problem has 
occurred and what the source of the problem may be. Unfortunately, few monitoring efforts 
actually carry out adequate or complete QA/QC programs. Especially lacking is timely updating 
of control charts and other tools that can easily detect problems. The reasons for this may be 
cost, ignorance, or insufficient time. However, the cost of discarded results may be very high, 
such as for resampling. In many cases, resampling is not possible, and much associated data 
may be worth much less without necessary supporting analytical information. In all cases, unusual 
analytical results should be reported to the field sampling crew and other personnel as soon as 
possible to solicit their assistance in verifying that the results are valid and not associated with 
labeling or sampling error. 
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Standard Methods (1995) presents several ways to check analytical results for basic measure
ments, based on a paper by Rossum (1975). The total dissolved solids concentration can be estimated 
using the following calculation: 

TDS ≅ 0.6 (alkalinity) + Na + K + Ca + Mg + Cl + SO4 + SiO3 + NO3 + F 

where the ions are measured in mg/L (alkalinity as CaCO3, SO4 as SO4, and NO3 as NO3). The 
measured TDS should be higher than the calculated value because of likely missing important 
components in the calculation. If the measured value is smaller than the calculated TDS value, the 
sample should be reanalyzed. If the measured TDS is more than 20% higher than the calculated 
value, the sample should also be reanalyzed. 

The anion–cation balance should also be checked. The milliequivalents per liter (meq/L) sums 
of the anions and the cations should be close to 1.0. The percentage difference is calculated by 
(Standard Methods 1995): 

% difference = 100 (Σ cations – Σ anions) / (Σ cations + Σ anions) 

with the following acceptance criteria: 

Anion Sum (meq/L) Acceptable Difference 

0 to 3.0 ±0.2 meq/L 
3.1 to 10.0 ±2% 
10.1 to 800 ±2 to 5% 

In addition, Standard Methods (1995) states that both the anion and cation sums (in meq/L) 
should be 1/100 of the measured electrical conductivity value (measured as µS/cm). If either of 
the sums is more than 10% different from this criterion, the sample should be reanalyzed. The ratio 
of the measured TDS (in mg/L) and measured electrical conductivity (as µS/cm) values should 
also be within the range of 0.55 to 0.70. 

Identifying the Needed Detection Limits and Selecting 
the Appropriate Analytical Method 

The selection of the analytical procedure depends on a number of factors, including (in order 
of general importance): 

• Appropriate detection limits 
• Freedom from interferences 
• Good analytical precision (repeatability) 
• Minimal cost 
• Reasonable operator training and needed expertise 

One of the most critical and obvious determinants used for selecting an appropriate analytical 
method is the identification of the needed analytical detection limit. It is possible to select available 
analytical methods that have extremely low detection limits. Unfortunately, these very sensitive 
methods are typically costly and difficult to utilize. However, in many cases, these extremely 
sensitive methods are not needed. The basic method of selecting an appropriate analytical method 
is to ensure that it can identify samples that exceed appropriate criteria for the parameter being 
measured. If detection limits are smaller than a critical water quality criterion or standard, then 
analytical results that may indicate interference with a beneficial use can be selected directly. 
Appendix G presents water quality criteria for many constituents of concern in receiving water 
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studies, while Chapter 6 and Appendix E describe typical levels of performance for different 
analytical methods. 

There are several different detection limits that are used in laboratory analyses. Standard Methods 
(1995) states that the common definition of a detection limit is that it is the smallest concentration 
that can be detected above background noise, using a specific procedure and with a specific confidence. 
The instrument detection limit (IDL) is the concentration that produces a signal that is three standard 
deviations of the noise level. This would result in about a 99% confidence that the signal was different 
from background noise. This is the simplest measure of detection and is solely a function of the 
instrument and is not dependent on sample preparation. The MDL accounts for sample preparation 
in addition to the instrument sensitivity. The MDL is about four times greater than the IDL because 
sample preparation increases the variability in the analytical results. Automated methods have MDLs 
much closer to the IDLs than manual sample preparation methods. An MDL is determined by spiking 
reagent water with a known concentration of the analyte of interest at a concentration close to the 
expected MDL. Seven portions of this solution are then analyzed (with complete sample preparation) 
and the standard deviation is calculated. The MDL is 3.14 times this measured standard deviation (at 
the 99% confidence level). The practical quantification limit (PQL) is a more conservative detection 
limit and considers the variability between laboratories using the same methods on a routine basis. 
The PQL is estimated in Standard Methods to be about five times the MDL. 

A quick estimate of the needed detection limit can be made by assuming the likely concentration 
of the compound necessary for detection and the associated coefficient of variation (the COV, or the 
standard deviation divided by the mean) of the distribution of the analytical results, and applying a 
multiplier. If an estimated COV is not available, an alternative is to use the expected ratio of the 
90th and 10th percentile values (the “range ratio”) of the data and using Figure 5.5, assuming a log
normal probability distribution of the data (Pitt and Lalor 2001). Log-normal probability distributions 
are commonly used to describe the concentration distributions of water quality data, including 
stormwater data (EPA 1983a,b). The data ranging from the 10th to the 90th percentile can typically 
be suitably described as a log-normal probability distribution. However, values less than the 10th 
percentile value are usually less than predicted from the log-normal probability plot, while values 
greater than the 90th percentile value are usually greater than predicted from the log-normal prob
ability plot. The range ratio can generally be selected easily based on the expected concentrations 
to be encountered, ignoring the most extreme values. As the range ratio increases, the COV also 
increases, up to a maximum value of about 2.5 for the set of conditions studied by Pitt and Lalor 2001. 

Pitt and Lalor (2001) conducted numerous Monte Carlo analyses using mixtures having broad 
ranges of concentrations. Using these data, they developed guidelines for estimating the needed 
detection limits to characterize water samples. If the analyte has an expected narrow range of 
concentrations (a low COV), then the detection limit can be greater than if the analyte has a wider 
range of expected concentrations (a high COV). These guidelines are as follows: 

•	 If the analyte has a low level of variation (a 90th to 10th percentile range ratio of 1.5, or a COV of 
<0.5), then the estimated required detection limit is about 0.8 times the expected median concentration. 

• 	If the analyte has a medium level of variation (a 90th to 10th percentile range ratio of 10, or a 
COV of about 0.5 to 1.25), then the estimated required detection limit is about 0.23 times the 
expected median concentration. 

• 	Finally, if the analyte has a high level of variation (a 90th to 10th percentile range ratio of 100, 
or a COV of about >1.25), then the estimated required detection limit is about 0.12 times the 
expected median concentration. 

Reporting Results Affected by Detection Limits 

Reporting chemical analysis results should be clear, based on the measured detection limits 
and QA/QC program. Concentrations below the IDL are not present with sufficient confidence to 
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detect them as significantly different from the baseline random noise of the instrument. These 
should be reported as not detected (generally given a “U” qualifier in organic compound analytical 
reports). Concentrations of a parameter above the IDL, but below the MDL, are present, but the 
confidence in the concentration value is less than 99% (can be given a “J” qualifier in organic 
analytical reports). Concentrations above the MDL indicate that the parameter is present in the 
sample and that the reported concentration is certain, at the 99% confidence level, or greater. Many 
other conditions may be present that degrade the confidence of the analytical results. These should 
all be carefully noted in the analytical report. 

As noted in Chapter 7, nondetected (“left-censored”) values present special problems in ana
lyzing data. If only a few (or most) of the observations are below the detection limit, these problems 
are not very serious. However, if the detection limit available results in many left-censored data 
(say, between 25 and 75% of the observations), statistical analyses are severely limited. It may not 
be possible to statistically evaluate the effectiveness of a treatment process completely, for example, 
if many of the effluent concentrations of a critical pollutant are below the detection limit, even if 
the influent concentrations are well above the MDL. The removal of the pollutant is obviously 
important and effective, but it is not possible to calculate the significance of the differences in the 
observed concentrations. From a statistical (and engineering) viewpoint, it would be better if all 
concentrations determined by the analytical procedure be reported, even if they are below the 
designated “formal” detection limit, set using (extreme) 99% confidence limits. The use of the 
qualifiers (such as U and J as used in reporting GC/MS data) along with the numeric values and 
obvious reporting of the MDL should serve as a warning for the limited use of these values. 
However, analytical chemists are justifiably concerned about the misuse of “nondetected” values, 
and the availability of these values for statistical analyses will likely remain elusive. Unfortunately, 
nondetected values can be legally reported as “zero” in NPDES discharge reports, likely skewing 
mass calculations needed for TMDL, and other, evaluations. 

GENERAL CONSIDERATIONS FOR SAMPLE COLLECTION 

Sample collection and processing methods are dictated in part by the study objectives, regulatory 
requirements/recommendations, and proper QA/QC practice. The typical stormwater effects assess
ment will be comprised of in-stream water, sediment, and benthic invertebrate sampling. More 
intensive surveys may also sample other biological communities (e.g., fish, periphyton, zooplankton, 
phytoplankton, rooted macrophytes), watershed soils, interstitial sediment pore waters, dry- and 
wet-weather outfall effluents, and possibly sheet flows during rains. A number of publications have 
reviewed sampling methods which are applicable to stormwater assessments (Håkanson and Jansson 
1983; EPA 1982, 1990c; ASTM 1991a). 

It is important when sampling dynamic ecosystem components that there be an understanding 
that once the sample is collected and removed from the ecosystem, it no longer is a part of that 
ecosystem. It no longer will interact with the other ecosystem components spatially and tempo
rally. A new ecosystem (the sample container) is created with different microenvironments, patch 
dynamics, and chemical transformations. For many sample constituents and parameters of con
cern, such as pesticides, suspended solids, and conductivity, the sampling process may do little 
to alter their levels from those present in situ. However, for other sample constituents and 
parameters, such as dissolved oxygen, un-ionized ammonia, metal speciation/solubility, microbial 
activity, pathogen survival, acid volatile sulfides, contaminant bioavailability, and toxicity, 
changes in the sample may be significant after sample collection. These changes cannot be 
predicted and are sample specific. Since the laboratory results of sample analyses are extrapolated 
to field conditions, these changes can potentially lead to erroneous conclusions on receiving 
water effects. Despite this bleak reality, accurate and precise studies have and can be conducted, 
provided proper sampling and processing practices are followed and there is an understanding 
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of method limitations, procedurally induced artifacts, and constituents interactions. There is no 
one optimal method by which to sample all streams and lakes. The major types of sampling 
activities are discussed in this chapter. 

The discussion of the selection of analytical methods in Chapter 6 also includes information 
on field determinations. These may lessen these sample disturbance problems, but the typically 
less precise and less sensitive field methods may not offer a great advantage over the generally 
superior laboratory methods. Combinations or replicates of methods are therefore usually used 
(such as conducting both field and lab pH determinations and toxicity surveys), along with special 
tests to examine the effects of sample storage, to quantify possible sample modifications that may 
affect the analyte concentrations. 

Discrete samples are needed for defining minimum and maximum values, for statistical 
analyses of point-in-time using replicates rather than composite samples, when constituents are 
labile, or when spatial variance at a site is to be measured. Continuous in situ monitors (discussed 
in Chapter 6) are also available to indicate real-time variations for key parameters (such as DO, 
temperature, conductivity, turbidity, pH, and ORP). These can be used to supplement composite 
analyses for a cost-effective solution compared to conducting only discrete analyses. Composites 
provide an estimate of the mean of the constituent (population) from which the individual samples 
are drawn. They should only be collected on an individual event or subevent basis, or for a 
defined time interval. Variance of the mean and precision cannot be obtained from a composite. 
Proper QA/QC requires that accuracy and precision be determined, which is usually not possible 
with compositing. Compositing reduces maximum and increases minimum values and thus is a 
better indicator of chronic, long-term exposure values (EPA 1990a). Coefficients of variation and 
errors can be based on EMCs (event mean concentrations) (EPA 1983a,b). There are much greater 
variations observed between different events than within events for most in-stream or outfall 
chemical conditions. Collecting discrete samples greatly increases the laboratory analytical costs, 
reducing the number of events represented. Clearly, the best sampling plan must be carefully 
selected based on the specific study requirements and usually includes components of several 
different basic approaches. 

Samplers should be constructed of inert, nonreactive materials and capable of collecting the 
necessary sample volume. They must also be capable of programming to meet the specific 
sampling schedule and protocol needed for the specific study. There are many automatic water 
samplers that are relatively inexpensive and have a great deal of flexibility to meet many different 
project needs. However, some modifications may be needed, as described later in this chapter. 
Metal, low-density polyethylene, or polyvinyl chloride (PVC) samplers may slightly contaminate 
water samples with metals and organics, respectively. Sampler material is not as critical when 
sampling sediments because the quantity of contaminant contributed to the edge of the sample 
is not significant. 

Basic Safety Considerations When Sampling 

The most important factor when conducting a field monitoring program is personnel safety. If 
an adequate program cannot be carried out in a reasonably safe manner, an alternative to the 
monitoring program must be used. Similarly, an inadequate monitoring program would be hard to 
justify. Most of the hazards reflect site selection and sampling times. The use of automatic samplers 
and well-trained crews (more than one) will reduce many of the hazards. 

Water and sediment sampling may expose field personnel to hazardous conditions. Obviously, 
water hazards (high flows, deep pools, soft sediments, etc.) are usually of initial concern. In many 
stormwater assessment studies, sampling during rainy weather in streams that may undergo rapid 
velocity and depth changes is necessary. Great care must be taken when approaching a stream in 
wet weather, as steep and slippery banks may cause one to slide into the water. Always sample in 
pairs and have adequate safety equipment available. At a minimum, this will include: 
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• Throw rope 
• Inflatable life vests 
• Nylon-covered neoprene waders (that offer some flotation, even when swamped) 
• 2-way radio or cellular phone 
• Weather radio 

If the conditions warrant (such as with steep and slippery stream banks), the sampler personnel 
should be tied together, with an attachment to a rigid shore object. In all cases, only go into the 
stream if absolutely necessary. Try to collect all samples from shore, especially during heavy rains. 
Be extremely cautious of changing weather and stream conditions and cancel sampling when 
hazardous conditions warrant. Never enter a stream where your footing is unstable or if the water 
is too deep (probably more than 2 ft deep) or fast (probably more than 2.5 ft/s). Always enter the 
water cautiously and be prepared to make an efficient retreat if you feel insecure. 

Other hazardous conditions may also occur when working near urban streams. Sharp debris in 
the water and along the banks require that protective waders be worn at all times while in the 
stream. No one should enter the water barefooted. Poison ivy, poison oak, and ticks thrive along 
many stream banks, requiring long pants and shirts. When in the field during sunny weather, sun 
screen and a hat are necessities. In many parts of the country, especially in the South, special 
caution is also required concerning snakes. Water moccasins are very common, and coral snakes 
and copperheads may also be present along streams. Again, waders offer some protection, but be 
careful when moving through thick underbrush where visibility is limited. 

These cautions are necessary and are basically common sense. However, the greatest dangers 
associated with field sampling, especially in urban areas, are likely associated with dogs running 
loose, odd people, automobiles/trucks, and eating greasy fast food (dangers which are not restricted 
to stream sampling). 

Selecting the Sampling Locations 

Specific sampling locations are determined based on the objectives of the study and site-specific 
conditions. Obviously, safety is a prime consideration, along with statistical requirements expressed 
in the experimental design. In all cases, the sample must represent the conditions being characterized. 

The process of selecting a sampling site is often given minimal thought when designing an 
assessment study. Site selections are driven by two basic criteria: accessibility/safety and 
upstream–downstream locations of pollutant discharges. However, given the ecosystem complexi
ties and statistical concerns, the importance of this process in achieving representative samples and 
one’s study objectives cannot be overemphasized. Stormwater runoff effects may not be detected 
unless the proper samples are obtained from the affected site during the critical time periods and 
compared to baseline conditions. 

As described earlier in this chapter, random or nonrandom sampling plans are used to determine 
within-site sampling locations. Few studies follow a random selection process, but it is the preferred 
method allowing for quantitative analyses which meet statistical assumptions (EPA 1990c). Only 
by knowing the probability (from random selection) of selecting a specific sample can one extrap
olate from the sample to the population in an objective way. Only by using a grid-random number 
approach may one consciously select sample locations without subconscious bias (EPA 1990c). 
This process only occurs after the measurements, station locations, and number of samples have 
been determined. (See Gilbert 1987 and EPA guidance for grid sampling and stratified random 
sampling for hot spots, as summarized earlier in this chapter.) 

Because benthic community spatial distributions are related to habitat conditions, a simple 
random approach is not optimal. Rather, it is best to stratify the habitat types based on known 
physical differences and then select subsampling units in which randomization is used. See Ford 
and Turina (1985). Sampling increases precision and most likely accuracy. Strata which may be 
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Figure 5.12 Recommended station locations for a 
minimal sampling program. (From EPA. 
Handbook for Stream Sampling for 
Waste Load Allocation Applications, 
Office of Research and Development, 
U.S. Environmental Protection Agency, 
Washington, D.C. EPA/625/6-86/013. 
1986.) 
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used to define sampling units include habitat (pool vs. riffle), flow, temperature, sediment types, 
and others whose presence or effects may correlate to the parameter of interest. When locating 
sampling subunits in a nonrandom manner, one must consider samples semiquantitative for data 
extrapolation purposes (EPA 1990c). 

Systematic sampling is often used in reconnaissance surveys and produces qualitative data. 
Samples are usually collected at key locations (e.g., a river bend) or at discrete intervals along a 
transect. This allows one to revisit fixed stations but ignores physical changes and disallows 
probability analyses. Kriging and other contaminant mapping techniques may be used when lake 
samples are collected using a systematic grid approach. 

It is often more efficient and precise to have varying types of random sampling approaches for 
different parameters, such as: plankton — grid; macrophytes — shoreline transect; periphyton — 
shoreline transect. In small streams, fish and benthic macrobenthic sampling may be nonrandom, 
encompassing a total sub-reach section with true replication being impossible. This, of course, will 
violate some statistical assumptions. 

Sites for sampling in a typical stream assessment are shown in Figure 5.12. Basic guidance for 
site location is as follows (modified from Cairns and Dickson 1971): 

1. 	 Two upstream reference stations are preferred, one immediately upstream of stressor inputs and 
one in upper reaches unimpacted by any anthropogenic influence. In addition, a nearby reference 
stream in the same ecoregion, which has similar watershed, flow, and habitat characteristics, is 
useful (EPA 1989). 

2. Sample principal impact station, immediately below stressor inputs. 
3. Note mixing patterns for point source inputs during subsampling. 
4. 	 Locate subsequent downstream stations based on pollutant loading, stream flow, sensitive areas, 

and suspected recovery–impact gradient. The maximum flow travel time between stations for 
conservative pollutants should be less than 2 days, and 5 to 8 km for reactive toxicants (EPA 1986). 
Sample station intervals are often about 0.5 day time-of-passage below a pollutant input for the 
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first 3 days, and 1 day thereafter (Kittrell 1969). In many urban streams, the sample locations are 
much more closely spaced, possibly only a few hundred meters apart, because of the large number 
of outfalls and frequent stream character variations due to artificial stream modifications. If a 
sample design is investigating the effects of a reach containing numerous outfalls on downstream 
waters, or possibly even an entire community, instead of a single discharge, wider spaced sampling 
locations below these areas would be needed. 

5. Sample above and below tributaries. 
6. Stations should have similar habitat and flow conditions, which typify the stream reach. 
7. 	 Samples should be replicated and collected in 1 day. Time of sampling must be noted, as many 

constituents have obvious natural diurnal cycles, e.g., dissolved oxygen (DO) and temperature. 
Sampling of indigenous communities such as periphyton, benthic invertebrates, and fish should 
occur as near as possible to the time that water quality samples are collected. In addition, weather 
conditions (air and water temperature, cloud cover, precipitation) during the sampling effort also 
should be noted. Riparian vegetation condition (especially seasonal growth) may also affect in
stream observations and also needs to be routinely noted. 

8. 	 Sampling should occur during each annual season in long-term studies to observe temporal cycles, 
seasonal stresses, and different organism groups and life stages. 

9. Sampling should occur during a wide range of flow conditions. 

Channel, flow, and stratification characteristics are particularly important when locating sample 
sites in streams, rivers, lakes, and reservoirs. Sampling near shore is seldom satisfactory except in 
small, upper reach streams. Whether using a random or systematic approach, one should carefully 
note the channel, flow, or stratification (lakes and reservoirs) conditions. In reservoirs, it is common 
for the principal flow to follow the old river channel and at a depth similar to the temperature 
(density) of the feeder stream. This area thus often contains the highest pollutant concentrations 
(e.g., suspended solids, fecal pathogens). Depositional zones, such as river bends and mouths, pools, 
and impoundment structures, should be sampled for sediment contamination and toxicity. For 
additional guidance on factors to consider in selecting station locations see below and Håkanson 
and Jansson (1983), and EPA (1983b, 1985, 1986, 1988, 1990 a,b,c). 

As noted in Chapter 7, paired analyses are the most efficient sampling strategy. This can be 
simply sampling the influent and effluent of a control structure, outfalls of test and control water
sheds, comparable stream habitats in test and control streams, or even the same stream sampling 
location, but at different seasons. Paired sampling can eliminate much variability, as many influ
encing factors are assumed to remain constant, enabling effects to be more easily seen. Obviously, 
if the differences between the two elements in the pair are expected to be large, and the background 
random variability is small, many fewer sampling pairs are needed to identify a statistically 
significant difference in the observations. Great care must be taken to select correct pairs, as the 
random variability can easily be greater than expected. Earlier sections of this chapter presented 
methods to determine the sampling effort for paired testing. 

One example of likely inefficient paired sampling is sampling above and below an outfall in a 
stream. In almost all cases, the stream pollutant loads and flows are much greater than a single 
outfall discharge. Therefore, the differences expected in stream water quality upstream vs. down
stream of an outfall would be very small and very difficult to detect. Exceptions may occur with 
large point source outfalls discharging during very low flow conditions. Otherwise, one large number 
is basically subtracted from another large number (with both having uncertainty) to determine the 
effects of a relatively small discharge. If this sampling strategy needs to be employed, make sure 
that the outfall discharge is also well characterized. 

If loadings or stormwater concentrations of runoff from different land uses in a watershed are 
needed, then a sufficient number of examples need to be monitored. Many watersheds have several 
distinct land uses in their drainage area. It is important that a sufficient number of the land uses 
be adequately monitored in order to make an adequate mass balance. Examples of marginal benefits 
for increasing sampling locations was given earlier in this chapter and in Chapter 4. 
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The actual location of sampling is somewhat dependent on the type of sampler to be used. 
However, in all cases, the sample taken must be representative of the flow to be characterized. 
Permanently mounted automatic or semiautomatic samplers are most restricted in their placement, 
as security and better access is needed with them than with manual grab sampling. With manual 
sampling, less equipment is generally being carried to the sampling location (some type of manual 
dipper sampler, plus sample bottles, for example), while automatic samplers require a relatively large 
sample container, a multi-bottle sampler base, and batteries and other maintenance and cleaning 
supplies to be periodically carried to the sampler. Weekly visits to automatic samplers, at least, are 
needed for maintenance. In all cases, access during rains must be provided to all stormwater sampler 
locations. Manual stormwater sampling takes place during rains, of course, while automatic samplers 
may need to have their bottles switched during rains, or other checks made. Therefore, dangerous 
locations, such as those requiring steep ascents down clayey stream banks obviously must be avoided. 

Permanently mounted samplers must have their intakes located to represent flow conditions. 
This is much easier with relatively small urban streams or outfalls compared to larger receiving 
waters. Wide, shallow, and fast-flowing streams are the most difficult to sample adequately. Great 
distances may be required before flows from individual discharges are completely mixed in these 
situations. Thomann and Mueller (1987) present the following USGS equation that can be used to 
estimate the distance needed before complete mixing occurs (for a side-stream discharge): 

Lm = (2.6 UB2)/H 

where 	 U = the stream velocity in ft/s 
B = the average stream width in feet 
H = average stream width in feet 

As an example, about 2000 m (6700 ft) may be required before complete mixing occurs for a 
stream that is 12 m (40 ft) wide, 1.5 m (5 ft) deep, and flowing at 2.4 m/s (8 ft/s). For a more 
typical urban stream with a 3 m (10 ft) width, 0.6 m (2 ft) depth, and flowing at 0.9 m/s (3 ft/s), 
the mixing length would be about 120 m (390 ft). Half of these distances would be needed if the 
discharge is located at the centerline of the stream (such as may occur for a diffuser for an industrial 
outfall). ASTM (1995) in standard D 3370 states that a distance of 1 to 3 miles below a tributary 
is usually sufficient to obtain complete mixing. It also suggests that samples be taken at least one 
half mile below dams or waterfalls to allow entrained air to escape. 

These distances may be too great for many practical reasons, including the typical presence of 
numerous and fairly closely spaced outfalls along an urban creek (every several hundred feet). If it 
is not possible to site the sampler intake where the water will be well mixed, several sample intakes 
may be needed to obtain a composite sample across the stream. This can be accomplished by using 
several submerged pumps at different locations feeding a central large container located near the 
samplers. Automatic samplers are also restricted to a vertical height from the water surface to the 
sampler pump of about 7 m (since most use a peristaltic pump located on the sampler and therefore 
pull the water sample using vacuum suction). If the sampler height is greater than this critical height, 
a submerged pump can also be used to solve this problem. The automatic sampler would then sample 
from the large container that the submerged pumps are discharging into. In most cases, the submerged 
pumps would run continuously (needing on-site AC power or solar-charged batteries) and the flow
weighted sampler would be programmed to appropriately sample from the composite container, 
based on measured flows in the stream. The excess flow from the multiple pumps would overflow 
the composite container. Chapter 4 presented a case study for Los Angeles County, where this was 
an important consideration. The sample velocity in the sampler lines must be at least 100 cm/s to 
minimize particulate settling in the sampling lines. Care must also be taken to select a pump and 
sampler line that will not contaminate the samples (require stainless steel, Teflon, or appropriate 
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plastic) and be easy to clean in the field. Manual pump samplers, discussed later, may be suitable 
when sampling wide or deep streams or rivers from a bridge or boat. 

Obviously, care must be taken to locate the sampler intakes to minimize induced scour of 
sediments and to prevent clogging from debris. All submerged pumps can quickly fail if the pump 
draws coarse particles into the pump, but doesn’t have enough velocity in the sample line to discharge 
most of them completely through the sample line. If the intake is located on a creek bottom, the 
water entering the sampler intake will likely scour sediment from the surrounding area. Locating 
the sampler intake on top of a small anchored concrete slab in the creek minimizes scour. Elevating 
the sampler intake above the creek bottom also minimizes scour, but presents an obstruction to flows 
and catches debris easily. Elevating the intake slightly is important in obtaining a better sample if 
the flow is vertically stratified. In some cases, sampler intakes can be successfully located on the 
downstream side of a bridge piling or pier. Do not locate the sample intake near any treated wood 
structure if heavy metals or organics are to be sampled. Bedload sampling is discussed later. 

Locating a sampler intake in an outfall pipe presents other problems. Because the pipe is 
likely to be smaller than a receiving water, horizontal differences in water quality should not be 
a problem. However, vertical differences may occur. The sampler intake also presents a greater 
obstruction to the pipe flow and therefore has a greater tendency to catch debris. To ensure a 
well-mixed water sample, the intake can be placed in an area that has turbulent flow. This may 
decrease volatile components in the water sample, but typical automatic samplers are inappro
priate for collecting samples for volatile analyses anyway. Locating the intake on the downstream 
side of a flow monitoring flume would help obtain a mixed sample. In addition, added obstructions 
(bricks and concrete blocks) can be cemented to the pipe above the sampling location to induce 
well-mixed conditions during low to moderate flows, being careful not to cause pooling of water 
and sedimentation. Obviously, flow measurements would not be taken where obstructions are 
used to mix the flow. 

Manual sampling is much more flexible and can be modified to better represent the flow 
conditions at the time of sampling. Obviously, multiple dips across a stream, and at multiple depths, 
will result in a better representation of the stream than a single sampling location. Special manual 
samplers (described later) are needed to collect depth-integrated samples that may be needed for 
sediment transport studies. 

The advantages of manual sampling compared to automatic sampling are offset by the time 
frame that is represented in the sample. A grab sample taken at a single time will not be as 
representative of a storm event as an automatic sampler taking subsamples from many time periods 
during the event, even considering multiple vs. single sampling points. A single sampling location 
will be subjected to varying conditions during the storm, including horizontal and vertical variations. 
However, if a single sampling location is consistently biased compared to the cross section of the 
stream, that needs to be recognized and corrected. Therefore, it is necessary to observe conditions 
in the stream during the sampling times as much as possible to detect any potential bias. A bias 
may be caused by currents or nearby discharges, for example, and may be visually observed if 
colored or turbid water is indicating current conditions near the sampler. A hand-held in situ probe 
that can measure turbidity (such as sold by YSI, Solomat, or Horiba) is extremely helpful in checking 
flow variations near the sampler intake. These probes can also be very helpful during manual grab 
sampling to measure the likely flow variabilities during the time of sampling. Other parameters are 
usually available on these probes (such as conductivity, temperature, DO, pH, and specific ions) 
that would also be helpful in these field checks. 

Sampler and Other Test Apparatus Materials 

A major concern when samples are analyzed for trace contaminants is the need to use sampling 
equipment that will have minimal effect on the sample characteristics. Most modern automatic 
water samplers have been continuously improved over the years, and current models are designed 
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Table 5.7 Potential Sample Contamination from Sampler Material 

Material Contaminant 

PVC – threaded joints Chloroform 
PVC – cemented joints Methylethyl ketone, toluene, acetone, methylene chloride, 

benzene, ethyl acetate, tetrahydrofuran, cyclohexanone, organic 
tin compounds, and vinyl chloride 

Teflon Nothing 
Polypropylene and polyethylene Plasticizers and phthalates 
Fiberglass-reinforced epoxy material (FRE) Nothing 
Stainless steel Chromium, iron, nickel, and molybdenum 
Glass Boron and silica 

Data from Cowgill, U.M. Sampling waters, the impact of sample variability on planning and confidence levels, in 
Principles of Environmental Sampling. Edited by L.H. Keith. ACS Professional Reference Book. American 
Chemical Society. pp. 171–189. 1988. 

to have little effect on sample quality. Teflon-lined sample tubing, special silicon peristaltic pump 
tubing, and glass sample bottles are all that contact the sample for automatic water samplers 
designed for monitoring toxicants and most other stormwater pollutants. 

Careful selection of materials for manual samplers is just as important as for automatic samplers. 
Sediment samplers made with stainless steel are available to minimize sample contamination. Cole 
Parmer includes an extensive table in its standard catalog that lists chemical compatibility with 
different materials, including many plastics, elastomers, metals, and nonmetals. The effects listed 
include “no effect,” “minor effect,” “moderate effect,” and “severe effect, not recommended.” This 
guidance is mostly for material degradation and high concentrations of the chemicals, but it is 
useful when considering potential contamination problems. 

Table 5.7 lists potential contaminants from some sampler materials (Cowgill 1988). It was found 
that extensive steam cleaning (at least five washings using steam produced from distilled water) 
practically eliminated all contamination problems. Cemented materials should probably be avoided, 
as is evident from Table 5.7. Threaded or bolted-together sampler components are preferable. ASTM 
(1995), in standard E 1391, recommends preconditioning samplers (plus test chambers and sample 
containers) before their first use. ASTM summarized research that found that all plastics (including 
Teflon) leached elements, but that this could be minimized with a 7-day leaching using a 1:1 solution 
of HCl and deionized water and then another 7 days in a 1:1 solution of HNO3 in deionized water. 
Overnight soaking in these solutions was found to be adequate for glassware. Care should be taken, 
however, when soaking material for long periods in relatively strong acids. We have destroyed some 
plastic sampler components (including Delrin) after several days. Therefore, always conduct a soaking 
test to ensure compatibility and use the least aggressive cleaning method suitable. 

Pitt et al. (1999) tested leaching potentials for many other materials that may be used in sampling 
apparatus and also pilot-scale treatment units (Table 5.8). The most serious problems occurred with 
plywood, including untreated wood. Attempting to seal the wood with Formica™ and caulking 
was partially successful, but toxicants were still leached. Lining large wooden boxes with cleaned 
plastic sheeting is probably more suitable than using the Formica lining. Fiberglass screening 
material, especially before cleaning, also causes a potential problem with plasticizers and other 
organics. PVC and aluminum may be acceptable sampling apparatus material, if phthalate esters 
and aluminum contamination can be tolerated. Pitt et al. (1999) used aggressive water (18 megohm 
water, prepared using ion exchange) when conducting their leaching tests. They were also conducted 
over a 3-day period (for worst-case conditions during treatability tests). The much shorter contact 
times associated with sampling (especially after the sampler has been rigorously cleaned) should 
result in minimal contamination problems when using sampling equipment that has been reasonably 
selected to avoid contamination of compounds of major interest. 

These tables indicate that care must be taken when selecting and cleaning sampling equip
ment. The use of Teflon reduces most of the problems, but it is quite expensive. Delrin is almost 
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Table 5.8- Potential Sample Contamination from Materials Used in Sampler and Pilot-Scale Treatability 
Test Apparatus 

Material Contaminant 

Untreated plywood Toxicity, chloride, sulfate, sodium, potassium, calcium, 2,4-dimethylphenol, 
benzylbutyl phthalate, bis(2-ethylhexyl) phthalate, phenol, N-nitro-so-di-n° 
propylamine, 4-chloro-3-methylphenol, 2,4-dinitrotoluene, 4-nitrophenol, 
alpha BHC, gamma BHC, 4,4′-DDE, endosulfan II, methoxychlor, and 
endrin ketone 

Treated plywood (CCA) Toxicity, chloride, sulfate, sodium, potassium, hexachloroethane, 2,4° 
dimethylphenol, bis(2-chloroethoxyl) methane, 2,4-dichlorophenol, 
benzylbutyl phthalate, bis(2-ethylhexyl) phthalate, phenol, 4-chloro-3° 
methylphenol, acenaphthene, 2,4-dinitrotoluene, 4-nitrophenol, alpha 
BHC, gamma BHC, beta BHC, 4,4′-DDE, 4,4′-DDD, endosulfan II, 
endosulfan sulfate, methoxychlor, endrin ketone, and copper (likely), 
chromium (likely), arsenic (likely) 

Treated plywood (CCA) and Toxicity, chloride, sulfate, sodium, potassium, bis(2-chloroethyl) ether,* 
Formica diethylphthalate, phenanthrene, anthracene, benzylbutyl phthalate, bis(2° 

ethylhexyl) phthalate, phenol,* N-nitro-so-di-n-propylamine, 4-chloro-3° 
methylphenol,* 4-nitrophenol, pentachlorophenol, alpha BHC, 4,4′-DDE, 
endosulfan II, methoxychlor, endrin ketone, and copper (likely), chromium 
(likely), arsenic (likely) 

Treated plywood (CCA), Formica, Lowered pH, toxicity, bis(2-chloroethyl) ether,* hexachlorocyclopentadiene, 
and silica caulk diethylphthalate, bis(2-ethylhexyl) phthalate, phenol,* N-nitro-so-di-n° 

propylamine, 4-chloro-3-methylphenol,* alpha BHC, heptachlor epoxide, 4,4′-
DDE, endosulfan II, and copper (likely), chromium (likely), arsenic (likely) 

Formica and silica caulk Lowered pH, toxicity, 4-chloro-3-methylphenol, aldrin, and endosulfan 1 
Silica caulk Lowered pH, toxicity, and heptachlor epoxide 
PVC pipe N-nitrosodiphenylamine, and 2,4-dinitrotoluene 
PVC pipe with cemented joint Bis(2-ethylhexyl) phthalate,* acenaphthene, and endosulfan sulfate 
Plexiglas and Plexiglas cement Naphthalene, benzylbutyl phthalate, bis(2-ethylhexyl) phthalate, and 

endosulfan II 
Aluminum Toxicity and aluminum (likely) 
Plastic aeration balls 2,6-Dinitrotoluene 
Filter fabric material Acenaphthylene, diethylphthalate, benzylbutyl phthalate, bis(2-ethylhexyl) 

phthalate, and pentachlorophenol 
Sorbent pillows Diethylphthalate and bis(2-ethylhexyl) phthalate 
Black plastic fittings Pentachlorophenol 
Reinforced PVC tubing Diethylphthalate, and benzylbutyl phthalate 
Fiberglass window screening Toxicity, dimethylphthalate, diethylphthalate,* bis(2-ethylhexyl) phthalate, di° 

n-octyl phthalate, phenol, 4-nitrophenol, pentachlorophenol, and 4,4′-DDD 
Delrin Benzylbutyl phthalate 
Teflon Nothing (likely) 
Glass Zinc (likely) 

* Signifies that the observed concentrations in the leaching solution were very large compared to the other 
materials. Not all of the heavy metals had been verified. 

From Pitt, R. et al. Stormwater Treatment at Critical Areas: The Multi-Chambered Treatment Train (MCTT). U.S. 
Environmental Protection Agency, Wet Weather Flow Management Program, National Risk Management 
Research Laboratory. EPA/600/R-99/017. Cincinnati, OH. 505 pp. March 1999. 

as effective, is somewhat less expensive, and is much easier to machine when manufacturing 
custom equipment. Both of these materials are fragile and cannot withstand rough handling. 
They are therefore not appropriate for sediment sampling, but can be used to advantage in water 
samplers. Glass is not usable for most sampling equipment, but is commonly used in bench
scale tests and when storing and preparing samples. Glass presents a problem with heavy metals 
attaching to the glass walls, and zinc leaching out of the glass. It is a necessary material when 
analyzing organics, however. Stainless steel is preferred for most sediment samplers and for 
hardware for water samplers. Plastics should not be used if contamination by phthalate esters is 
to be avoided. Many adequate and inexpensive sampler apparatus can be made of plastics, 
especially if cements are not used. In all cases, careful cleaning and preconditioning has been 
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shown to significantly reduce the concentrations of the contaminants in the leach water, stressing 
the need to thoroughly clean and condition the sampling equipment. 

Volumes to Be Collected, Container Types, Preservatives to Be Used, 
and Shipping of Samples 

The specific sample volume, bottle type, and preservative requirements should be specified by the 
analytical laboratory used. Standard Methods (1995) lists the basic container requirements, minimum 
sample sizes, required preservative, and the maximum storage period before the analyses need to be 
conducted. Table 5.9 shows these guidelines for water samples, while Table 5.10 lists the guidelines 
for sediment and pore water samples. Care must be taken to handle the samples properly to ensure the 
best analytical results. Numerous losses, transformations, and increases in pollutant concentrations may 
occur if these guidelines are not followed. Some analyses should be conducted as soon as possible 
(within a few hours of sample collection, or preferably on-site or in situ). These include CO2, chlorine 
residual, DO (unless fixed), iodine, nitrite, ozone, pH, and temperature. ORP (oxidation-reduction 
potential) is also in this category of required on-site analyses, even though not included in this table. 
Parameters that need to be analyzed within 24 hours of sample collection (same day) include acidity, 
alkalinity, BOD, cyanide, chromium VI (and other specific ionic forms of metals), taste and odor, and 
turbidity. Microorganisms are not shown on this table either, and need to be analyzed within 24 hours 
of sample collection. Most of the nutrients need to be analyzed within 2 days. Many parameters can 
be stored for long periods of time, after preservation, specifically total forms of most heavy metals (6 
months) and extracted organic compounds (30 days). In some cases, it may be possible to deviate from 
these guidelines if site-specific testing is conducted to demonstrate acceptable pollutant stability. The 
most important guidelines are the bottle type and preservative. Some parameters may be able to undergo 
longer storage periods, but this must be tested for specific conditions. The required sample volumes 
are all much greater than needed for most modern laboratory procedures and may be reduced (with 
permission from the laboratory) if shipping costs or sample storage facilities are a concern. Make sure 
that extra sample is available to redo critical analyses if problems develop, however. Be sure to verify 
these guidelines with the newest version of Standard Methods. 

Sample Volumes 

The volume of water or sediment needed depends on the types of toxicity assays, physical and 
chemical analyses, and level of precision (replicate numbers) needed. Usually 1 to 2 L is adequate 
for physical and chemical analyses. For static (daily) renewal toxicity assays, the quantities needed 
vary with the assay (Table 5.11). Volumes listed for sediments may be excessive if the sediment 
contains little interstitial water, such as found in sand, gravel, or compacted sediments, and few 
interstitial water chemical analyses are to be conducted. It is recommended that un-ionized ammonia 
generally be determined on interstitial water of sediments. If using the ion-selective electrode 
method, about 100 mL of aqueous solution is needed. 

The following example for determining the water volume needed for laboratory analyses is 
based on the requirements of the UAB Environmental Engineering Laboratory. We have developed 
analytical modifications that require minimal amounts of sample in order to decrease shipping 
costs and storage problems, plus enabling small-scale treatability tests. Obviously, it is critical 
that the laboratory specify the sample volume requirements to ensure enough sample is available. 
Table 5.12 summarizes the sample quantities collected for each set of analysis. Also shown in 
this table is whether the sample is filtered or unfiltered (for constituent partitioning analyses). 
As an example, the metallic and organic toxicants are analyzed in both unfiltered and filtered 
sample portions in order to determine the amount of the pollutants associated with particulates 
and the amount that are considered “soluble.” Filtering is through 0.45 µm membrane filters 
(using all-glass filtering apparatus and membrane filters that are found to have minimal effects 
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Table 5.9- Summary of Special Sampling and Handling Requirements for Water and Wastewater 
Samplesa 

Minimum Maximum Storage 
Sample Sample Recommended/ 

Determination Containerb Size (mL) Typec Preservationd Regulatorye 

Acidity

Alkalinity

BOD

Boron


Bromide

Carbon, organic, 

total


Carbon dioxide

COD


Chloride

Chlorine, total, 

residual


Chlorine, dioxide

Chlorophyll


Color

Conductivity

Cyanide: Total


Fluoride

Hardness

Iodine

Metals, general


Chromium VI 
Mercury 

Nitrogen: 
Ammonia 

Nitrate 

Nitrate + nitrite 
Nitrite 

Organic, Kjeldahl 

Oil and grease 

Organic 
compounds: 
MBAS 
Pesticides 

Phenols 

P, G(B) 100 g 
P, G 200 g 
P, G 1000 g, c 
P (PTFE) 100 g, c 
or quartz 

P, G 100 g, c 
G 100 g, c 

P, G 100 g 
P, G 100 g, c 

P, G 50 g, c 
P, G 500 g 

P, G 500 g 
P, G 500 g, c 

P, G 500 g, c 
P, G 500 g, c 
P, G 1000 g, c 

P 100 g, c 
P, G 100 g, c 
P, G 500 g, c 
P(A), G(A) 1000 g, c 

P(A), G(A) 1000 g 
P(A), G(A) 1000 g, c 

P, G 500 g, c 

P, G 100 g, c 

P, G 200 g, c 
P, G 100 g, c 

P, G 500 g, c 

G,wide- 1000 g, c 
mouth 
calibrated 

200 

P, G 250 g, c 
G(S), 1000 g, c 
PTFE-
lined cap 

P, G PTFE- 500 g, c 
lined cap 

Refrigerate 
Refrigerate 
Refrigerate 
None required 

None required 
Analyze immediately; or 
refrigerate and add H3PO4 or 
H2SO4 to pH<2 

Analyze immediately 
Analyze as soon as possible, 
or add H2SO4 to pH<2; 
refrigerate 

None required 
Analyze immediately 

Analyze immediately 
Unfiltered, dark, 4°C 
Filtered, dark, –20°C 
(Do not store in frost-free 
refrigerator) 

Refrigerate 
Refrigerate 
Add NaOH to pH>12, 
refrigerate in dark 

None required 
Add HNO3 to pH<2 
Analyze immediately 
For dissolved metals filter 
immediately, add HNO3 to 
pH<2 

Refrigerate 
Add HNO3 to pH<2, 4°C, 
refrigerate 

Analyze as soon as possible or 
add H2SO4 to pH<2, 
refrigerate 

Analyze as soon as possible or 
refrigerate 

Add H2SO4 to pH<2, refrigerate 
Analyze as soon as possible 
refrigerate 

Refrigerate; add H2SO4 to 
pH<2 

Add HCl to pH<2, refrigerate 

Refrigerate 
Refrigerate; add 1000 mg 
ascorbic acid/L if residual 
chlorine present 

Refrigerate add H2SO4 to pH<2 

24h/14d 
24h/14d 
6h/48h 
28d/6months 

28d/28d 
7d/28d 

0.25h/N.S. 
7d/28d 

28d 
0.25h/0.25h 

0.5 h/N.S. 
28d/– 

48h/48h 
28d/28d 
24h/14d;24h if 
sulfide present 

28d/28d 
6 months/6months 
0.5h/N.S. 
6months/6months 

24h/24h 
28d/28d 

7d/28d 

48h/48h (28d for 
chlorinated 
samples) 

1–2d/28d 
None /48h 

7d/28d 

28d/28d 

48h/N.S. 
7d/7d until 
extraction 40d 
after extraction 

*/28d until 
extraction 

RB-AR28499



SAMPLING EFFORT AND COLLECTION METHODS 265 

Table 5.9- Summary of Special Sampling and Handling Requirements for Water and Wastewater 
Samplesa (Continued) 

Minimum Maximum Storage 
Sample Sample Recommended/ 

Determination Containerb Size (mL) Typec Preservationd Regulatorye 

Purgeables* by G, PTFE- 2×40 g 
purge and trap lined cap 

Base/neutrals and G (S), 1000 g, c 
acids amber 

Oxygen, dissolved: G, BOD 300 g 
Electrode bottle 
Winkler 

Ozone G 1000 g 
pH P, G 50 g 
Phosphate G(A) 100 g 

Phosphorus, total P, G 100 g, c 

Salinity G, wax seal 240 g 

Silica P (PTFE) 200 g, c 
or quartz 

Solids P, G 200 g, c 
Sulfate P, G 100 g, c 
Sulfide P, G 100 g, c 

Temperature P, G — g 
Turbidity P, G 100 g, c 

Refrigerate; add HCl to pH<2; 7d/14d 
add 1000 mg ascorbic acid/L 
if residual chlorine present 

Refrigerate 7d/7d until 
extraction; 40d 
after extraction 

Analyze immediately 0.25h/0.25h 
Titration may be delayed after 8h/8h 
acidification 

Analyze immediately 0.25h/N.S. 
Analyze immediately 0.25h/0.25h 
For dissolved phosphate filter 48h/N.S. 
immediately; refrigerate 

Add H2SO4 to pH<2 and 28d/– 
refrigerate 

Analyze immediately or use 6 months/N.S. 
wax seal 

Refrigerate, do not freeze 28d/28d 

Refrigerate 7d/2-7d 
Refrigerate 28 /28d 
Refrigerate; add 4 drops 2N 28d/7d 
zinc acetate/100 mL; add 
NaOH to pH>9 

Analyze immediately 0.25h 
Analyze same day; store in 24/h48h 
dark up to 24 h, refrigerate 

a- See Standard Methods for additional details. For determination not listed, use glass or plastic containers; 
preferably refrigerate during storage and analyze as soon as possible. 

b- P = plastic (polyethylene or equivalent); G = glass; G (A) or P(A) = rinsed with 1 + 1 HNO; G(B) = glass, 
borosilicate; G(S) = glass, rinsed with organic solvents or baked. 

c g = grab; c = composite 
d- Refrigerate = storage at 4°C ± 2 °C, in the dark; analyze immediately = analyze usually within 15 min of sample 

collection. 
e- Environmental Protection Agency, Rules and Regulation, 40 CFR Parts 100-149, July 1, 1992. See this citation 

for possible differences regarding container and preservation requirements. 
Note: N.S. = not stated in cited reference; stat = no storage allowed; analyze immediately. 

From Standard Methods for the Examination of Water and Wastewater. 20th edition. Water Environment Feder° 
ation. Washington, D.C. Copyright 1998. APHA. With permission. 

on constituent concentrations). The sample volumes that need to be delivered to the laboratory 
(where further filtering, splitting, and chemical preservation will be performed) and the required 
containers are as follows: 

• Three 500 mL amber glass containers with Teflon-lined screw caps 
• Three 500 mL HDPE (high-density polyethylene) plastic containers with screw caps 

A total of 3 L of each water sample is therefore needed for comprehensive analyses. In addition 
to the water samples, collected sediment must be shipped in the following sample bottles: 

• One 500 mL amber glass wide-mouth container with Teflon-lined screw cap 
• One 500 mL HDPE (high-density polyethylene) wide-mouth plastic container 
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Table 5.10 Type of Container and Conditions Recommended for Storing Samples of Sediment 
or Pore Water 

Wet Weight 
or Volume Holding 

End Use Container Type of Sample Temperature Time 

Sediment 

Particle size distribution 1 Teflon 250 g 
2 Glass 
3 High-density polyethylene 
containers or bags 

Major ions and elements: 1 Teflon 250 g 
Al, C, Ca, Cl, Cr, Fe, Fl, H, 2 High-density polyethylene 
K, Mn, Na, P, S, Si, Ti containers or bags 
(oxides and total) 

Nutrients: NH4-N, NO2-N, 1 Teflon 100 g 
NO3-N, TKN, TC, TOC 2 Glass with Teflon or 

polyethylene-lined cap 
Trace elements: Ag, Ba, 1 Teflon 250 to 500 g 
Be, Cd, Co, Cr, Cu, Hg, Li, 2 High-density polyethylene 
Mn, Mo, Ni, Pb, Sb, Sr, Va, containers or bags 
Zn 

Organic contaminants 1 Stainless steel canisters 250 to 500 g 
2 Aluminum canisters 
3 Amber glass with aluminum-
lined cap 

Sediments for toxicity tests 1 Teflon 1 to 3 L 
where the suspected 2 Glass 
contaminants are metals 3 High-density polyethylene 

bags or containers 
Sediments for toxicity tests 1 Glass with Al- or polyethylene- 1 to 3 L 
where the suspected lined caps 
contaminants are 2 Teflon 
organic(s) 3 Stainless steel 

4 High-density polyethylene 
bags or containers 

Control and reference 1 Teflon >15 L 
sediment for toxicity tests 2 Glass 

3 High-density polyethylene 
bags or containers 

Pore Water 

Major ions and elements: 1 Teflon 40 mL 
Ca, Mg, Cl, Si, Fl, Na, 2 Amber glass with Teflon-lined 
SO4, K, Al, Fe, acidity, lids 
alkalinity 3 High-density polyethylene 

containers 
Nutrients in pore water: 4 Amber glass with Teflon-lined 40 mL 
NH4-N, NO2-N, NO3-N, C lids 
(total organic), P (soluble 
reactive), DIC, DOC 

P (total) 1 Amber glass with Teflon-lined 40 mL 
lids 

Trace elements (total) in 1 Teflon 10 to 250 g 
pore water: Ba, Be, Cd, 2 Polyethylene 
Cr, Cu, Co, Li, Mn, Mo, Ni, 
Pb, Sb, Sr, Va, Zn 

4 to 40°C <6 mo 
Do not freeze 

<2°C <2 wk 

<2°C <48 h 

<2°C or –20°C	 <2 wk 
<6 mo 

<2°C or –20°C	 <2 wk 
<6 mo 

<2°C <8 wk 
preferably 

<2 wk 

<2°C <8 wk 
preferably 

<2 wk 

<2°C <12 moa 

–20°C <6 wk 

–20°C <6 mo 

–20°C or <2°C <6 wk 
with 1 mL of <2 wk 
30% H2SO4 

per 100 mL 
–20°C or <2°C <6 mo 
with 2 mL of 1 <6 wk 
M HNO3 per 
1000 mL pore 
water 
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Table 5.10 Type of Container and Conditions Recommended for Storing Samples of Sediment 
or Pore Water (Continued) 

Wet Weight 
or Volume Holding 

End Use Container Type of Sample Temperature Time 

Ag 1 Amber Polyethylene 250 mL <2°C with 1 g <6 wk 
Na2 EDTA per 
250 mL pore 
water 

Hg 1 Teflon 100 mL <2°C with 1 mL <6 wk 
2 Glass (Soviral/Wheaton) H2SO4 per 100 

mL of pore 
water 

Organic contaminants in 1 Amber glass with Al-lined 1000 mL –20°C or <2°C <6 mo 
pore waterb caps acidified with <6 wk 

2 Amber glass with Teflon-lined H2SO4 or with 
caps the addition of 

10 g Na2SO4 

per L of pore 
water 

Organochlorine and PCBs 1 Amber glass with Al-lined 1000 mL –20°C or <2°C <6 mo 
caps <6 wk 

2 Amber glass with Teflon-lined 
caps 

Organophosphates 1 Amber glass with Al-lined 1000 mL –20°C or <2°C <6 mo 
caps acidified with <6 wk 

2 Amber glass with Teflon-lined HCl to pH 4.4 
caps 

PCP 1 Amber glass with Al-lined 1000 mL –20°C or <2°C <6 mo 
caps acidified with <6 wk 

2 Amber glass with Teflon-lined H2SO4 to pH 
caps <4 or 

preserved 
with 0.5 g 
CuSO4 per 
liter or pore 
water 

Phenoxy acid herbicides 1 Amber glass with Al-lined 1000 mL –20°C or <2°C <6 mo 
caps with <6 wk 

2 Amber glass with Teflon-lined acidification to 
caps pH <2 with 

H2SO4 

PAHs 1 Amber glass with Al-lined 1000 mL –20°C or <2°C <6 mo 
caps <6 wk 

2 Amber glass with Teflon-lined 
caps 

Pore waterc or elutriate for 1 Amber glass with Teflon-lined 1 to 3 L  2°C <72 h 
toxicity tests caps 

a- These sediments should be monitored over this period of time to ensure that changes that might occur to the 
physicochemical characteristics are acceptable. 

b- It is very difficult to collect sufficient pore water for analyses of volatile organic compounds and aromatic organic 
compounds. 

c- It is very difficult to collect sufficient pore water for standard toxicity testing; however, smaller quantities will 
suffice if the experimental design of the test accommodates extraction of successive samples of sediment and/or 
compositing of within-station replicate samples. It should be recognized that once pore water that has been 
collected in situ is exposed to oxygen (e.g., air) it becomes geochemically distinct (Mudroch 1992). The Microtox 
toxicity test only requires a few mL of sample and could be used as an indicator of pore water toxicity. 
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Table 5.11 Sample Volumes Needed for Toxicity Testinga 

Aqueous Phaseb Solid Phasec 

(L) (g wet weight) 
Short-

Short-Term Term 
Assay Acute Chronicd Acute Chronic 

Fish 2.5 2.5 400 600 
Zooplankton 

Daphnia magna or pulex 0.2 0.3 200 100 
Ceriodaphnia dubia 0.2 0.3 200 100 

Amphipod 
Hyalella azteca 2.5 — 1000d 1500 

Midge 
Chironomus tentans or C. riparius 2.5 — 1000d 1500 

Phytoplankton 
Selenastrum capricornutum — 0.4 — — 

Microtoxe 0.1 — — — 
Chemical analysesf 2.0 1000 

a Screening only. Definitive assays to produce effect levels (e.g., LC50, NOEL) require 
testing of five concentrations (e.g., 100%, 50%, 25%, 12.5%, 6.25%). 

b Surface or interstitial waters, elutriates, or effluents. 
c Whole sediment or soil, overlain with site, reference, or reconstituted water. 
d Exposure periods of 10 days. 
e Definitive test. 
f Routine chemical analyses of alkalinity, hardness, conductivity, pH, turbidity, temperature, 

and dissolved oxygen. For sediment samples, interstitial waters may be used for most 
analyses. Volume of sediment needed will depend on sediments water content. Ammonia 
and particle size measurements recommended when testing sediments. 

Table 5.12 Example Water Volume Requirements for Different Analytes When Using 
Special Low-Volume Analytical Methods 

Constituent Volume (mL) Filtered? Unfiltered? 

Total solids 100 Yes

Dissolved solids 100 Yes

Turbidity 30 Yes Yes

Particle size (by Coulter Counter MultiSizer IIe) 20 Yes

Conductivity 70 Yes

pH (also on-site or in situ) 25 Yes

Color 25 Yes

Hardness 100 Yes

Alkalinity 50 Yes


– 2– 2– 2–Anions (F–, Cl–, NO2, NO3 , SO4 , and PO4 ) 25 Yes 
Cations (Li+, Na+, NH4 

+, K+, Ca2+, and Mg2+) 25 Yes 
COD 10 Yes Yes 
Metals (Pb, Cr, Cd, Cu, and Zn) 70 Yes Yes 
Semivolatile compounds (by GC/MSD) 315 Yes Yes 
Pesticides (by GC/ECD) 315 Yes Yes 
Microtox toxicity screen 10 Yes Yes 

The following list shows the amounts of sediment sample generally required for different 
chemical and physical analyses: 

Inorganic chemicals 90–1000 mL 
Organic chemicals 50–2000 mL 
TOC, moisture 100–300 mL 
Particle size 230–500 mL 
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Petroleum hydrocarbons 250–1000 mL 

Acute toxicity tests 1–3 L 

Bioaccumulation tests 3–4 L 

Pore water extraction 2 L (sediment and assay dependent) 

Elutriate preparation 1 L (assay dependent) 


Sample Containers 

Aqueous samples for toxicity testing may be collected and shipped in plastic containers, e.g., 
Cubitainers. Dark borosilicate glass with Teflon-lined caps is recommended for samples to be 
used for organics analyses. High-density polyethylene containers are needed when metals are to 
be analyzed. Metals can sorb to glass, and new glassware may have zinc contaminants. Polyethylene 
is not recommended when samples are contaminated with oil, grease, or creosote. 

All containers have been shown to adsorb various organic contaminants (Batley 1989; Batley 
and Gardner 1977; Schults et al. 1992). Polytetrafluoroethylene (PTF), e.g., Teflon, glass, and 
stainless steel have been shown to adsorb metals and organic compounds, acting as ion exchangers. 
However, sediments have many more binding sites than the container walls, and likely decrease 
the significance of container-associated loss for short-term exposures. 

Wide-mouth containers made of either Teflon or high-density polyethylene, with Teflon-lined or 
polypropylene screw caps, are available in a variety of sizes from any scientific supply company and 
are considered the optimal all-purpose choice for sediment samples collected for both chemical and 
toxicity testing. Wide-mouth, screw-capped containers made of clear or amber borosilicate glass are 
also suitable for most types of analyses, with the notable exception of sediment metals, where poly
ethylene or Teflon is preferred. In addition, if a sediment or pore water sample is to be analyzed for 
organic contaminants, amber glass bottles are recommended over plastic. It should be noted that glass 
containers have several disadvantages, such as greater weight and volume and susceptibility to breakage, 
particularly when they are filled with sediment and frozen. Plastic bags made of high-density polyeth
ylene can also be used for storing wet or dry sediment samples for certain end uses. Generally, when 
the end use of the sample is known, Tables 5.9 and 5.10 (and the primary references) should be consulted 
for specific recommendations regarding type of container, volume, and storage times. 

Precleaned sample containers can be obtained from I-Chem (through Fisher Scientific at 800
766-7000) or Eagle Picher (at 800-331-7425). Fisher’s catalog numbers and prices are as follows: 

I-Chem # Fisher # Approx. Cost Description 

241-0500 05-719-74 $35/case of 12 Wide-mouth amber 0.5 L glass jars 
with Teflon-lined lids and labels 

311-0500 05-719-242 $68/case of 24 Wide-mouth 0.5 L HDPE jars with 
Teflon-lined lids and labels 

Eagle Picher sample containers are as follows:


122-16A $25/case of 12 Wide-mouth amber 0.5 L glass jars 
with Teflon-lined lids 

151500WWM $46/case of 24 Wide-mouth 0.5 L HDPE jar with 
Teflon-lined lids 

Cleaning Sample Bottles 

ASTM (1995) has listed bottle cleaning/conditioning requirements in standard D 3370. New 
glass bottles (unless purchased precleaned) must be preconditioned before use by filling them 
with water for several days. This conditioning time can be shortened by using a dilute solution 

RB-AR28504



270 STORMWATER EFFECTS HANDBOOK 

of HCl. ASTM also points out that polyethylene is the only suitable material for sample containers 
when low concentrations of hardness, silica, sodium, or potassium are to be determined (in 
conflict with the above recommendation that warned of using polyethylene for samples containing 
creosote, oils, or greases). All sample containers must also be sealed with Teflon (preferred) or 
aluminum-lined caps. The bottles must be washed using a protocol similar to that described 
below for sampling equipment. ASTM (1995), in standard E 1391, also recommended more 
stringent preconditioning of sample containers before their first use in critical toxicological 
testing, as noted above (7-day leaching using a 1:1 solution of HCl and deionized water and then 
another 7 days in a 1:1 solution of HNO3 in deionized water for plastics. Overnight soaking in 
these solutions was found to be adequate for glassware. Again, take care, and test for damage 
before soaking equipment in strong acid solutions). 

Minimum cleaning includes cleaning the samplers, including sampling lines, with domestic tap water 
immediately after sample retrieval. Components that can be taken to the laboratory (such as the containers 
in the automatic samplers) are washed using warm tap water and laboratory detergent (phosphate free), 
rinsed with tap water, then distilled water, and finally laboratory grade (18 megohm) water. 

ASTM (1995) presents standard D 5088-90 covering the cleaning of sampling equipment 
and sample bottles. This guidance varies from the above ASTM standard. It recommends a series 
of washings, depending on the analyses to be performed. The first wash is with a phosphate-free 
detergent solution (with a scrub brush, if possible), followed by a rinse of clean (known char
acteristics) water, such as tap water. If inorganic analyses are to be performed (especially trace 
heavy metals), then the sample-contacting components of the equipment and the sample bottles 
need to be rinsed with a 10% solution of reagent grade nitric or hydrochloric acid and deionized 
water. The equipment is rinsed again. If organic analyses are to be performed (especially trace 
organic compounds by GC/MSD), then the sample-contacting components of the equipment and 
sample bottles must be rinsed with pesticide-grade isopropanol alcohol, acetone, or methanol. 
The equipment and bottles are then rinsed with deionized water and allowed to air dry. The 
cleaned equipment needs to be wrapped with suitable inert material (such as aluminum foil or 
plastic wrap) for storage and transport. If sample components, such as tubing, cannot be reached 
with a brush, the cleaning solutions need to be recirculated through the equipment. Be careful 
of potentially explosive conditions when using alcohol or acetone. Intrinsically safe sampling 
equipment that does not produce sparks with electronic contacts or from motors, or friction heat, 
should be used whenever possible. Obviously, work in a well-ventilated area and wear protective 
garments, including eye protection, when cleaning the sampling equipment with the acid or 
solvents. 

ASTM also recommends that the equipment components that do not contact the sample be 
cleaned with a portable power washer or steam-cleaning machine. If these are not available, a hand 
brush must be used with the detergent solution. 

Containers can be a potential source of contamination and must be cleaned before receiving a 
field sample of sediment or pore water. New glass and most plastics should be cleaned to remove 
residues and/or leachable compounds, and to minimize potential sites of adsorption (Environment 
Canada 1994). A recommended sequence of cleaning activities for sediment samples is detailed in 
Table 5.13. It should be noted that precleaned containers for water and sediment samples are 
commercially available and are used with increasing frequency in many sampling programs. 

Different general cleaning procedures are recommended for inorganic vs. organic analyses of 
sediment and pore water samples (Table 5.13). However, it should be noted that there is no universal 
procedure for all projects; a specific cleaning method can be very effective for one element, but 
not sufficient for another (Mudroch and Azcue 1995). Special attention must be paid in cases where 
sediment samples are collected in one type of container and subsequently analyzed for different 
types of organic and inorganic compounds. In such cases, the cleaning procedure can be a source 
of contamination for some of the parameters of interest. For example, contamination problems have 
been reported in the determination of chromium when sodium dichromate solution was used to 
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Table 5.13 Cleaning Procedures for Containers Destined to Hold Sediment Samples 

For determination of inorganic constituents in the sediment samples: 

1. Scrub containers with phosphate-free soap and hot water 
2. Wash in high-pressure tap water 
3. Degrease with Versa Clean (Fisher) or similar soap bath for 24 hours 
4. Soak in a 72-hour acid bath with reagent grade 6 M nitric acid; drain off acid and rinse with hot water 
5. Rinse with double-distilled water and allow to dry in a particle-free environment 
6. Place containers in heavy polyethylene bags 

For determination of organic constituents in the sediment samples: 

1. Scrub containers with phosphate-free soap and hot water 
2. Wash with high-pressure tap water 
3. Clean with detergent such as Versa Clean (Fisher) or similar 
4. Rinse three times with organic-free water 
5. Rinse twice with methyl alcohol 
6. Rinse twice with dichloromethane 
7. Dry in an oven at 360°C for at least 6 hours 

clean glass containers, or nitrate contamination was introduced by washing the containers with 
nitric acid, and phosphate contamination was introduced by washing the containers with phosphate
containing detergents (Mudroch and Azcue 1995). In these situations, it is usually advisable to use 
separate containers made of appropriate material and cleaned following applicable procedures for 
the different types of analyses to be performed. Finally, the rigorous cleaning procedures outlined 
in Table 5.13 may not always be necessary, especially if the chemicals of interest in the samples 
are expected to be present at high concentrations. Thus, the choice of cleaning procedure often 
must be left to the professional judgment of principal scientists based on study objectives and 
expected levels of the parameters of interest. 

Field Processing of Samples and Preparation for Shipping 

Water Samples 

If the samples are to be analyzed locally, the field collection bottles (such as the automatic 
sampler base with bottles) can be delivered directly to the laboratory for processing. We generally 
conduct all filtering and preservation in the laboratory if at all possible, as this lessens the severe 
problems associated with field filtration and acid handling. Critical parameters (pH, DO, ORP, 
temperature) are analyzed in situ or on-site. If samples cannot be delivered to the laboratory quickly, 
field filtration and preservation will be necessary. Samples need to be split and individually preserved, 
as described in Standard Methods. A commercial sample splitter is available from Markson Scientific 
(800-858-2243) (catalog # 6614K1455 at about $265 for a 14 L polyethylene churn sample splitter, 
with 4 and 8 L splitters also available, Figure 5.13). Cone splitters are much more effective than 
churn splitters when suspended solids and particle size analyses are critical. A sample splitter is also 
useful if numerous individual sampler bottles are to be combined as a composite. The appropriate 
sample volumes are poured into the splitter from the individual bottles; the composite sample is 
then agitated and drained into individual bottles for shipping or further processing. 

Personnel should wear latex gloves and safety glasses when handling the samples. Sample 
containers should be filled with no remaining headspace to reduce the loss of volatile components. 
Samples collected for microbiological analyses or suspended solids, however, should have air space 
to allow for sample mixing prior to testing. The caps must be screwed on securely and taped shut 
to reduce the possibility of losing some of the sample. The chain-of-custody seal can then be applied 
over the sealing tape. The paper chain-of-custody seals are not adequate to seal the lids on the jars. 
Do not let the water samples freeze. 
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Figure 5.13 	Churn splitter used to divide sample into individual bottles 
for separate preservative treatments and storage conditions, 
plus for preparing QA/QC split samples for independent 
analyses. 

Sediment Samples 

In the field, sediment samples can be stored temporarily in refrigerated units on board the sampling 
vessel, placed into insulated containers containing ice or frozen ice packs, or taken immediately to a 
local storage facility where they can be placed either in a freezer or a refrigerator. Dry ice can be 
used to freeze samples for temporary storage or transport, as long as its efficacy is known and the 
user is aware of the regulations regarding the transportation of samples stored in this manner. 

Sediment samples for toxicity or particle size testing must not be frozen. While in transit to a 
storage facility or laboratory, frozen samples must not be thawed. Samples that have a recommended 
storage temperature of 4°C should be cooled to that temperature using ice or refrigeration prior to 
placement in the transport container. The transport container should be refrigerated to 4°C or contain 
sufficient ice or frozen gel packs to keep the samples at 4 (±3)°C during transport to the laboratory. 
Depending on the logistics of the operation, field personnel may either transport samples to the 
laboratory themselves or utilize an overnight courier service. Samples must not freeze during 
transport, and light should be excluded from the transport container. 

If a container with a sediment sample is to be frozen, it should be filled to only two thirds of 
its volume. For studies in which it is critical to maintain the collected sediment under anoxic 
conditions, the headspace in the container should be purged with an inert gas (e.g., nitrogen) 
before capping tightly. If samples are to be stored at 4°C, containers can be filled to the rim and 
air excluded during capping. Clear glass containers are often wrapped tightly with an opaque 
material (e.g., clean aluminum foil) to eliminate light and reduce accidental breakage (Environment 
Canada 1994). 

Shipping Samples 

Once the samples are split/divided into the appropriate shipping bottles (and preserved, if 
needed), the sample container label should be filled out completely and logged onto a shipping list 
for each shipping container. Shipping containers are usually plastic coolers. There needs to be 
adequate packing (preferably as many “ice” packs as can fit, plus bubble wrap) inside the shipping 
container to ensure that the sample bottles do not rub or bang against each other en route. 
Newspapers (flat, not wadded) can be placed on top of the samples and ice packs, directly under 
the lid, to further fill up any extra volume. Do not use packing peanuts (especially the water-soluble 
type) to fill up space. Wrap glass bottles with bubble wrap. Use sufficient “blue ice” or other cooling 
packs to ensure the coolers stay cool during shipment. Do not use water ice. The coolers must also 
be securely taped shut (seal the seams) to minimize leakage if a bottle breaks during shipment. 
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The samples should be sent via overnight courier so they arrive while laboratory personnel are 
present and sufficient time is available to initiate the critical analyses immediately (unless special 
arrangements have been made with the laboratory). Always call to schedule a sample shipment and 
fax a confirmation of the sample shipping information. Always keep a copy of any sample identi
fication sheets and send the originals (by mail, not in the coolers). Include a shipping list (and copy 
of appropriate sampling forms) in an envelope taped to the outside of the cooler. 

Chain-of-Custody and Other Documentation 

When the sample is collected, the bottle labels and chain-of-custody forms must be filled out. 
In many cases, additional field sheets containing site or sample information are also completed. 
Documentation of collection and analysis of samples requires all the information necessary to: (1) 
trace a sample from the field to the final result of analysis; (2) describe the sampling and analytical 
methodology; and (3) describe the QA/QC program (Mudroch and Azcue 1995; Keith et al. 1983). 

Correct and complete field notes are absolutely necessary in any sampling program. Poor or 
incomplete documentation of sample collection can make analytical results impossible to interpret. 
The following items should be recorded at the time of sediment sampling (Mudroch and Azcue 1995): 

1. Project or client number 
2. Name of sampling site and sample number 
3. Time and date of sample collection 
4. Weather conditions (particularly wind strength and direction, air and water temperature) 
5. Sample collection information 
6. Type of vessel used (size, power, engine type) 
7. 	Type of sampler used (grab, corer, automatic, etc.) and any modifications made to the sampler 

during sampling 
8. Names of sampling personnel 
9. 	 Notes on any unusual events that occurred during sampling (e.g., problems with recovered samples 

or sampling equipment, observations of possible contamination) 
10. 	 Sample physical description including texture and consistency, color, odor, estimate of quantity 

of recovered samples by a grab sampler, length and appearance of recovered sediment cores 
11. 	Notes on further processing of samples in the field, particularly subsampling methods, type of 

containers, and temperature used for sample storage 
12. Record any measurements made in the field, such as pH and ORP 

Bound notebooks are preferred to the loose-leaf type and should be kept in a room or container 
that will protect against fire or water damage. Whenever legal or regulatory objectives are involved, 
notebook data should be entered in ink, each page should be signed and witnessed, and all errors 
or changes should be struck through one time and initialed (Keith 1991). 

When samples are transported to a laboratory, an inventory list of each individual sample should 
be included in the shipment, and a separate copy sent to the laboratory. The inventory list should 
indicate the required analyses for each enclosed sample. The transport container should be labeled 
properly, including a description of the contents, the destination, any special handling instructions, 
and phone numbers to call on arrival or in case of an emergency. It is highly recommended that 
laboratories receiving samples be alerted to their impending arrival, particularly if samples will 
arrive on a weekend or holiday, so that appropriate arrangements can be made for their receipt. 

Samples collected for legal purposes typically require the use of strict chain-of-custody proce
dures during handling and transport. This includes preparing detailed documentation regarding 
sample collection, preparation, and handling. All transport containers must remain locked during 
transport to and from the sampling site. The name and signature of the person who collected the 
sample should be placed on each sample container and witnessed, and the label should be securely 
fastened to the container after the sample has been placed in it and the lid tightly secured. 
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Appropriate chain-of-custody forms must be filled out for each transport container, including 
a complete listing and description of the enclosed samples. Each transport should be locked during 
pickup, transit, and delivery and should have a tape seal to demonstrate that it has not been opened 
during transport. The chain-of-custody documentation must accompany the transport container, and 
every time the package changes hands, the transfer of responsibilities must be documented with 
names and signatures. A file of all documentation (e.g., signed package slips, waybills, chain-of
custody forms) should be established, and all samples must be kept in a locked area of the laboratory 
with restricted access. All documentation of the analytical procedures and results should be kept 
on file and in control of the laboratory and/or project QA/QC officer (EC 1994). 

The typical information provided on a chain-of-custody form includes: 

• The sampling location 
• The sample identification number 
• The type of test or analytical procedure 
• The name of the person who relinquishes the samples 
• The date and time of sample collection 
• The date and time when samples are relinquished 
• The name of the person who should receive the sampling results 

Sample Preservation and Storage at the Laboratory 

Once the samples arrive in the laboratory, they must be logged in, sorted for further processing, 
and filtered and preserved, as needed. In addition, the sample temperatures and the presence of ice 
in the coolers should be checked upon arrival in the laboratory to verify that the samples were kept 
below critical temperatures during shipping. A reading of pH and temperature is conducted as soon 
as the samples arrive, and bacteria analyses need to be started as soon as possible. 

Within a day, chilled samples must be filtered. Glass filters used for suspended solids analyses 
typically contain large amounts of zinc that easily contaminates samples, therefore, membrane 
filters need to be used for filtered (dissolved) metal analyses. The filtered and unfiltered sample 
portions are then divided and preserved. The following is an example from the UAB environmental 
engineering laboratories: 

• 	Unfiltered sample in two 250 mL amber glass bottles (Teflon-lined lids) (no preservatives) for 
total forms of toxicity, COD, and GC analyses (using MSD and ECD detectors) 

• 	Filtered sample in one 250 mL amber glass bottle (Teflon-lined lids) (no preservative) for filtered 
forms of toxicity, COD, and GC analyses (using MSD and ECD detectors) 

• 	 Unfiltered sample in one 250 mL high-density polyethylene (no preservatives) for solids, turbidity, 
color, particle size, and conductivity 

• 	Filtered sample in one 250 mL high-density polyethylene (no preservatives) for anion and cation 
analyses (using ion chromatography), hardness, dissolved solids, and alkalinity 

• 	Unfiltered sample in one 250 mL high-density polyethylene (HNO3 preservative to pH < 2) for 
total forms of heavy metal, using the graphite furnace atomic adsorption spectrophotometer 

• 	 Filtered sample in one 125 mL high-density polyethylene (HNO3 preservative to pH < 2) for filtered 
forms of heavy metal, using the graphite furnace atomic adsorption spectrophotometer 

All samples are chilled on ice or in a refrigerator at 4°C (except for the HNO3-preserved samples 
for heavy metal analyses) and analyzed within the holding times shown below: 

• Immediately after sample collection or upon arrival in the laboratory: pH and microorganisms 
• Within 24 hours: toxicity, ions, color, and turbidity 
• Within 7 days: GC extractions, solids, and conductivity 
• Within 40 days: GC analyses 
• Within 6 months: heavy metal digestions and analyses 
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Drying, freezing, and storage temperature all affect toxicity (ASTM 1991a). Significant changes 
in metal toxicity to cladocerans and microbial activity have been observed in stored sediments 
(Stemmer et al. 1990b). Recommended limits for storage of metal-spiked sediments have ranged 
from less than 2 to 5 days (Swartz et al. 1985), less than 2 weeks (ASTM 1991a; Nebeker et al. 
1984), to 2 to 8 weeks (EPA 2000). Cadmium toxicity in sediments has been shown to be related 
to acid volatile sulfide (AVS) complexation (DiToro et al. 1991). AVS is a reactive solid phase sulfide 
pool that apparently binds some metals, thus reducing toxicity (DiToro et al. 1991). When anoxic 
sediments were exposed to air, AVS was volatilized. If a study intends to investigate metal toxicity 
and the sediment environment is anoxic, then exposure to air might reduce or increase toxicity due 
to oxidation and precipitation of the metal species or loss of AVS complexation. It is generally agreed 
that sediments used for toxicity testing should not be frozen (Schuytema et al. 1989; ASTM 1991), 
should be stored at 4°C with no air space or under nitrogen, and analyzed as soon as possible 
(Reynoldson 1987). 

Samples should be handled and manipulated as little as possible to reduce artifact formation 
and constituent alteration. It is sometimes necessary to remove debris and predatory organisms 
from samples to be used for toxicity testing. As large a filter pore size as possible should be used 
to prevent removal of suspended solids, which affect toxicity. Dredge (grab) collected sediment 
samples (for toxicity testing) should be placed in wide-mouth containers which allow the sample 
to be gently stirred. The sediment should be stirred until it is a slurry or any overlying water is 
mixed into the sediment matrix. If necessary, the sample may be sieved to remove large debris and 
homogenize the particle size distribution. It may not be possible to remove all predatory or nontest 
organisms from whole sediment toxicity assays. Caution should be exercised when sieved samples 
are used for testing, as the particle size distribution, redox gradients, and other alterations have 
occurred which may affect toxicity responses and the accuracy of lab-to-field extrapolations. Sieving 
is recommended for macroinvertebrate analyses because it increases counting efficiency (see EPA 
1990c for additional information). 

Elutriate testing was developed by the U.S. Army Corps of Engineers to simulate a condition 
that occurs during a dredging operation. When dredging effects are a study objective, elutriate 
analysis should be included in the test design. Elutriate samples are prepared by mixing (shaking) 
a 1 to 4 ratio of sediment to water for 30 minutes. The mixture is allowed to settle for 1 hour, and 
the supernatant is used for testing. There are modified methods which mix for longer periods, mix 
by aeration, or filter the supernatant. It is important that the method used be consistent because 
any modification may alter the elutriate’s characteristics. TCLP tests are also sometimes conducted 
to determine the leaching potential of sediments under more severe conditions. 

Personnel Requirements 

Personnel needed to carry out an effective monitoring program fall into several classifications. 
Obviously, project directors need to design the program to fulfill the project objectives while 
staying within the available resources. In many cases, a calculated monitoring program may be 
impossible to carry out because of insufficient monitoring opportunities (necessary length of 
monitoring period available, number of rain events expected, etc.). Obviously, the project per
sonnel therefore need to understand the local conditions. The project directors also need a varied 
understanding of many components of the ecosystem being investigated (hydrology, biology, 
chemistry, land use, etc.). Project field staff must be able to collect samples in an efficient and 
safe manner and be capable of working under changing and uncomfortable conditions. In all 
cases, at least two people need to go into the field together. Selection of laboratory personnel 
depends on the analyses to be conducted, and candidates will likely need to have substantial 
wet-weather sample analysis experience. Statistical experts are also needed to assist in the project 
design and to help analyze the data. Some of this effort could be handled by volunteers, but most 
comprehensive monitoring programs will also require a substantial effort by highly trained 
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technical personnel. Obviously, volunteer support can be very successful from an economical 
and educational viewpoint. This is especially important in nonpoint source/watershed studies 
where local residents need to have a greater role in decision making and in taking responsibility 
for the watershed. 

Uses of Monitoring Data and the Appropriate Use of 
Volunteers in Monitoring Programs 

An increasingly common method to obtain water quality data in receiving waters affected 
by stormwater is through the use of volunteer programs. Typically, a group of interested people 
is recruited by a local environmental organization. These people are trained in the use of relatively 
simple field test kits and carry out relatively broad-based observations. Usually, these people 
obtain relatively frequent data from local waters that supplement regulatory agency monitoring 
efforts. Historically, the most common volunteer efforts have been conducted mostly by lake
shore property owners who take Secchi disk readings of lake water transparency. However, with 
decreasing budgets for regulatory agencies and decreasing formal monitoring efforts conducted 
by state agencies, volunteer monitoring programs are increasing. The objectives for the use of 
these data must still define the parameters to be measured and other aspects of the experimental 
designs (sampling locations, frequencies, etc.). All too often, volunteer monitoring programs are 
relatively unstructured and are restricted to parameters that are relatively simple to measure. 
They therefore cannot truly replace most professional monitoring programs, but can be good 
supplements. Recent evaluations of simple field test kits have also identified their limitations, 
along with their advantages (Day 1996). 

Volunteer monitoring programs are currently being conducted by several hundred groups 
throughout the U.S. The following list shows the number of volunteer monitoring programs having 
specific objectives for the use of the data (EPA 1994): 

Education 

Problem identification 

Local decisions 

Research 

Nonpoint source assessment 

Watershed planning 

Habitat restoration 

Water classification and standards 

Enforcement 

Legislation 

305b compliance 


439 
333 
288 
226 
225 
213 
160 
127 
120 

84 
53 

Most of these uses require accurate information, because the data may have profound effects 
on regulatory agency decisions. In many states, however, water quality monitoring data collected 
by anyone who is not an employee of the state regulatory agency is not admissible as evidence in 
court. The lack of adequate quality assurance and quality control plus legal chain-of-custody 
procedures (including proof that samples or observations were obtained where claimed) are the 
most obvious problems with volunteer collected data. 

The users of volunteer-collected data are also varied. The following list indicates the numbers 
of volunteer monitoring programs collecting data used by various groups (EPA 1994): 

State governments 
Local governments 
Advocacy groups 
Federal government 
University scientists 

319 
315 
288 
156 
142 
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The types of data being collected by volunteer monitoring groups have greatly expanded since 
the early days of Secchi disk surveys. The following list shows the number of volunteer monitoring 
programs that are collecting specific information/data (EPA 1994): 

Water temperature 

pH 

Dissolved oxygen 

Macroinvertebrates 

Debris cleanups 

Habitat assessments 

Nitrogen 

Phosphorus 

Turbidity 

Coliform bacteria 

Secchi disk transparency 

Aquatic vegetation 

Flow 

Birds and wildlife 

Fish 

Watershed mapping 

Rainfall 

Photographic surveys 

Salinity 

Sediment assessments 

Alkalinity 

Pipe surveys 

TSS/TDS 

Construction site inspections 

BOD 

Hardness 

Chlorides 

Chlorophyll a 

Metals 

Pesticides 

Other bacteria 

Hydrocarbons 


377 
313 
296 
259 
218 
211 
205 
202 
192 
184 
177 
173 
157 
152 
150 
138 
131 
129 
101 
100 

98 
96 
91 
81 
75 
71 
62 
60 
56 
24 
24 
14 

Many of these parameters are well suited for trained volunteers. They can conduct relatively 
low-cost observations, which require minimal sampling or analytical equipment costs, for 
temperature, salinity, debris cleanup, habitat assessments, Secchi disk transparency, watershed 
mapping, photographic surveys, pipe surveys, and construction site inspections. Most of the 
other parameters (including most of the chemical analyses) would require the use of analytical 
equipment. 

Relatively simple field test kits have been marketed in the United States for the past 30 years 
that can evaluate many of these parameters. However, few of these kits are suitable substitutes for 
conventional laboratory procedures. With care, good “screening” observations can be obtained from 
many of these kits. The sample collector, kit user, and data user must be aware of the limitations 
and hazards associated with many of these kits. The main concerns include: 

• Safety (safe and correctly labeled reagents and clear instructions, including disposal guidance) 
• Adequate sensitivity for required use of data 
• Problems with interferences 
• Ease of use and level of training needed 
• Cost 

Tests recently conducted at the University of Alabama at Birmingham have evaluated numerous 
field test kits for these criteria (Day 1996). The results are summarized in Chapter 6. 
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RECEIVING WATER, POINT SOURCE DISCHARGE, AND SOURCE AREA SAMPLING 

Samples can be collected by manual grab or automatic samplers, the latter being more expensive 
but often superior when conditions fluctuate rapidly or sporadically, or when available personnel are 
lacking. Automatic samplers are essential for the NPDES program when effluents are monitored for 
permit requirements. Many types of automatic samplers exist (e.g., see EPA 1982) and none is ideal 
for all situations. The following variables must be considered when selecting a sampler (EPA 1982): 

• Water or effluent variation (flow and constituents) 
• Suspended solids concentration, dissolved gases, and specific gravity of effluent 
• Vertical lift required 
• Maintenance 

Commonly used water samplers are listed in Table 5.14 and are discussed later in this section. 

Automatic Water Sampling Equipment 

Automatic water samplers that are commonly used for stormwater monitoring are available from 
ISCO and American Sigma, among others (Figures 5.14 to 5.22). These manufactures have samplers 
that have very flexible programming capabilities specifically designed for stormwater sampling and 
designed for priority pollutant sampling. A simpler automatic sampler is the Masterflex self-contained 
composite sampler (from Forestry Suppliers, Inc., for about $1500). This sampler is restricted to 
composite sampling only on a time-increment basis, and there is little control over the sample volumes 
that can be obtained. However, it may be a worthwhile option for simple sampling needs. 

The American Sigma (800-635-4567) samplers are an excellent example of a highly flexible 
automatic sampler (Figure 5.14). They have an integral flowmeter option and can directly connect 
to a liquid level actuator or a depth sensor. The depth sensor is placed in the storm drainage upstream 
of a flow monitoring device (such as a weir or flume, or any calibrated stage-discharge relationship 
can be used). The flow indicators can control sample initiation and/or sampling frequency. A rain 
gauge is also available that can be connected directly to the sampler. Rainfall data can therefore 
be logged by the sampler, along with flow information and sampling history. Rainfall can also be 

Table 5.14 The Advantages and Disadvantages of Manual and Automatic Sampling 

Type Advantages Disadvantages 

Manual 	 Low capital cost 
Not a composite 
Point-in-time characterization 
Compensate for various situations 
Note unusual conditions 
No maintenance 
Can collect extra samples in short time 
when necessary 

Automatic 	Consistent samples 
Probability of decreased variability 
caused by sample handling 

Minimal labor requirement for sampling 
Has capability to collect multiple bottle 
samples for visual estimate of variability 
and analysis of individual bottles 

Probability of increased variability due to 
sample handling 

Inconsistency in collection 
High cost of labora 

Repetitious and monotonous task for 
personnel 

Considerable maintenance for batteries 
and cleaning; susceptible to plugging 
by solids 

Restricted in size to the general 
specifications 

Inflexibility 
Sample contamination potential 
Subject to damage by vandals 

a 	High cost of labor assumes that several samples are taken daily, large distances between 
sampling sites, and labor is used solely for sampling. 

From EPA. Handbook for Sampling and Sample Preservation of Water and Wastewater, Environ
mental Monitoring and Support Laboratory, U.S. Environmental Protection Agency, Cincinnati, 
OH, EPA 600/4-82/029. 1982. 
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Figure 5.14 American Sigma connection options to ancillary equipment. (Used with permission.)
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Figure 5.15 American Sigma sample bottle options. (Used with permission.)
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Figure 5.16 	Automatic ISCO sampler used to moni- Figure 5.17 ISCO sampler used in instrument shel
tor snowmelt in Toronto, Ontario, man- ter with flow monitoring and telemetry 
hole. equipment in Madison, WI. 

Figure 5.18 	Intermittent stream monitoring in Austin, Figure 5.19 Refrigerated automatic sampler located 
TX. at detention pond outfall in Madison, WI. 

used to trigger sample initiation. A solar panel is also available to keep the sampler’s battery 
charged. Several sample bases and sample bottle options are also available (Figure 5.15). Single 
bottle composite sample bases are available having glass or polyethylene bottles from 2.5 to 5.5 
gallons in volume. Up to four 1 gallon glass or polyethylene bottles can also be used to obtain 
composite samples over segments of the runoff event. In addition, several 24 bottle options are 
also available, with 575 mL or 1 L polyethylene bottles, or 350 mL glass bottles. American Sigma 
also has several AC-powered samplers that are refrigerated. 

ISCO (800-228-4373) also offers a complete line of automatic water samplers that have been 
used for stormwater sampling for many years. Flowmeter and rain gauge options are available, 
along with numerous sample base and sample bottle options. ISCO also has several AC-powered 
refrigerated samplers. The ISCO 6100 sampler (about $8000, with bladder pump and special bottle 
rack for 40 mL VOC bottles) is especially designed to obtain samples for volatile analyses. Samples 
are collected directly in capped 40 mL VOC vials in the sampler, with minimal loss of volatile 
compounds. Very few volatile hydrocarbons have ever been detected in stormwater, so this sampler 
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Figure 5.20 	Refrigerated automatic sampler in Mad- Figure 5.21 Discrete sample bottle base for ISCO 
ison, WI, instrument shelter. automatic sampler. 

(and VOC analyses) would probably be used only for specialized studies where VOCs are expected 
(such as in commercial areas with older dry cleaners or near gasoline stations). 

Sigma and ISCO also have new automatic samplers that interface with continuously recording 
water quality probes that can be used to control sampling during critical periods, irrespective of 
time or flow. McCrone (1996) describes American Sigma’s options for using numerous probes 
(such as conductivity, DO, temperature, ORP, and pH). The sampler can be programmed to collect 
a special sample when any of these monitored parameters meets a preset criterion. ISCO has a 
new sampler series that interfaces with the YSI 6000 water quality probes, allowing specific water 
quality conditions to also trigger sampling (similar to Sigma’s list, plus turbidity). 

If a refrigerated sampler cannot be used (due to lack of AC power), ice may be used if sample 
chilling is needed. Ice is placed in the central cavity surrounded by the sample bottles in the sampler 
base. The ice must be placed soon before an expected storm event, as it will generally melt within 
a day. The placement of any sampler in a cool location (such as a manhole) is much preferred over 
placement in a small shelter that may heat 
excessively in the summer. In most cases, chill
ing stormwater during sample collection is not 
done due to lack of AC power and the incon
venience of using ice. If the sampler is located 
in a cool location and the samples retrieved 
soon after the storm has ended, few problems 
are expected. Bacteria sampling, for example, 
requires manual sampling to ensure sterile 
equipment and to minimize storage problems. 
VOC analyses have previously required man
ual sampling, but the VOC sampler from ISCO 
can be used for automatic sample collection. 
The use of probes to measure pH, ORP, and 
temperature in situ also reduces the need for 
manual samples for these parameters. There
fore, it is possible to conduct a stormwater 

sampling program using automatic samplers Figure 5.22 Composite sample bottle from Toronto 


that do not require AC-powered refrigerated snowmelt sampler. 
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samplers, if supplemented with manual sampling for microorganism determinations, and if the 
samples are retrieved soon after the event has ended. Some analyses may not be available using 
automatically collected samples, and other options may need to be used to supplement the automatic 
sampling. In all cases, special storage tests can be used to determine the likely errors associated 
with long storage in the samplers, with and without chilling. 

Required Sample Line Velocities to Minimize Particle Sampling Errors 

Typical sample lines are Teflon-lined polyethylene and are 10 mm in diameter. Table 5.15 
shows the particle sizes that would be lost in vertical sampling lines at a pumping rate of 30 and 
100 cm/s. The water velocity in sample lines is about 100 cm/s, enabling practically all sediment 
to be transported to the sample containers. A water velocity of 100 cm/s (about 3 ft/s) would 
result in very little loss of stormwater particles. Particles of 8 to 25 mm would not be lifted in 
the sample line at all at this velocity, but these particles would not fit through the openings of 
the intake or even fit in most sample lines. They are also not present in stormwater, but may be 
a component of bedload in a stream, or gravel in the bottom of a storm drain pipe, requiring 
special sampling. Very few particles larger than several hundred micrometers occur in stormwater 
and these should only have a loss rate of 10% at the most. Most particles in stormwater are 
between 1 and 100 µm in diameter and have a density of between 1.5 and 2.65 g/cm3. Even at 
30 cm/s, these particles should experience insignificant losses. A pumping rate of about 100 cm/s 
would add extra confidence in minimizing particle losses. ASTM (1995) in method D 4411 
recommends that the sample velocity in the sampler line be at least 17 times the fall rate of the 
largest particle of interest. As an example, for the 100 cm/s example above, the ASTM recom
mended critical fall rate would be about 6 cm/s, enabling a particle of several hundred microme
ters in diameter to be sampled with a loss rate of less than 10%. This is certainly adequate for 
most stormwater sampling needs. 

Automatic Sampler Line Flushing 

Automatic samplers generally go through three phases when activated to collect a sample. First, 
the sample line is back-flushed to minimize sample cross-over and to clear debris from the sample 
intake. Next, the sample is collected. Finally, the sample is back-flushed again before going into a 
sleep mode to await the next sampling instruction. It can require several minutes to cycle through 
this process. A volume of 1850 mL of water fills a 10 mm (3/8 in) diameter sample line that is 7.5 
m (25 ft) long. If a sample volume of 350 mL is to be collected for each sample interval, the 
following total volume of water is pumped by the sampler for each sample instruction: 

Back-flush line 1850 mL 
Fill tube 1850 mL 
Collect sample 350 mL 
Back-flush line 1850 mL 

Table 5.15 Losses of Particles in Sampling Lines 

30 cm/s Flow Rate 100 cm/s Flow Rate 
Size range Size Range 

Critical Settling (µm, for ρ = 1.5 to Critical Settling (µm, for ρ = 1.5 to 
% Loss Rate (cm/s) 2.65 g/cm3) Rate (cm/s) 2.65 g/cm3) 

100 30 2000–5000 100 8000–25,000 
50 15 800–1500 50 3000–10,000 
25 7.5 300–800 25 1500–3000 
10 3.7 200–300 10 350–900 
1 0.37 50–150 1 100–200 
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This totals about 6000 mL of water to be pumped. Typical automatic samplers have a pumping 
rate of about 3500 mL/min for low head conditions (about 1 m). It would therefore require about 
1.7 min to pump this water. With pump reversing and slower pumping speeds at typical pumping 
heads, this could easily extend to 2 min, or more. If the sampler collects 3 L of sample instead of 
350 mL, then another minute can be added to this sampling time for one cycle. 

This sampler cycle time necessitates various decisions when setting up and programming a 
sampler, especially for flow-weighted composite sampling. The most important decisions relate to 
selecting the sampling interval that can accommodate expected peak flows and the sample volume 
needed for the smallest events to be sampled. Sample storage in the samplers is limited, further 
complicating the issue. The samplers are generally programmed to sample every 15 min to 1 hour 
for time-compositing sampling, or for an appropriate sample volume increment for flow-weighted 
sampling. If each sample increment is 0.25 L, a total of 40 subsamples can accumulate in a 10 L 
composite sample container. 

Time or Flow-Weighted Composite Sampling 

Automatic samplers can operate in two sampling modes, based on either time or flow increments. 
The sample bases can generally hold up to 24 bottles, each 1 L in volume. A single sample bottle 
of up to about 20 L is generally available for compositing the sample into one container. These 
bottle choices and the cycle time requirements of automatic samplers restrict the range of rain 
conditions that can be represented in a single sampler program for flow-weighted sampling. It is 
important to include samples from small rains (at least as small as 0.1 to 0.2 in) in a stormwater 
sampling program because they are very frequent and commonly exceed numeric water quality 
criteria, especially for fecal coliform bacteria and heavy metals. Moderate-sized rains (from about 
0.5 to 2 in) are very important because they represent the majority of flow (and pollutant mass) 
discharges. The largest rains (greater than about 3 in) are important from a drainage design 
perspective to minimize flooding problems. It is very difficult to collect a wide range of rain depths 
in an automatic sampler using flow-weighted sampling. Conflicts occur between needing to have 
enough subsamples during the smallest event desired (including obtaining enough sample volume 
for the chemical analyses) and the resulting sampling frequency during peak flows for the largest 
sampling event desired. As an example, consider the following problem: 

• 	Desired minimum rain to be sampled: 0.15 in in depth, 4-hour runoff duration, having a 0.20 Rv 
(volumetric runoff coefficient) 

• Largest rain desired to be sampled: 2.5 in in depth, 12-hour runoff duration, having a 0.50 Rv 
• The watershed is 250 acres in size and 3 samples, at least, are needed during the smallest rain 

The calculated total runoff is therefore: 

• Minimum rain: 0.10 (0.15 in) (250 ac) (ft/12 in) (43,560 ft2/ac) = 13,600 ft3 

• Maximum rain: 0.50 (2.5 in) (250 ac) (ft/12 in) (43,560 ft2/ac) = 1,130,000 ft3 

The average runoff flow rates expected are roughly estimated to be: 

• Minimum rain: (13,600 ft3/4 hr) (hr/3600 s) = 0.95 ft3/s 
• Maximum rain: (1,130,000 ft3/12 hr) (hr/3600 s) = 26 ft3/s 

Using a simple triangular hydrograph, the peak flows are estimated to be about twice these average 
flow rates: 

• Minimum rain: 1.9 ft3/s 
• Maximum rain: 53 ft3/s 
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Actual peak flow rates are obviously related to the watershed time of concentration and other 
factors of the watershed and drainage system, but this triangular hydrograph has been found to 
roughly estimate high flows during small and moderate rains. It is certainly not an adequate 
procedure for drainage design, however. As the smallest storm is to be sampled three times during 
the runoff period, the volume of flow per subsample is simply: 

13,600 ft3/3 ≅ 4500 ft3 

Therefore, the total number of samples collected during the maximum rain would be: 

1,130,000 ft3/4500 ft3 ≅ 250 samples 

If the minimum sample volume required was 1 L, then each subsample could be as small as 
350 mL. This would result in about 1 L of sample during the minimum storm, but result in about 
90 L during the maximum storm (obviously much larger than the typical 10 to 20 L container). 
During the estimated high flow conditions of the largest storm, a subsample would be collected every: 

4500 ft3 per sample/53 ft3/s ≅ 85 s 

If the sampler required 2 min to collect 350 mL, the sampler would not complete its cycle 
before it was signaled to collect another subsample. This would result in the sampler pump running 
continuously during this peak time. Since the peak flow period is not expected to have a long 
duration, this continuous pumping may not be a serious problem, especially considering that about 
250 samples are being collected. The biggest problem with this setup is the large volume of sample 
collected during the large event. 

This problem was solved during numerous stormwater monitoring projects (including Pitt and 
Shawley 1982 during the Castro Valley, CA, NURP project, and Pitt 1985 during the Bellevue, 
WA, NURP project) by substituting a large container for the standard sample base and installing 
the sampler in a small shelter. The large container can be a large steel drum (Teflon-lined), a 
stainless steel drum, or a large Nalgene™ container, depending on the sample bottle requirements. 
In order to minimize handling the large container during most of the events, a 10 L glass jar can 
be suspended inside to collect all of the subsamples for the majority of the events. The jar would 
overflow into the large container for the largest events. Glass bottles are used in the sampler when 
organics are to be analyzed, with the assumption that the short period of storage in the glass would 
not adversely affect the metal concentrations. The small shelter should be well vented to minimize 
extreme temperatures, as it is difficult to ice the large container. Obviously, the sampling stations 
need to be visited soon after a potential runoff event to verify sample collection, to collect and 
preserve the collected sample, and to clean the sampler to prepare it for the next event. 

Alternatives to using a large sample base (Figure 5.23) in order to accommodate a wide range 
of runoff events include: 

• Use time-compositing instead of flow-weighted sampling 
• 	 Use two samplers located at the same location, one optimized for small events, the other optimized 

for larger events (Figures 5.24 through 5.26) 
• 	Visit the sampling station during the storm and reprogram the sampler, switch out the bottles, or 

manual sample 

The most common option is the last one, which is expensive, uncertain, and somewhat danger
ous. Few monitoring stations have ever used multiple samplers, but that may be the best all-around 
solution, but at an increased cost. The first option above, using time-compositing instead of flow
weighted sampling, should be considered. 
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Figure 5.23 .Automatic sampler with large base for 
monitoring wide range of flows, with 
large chest freezer USGS discrete sam
pler in background, at Bellevue, WA. 

Figure 5.25 .Double monitor setup for sampling over 
a wide range of flow conditions. 
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Figure 5.24 .Double monitor setup for simultaneously 
monitoring influent and effluent at small 
treatment device in Birmingham, AL. 

Figure 5.26 .Multiple flow monitor and sampler setup 
for simultaneously monitoring influent 
and effluent over wide range of flow con
ditions at a small treatment device in 
Madison, WI. 

The Wisconsin Department of Natural Resources conducted a through evaluation of alternative 
sampling modes for stormwater sampling to determine the average pollutant concentrations for 
individual events (Roa-Espinosa and Bannerman 1994). Four sampling modes were compared at 
outfalls at five industrial sites, including flow-weighted composite sampling, time-discrete sampling, 
time-composite sampling, and “first-flush” sampling during the first 30 min of runoff. Based on 
many attributes, they concluded that time-composite sampling at outfalls is the best method due 
to simplicity, low cost, and good comparisons to flow-weighted composite sampling. The time
composite sampling cost was about 1/4  of the cost of the time discrete and flow-weighted sampling 
schemes, for example (but was about three times the cost of the first-flush sampling only). The 
accuracy and reproducibility of the composite samples were all good, while these attributes for the 
first-flush samples were poor. 

It is important to ensure that the time-weighted composite sampling include many subsamples. 
It would not be unusual to have the automatic samplers take samples every 10 min for the duration 
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of an event. If the minimum sample volume needed is 1 L and the shortest rain to be sampled is 
30 min, then each subsample would need to be about 350 mL. The total volume collected would 
be about 50 L (144 samples) if a storm lasted 24 hours. The sampler would have to have an enlarged 
container (as in the above flow-weighted example), or the sampler would have to be visited about 
every 5 hours if a 10 L composite sample container was used. 

Another important attribute of time-compositing sampling is that intermittent discharges and 
other short-term high concentration flows would be more readily detected. Flow-weighted com
posite sampling may allow very long periods to be unrepresented in the sample, while time
composite sampling can be adjusted to include relatively short sampling periods. Long periods 
between samplings could allow short-period episodes to be missed. However, sampling periods 
that are too short may result in almost continuous pumping activity that may exceed the continuous 
duty cycle of the sampler, resulting in frequent maintenance. Pump tubing should be carefully 
inspected and frequently replaced in any case, especially considering the gritty nature of stormwater. 
A new option is the use of in situ probes attached to the sampler that can be used to trigger sampling 
during unusual water quality shifts. 

Automatic Sampler Initiation and the Use of Telemetry 
to Signal or Query Sampler Conditions 

Automatic sampling equipment is typically located semipermanently in the field and is set to 
automatically begin sampling for a predetermined set of conditions. The most common method to 
start samplers is to use a stage indicator. This simple device, available from most sampler manufac
tures, may be a float switch (as from American Sigma) or an electronic sensor that shorts out when 
wet (ISCO). These devices plug into the sampler at the flow sensor connection. If flow monitoring 
is simultaneously being monitored, a Y connection is available to allow both connections. The stage 
sensor is typically placed slightly above the baseflow water elevation (in a pipe, open channel, or 
creek). It is difficult to sample small events that may not cause a large-enough stage elevation increase 
to trip the indicator. False alarms are also common when the sensor is placed too close to the baseflow 
water elevation or in areas of high humidity (for the moisture sensor). In addition, the baseflow 
water stage changes seasonally, requiring constant modifications in the sensor location. If the channel 
or pipe is normally dry, these problems are significantly reduced, as the sensor can be placed on the 
bottom of the drainage way or pipe. Flow
weighted sampling schemes can eliminate the use 
of sensors all together. In this case, some water 
may collect in the sample container during base
flow conditions, however. Frequent visits to the 
sampler are needed to empty and clean the sample 
container. 

Another method used to initiate sampling is 
to trip the sampler using a rain gauge. Pitt and 
McLean (1986) used a rain gauge to initiate sam
pling at an industrial site in Toronto, while simul
taneously monitoring flow. A tipping bucket rain 
gauge was used and three trips (about 0.03 in of 
rain) of the rain gauge within a few hours were 
usually used to initiate sampling. 

In all cases, the use of telemetry (radio, tele
phone, or cellular phone) is extremely useful in 
minimizing false trips to a remote sampler by 
automatically signaling that samples have been Figure 5.27 Telemetry equipment at USGS monitor
collected (Figure 5.27). Campbell Scientific of ing site in Madison, WI. 
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Figure 5.28 In-stream continuous probes at Dort- Figure 5.29 Automatic sampler connected to contin
mund, Germany, CSO monitoring site. uous probes and telemetry at Dortmund, 

Germany. 

Logan, UT (801-753-2342), supplies many options allowing remote inquiring or automatic signaling 
to indicate sampler status. It is also possible to phone a monitoring station and immediately 
determine if a sampler is operating, and to download or observe instantaneous or compiled rain, 
flow, or continuous in situ water quality monitoring information. The use of telemetry is extremely 
important when many remote systems are being operated by a small group. It should be considered 
an integral part of all sampling and monitoring programs where high reliability and good quality 
data are needed. There are potential problems with RF interference between cellular phones and 
some monitoring equipment, so care must be taken to use an external antenna, to electronically 
shield the monitoring equipment, and to thoroughly test the setup. 

An early example of an automatic stormwater monitoring program using telemetry to excellent 
advantage was the Champaign/Urbana NURP study conducted in the early 1980s (EPA 1983a). 
The Universität Gesamthochschule in Essen, Germany, has also used standard telemetry equipment 
components and specialized software in CSO monitoring in Dortmund, Germany, to inquire about 
monitoring station and flow status (Wolfgang Geiger, personal communication) (Figures 5.28 and 
5.29). Numerous municipalities and state agencies in the United States have also installed telemetry
coupled monitoring stations using relatively inexpensive components, including cellular telephone 
service and solar-powered battery chargers. This has eliminated most of the concern about the 
availability of remote utility installations. Cooling collected samples still requires AC-powered 
chillers, or ice. For remote installations with a small sampling crew, it is impractical to ice the 
sampler in anticipation of a rain, but that is possible when the samplers are more accessible. It 
would be more important to recover the samples from the samplers as soon as possible after the 
event. This is made much more practical, especially with remote samplers, when telemetry is used 
to inquire about the sampler status. 

Siphon Samplers 

The USGS recently published a review of siphon samplers, compared to flow-weighted composite 
samplers for use along small streams (Graczyk et al. 2000). These are inexpensive units that can be 
utilized in many locations (Figure 5.30). They operate semiautomatically by starting to fill when the 
water level reaches level B (the top of the loop connected to the intake) in Figure 5.30. The sample 
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Plywood 
cover 

Polyvinyl chloride 11 in. 
(PVC) Schedule 40 

pipe, 4-in. (inch) 
nominal diameter 

Vinyl tubing, D 
1/4-inch B 

nominal diameter 24 in. 

5 in. 

Rubber stopper A 
to fit sample bottle 

C 
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Figure 5.30 Siphon sampler. (From Grac
zyk, D.J. et al. Comparison of 
Water Quality Samples Col
lected by Siphon Samplers and 
Automatic Samplers in Wiscon
sin. USGS Fact Sheet FS-067
00. U.S. Geological Survey, 
Middleton, WI. July 2000.) 

bottle fills rapidly due to the hydraulic 
head (the elevation of the stream surface 
above the discharge end of the intake tube, 
level C, in the bottle). After the stream 
level reaches level D, an airlock is created 
in the top loop, stopping the filling. There
fore, the siphon collects a sample near the 
water surface when the stream stage is 
between levels B and D, which can be 
adjusted. Since they collect samples over 
narrow ranges of stream stages, several 
can be placed at different heights along a 
receiving water, as illustrated in Figure 
5.31. Graczyk et al. (2000) compared sets 
of three siphon samplers, set at different 
elevations, along three streams that also 
had flow-weighted automatic samplers 
(ISCO) for comparison. They collected 40 
to 50 pairs of samples and analyzed them 
for suspended solids, ammonia, and total 
phosphorus. Figure 5.32 illustrates the 
comparison for suspended solids. There 
was substantial scatter in the data, but the 
differences in the results averaged about 
10% for suspended solids and ammonia, 

In
ta

ke
 

E
xh

au
st

 

Sampler 3 

Water surface 

Sampler 1 

Sampler 2 

Figure 5.31 .Placement of siphon samplers along stream 
bank. (From Graczyk, D.J. et al. Comparison of 
Water Quality Samples Collected by Siphon 
Samplers and Automatic Samplers in Wisconsin. 
USGS Fact Sheet FS-067-00. U.S. Geological 
Survey, Middleton, WI. July 2000.) 
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Figure 5.32 .Comparison of siphon sampler (y axis) and ISCO 
sampler (x axis) suspended solids observations. 
(From Graczyk, D.J. et al. Comparison of Water 
Quality Samples Collected by Siphon Samplers 
and Automatic Samplers in Wisconsin. USGS 
Fact Sheet FS-067-00. U.S. Geological Survey, 
Middleton, WI. July 2000.) 
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and about 25% for phosphate. However, the differences between individual pairs of samples were 
much greater. Some of the larger differences may reflect the siphon samplers only collecting samples 
at specific stage increments, while the automatic samplers collected samples at a single depth over 
longer periods of time. The siphon samplers may be useful when many samples can be collected and 
overall conditions are desired, in contrast to more accurate individual results. Their low cost and 
ability to sample for specific stage conditions makes them an interesting alternative to more expensive 
automatic samplers, or difficult manual sampling. 

Retrieving Samples 

Each sampler site will need to be visited soon after the runoff event to retrieve the sample for 
delivery to the laboratory. The storage time allowed in the sampler before collection should be 
determined from a special holding-time study conducted in conjunction with the analytical laboratory. 
Stormwater samples can usually withstand longer holding times than those implied from standard 
laboratory method descriptions without significant degradation. However, this will need to be verified 
by local tests. In all cases, the allowable holding times noted in Table 5.10 should be followed except 
in unusual situations and then only with specific tests. This is especially important when organizing 
sample deliveries to the laboratory after hours (which can happen frequently). 

Manual Sampling Procedures 

The following paragraphs summarize the procedures needed for manually collecting water and 
sediment samples from a creek or small stream. 

1. 	 Fill out the sample sheet and take photographs of the surrounding area and the sampling location. 
Conduct any in situ analyses (such as stream flow measurements, along with dissolved oxygen, 
pH, temperature, conductivity, and turbidity measurements in the water). 

2. 	 Use a dipper sampler to reach out into the flow of the stream to collect the sample. Slowly lower 
the sampler onto the water, gently rolling the top opening into the flow. Be careful not to disturb 
the bottom sediments. Submerge the sampler lip several inches into the water so floating debris 
are not collected. Lift out the sampler and pour the water into a compositing container (such as a 
churn sample splitter). Several samples should be collected in the area of concern and composited. 
In some cases, it may be useful to sample the water–air interface. This surficial layer is known to 
trap many types of organic chemicals (e.g., oils and surfactants) and have elevated microbial 
populations (e.g., pathogens). 

3. 	Each water subsample can be poured into a large clean container during this sampling period. At 
the end of the sampling period, this composite sample is mixed and poured into the appropriate 
sample bottles (with preservatives) for delivery to the analytical laboratory. 

Microbiological sampling requires special sampling techniques. ASTM (1995) in standard D 
3370 describes the grab sampling procedures that must be used for collecting samples that will be 
analyzed for bacteria. The samples need to be glass and sterile. If the sample contains chlorine, 
then the sample bottle must contain sodium thiosulfate so any residual disinfection action will be 
destroyed. The bottle lid is removed and the bottle is placed under flowing water and filled to about 
3/4  of its capacity. Care must be taken when handling the bottle and lid (including not setting them 
down on any surface and not touching any part of the upper bottle portion) to minimize contami
nation. Do not rinse the bottle with the sample or submerge it under water. 

Sampling sediment can be difficult (see also later discussion). The simplest method is to use a 
lake bottom sampler. Specifically, a small Ekman dredge sediment sampler, which is typically used 
for sand, silt, and mud sediments, is usually most useful. Corer samplers are generally not as 
successful for stream sediments. An exception is the freezing core sampler, where liquid CO2 is 
pumped inside a stainless steel tube (with the bottom end sealed with a point) to freeze sediment 
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to the outside of the tube. Again, the sediment would have to be at least several inches deep. In all 
cases, multiple sediment samples would have to be obtained and composited. Any water samples 
should be obtained first, as the sediment sampling will create substantial disturbance and resus
pension of sediment in the water column. All sampling equipment must also be constructed of 
noncontaminating materials. Stainless steel, polypropylene, or Teflon are the obvious choices. 

Dipper Samplers 

The simplest manual sampler is a dipper sampler (Figure 5.33). Markson (telephone: 800-858
2243) sells a dipper sampler that has a 1 L polyethylene beaker on the end of a two-piece, 4-m 
pole (catalog # MK34438 for about $60). They 
also sell units on 1- and 2-m poles and with 500 
mL capacities. These samplers can only obtain 
samples from the surface of the water. If subsur
face samples are needed, samplers with closure 
mechanisms need to be used, as described below. 
A dipper allows sampling of surface waters away 
from the immediate shoreline and from outfalls 
or sewerage pipes more conveniently than other 
types of samplers. Dippers are commonly used 
to sample small discharges from outfalls, where 
the flow is allowed to pour directly into the sam
pler. ASTM (1995) in standard D 5358 describes 
the correct stream water sampling procedure 
using a dipper sampler. The dipper needs to be 
slowly lowered into the water on its side to allow 
the water to flow into the sampler. The dipper is 
then rotated to capture the sample and is lifted 
from the water. Care must be taken to prevent 
splashing or disturbing the water. The sample is 
then poured directly into the sample bottles or 
into a larger container (preferably a churn sam
pler splitter, as previously described) for com
positing several dipped samples. 

Submerged Water Samplers 
with Remotely Operated Closures 

There are numerous historical and modern 
designs of samplers that can take water samples 
at specific depths. These all have a way to 
remotely operate closures in a sample container. 
The sampler capacities usually range from 0.5 to 
3 L. Older designs include the Kemmerer and Van 
Dorn samplers, shown on Figure 5.34 (Standard 
Methods 1995). These samplers have a tube made 
of metal or plastic and end closures made of plas
tic or rubber. All Teflon units are available to 
minimize sample contamination. Newer designs 
commonly used for small lakes or streams are 

Figure 5.33 Manual dipper sampler. 

Figure 5.34 .Kemmerer and Van Dorn samplers. 
(From Standard Methods for the Exam
ination of Water and Wastewater. 19th 
edition. Water Environment Federation. 
Washington, D.C. Copyright 1995 
APHA. With permission.) 
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Figure 5.35 .Horizontal water sampler in open posi
tion before use. 

Figure 5.37 .Open vertical water sampler being low
ered into water, above a horizontal sam
pler on the same line. 
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Figure 5.36 .Tripped horizontal water sampler being 
withdrawn from water with messenger 
resting on trigger mechanism. 

Figure 5.38 .Tripped vertical water sampler being 
withdrawn from water with messenger 
resting on trigger mechanism. 

similar to the Van Dorn design (Figures 5.35 through 5.38). This design allows unhindered flow 
through the sample container before closure, enabling faster equilibrium with surrounding waters. 
These samplers are also available in horizontal models (for shallow water) or vertical models. Several 
of the vertical units can be used on a single line to obtain water samples from various depths 
simultaneously. A weighted messenger slides down the line that the samplers are attached to, striking 
a trigger mechanism that closes the end seals. If multiple samplers are used, the trigger releases 
another messenger that slides down to the next sampler to close that sampler and to release another 
messenger. A vertical alpha end-closure 2.2-L sampler (polyurethane end seals and transparent acrylic 
cylinder) is available from Forestry Suppliers, Inc. (800-647-5368) as catalog #77244, with messenger 
#77285, for a total cost of about $450. Several of these samplers can be installed on a line for 
simultaneous sampling at various depths. Forestry Suppliers, Inc., also sells a 1.2-L Teflon Kemmerer 
vertical bottle sampler (catalog #77190) for about $800. A water sample collected with this sampler 
only contacts Teflon. 

Another surface operated design is a sampler that contains a 1-L glass bottle on the end of a 
long pole (such as catalog #53879 from Forestry Suppliers, Inc. at about $400). A stopper is spring 
loaded and is attached to a wire extending to the other end of the pole. The bottle end is lowered 
to the desired sampling depth and the wire is then pulled to fill the bottle. After a short period to 
allow the bottle to fill, the wire is released, resealing the bottle. This sampler was designed specifically 
for collecting water samples for Winkler titrations for DO analyses at sewage treatment plants. The 
bottle is initially full of air before the water enters and aeration may elevate the DO reading. If the 
bottle is prefilled with clean water, it is difficult to assume that the desired water sample will replace 
the water in the bottle. However, this sampler type might be useful for collecting subsurface samples 
for bacteriological analyses that should be collected in glass bottles with minimal handling. 
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Figure 5.39 Tube sampler. Figure 5.40 .Grundfos Redi-Flo2 pump sampler with 
controller. 

A newer alternative is a Teflon tube sampler that contains a wire-activated sealant mechanism 
and flow-through design (Figure 5.39). This overcomes the above limitations of the bottle sampler 
and still allows direct sampling at a specific depth. The AMS Cable Control Liquid Sampler is 
available from Forestry Suppliers, Inc. (catalog #77623), and costs about $550. 

Manual Pump Samplers 

A Grundfos Redi-Flo2 (Figure 5.40) pump and converter (designed and commonly used for 
well sampling) is available with a 300-foot polyurethane hose on a reel that can be used to deliver 
a water sample to a convenient location, especially useful when sampling wide and swift streams 
from a bridge. These pumps are available from Forestry Suppliers, Inc. (800-543-4203, catalog 
#76328 for pump, hose, and reel, and #76333 for voltage converter, for a total cost of about $4500). 
Hazco (800-332-0435) also sells (and rents) the Redi-Flo2 pump and converter for about $2100 
without a hose (catalog #B-L020001 for converter and #B-L020005 for 150 motor lead and pump). 
A Teflon-lined polyethylene hose is available from Hazco for about $3.25 per foot, with support 
cable (catalog #A-N010041 and #C-L020009). This pump has an adjustable pumping rate of 
between 100 mL/min and 9 gal/min and can pump against a head of about 250 ft. However, this 
pump should be operated at least at 4.5 gal/min to meet the 100 cm/s criterion to minimize particulate 
settling in the 1 in ID hose. Low pumping rates from a submerged pump can also lead to “sand 
jamming,” in addition to preventing an adequate sample from being obtained. 

A less expensive alternative is the XP-100 pump, also available from Forestry Suppliers (#76216 
for XP-060 pump and #76230 for control box, for a total cost of about $525). This is an adjustable 
rate pump and can deliver the needed 100 cm/s pump rate through a 3/8-in tubing against a head 
of about 30 ft or less. This pump operates from a 12V DC power supply and has a limited service 
life, compared to the Grundfos pump. It may be useful for temporary installations having limited 
head, but needing several pumping locations across a stream. It is also useful for continuous 
sampling at different lake depths. 

Depth-Integrated Samplers for Suspended Sediment 

Suspended sediment is usually poorly distributed in both flowing and quiescent water bodies. 
The sediment is usually in greater concentrations near the bottom, as shown in Figure 5.41 (ASTM 
1995). Larger and denser particles are also located predominantly in lower depths. Flowing water 
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Figure 5.41 Sediment con
centrations by depth and particle 
size, Missouri River, Kansas 
City, MO. (From American Soci
ety for Testing and Materials. 5 

ASTM Standards on Environ
mental Sampling. ASTM Pub 
Code No. 03-418095-38. ASTM, 

Philadelphia. 1995. Copyright 0 0/

ASTM. Reprinted with permis

sion.) CONCENTRATION: I SPACE = 100 P.P.M. BY WEIGHT/

in a sinuous stream also distributes the suspended sediment horizontally, as shown in Figure 5.42 
(ASTM 1995), differently for large and small particles. Collecting representative samples in these 
situations for sediment analyses is therefore difficult. Because most of the pollutants in stormwater 
are associated with the particulates, this unequal distribution of sediment also affects the ability to 
collect representative samples of many pollutants. Depth-integrating sampling is commonly done 
in small upland streams. Sampling in smaller and more turbulent flows (such as in sewerage or at 
outfalls during moderate to large storms) is not as severely affected by sediment stratification. 

Clay and silt-sized particles are generally well mixed with depth, depending mostly on water 
mixing conditions near discharges, etc., and not on gravity. ASTM (1995) states that the concen
trations of particles smaller than about 60 µm in diameter will be uniform throughout the stream 
depth (Figure 5.41). However, larger particles will be more affected by gravitational forces and 
may not be represented well with typical sampling procedures. Conventional water samplers may 
be used to represent all of the sediment in flowing water (floating material, suspended sediment, 
and bedload), if the water is very turbulent and capable of mixing the sediment of interest. ASTM 
refers to these locations as “total-load” stations, allowing the collection of all sediment greater than 
about 2 mm in diameter. These are generally located at outfalls or other free-falling locations. 

Automatic samplers (or any pumped sampler) may disproportionately collect particulates if 
the intake velocities vary significantly from the water velocity. Isokinetic sampling requires that 
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Figure 5.42 Suspended solids concentra
tions in the Rio Grande River, near Bernardo, 
NM, for different sediment sizes: (a) material 
between 62.5 and 125 mm; (b) material 
between 250 and 500 mm). (From American 
Society for Testing and Materials). ASTM 
Standards on Environmental Sampling. ASTM 
Pub Code No. 03-418095-38. ASTM, Phila
delphia. 1995.Copyright ASTM. Reprinted 
with permission.) 
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Figure 5.43 .Depth-integrated sediment sampler 
parts. 

Figure 5.45 .Depth-integrated sediment sampler 
being readied for use. 

Air outlet 

Tail fin 

Handle 

Water inlet hose Bottle 

Figure 5.44 .Plan for a home-made depth integrated 
sampler. (Modified from Finlayson 1981.) 

the sampler intake be pointed directly into the 
flowing water and that the velocity in the intake 
be the same as the flowing water. The water and 
sediment streamlines will therefore be parallel 
in this situation and a sample representative of 
the flowing water will be obtained. If the sample 
intake velocity is greater than the water velocity, 
water will be drawn into the sampler, while 
heavier particles will tend to flow past. This 
effect is most evident for heavier particles (larger 
and denser) than for lighter particles. Berg 
(1982) reports that particles approaching 100 µm 
in diameter with densities of 2.65 g/cm3 have 
less than a 20% sampling error when the veloc
ities are not matched. Almost all stormwater and 
stream-suspended particulates are smaller and 
have a lighter density than this and would there
fore generally follow the flow streamlines. These 
particles would therefore not be significantly 
affected by this possible problem. 

Large-sized (larger than several hundred micrometers in diameter) suspended sediment mea
surements may be important for receiving water studies, especially in areas having flash flood 
flows in sandy soil regions (such as the southwest United States). The depth integrated sampler 
is designed to obtain a sample continuously as the sampler is lowered vertically through the 
water column at a constant velocity (Figures 5.43 through 5.45). These units vary significantly 
from commercial grab samplers that have remotely operated valves in that they have air vents 
to allow the air in the sample bottle to uniformly escape as the sample bottle fills with water. 
The home-made unit has a narrow-mouthed bottle mounted on a rod with stabilizing fins. The 
mouth of the bottle is fitted with a two-holed stopper. The top hole has a long flexible tube 
(which could extend above the water surface for most streams) to act as an air outlet, while the 
bottom hole has a rigid tube extending at least an inch to act as an intake. The intake nozzle 
should have a sharp front edge, with a narrow tubing thickness (less than 1/16 in) and an inner 
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diameter of 5 to 6 mm (3/16 or 1/4 in) (ASTM 1995, standard D 4411). These are available 
commercially from Forestry Suppliers, Inc. (800-543-4203) and in Canada from Halltech Envi
ronmental, Inc. (519-766-4568), or they can be constructed (Figure 5.44). 

When collecting a depth-integrated sample, the sampler needs to stand to the side and down
stream of the sampling area to minimize disturbance. The rod is lowered vertically through the 
water column at a constant rate of about 0.4 times the stream velocity. Detailed vertical sampling 
rates are presented by ASTM (1995) in standard D 4411 for the series of older depth-integrated 
samplers. The sampler is lowered at this constant rate from the surface of the stream to the stream 
bottom, and then reversed and brought back to the surface at the same rate. The sampler does not 
collect samples within several inches of the stream bottom. Moving sediment near the bottom is 
usually included in the bedload sample, which requires other sampling methods. The sample bottle 
should be between 2/3 and 3/4 full after sample collection. If it is full, then the sampler did not 
represent the complete stream depth and the sample should be discarded and collected again, at a 
faster vertical rate. If the sampler is less than 2/3 full, another vertical sample pass can be collected. 
After the sample is collected, the sample is poured from the sampler into a sample bottle. It is 
possible to mount an appropriate sample bottle directly to the sampler, and sample transfer would 
therefore not be needed. 

Several vertical samples will normally need to be collected across the stream, as the coarser 
suspended sediment is likely highly variable in both time and space (ASTM 1995). The location 
and number of sampling verticals required at a sampling site is dependent primarily on the degree 
of mixing at the cross section. 

Settleable Solids Samplers 

Sediment traps suspended in the water column can be used to capture settleable solids. Zeng 
and Vista (1997) describe the use of these samplers off San Diego to capture marine settleable 
solids for organic compound analyses in the water column at several off-shore locations. The 
sediment traps were located 1 and 5 m from the seafloor and were retrieved after 30 days. The 
traps were made of two parts, a glass centrifuge bottle at the bottom and a glass funnel positioned 
on the bottle through a Teflon-lined silicone rubber seal. When retrieved, the two parts of the traps 
were separated and water covering the particulates was carefully removed. The centrifuge bottles 
were then capped with Teflon-lined caps and brought to the laboratory for analysis. 

Similar sediment traps were used in the Seattle area to investigate the amount and fate of CSO 
settleable solids in the receiving waters. These traps were generally similar to those described above 
but were located much closer to shore and in shallower water. Several were placed vertically on 
an anchored line in a grid pattern near and surrounding CSO discharge locations being investigated. 

Sediment traps were also placed in Fresh Creek, New York City, at the Equi-Flow demonstration 
facility. These traps were placed within and outside the facility to quantify the amount of settleable 
material that was captured during the CSO storage operations before being pumped back to the 
treatment plant. This use of sediment traps was not very successful due to very dynamic flow 
conditions and the short exposure periods used in an attempt to obtain data during frequently 
occurring CSO events. Longer exposure periods would have enabled the capture of more measurable 
material, but would have blended together material from adjacent events. 

Sediment traps can be useful sampling devices to capture and measure slowly settling solids 
in situ in the water column. This information is especially important when quantifying the effects 
of sediment-laden discharges into relatively large water bodies having slow to moderate currents. 
They may not be suitable for small streams, unless they can be miniaturized. Several traps should 
be suspended at one location at different depths, and redundant devices should be used to 
compensate for traps lost during the exposure period. Like the bedload samplers described next, 
the exposure periods should probably be long (several weeks). The sampler materials also need 
to be compatible with the constituents intended to be analyzed. A simple framework (made of 
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inert materials) should also be constructed to brace the assembled sediment trap and to allow easy 
attachment to the anchored line, but it should not extend above the funnel to minimize interference 
with settling materials. 

Bedload Samplers 

Bedload is the material that travels in almost continuous contact with the stream bed (ASTM 
1995). The bedload material moves when hit by another moving particle, or when water forces 
overcome its resisting forces. Bedload is sampled by using a trapping sampler located on the stream 
bottom. The simplest bedload samplers are box or basket samplers which are containers having 
open ends facing upstream. Bedload material bounces and rolls into the sampler and is trapped. 
Other types of bedload samplers consist of containers set into the sediment with slot openings 
about flush with the sediment surface. The bedload material falls through a slot and is trapped. Slot 
widths and lengths can be varied to represent various fractions of the bedload actually moving in 
the stream. The errors associated with sampling bedload are greater than with sampling suspended 
sediment because the larger particles move more irregularly under the influence of gravitational 
forces and are not well mixed in the water. 

Bedload may be important when characterizing stormwater sediment discharges. In northern 
areas where sands are used for ice control, relatively large amounts of sand can be transported 
along the drainage system as bedload. At the Monroe St. detention pond site in Madison, WI, the 
bedload accounted for about 10% of the total annual sediment loading. This fraction was much 
greater during the spring when most of the sand was flushed from the drainage area. 

Conventional water samplers may not adequately collect bedload material. A slot sampler 
placed in a drilled hole in the bottom of a discharge pipe can effectively collect this material. 
However, the slot dimensions and placement exposure times must usually be determined by trial 
and error. In addition, several bedload samplers should be used in close proximity because of the 
varied nature of bedload transport. Bedload samplers that are full upon retrieval may not represent 
actual conditions. If full, then the slot widths should be reduced and/or the exposure time should 
be shortened. The slot length should be as long as possible for the container lid, as bouncing 
bedload particles may jump over openings that are too short. In addition, the slot widths should 
be at least 1/4 in wide, as narrower slots will filter out large materials. Basket samplers are probably 
most applicable in streams, where the opening width is a small fraction of the stream width. Again, 
several samplers need to be used in close proximity, and the best exposure period needs to be 
determined by trial. For grab samples, both hand-held and cable suspended Helley Smith (Geo
logical Survey) bedload samplers are available from Halltech Environmental, Inc. (519-766-4568). 

Floatable Litter Sampling 

One example of quantifying litter discharges during wet weather was described by Grey and 
Oliveri (1998). New York City has been involved in a comprehensive litter analysis and capture 
effectiveness program since the mid-1980s. As part of this investigation, it studied litter discharges 
from stormwater inlets using baskets that were inserted in manholes below catchbasins (Figure 5.46). 
The baskets were made of galvanized mesh and were 13 in square and 36 in high. The lower half of 
the baskets was made of 1/4-in mesh, while the upper half was of 1/2-in mesh. The baskets were 
positioned on a wooden platform just beneath the catchbasin outlet pipe and were held in place with 
ropes, allowing removal without requiring entry into the manholes. These baskets were installed at 
38 locations throughout the city and were in place for 3 to 4 months. Most baskets were removed, 
emptied, and replaced every 2 weeks, although some were in place for only a week before emptying. 
The captured material was placed in sample bags, brought to the laboratory, sorted into 13 categories, 
counted, and weighed. The surface areas of the collected material were also measured. 
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(TYP.) 
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PIPESTOP 

COMBINED OR STORM 
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BASKET DETAILS 

SEWER 	 1/2" galvanized mesh, upper 18" 
weight = 21.7 pounds 

Figure 5.46 .New York City catchbasin litter sampling setup. (From HydroQual, Inc. Floatables Pilot Program 
Final Report: Evaluation of Non-Structural Methods to Control Combined and Storm Sewer Float
able Materials. City-Wide Floatables Study, Contract II. Prepared for New York City, Department of 
Environmental Protection, Bureau of Environmental Engineering, Division of Water Quality Improve
ment. NYDP2000. December 1995.) 

In addition to characterizing the litter discharges, NewYork City also examined the effectiveness 
of the catchbasins in capturing this material. Grey and Oliveri (1998) also described these tests. 
They placed a known amount of litter (10 pieces each of 12 different floatable items, totaling about 
1 ft3 in volume of each material), including plastic bags, candy wrappers, straws, bottle caps, juice 
bottles, hard plastic pieces, glass vials, aluminum cans, polystyrene cups and pieces, cigarette butts, 
and medical syringes. They then opened a fire hydrant to produce a basic flow rate of about 75 
gal/min (corresponding to a rain intensity of about 0.28 in/hour over a 40,000 ft2 drainage area). 
They also ran tests at 1/3 and 2× this flow. The flow was continued until no more items were 
transported to the sampling basket (usually about 5 to 10 min). The items remaining in the catchbasin 
were then retrieved and counted. This test was repeated five times for each test, and 10 tests in all 
were conducted (some with and some without catchbasin hoods). 

Source Area Sampling 

Much information can be obtained by collecting stormwater samples at source areas. Source 
areas are where the runoff originates before it is collected in the storm drainage system. Source 
area sampling also includes rainfall sampling for water quality analyses, conventionally done using 
a wet/dry-fall sampler. This sampler also collects dust fall during dry periods. This atmospheric 
contribution can have a significant affect on stormwater quality. However, very little of the dry-fall 
pollutants occurring over a watershed actually are washed off during rains. 

This information can help identify the critical areas in the watershed where most of the problem 
pollutants may be originating and where control measures should be implemented (Pitt et al. 1995). 
These areas may include paved industrial storage areas, convenience store parking areas, vehicle 
maintenance areas, landscaped areas, roof runoff, etc. Conventional automatic samplers may not 
be efficiently used in these areas because of the small scale of the sampling areas and limited places 
where the samplers can be located that would only receive runoff from the area of concern. Three 
sampling methods have been used: 

• Manual sheetflow samplers 
• Semiautomatic samplers 
• Special designs for automatic sample collection 
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Figure 5.47 .Sheetflow sampler operated by hand Figure 5.48 Sheetflow sampler being used to sam
vacuum pump. ple snowmelt. 

Manual Sheetflow Samplers 

Manual sheetflow samplers are usually used when collecting grab samples from many different 
sampling locations. A small team can visit many sampling sites during a single rain to obtain 
multiple grab samples for statistical comparisons (Figures 5.47 and 5.48). The main drawback is 
that the samples are not composited during the rain and only represent the conditions during the 
short sampling period. It is therefore very important to carefully document rain and flow conditions 
during the sampling period, and for the short time before the sample was obtained. Rain conditions 
up to the time of sampling can also have a significant effect on measured pollutant concentrations. 
In many cases, the ability to obtain many samples in a relatively short time is more important than 
obtaining flow-weighted composite samples. Roa-Espinosa and Bannerman (1994) found that many 
discrete samples (which could be composited before analysis) are just as useful in obtaining an 
event-mean concentration (EMC) as are more difficult to obtain flow-weighted composite samples. 

Sheetflow samples should be obtained in areas where the sheetflow is originating from a 
homogeneous area, such as from a parking area, roof runoff, runoff from a landscaped area, etc. 
Sheetflow samples can be collected by collecting the flow directly into the sample containers, if 
the flow is deep enough. The flow may be “scooped” using a small container and by pouring the 
collected samples into the sample container. For shallow sheetflows, a hand-operated vacuum pump 
can be used to draw the sample into the sample container, as shown in Figure 5.47. A Teflon-lined 
lid that fits the sample containers can be fitted with two Teflon bulk-head connectors. One of the 
connectors has a Teflon tubing (about 18 in long and 1/4 in ID) attached that is used to draw the 
sample into the container. The other connector has a Tygon tube leading to a water trap (another 
bottle) that is in turn attached to a hand-operated vacuum pump (such as a Nalgene #6132-0020, 
at about $100). To collect a sample, the Teflon tubing is immersed in the sheetflow and the hand 
pump draws the water into the sample bottle. The pump should be operated slowly to prevent 
cavitation at the tubing inlet. The short lengths of Teflon tubing are inexpensive and can be replaced 
after each sample to prevent cross-contamination. Since the sample is drawn directly into the sample 
bottle, sample transfer is unnecessary. 

An alternative to the hand-operated vacuum pump and water trap arrangement is to use a battery
operated peristaltic pump (such as a Masterflex L/S portable sampling pump, catalog #FE-07570
10, at about $850, with a Teflon tubing pump head, catalog #FE-77390-00, at about $400, available 
from Cole-Parmer, 800-323-4340). This battery-operated pump can be used to pump directly into 
the sample containers. The Teflon tubing used in this pump (catalog #FE-77390-60) costs about 
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$15 each and would therefore not likely be replaced after each sample. The tubing would therefore 
require field cleaning between each sample. Since the battery is built into this pump, and no water 
trap is needed, this sampling arrangement is relatively compact. 

Semiautomatic Sheetflow Samplers 

Source area samplers have been developed to 
semiautomatically collect composite stormwater 
samples from small drainages. Samplers (at $250 
to $650) from the Vortox Company (909-621
3843) are an attractive option for some studies 
(Figure 5.49). These 0.8- to 5.5-gallon units 
(available Teflon lined) are completely passive 
and operate with a double ball closure system. 
They are installed in the bottom of intermittent 
flow paths, requiring a sump for installation. They 
have a screw closure to adjust the rate of filling. 
A top ball seals the inlet during dry conditions. 
When a flow occurs, this ball floats, opening the 
inlet. An inner ball on the underside of the inlet 
then seals the inlet when the sampler is full. 

Potential problems may occur with sediment 
clogging the very small inlet and fouling the ball Figure 5.49 Vortox sampler. 
seals. However, this sampler also collects bedload 
from the flowing stormwater (if the ball valve is opened sufficiently) that is not collected using 
conventional stormwater samplers. The sampler is somewhat awkward to clean. Another problem 
is the rapid time (less than 20 minutes for the 0.8-gal unit and less than 2 hours for the 5.5-gal 
unit) to completely fill the sampler. Sheetflows from homogeneous areas (especially small paved 
areas where these samplers are likely to be used) usually demonstrate strong “first-flush” conditions. 
The initial flows have much greater concentrations than the EMC, especially for relatively constant 
rain intensities. This would result in biased concentrations if only the first 20 min of the flow is 
represented in the sample. 

Because of its low cost and passive operation, this sampler may be attractive in situations where 
many source areas are to be sampled with a small sampling crew. Again, caution must be expressed 
in interpreting the results, as the concentrations may be greater than the EMC values for source 
area flows. At outfalls, in complex drainage ways, or with highly variable rain intensities, the initial 
samples are not likely to be consistently different from the EMC. Frequent site visits will be 
necessary when runoff has been expected in order to retrieve samples. It may be desirable to have 
additional samplers so clean units can be substituted in the field for full samplers. The full samplers 
can then be brought to the laboratory to be emptied and cleaned. 

Automatic Source Area Samplers 

Problems associated with the above two sampling methods for source area sheetflows can be 
largely overcome using automatic samplers. Conventional automatic water samplers discussed 
earlier are probably the most flexible. However, they are expensive and large. Their size limits 
where they can be located and the size of flow they can sample. Their cost limits the number of 
units that can be simultaneously deployed. It is possible to rotate a relatively few samplers randomly 
between semipermanent sampling locations after every few storms. The samplers would be pro
grammed for time-composite sampling (or time-discrete sampling) and automatically activated with 
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flow level sensors, or by rain gauge activity. As 
noted earlier, telemetry can be used to call the 
project personnel automatically when the sam
pler has been activated. 

Roa-Espinosa and Bannerman (1994) 

describe a new automatic source area sheetflow

sampler that the Wisconsin Department of Nat

ural Resources and the Madison USGS office 

have jointly developed (Figure 5.50). Their initial 

source area sampler was similar to a slot bed

load sampler and located in the flow path to be 

sampled. Like the Vortox unit, it usually filled 

quickly and did not represent the complete runoff 

event. This initial sampler consisted of a 10-in 

ID PVC pipe 12-in long. A 10-in PVC pipe cou

pling was cut in half and glued to the top of the 


Figure 5.50 Prototype WI DNR/USGS automatic pipe as a reinforcing collar. This pipe was then 

sheetflow sampler. 

cemented in a drilled hole in the pavement (for 
pavement runoff sampling). A 1-in-thick PVC 

cap, having a 5/8-in center hole, was fitted snugly in the coupling sleeve of the pipe section cemented 
in the pavement. The upper surface of this cap was flush with the pavement surface. A sample 
bottle lid was bolted to the underside of the removable cap, which also had a 5/8-in hole matching 
the hole in the cap. A 2.5-L glass sample bottle was screwed into this lid and placed in the pipe 
cemented into the pavement when rain was expected. After the runoff ended, the bottles were 
retrieved and brought to the laboratory. As noted above, sample bottles commonly were full after 
the runoff ended, indicating that the samples did not represent the complete event. The sampling 
holes were reduced to reduce the inflow rate, but clogging was a concern and they still were 
frequently full. Investigators then developed a new sheetflow sampler that was electronically 
activated (Figure 5.50). A relatively large sample inlet was used to minimize clogging, but an 
electronically operated ball valve was added. It is possible to program the sampler to schedule the 
duration of the open and closed times. This enabled the complete runoff events to be represented 
in the sample. When commercially available, these samplers are likely to cost about $1000. 

Source Area Soil Sampling 

Soil sampling in urban areas usually involves collecting material from both paved and unpaved 
areas. Collecting particulates from paved areas (“street dirt”) is described in the following subsection 
and can be applied to many paved source areas, in addition to streets, the original area of most 
interest. Soil sampling from nonpaved areas involves more traditional soil sampling procedures 
and is discussed in any agricultural soils textbook. Generally, small trowels are used to collect 
surface soil samples for analyses, while small hand coring tools are used to collect subsurface 
samples down to about 1 ft in depth. Deeper soil samples can be best obtained from the walls of 
trenches that have been excavated using small backhoes. 

If soil characteristics associated with particulates most likely to erode during rain events are of 
most interest, then care should be taken to emphasize the surface soils during sample collection. 
In this case, careful “scrapings” of surface dirt by a trowel or stiff brush into a sample container 
may be most efficient, as only very thin layers of most surface soils are typically eroded. If 
subsurface soil characteristics are needed, such as observing signs of seasonal high groundwater, 
then small trenches may be needed. Small soil cores should be used when measuring soil texture 
when soil infiltration studies are being conducted. Cores (or trenches) are also needed if soil 
chemical quality is needed for different soil depths. 
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Street Surface Particulate Sampling Procedures 

The street dirt sampling procedures described in this section were developed by Pitt (1979) and 
were used extensively in many of the EPA’s Nationwide Urban Runoff Program (NURP) projects 
(EPA 1983a) and other street cleaning performance studies and washoff studies (Pitt 1987). These 
procedures are flexible and more accurate indicators of street dirt loading conditions than previous 
sampling methods used during earlier studies (such as Sartor and Boyd 1972, for example). The 
procedures are described here in detail so that they can be used by those wishing to determine 
loading conditions, accumulation rates, washoff rates, and street cleaning effectiveness for their 
own locations. 

Powerful dry vacuum sampling, as used in this sampling procedure, is capable of removing 
practically all of the particulates (>99%) from the street surface, compared to wet sampling. It can 
also remove most of the other major pollutants from the street surface (>80% for COD, phosphates, 
and metals, for example). Wet sampling, which would better remove some of these other constit
uents, is restricted to single area sampling, requires long periods of time, requires water (and usually 
fire hydrants, further restricting sample collection locations to areas that have no parked cars), and 
basically is poorly representative of the variable conditions present. Dry sampling can be used in 
many locations throughout an area; it is fast, and it can also be used to isolate specific sampling 
areas (such as driving lanes, areas with intensive parking, and even airport runways and freeways, 
if special safety precautions are used). It is especially useful when coupled with appropriate 
experimental design tools to enable suitable numbers of subsamples to be collected representing 
subareas, and finally, the collected dry samples can be readily separated into different particle sizes 
for discrete analyses. 

Equipment Description 

A small half-ton trailer can be used to carry the generator, two stainless steel industrial vacuum 
units, vacuum hose and wand, miscellaneous tools, and a fire extinguisher. This equipment can 
also be fitted in a pickup truck, but much time is then lost with frequent loading and unloading 
of equipment, especially considering the frequent sampling that is typically used for a study of 
this nature (sampling at least once a week, and sometimes twice a day before and after street 
cleaning or rains). A truck with a suitable hitch and signal light connections is needed to pull the 
trailer. The truck also requires warning lights, including a rooftop flasher unit. The truck is operated 
with its headlights and warning lights on during the entire period of sample collection. The sampler 
and hose tender both need to wear orange, high-visibility vests. The trailer also needs to be 
equipped with a caution sign on its tailgate. In addition, both the truck and the street cleaner used 
to clean the test area can be equipped with radios (CB radios are adequate), so that the sampling 
team can contact the street cleaner operator when necessary to verify location and schedule for 
specific test areas. 

Experiments were conducted by Pitt (1979) to determine the most appropriate vacuum and filter 
bag combination. Two-horsepower (hp) industrial vacuum cleaners with one secondary filter and 
a primary dacron filter bag are recommended as the best combination. The vacuum units are heavy 
duty and made of stainless steel to reduce contamination of the samples. Two separate 2-hp vacuums 
are used together by joining their intakes with a Y connector. This combination extends the useful 
length of the 1.5-in vacuum hose to 35 ft and increases the suction so that it is adequate to remove 
all particles of interest from the street surface. Unfortunately, two vacuums need to be cleaned to 
recover the samples after the subsample collections. A wand and a “gobbler” attachment are also 
needed. The aluminum gobbler attaches to the end of the wand and is triangular in shape and about 
6 in across. Since it was scraped across the street during sample collection, it wears out frequently 
and must be replaced. The generator needed to power the vacuum units must be of sufficient power 
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to handle the electrical current load drawn by the vacuum units, about 5000 watts for two 2-hp 
vacuums. Honda water-cooled generators are extremely quiet and reliable for this purpose. Finally, 
a secure, protected garage is needed to store the trailer and equipment near the study areas when 
they are not in use. 

Sampling Procedure 

Because the street surfaces are more likely to be dry during daylight hours (necessary for good 
sample collection), collection should not begin before sunrise nor continue after sunset. During 
extremely dry periods, sampling can be conducted during dark hours, but that requires additional 
personnel for traffic control. Two people are needed for sampling at all times, one acting as the 
sampler, the other acting as the vacuum hose tender and traffic controller. This lessens individual 
responsibility and enables both persons to be more aware of traffic conditions. 

Before each day of sampling, the equipment is checked to make sure that the generator’s oil 
and gasoline levels are adequate, and that vacuum hose, wand, and gobbler are in good condition. 
Dragging the vacuum hose across asphalt streets requires periodic hose repairs (usually made using 
gray duct tape). A check is also made to ensure that the vacuum units are clean, the electrical cords 
are securely attached to the generator, and the trailer lights and warning lights are operable. The 
generator requires about 3 to 5 min to warm up before the vacuum units are turned on one at a 
time (about 5 to 10 s apart to prevent excessive current loading on the generator). The amperage 
and voltage meters of the generator are also periodically checked. The generator and vacuums are 
left on during the complete subsampling period to lessen strain associated with multiple shutoffs 
and startups. Obviously, the sampling end of the vacuum hose needs to be carefully secured between 
subsamples to prevent contamination. 

Figure 5.51 illustrates the general sampling procedure. Each subsample includes all of the street 
surface material that would be removed during a severe rain (including loose materials and caked-on 
mud in the gutter and street areas). The location of the subsample strip is carefully selected to 
ensure that it has no unusual loading conditions (e.g., a subsample should not be collected through 
the middle of a pile of leaves; rather, it is collected where the leaves are lying on the street in their 
normal distribution pattern). When possible, wet areas are avoided. If a sample is wet and the 
particles are caked around the intake nozzle, the caked mud from the gobbler is carefully scraped 
into the vacuum hose while the vacuum units are running. In addition, the hose needs to be struck 
against the ground at the end of the sampling period to knock loose any material stuck on the inside 
of the hose. 

Subsamples are collected in a narrow strip about 6 in wide (the width of the gobbler) from one 
side of the street to the other (curb to curb). In heavily traveled streets where traffic is a problem, 
some subsamples consist of two separate one-half street strips (curb to crown). Traffic is not stopped 
for subsample collection; the operators wait for a suitable traffic break. On wide or busy roadways, 
a subsample is often collected from two strips several feet apart, halfway into the street. On busy 
roadways with no parking and good street surfaces, most particulates are found within a few feet 
of the curb, and a good subsample could be collected by vacuuming two strips adjacent to the curb 

Figure 5.51 Street dirt subsample collection. 
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and as far into the traffic lanes as possible. Only a sufficient (and safe) break in traffic allows a 
subsample to be collected halfway across the street. 

Subsamples taken in areas of heavy parking are collected between vehicles along the curb, as 
necessary. The sampling line across the street does not have to be a continuous line if a parked car 
blocks the most obvious and easiest subsample strip. A subsample can be collected in shorter (but 
very close) strips, provided the combined length of the strip is representative of different distances 
from the curb. Again, in all instances, each subsample must be representative of the overall 
curb-to-curb loading condition. 

When sampling, the leading edge of the gobbler is slightly elevated above the street surface 
(0.125 in) to permit an adequate air flow and to collect pebbles and large particles. The gobbler is 
lifted further to accept larger material as necessary. If necessary, leaves in the subsample strip are 
manually removed and placed in the sample storage container to prevent the hose from clogging. 
If a noticeable decrease in sampling efficiency is observed, the vacuum hoses are cleaned imme
diately by disconnecting the hose lengths, cleaning out the connectors (placing the debris into the 
sample storage container), and reversing the air flows in the hoses (blowing them out by connecting 
the hose to the vacuum exhaust and directing the dislodged debris into the vacuum inlet). If any 
mud is caked on the street surface in the subsample strip, the sampler loosens it by scraping a shoe 
along the subsample path (being certain that street construction material is not removed from the 
subsample path unless it was very loose). Scraping caked-on mud is done after an initial vacuum 
pass. After scraping is completed, the strip is revacuumed. A rough street surface is sampled most 
easily by pulling (not pushing) the wand and gobbler toward the curb. Smooth and busy streets are 
usually sampled with a pushing action, away from the curb. 

An important aspect of the sample collection is the speed at which the gobbler is moved across 
the street. A very rapid movement significantly decreases the amount of material collected; too 
slow a movement requires more time than is necessary. The correct movement rate depends on the 
roughness of the street and the amount of material on it. When sampling a street that has a heavy 
loading of particulates, or a rough surface, the wand needs to be pulled at a velocity of less than 
1 ft/s. In areas of lower loading and smoother streets, the wand can be pushed at a velocity of 2 
to 3 ft/s. The best indicators of the correct collection speed are achieved by visually examining 
how well the street is being cleaned in the sampling strip and by listening to the collected material 
rattle up the wand and through the vacuum hose. It is quite common to leave a visually cleaner 
strip on the street where the subsample was collected, even on streets that appeared to be clean 
before sampling. 

In all cases, the hose tender must continuously watch traffic and alert the sampler of potentially 
hazardous conditions. In addition, the hose tender plays out the hose to the sampler as needed and 
keeps the hose as straight as possible to prevent kinking. If a kink develops, sampling is stopped 
until the hose tender straightens the hose. While working near the curb out of the traffic lane 
(typically an area of high loadings), the sampler visually monitors the performance of the vacuum 
sampler and periodically checks for vehicles. In the street, the sampler constantly watches traffic 
and monitors the collection process by listening to particles moving up the wand. A large break in 
traffic is required to collect dust and dirt from street cracks in the traffic lanes because the sampler 
has to watch the gobbler to make sure that all of the loose material in the cracks is removed. 

When moving from one subsample location to another, the hose, wand, and gobbler need to 
be securely placed in the trailer. All subsamples are composited in the vacuums for each study 
area, and the hose must be placed away from the generator’s hot muffler to prevent damage. The 
generator and vacuum units are left on and in the trailer during the entire subsample collection 
period. This helps dry damp samples and reduces the strain on the vacuum and generator motors. 

The length of time it takes to collect all of the subsamples in an area varies with the number 
of subsamples and the test area road texture and traffic conditions. The number of subsamples 
required in each area can be determined using the experimental design sample effort equations 
described earlier in this chapter, with seasonal special sampling efforts to measure the variability 
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of street dirt loadings in each area. The variabilities can be measured using a single, small 1.5-hp 
industrial vacuum, with a short hose to make sample collection simpler. The vacuum needs to be 
emptied, the sample collected and placed in individual Ziploc™ baggies, and weighed (later in the 
lab) for each individual sample to enable the variability in loadings to be measured. As an example, 
during the first phase of the San Jose, CA, study (Pitt 1979), the test areas required the following 
sampling effort: 

Test Area No. of Subsamples Sampling Duration, h 

Downtown — poor (rough) asphalt street surface 14 0.5 
Downtown — good (smooth) asphalt street surface 35 1 
Keyes Street — oil and screens street surface 10 0.5–1 
Keyes Street — good asphalt street surface 36 1 
Tropicana — good asphalt street surface 16 0.5–1 

In the oil and screens test area, the sampling procedure was slightly different because of the 
relatively large amount of pea gravel (screens) that was removed from the street surface. The gobbler 
attachment was drawn across the street more slowly (at a rate of about 3 s/ft). Each subsample was 
collected by a half pass (from the crown to the curb of the street) and therefore contained one half 
of the normal sample. Two curb-to-curb passes were made for each Tropicana subsample because 
of the relatively low particulate loadings in this area, as several hundred grams of sample material 
are needed for the laboratory tests. In addition, an “after” street cleaning subsample is not collected 
from exactly the same location as the “before” street cleaning subsample (they need to be taken 
from the same general area, but at least a few feet apart). 

A field data record sheet kept for each sample contains: 

• Subsample numbers 
• Dates and time of the collection period 
• Any unusual conditions or sampling techniques 

Subsample numbers are crossed off as each subsample is collected. After cleaning, subsample 
numbers are marked if the street cleaner operated next to the curb at that location. This differen
tiation enables the effect of parked cars on street cleaning performance to be analyzed. In addition, 
photographs (and movies) are periodically made to document the methods and street loading 
conditions. 

Sample Transfer 

After all subsamples for a test area are collected, the hose and Y connections are cleaned by 
disconnecting the hose lengths, reversing them, and holding them in front of the vacuum intake. 
Leaves and rocks that may have become caught are carefully removed and placed in the vacuum 
can; the generator is then turned off. The vacuums are either emptied at the last station or at a more 
convenient location (especially in a sheltered location out of the wind and sun). 

To empty the vacuums, the top motor units are removed and placed out of the way of traffic. 
The vacuum units are then disconnected from the trailer and lifted out. The secondary, coarse 
vacuum filters are removed from the vacuum can and are carefully brushed with a small stiff brush 
into a large funnel placed in the storage can. The primary dacron filter bags are kept in the vacuum 
can and shaken carefully to knock off most of the filtered material. The dust inside the can is 
allowed to settle for a few minutes, then the primary filter is removed and brushed carefully into 
the sample can with the brush. Any dirt from the top part of the bag where it is bent over the top 
of the vacuum is also carefully removed and placed into the sample can. Respirators and eye 
protection are necessary to minimize exposure to the fine dust. 
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After the filters are removed and cleaned, one person picks up the vacuum can and pours it 
into the large funnel on top of the sample can, while the other person carefully brushes the inside 
of the vacuum can with a soft 3- to 4-in paintbrush to remove the collected sample. In order to 
prevent excessive dust losses, the emptying and brushing is done in areas protected from the wind. 
To prevent inhaling the sample dust, both the sampler and the hose tender wear mouth and nose 
dust filters while removing the samples from the vacuums. 

To reassemble the vacuum cans, the primary dacron filter bag is inserted into the top of the 
vacuum can with the filter’s elastic edge bent over the top of the can. The secondary, coarse filter 
is placed into the can and assembled on the trailer. The motor heads are then carefully replaced on 
the vacuum cans, making sure that the filters are on correctly and the excess electrical cord is 
wrapped around the handles of the vacuum units. The vacuum hoses and wand are attached so that 
the unit is ready for the next sample collection. 

The sample storage cans are labeled with the date, the test area’s name, and an indication of 
whether the sample was taken before or after the street cleaning test, or if it was an accumulation 
(or other type) of sample. Finally, the lids of the sample cans are taped shut and transported to the 
laboratory for logging-in, storage, and analysis. 

Measurements of Street Dirt Accumulation 

The washoff of street dirt and the effectiveness of street cleaning as a stormwater control practice 
are highly dependent on the street dirt loading. Street dirt loadings are the result of deposition and 
removal rates, plus “permanent storage.” The permanent storage component is a function of street 
texture and condition and is the quantity of street dust and dirt that cannot be removed naturally 
or by street cleaning equipment. It is literally trapped in the texture, or cracks, of the street. The 
street dirt loading at any time is this initial permanent loading plus the accumulation amount 
corresponding to the exposure period, minus the resuspended material removed by wind and traffic
induced turbulence. Removal of street dirt can occur naturally by winds and rain, or by human 
activity (by the turbulence of traffic or by street cleaning equipment). Very little removal occurs 
by any process when the street dirt loadings are small, but wind removal may be very large with 
larger loadings, especially for smooth streets (Pitt 1979). 

It takes many and frequent samples to ascertain the accumulation characteristics of street dirt. 
The studies briefly described in the following paragraphs typically involved collecting many hun
dreds of composite street dirt samples during the course of the 1- to 3-year projects from each 
study area. With each composite sample made up of about 10 to 35 subsamples, a great number 
of subsamples were used to obtain the data. Without high resolution (and effective) sampling, it is 
not possible to identify the variations in loadings and effects of rains and street cleaning. 

The most important factors affecting the initial loading and maximum loading values are street 
pavement texture and street pavement condition. When data from many locations are studied, it is 
apparent that smooth streets have substantially smaller street dirt loadings at any accumulation 
period compared to rough streets for the same land use. Very long accumulation periods relative 
to the rain frequency result in high street dirt loadings. During these conditions, the losses of street 
dirt to wind (as fugitive dust) may approximate the deposition rate, resulting in relatively constant 
street dirt loadings. At Bellevue, WA, typical inter-event rain periods average about 3 days. Rela
tively constant street dirt loadings were observed in Bellevue because the frequent rains kept the 
loadings low and very close to the initial storage value, with little observed increase in dirt 
accumulation over time (Pitt 1985). In Castro Valley, CA, the rain inter-event periods were much 
longer (ranging from about 20 to 100 days) and steady street dirt loadings were only observed after 
about 30 days when the loadings became very high and fugitive dust losses caused by the winds 
and traffic turbulence moderated the loadings (Pitt and Shawley 1982). 

An example of the type of sampling needed to obtain accumulation rate values was conducted 
by Pitt and McLean (1986) in Toronto. They measured street dirt accumulation rates and the effects 
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of street cleaning as part of a comprehensive stormwater research project. An industrial street with 
heavy traffic and a residential street with light traffic were monitored about twice a week for 3 
months. At the beginning of this period, intensive street cleaning (one pass per day for each of 3 
consecutive days) was conducted to obtain reasonably clean streets. Street dirt loadings were then 
monitored every few days to measure the accumulation rates of street dirt. The street dirt sampling 
procedures previously described were used to clean many separate subsample strips across the 
roads, which were then combined for physical and chemical analyses. 

In Toronto, the street dirt particulate loadings were quite high before the initial intensive street 
cleaning period and were reduced to their lowest observed levels immediately after the last street 
cleaning. After street cleaning, the loadings on the industrial street increased much faster than on 
the residential street. Right after intensive cleaning, the street dirt particle sizes were also similar 
for the two land uses. However, the loadings of larger particles on the industrial street increased 
at a much faster rate than on the residential street, indicating more erosion or tracking materials 
were deposited on the industrial street. The residential street dirt measurements did not indicate 
that any material was lost to the atmosphere as fugitive dust, likely due to the low street dirt 
accumulation rate and the short periods of time between rains. The street dirt loadings never had 
the opportunity to reach the high loading values needed before they could be blown from the streets 
by winds or by traffic-induced turbulence. The industrial street, in contrast, had a much greater 
street dirt accumulation rate and was able to reach the critical loading values needed for fugitive 
losses in the relatively short periods between the rains. 

A street dirt sampling program must be conducted over a long enough period of time to obtain 
accumulation information. Infrequent observations hinder the analyses. It requires a continuous 
period of sampling, possibly with samples collected at least once a week, plus additional sampling 
close to the beginning and end of rains. Infrequent sampling, especially when interrupted by rains, 
does not allow changes in loadings to be determined. In addition, seasonal measurement periods 
are also likely needed because street dirt accumulation rates may change for different periods of 
the year. Infrequent and few samples may be useful to statistically describe the street dirt loading 
and to measure pollutant strengths associated with the samples, but they are not suitable for trend 
analyses. Chapter 7 presents statistical test procedures for identifying trends and should be consulted 
for different alternative methods to measure street dirt accumulation rates. 

Small-Scale Washoff Tests 

Washoff tests may be necessary to directly measure the energy available to dislodge and 
transport street dirt from paved areas to the drainage system. These tests are not usually conducted, 
as many rely on the process descriptions contained in commonly used stormwater models. Unfor
tunately, many of the process descriptions are in error due to improper interpretations of the test 
data. The following discussion therefore briefly describes these tests to encourage watershed 
researchers to obtain local data for accurate model calibration. 

Observations of particulate washoff during controlled tests using actual streets and natural street 
dirt and debris are affected by street dirt distributions and armoring. The earliest controlled street 
dirt washoff experiments were conducted by Sartor and Boyd (1972) during the summer of 1970 
in Bakersfield, CA. Their data were used in many stormwater models (including SWMM, Huber 
and Heaney 1981; STORM, COE 1975; and HSPF, Donigian and Crawford 1976) to estimate the 
percentage of the available particulates on the streets that would wash off during rains of different 
magnitudes. Sartor and Boyd used a rain simulator having many nozzles and a drop height of 11/2 

to 2 m in street test areas of about 5 by 10 m. Tests were conducted on concrete, new asphalt, and 
old asphalt, using simulated rain intensities of about 5 and 20 mm/hour. They collected and analyzed 
runoff samples every 15 min for about 2 hours for each test. Sartor and Boyd fitted their data to 
an exponential curve, assuming that the rate of particle removal of a given size is proportional to 
the street dirt loading and the constant rain intensity: 
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dN/dt = krN 

where: dN/dt = the change in street dirt loading per unit time 
k = proportionality constant 
r = rain intensity (in/hour) 

N = street dirt loading (lb/curb-mile) 

This equation, upon integration, becomes: 

N = Noe-krt 

where:  N = residual street dirt load (after the rain) 
No = initial street dirt load 

t = rain duration 

Street dirt washoff is therefore equal to No minus N. The variable combination rt, or rain intensity 
(in/h) times rain duration (h), is equal to total rain depth (R), in inches. This equation then further 
reduces to: 

N = Noe–kR 

Therefore, this equation is only sensitive to the total depth of the rain that has fallen since the 
beginning of the rain, and not rain intensity. Because of decreasing particulate supplies, the 
exponential washoff curve also predicts decreasing concentrations of particulates with time since 
the start of a constant rain (Alley 1980, 1981). 

The proportionality constant, k, was found by Sartor and Boyd to be slightly dependent on 
street texture and condition, but was independent of rain intensity and particle size. The value of 
this constant is usually taken as 0.18/mm, assuming that 90% of the particulates will be washed 
from a paved surface in 1 hour during a 13 mm/hour rain. However, Alley (1981) fitted this model 
to watershed outfall runoff data and found that the constant varied for different storms and pollutants 
for a single study area. Novotny (as part of Bannerman et al. 1983) also examined “before” and 
“after” rain event street particulate loading data from the Milwaukee Nationwide Urban Runoff 
Program (NURP) project and found almost a threefold difference between the constant value of k 
for fine (<45 µm) and medium-sized particles (100 to 250 µm). The calculated values were 
0.026/mm for the fine particles and 0.01/mm for the medium-sized particles, both much less than 
the “accepted” value of 0.18/mm. Jewell et al. (1980) also found large variations in outfall “fitted” 
constant values for different rains compared to the typical default value. Either the assumption of 
the high removal of particulates during the 13 mm/hour storm was incorrect or the equation cannot 
be fitted to outfall data (most likely, as this would require that all the particulates originate from 
homogeneous paved surfaces during all storm conditions). 

This washoff equation has been used in many stormwater models, along with an expression for 
an availability factor. An availability factor is needed, as No is only the portion of the total street 
load available for washoff. This availability factor (the fraction of the total street dirt loading 
available for washoff) is generally used as 1.0 for all rain intensities greater than about 18 mm/hour 
and reduces to about 0.10 for rains of 1 mm/hour. 

The Bellevue, WA, urban runoff project (Pitt 1985) included about 50 pairs of street dirt loading 
observations close to the beginnings and ends of rains. Very large reductions in street dirt loadings 
during rains were observed in Bellevue for the smallest particles, but the largest particles actually 
increased in loadings (due to deposited erosion materials originating from off-street areas). The 
particles were not source limited, but armor shielding may have been important. Most of the 
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particulates in the runoff were in the fine particle sizes (<63 µm). Very few particles greater than 
1000 µm were found in the washoff water. Care must be taken to not confuse street dirt particle 
size distributions with stormwater runoff particle size distributions. The stormwater particle size 
distributions are much more biased toward the smaller sizes, as described later. 

Washoff tests can be designed to investigate several important factors and interactions that may 
affect washoff of different sized particulates from impervious areas (Pitt 1987): 

• Street texture 
• Street dirt loading 
• Rain intensity 
• Rain duration 
• Rain volume 

Multiple parameters that may affect a process can be effectively evaluated using factorial tests 
as described by Box et al. (1978) and earlier in this chapter. As an example, the tests conducted 
by Pitt (1987) were arranged as an overlapping series of 23 factorial tests, one for each particle 
size and rain total, and were analyzed using factorial test procedures. Nonlinear analyses were also 
used to identify a set of equations to describe the resulting curve shapes. The differences between 
available and total loads were also related to the experimental factors. This experimental setup can 
be effectively repeated elsewhere, with possible adjustments in the levels used in the experiments 
to reflect local conditions. 

All tests were conducted for about 2 hours, with total rain volumes ranging from about 5 to 25 
mm. The test code explanations follow: 

Test Rain Street Dirt Street 
Code Intensity Loading Texture 

HCR High Clean Rough 
HDR High Dirty Rough 
LCR Light Clean Rough 
LDR Light Dirty Rough 
HCS High Clean Smooth 
HDS High Dirty Smooth 
LCS Light Clean Smooth 
LDS Light Dirty Smooth 

Unfortunately, the streets during the LDS (light rain intensity; dirty street; smooth texture) test 
were not as dirty as anticipated and actually replicated the LCS tests. The experimental analyses 
were modified to indicate these unanticipated duplicate observations. 

A simple artificial rain simulator was constructed using 12 lengths of “soaker” hose, sus
pended on a wooden framework about 1 m above the road surface (Figures 5.52 and 5.53). “Rain” 
was applied by connecting the hoses to a manifold having individual valves to adjust constant 

Figure 5.52 Washoff test site in Toronto. Figure 5.53. Runoff collection area for Toronto 
washoff tests. 
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Figure 5.54. Sprinklers at freeway washoff test site Figure 5.55 Sampler and rain gauge location at Aus
in Austin, TX. tin freeway washoff test site. 

rain intensities for the different areas. The manifold was in turn connected to a fire hydrant. The 
flow rate needed for each test was calculated based on the desired rain intensity and the area 
covered. The flow rates were carefully monitored by using a series of ball flow gauges before 
the manifold. The distributions of the test rains over the study areas were also monitored by 
placing about 20 small graduated cylinders over the area during the rains. In order to keep the 
drop sizes representative of sizes found during natural rains, the surface tension of the water 
drops hanging on the plastic soaker hoses was reduced by applying a light coating of Teflon 
spray to the hoses. 

A different washoff test site is shown in Figures 5.54 through 5.56, where large sprinklers 
were located along the side of a freeway in Austin, TX. The sprinklers rained water directly onto 
the freeway during traffic conditions to better represent the combined effect of rain and auto
induced turbulence. Unfortunately, in order to get “rain” over a substantial area of the freeway, 
the “rain intensity” was extremely high, supplying much more energy than was typical, even for 
extreme events. In addition, this setup, while useful in obtaining hard-to-get data, may also have 
imposed an unusually high accident risk to free
way users (although large amounts of publicity, 
signage, and available alternate routes were all 
used to reduce this risk). This semipermanent 
installation was also used to monitor runoff from 
natural rains for comparison. 

It was difficult to obtain even distributions of 
rain during the light rain tests in Toronto using 
the manifold, so a single hose was used that was 
manually moved back and forth over the test area 
during the smaller rain tests (three people took 
30-min shifts). To keep evaporation reasonable for 
the rain conditions, the test sites were also shaded 
during sunny days. Blank water samples were also 
obtained from the manifold for background resi
due analyses. The filterable residue of the “rain” 
water (about 185 mg/L) could cause substantial 
errors when calculating washoff. Figure 5.56. Sampler and flow monitoring equipment 

at Austin freeway washoff test site. 
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The areas studied were about 3 by 7 m each. The street side edges of the test areas were edged 
with plywood, about 30 cm in height and embedded in thick caulking, to direct the runoff toward 
the curbs with minimal leakage. All runoff was pumped continuously from downstream sumps 
(made of caulking and plastic sand bags) to graduated 1000-L Nalgene containers. The washoff 
samples were obtained from the pumped water going to the containers every 5 to 10 min at the 
beginning of the tests, and every 30 min near the end of the test. Final complete rinses of the test 
areas were also conducted (and sampled) at the tests’ conclusions to determine total loadings of 
the monitored constituents. 

The samples were analyzed for total residue, filtrate residue, and particulate residue. Runoff 
samples were also filtered through 0.4-µm filters and microscopically analyzed (using low power 
polarized light microscopes to differentiate between inorganic and organic debris) to determine 
particulate residue size distributions from about 1 to 500 µm. The runoff flow quantities were 
also carefully monitored to determine the magnitude of initial and total rainwater losses on 
impervious surfaces. 

These tests are different from the important early Sartor and Boyd (1972) washoff experiments 
in the following ways: 

• 	 They were organized in overlapping factorial experimental designs to identify the most important 
main factors and interactions. 

• 	Particle sizes were measured down to about 1 µm (in addition to particulate residue and filterable 
residue measurements). 

• 	The precipitation intensities were lower in order to better represent actual rain conditions of the 
upper Midwest. 

• Observations were made with more resolution at the beginning of the tests. 
• Washoff flow rates were frequently measured. 
• Emphasis was placed on total street loading, not just total available loading. 
• Bacteria population measurements were also periodically obtained. 

Sampling of Atmospheric Contributions 

Atmospheric processes affecting urban runoff pollutants include dry dustfall and precipitation 
quality. These have been monitored in many urban and rural areas. In many instances, however, 
the samples were combined as a bulk precipitation sample before processing. Automatic precipi
tation sampling equipment can distinguish between dry periods of fallout and precipitation. These 
devices cover and uncover appropriate collection jars exposed to the atmosphere. Much of this 
information has been collected as part of the Nationwide Urban Runoff Program (NURP) and the 
Atmospheric Deposition Program, both sponsored by the U.S. Environmental Protection Agency 
(EPA 1983a). 

One must be very careful in interpreting this information, however, because of the ability of 
many polluted dust and dirt particles to be resuspended and then redeposited within the urban 
area. In many cases, the atmospheric deposition measurements include material that previously 
resided and was measured in other urban runoff pollutant source areas. Also, only small amounts 
of the atmospheric deposition material would directly contribute to runoff. Rain is subjected to 
infiltration and the dry-fall particulates are most likely incorporated with surface soils and only 
small fractions are then eroded during rains. Therefore, mass balances and determinations of 
urban runoff deposition and accumulation from different source areas can be highly misleading, 
unless transfer of material between source areas and the effective yield of this material to the 
receiving water is considered. Depending on the land use, relatively little of the dustfall in urban 
areas likely contributes to stormwater discharges. The major exception would be dustfall directly 
on receiving waters. 

Dustfall and precipitation affect all of the major urban runoff source areas in an urban area. 
Dustfall, is typically not a major pollutant source, but fugitive dust is mostly a mechanism for 
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pollutant transport. Most of the dustfall monitored in an urban area is resuspended particulate matter 
from street surfaces or wind erosion products from vacant areas (Pitt 1979). Point source pollutant 
emissions can also significantly contribute to dustfall pollution, especially in industrial areas. 
Transported dust from regional agricultural activities can also significantly affect urban stormwater. 

Wind-transported materials are commonly called “dustfall.” Dustfall is normally measured by 
collecting dry samples, excluding rainfall and snowfall. If rainout and washout are included, one 
has a measure of total atmospheric fallout. This total atmospheric fallout is sometimes called “bulk 
precipitation.” Rainout removes contaminants from the atmosphere by condensation processes in 
clouds, while washout is the removal of contaminants by the falling rain. Therefore, precipitation 
can include natural contamination associated with condensation nuclei in addition to collecting 
atmospheric pollutants as the rain- or snowfalls. In some areas, the contaminant contribution by 
dry deposition is small, compared to the contribution by precipitation (Malmquist 1978). However, 
in heavily urbanized areas, dustfall can contribute more of an annual load than the wet precipitation, 
especially when dustfall includes resuspended materials. 

Much of the monitored atmospheric dustfall and precipitation would not reach the urban runoff 
receiving waters. The percentage of dry atmospheric deposition retained in a rural watershed was 
extensively monitored and modeled in Oakridge, TN (Barkdoll et al. 1977). They found that about 
98% of the lead in dry atmospheric deposits was retained in the watershed, along with about 95% 
of the cadmium, 85% of the copper, 60% of the chromium and magnesium, and 75% of the zinc 
and mercury. Therefore, if the dry deposition rates were added directly to the yields from other 
urban runoff pollutant sources, the resultant urban runoff loads would be very much overestimated. 

Rubin (1976) stated that resuspended urban particulates are returned to the earth’s surface and 
waters in four main ways: gravitational settling, impaction, precipitation, and washout. Gravitational 
settling, as dry deposition, returns most of the particles. This not only involves the settling of relatively 
large fly ash and soil particles, but also the settling of smaller particles that collide and coagulate. 
Rubin stated that particles that are less than 0.1 µm in diameter move randomly in the air and collide 
often with other particles. These small particles can grow rapidly by this coagulation process. They 
would soon be totally depleted in the air if they were not constantly replenished. Particles in the 0.1 
to 1.0 µm range are also removed primarily by coagulation. These larger particles grow more slowly 
than the smaller particles because they move less rapidly in the air, are somewhat less numerous, 
and, therefore, collide less often with other particles. Particles with diameters larger than 1 µm have 
appreciable settling velocities. Those particles about 10 µm in diameter can settle rapidly, although 
they can be kept airborne for extended periods and for long distances by atmospheric turbulence. 

The second important particulate removal process is impaction. Impaction of particles near the 
earth’s surface can occur on vegetation, rocks, and building surfaces. The third form of particulate 
removal from the atmosphere is precipitation, in the form of rain and snow. This is caused by the 
rainout process in which the particulates are removed in the cloud-forming process. The fourth 
important removal process is washout of the particulates below the clouds during the precipitation 
event. Therefore, it is easy to see that reentrained particles (especially from street surfaces, other 
paved surfaces, rooftops, and from soil erosion) in urban areas can be readily redeposited through 
these various processes, either close to the points of origin, or some distance away. 

Pitt (1979) monitored airborne concentrations of particulates near typical urban roads using 
Climat Particle Counters (Figure 5.57). He found that on a particle count basis, the downwind 
roadside particulate concentrations were about 10% greater than upwind conditions. About 80% 
of the concentration increases, by particle count, were associated with particles in the 0.5 to 1.0 
µm range. However, about 90% of the particle concentration increases by weight were associated 
with particles greater than 10 µm. He found that the rate of particulate resuspension from street 
surfaces increases when the streets are dirty (cleaned infrequently) and varied widely for different 
street and traffic conditions. The resuspension rates were calculated based upon observed long
term accumulation conditions on street surfaces for many different study area conditions, and varied 
from about 0.30 to 3.6 kg/curb-km (1 to 12 lb/curb-mile) of street per day. 
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Figure 5.57 	Hi-vol suspended particulate sampler, 
along with particle counters and wind 
velocity meters used to measure fugitive 
dust losses caused by traffic-induced tur
bulence and dirty roads in San Jose, CA, 
tests. 

Murphy (1975) described a Chicago study in which airborne particulate material within the city 
was microscopically examined, along with street surface particulates. The particulates from both of 
these areas were found to be similar (mostly limestone and quartz) indicating that the airborne 
particulates were most likely resuspended street surface particulates, or were from the same source. 
PEDCo (1977) found that the reentrained portion of the traffic-related particulate emissions (by 
weight) is an order of magnitude greater than the direct emissions accounted for by vehicle exhaust 
and tire wear. They also found that particulate resuspensions from a street are directly proportional 
to the traffic volume and that the suspended particulate concentrations near the streets are associated 
with relatively large particle sizes. The medium particle size found, by weight, was about 15 µm, 
with about 22% of the particulates occurring at sizes greater than 30 µm. These relatively large 
particle sizes resulted in substantial particulate fallout near the road. They found that about 15% of 
the resuspended particulates fall out within 10 m, 25% within 20 m, and 35% within 30 m from the 
street (by weight). In a similar study Cowherd et al. (1977) reported a wind erosion threshold value 
of about 5.8 m/s (13 mph). At this wind speed, or greater, significant dust and dirt losses from the 
road surface could result, even in the absence of traffic-induced turbulence. Rolfe and Reinbold 
(1977) also found that most of the particulate lead from automobile emissions settled out within 100 
m of roads. However, the automobile lead does widely disperse over a large area. They found, 
through multielemental analyses, that the settled outdoor dust collected at or near the curb was 
contaminated by automobile activity and originated from the streets. 

The experimental design and interpretation of atmospheric contributions must therefore be done 
carefully. Measurements can be obtained using numerous procedures, as summarized below: 

• 	Conventional air pollution monitoring equipment, especially hi-vol samplers for particulates. The 
captured particulates can be chemically analyzed for pollutants, especially heavy metals. 

• 	 Real-time air pollution monitoring equipment, such as nephelometers and particle counters (Figure 
5.57). These are especially useful for short-term measurements of resuspended particulates from 
nearby pavements to indicate turbulence effects from vehicles or natural winds. They are also 
useful for fugitive dust measurements from construction sites and can also be used to indicate the 
effects of vehicular traffic and wind losses from construction roads, etc. 

• 	Sticky paper fugitive dust samplers. These are simple upright cylinders about 10 cm in diameter 
and 20 cm in height that are carefully oriented to enable moderate- or long-term measurements 
of fugitive dust losses from specific directions. Simple measurements are made by comparing the 
color and tone of the exposed paper for different exposed directions to standards. The exposed 
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Figure 5.58 Wet-dry atmospheric deposition sam- Figure 5.59 Large surface area used to capture suf
pler in Bellevue, WA. ficient rain for chemical analyses in early 

San Jose, CA, tests. 

paper can also be examined under a microscope for more specific measurements and identification 
of particle characteristics. 

• 	Wet- and dry-fall automatic samplers (Figure 5.58). These were commonly used during the EPA’s 
NURP and Atmospheric Deposition Program and allow long-term sampling of dustfall during dry 
weather and rainwater during wet weather. A lid, connected to a moisture sensor, automatically 
moves to cover the appropriate sampling bucket. The collected samples are rinsed from the appro
priate buckets after the desired exposure periods and chemically analyzed. If a single bucket sampler 
is used (without the automatic lid), then the dry dustfall and the rainwater samples are combined 
in one sample for a bulk precipitation analysis. Evaporation of the rainwater sample and obvious 
chemical transformations occur in these samplers during the typically long-term exposures. These 
samplers are therefore most useful for evaluations for stable compounds (such as suspended solids 
and most heavy metals) and are not very suitable for nutrient, bacteria, or organic analyses. 

• 	Precipitation sampler. Because rainwater has little buffer capacity, short-term collections of rain
water are needed for many constituents (especially major ions, pH, and nutrients). However, in 
order to collect sufficient sample volume in a short period, a large collection area is needed. One 
simple solution is to construct a large collection area using a plastic tarp supported around its 
edges (Figure 5.59). The tarp is allowed to sag toward the center, where a weight surrounds a 
central hole that is located over an appropriate sample bottle. A tarp having about a 10 m2 surface 
area can collect several liters of rainwater in a few minutes during a relatively light rainfall. Of 
course, potential contamination of the sample is possible through the use of the tarp. For a 
semipermanent installation, it would be possible to construct a relatively large collection area using 
a piece of glass (being careful of joint materials), or a Teflon-coated surface could be used with 
fewer interferences than a plastic surface. See the earlier discussion on sample contamination 
potential from various materials. Many laboratory suppliers sell Teflon-coated sticky paper that is 
used for covering laboratory benches. It may be possible to use this material to cover a simple 
seamless rigid platform, having a central trough for rainwater collection. 

SEDIMENT AND PORE WATER SAMPLING 

Sediment Sampling Procedures 

As discussed previously, sediments act as sinks and sources of contaminants and have been 
implicated as the cause of beneficial use impairments, such as fish consumption advisories, at 
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numerous sites throughout North America. Sediments that should be targeted as potential problem 
sources during any receiving water assessment are the small-grained, depositional-type sediments 
in urban, industrial, and agricultural drainages. Stormwater discharges can cause metal and organic 
chemicals, nutrients, and pathogens to accumulate in depositional sediments. These contaminants 
then may enter groundwater or reenter surface waters for further transport, or contaminate resident 
organisms and the overlying food web (see also Chapter 6). Once stormwater flows subside, the 
influence of contaminated sediments on overlying water persists and even increases during low 
flow conditions. Even though the short-term BOD of stormwater is not very high (BOD5 of about 
25 mg/L), the long-term BOD (BOD90 of about 250 mg/L) is high and resulting accumulations of 
organic debris in urban streams create anaerobic sediment conditions (Pitt 1979). These depositional 
sediments will continue to degrade in quality as long as organic and contaminant loadings continue, 
resulting in replacement with pollution-tolerant benthic macroinvertebrates, such as midges and 
worms, and also degrade the fish community (Burton and Scott 1992). Assessing the role of 
sediments in beneficial use attainment and ecosystem health is a necessary aspect of a receiving 
water investigation. As noted previously, heavy metals and nutrient and organic toxicants are of 
most interest in urban stream sediments while nutrients and pesticides are of primary concern in 
agricultural waterways. Pathogens may be a problem in either urban or agricultural watersheds. 
Contaminated stream sediments likely impart the most important impairments to aquatic life in 
urban areas (after direct habitat destruction and frequent high flows) and may also in agricultural 
areas. Collecting and analyzing these sediments and their biota are therefore necessary to establish 
water quality and the sources of any degradation. 

In many ways, sampling and evaluating the quality of sediments is more difficult than water 

quality sampling. Though sediments vary less than waters on a temporal basis, they exhibit greater 

variation spatially, in a complex, semisolid, three-dimensional structure. Understanding and pre

serving this structure has tremendous ramifications in the assessment process. The surficial sediment 

layers that interface with overlying waters are the most dynamic and recent sediments, subject to 

resuspension and downstream deposition, oxidation, and rapid changes in quality based on overlying 

water conditions. As sediment depth increases, the biological communities and chemical conditions 

may change orders of magnitude over a millimeter to centimeter scale. This has been observed in 

oxygen-redox vertical gradients (Carlton and Klug 1990) and toxicity (horizontally and vertically) 

(Stemmer et al. 1990b). In addition to the high degree of heterogeneity often observed, maintaining 


sediment structure integrity is crucial when 

attempting to characterize the sample based on 

physical (e.g., redox potential, percent fines), 

chemical (e.g., metal speciation, nutrient concen

tration and speciation, volatile components), bio

logical (e.g., biotransformations, microbial

meiofaunal communities), and toxicity (e.g., con

taminant bioavailability) characteristics (ASTM 

1991b; Burton 1992b). Maintaining complete 

sediment integrity is nearly impossible since the 

very process of sample collection is disruptive

(Figure 5.60). There are effective methods, how

ever, by which to reduce this disruption (see also 

Chapter 6). The importance of maintaining sam

ple integrity depends on the type of problem and 

the data quality objectives (DQOs) of the study. 

Several guidance documents exist that address 


Figure 5.60 The fine-grained and muddy nature of 
sediment sampling in detail. The most compre

most urban sediments requires specific hensive and current guidance documents to date 
sediment sampling procedures. include ASTM 1994 and EPA 2001. 
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Disrupting the sensitive sediment environment is a major concern when collecting samples for 
toxicity studies, since the bioavailability and resulting toxicity can change significantly when in
place sediments are disturbed. An additional major concern is that the sediment depth sampled and 
chemically analyzed matches that being assessed for organism exposure (indigenous organisms 
and/or toxicity and bioaccumulation using surrogate species). Too often sediment grab samples are 
collected at unknown sediment depths (0 to 30 cm). The sediments are homogenized and then 
subsampled for chemical and physical analyses. Contaminant peaks occurring near the surface or 
deeper in the sediments may be diluted via the mixing process and then compared to biological 
effects. Resident benthic organisms are likely not being exposed to the same chemicals or concen
trations that result from this process. In addition, laboratory toxicity testing will yield results that 
may bear little resemblance to field conditions. Therefore, it is best to establish whether recent or 
historical contamination is a concern, sample the appropriate sediment depth, and match the 
chemical analyses with realistic organism exposures. 

A number of sampling-related factors can contribute to loss of the sediment sample’s original 
characteristics, including sampler-induced pressure waves, washout of fine-grained sediments dur
ing retrieval, compaction due to sampler wall friction, sampling vessel or person-induced distur
bance of surficial layers, disruption during subsampling or transport, oxidation, and temperature 
alterations. While it is impossible to remove all of these factors from routine assessments, reducing 
their influence increases the certainty that the data generated and resulting weight-of-evidence 
conclusions will be reliable. 

Choosing the most appropriate sediment sampler for a study will depend on the sediment’s 
characteristics, the volume and efficiency required, and the study’s objective (Tables 5.16 through 
5.18; Figures 5.61 through 5.63). Numerous sediment samplers are available. Two general categories 
include core samplers (which can obtain samples that can be analyzed by depth) and surface grab 
samplers (which only collect surface sediment). ASTM (1995) standard 4823 contains much 
information concerning core sampling in unconsolidated sediments that is applicable to urban 
streams. ASTM standard E 1391 also presents additional useful information concerning the sam
pling of sediment for toxicological testing. The preferred sampling method is to use core samplers 
whenever possible. However, they collect relatively little sediment and represent only a very small 
area. In addition, it may be difficult to retain samples in the samplers for retrieval in some types 
of bottom conditions (especially sandy sediment). 

Grab samplers only collect samples from the surface layers of the sediment (10 to 50 cm in 
depth, at maximum). They also greatly disturb the sediment that is being sampled. Common 
problems include shallow depth of penetration and presence of a shock wave that results in loss 
of the fine surface sediments. However, they are much easier to use than corers under a wide 
variety of conditions. A common grab sampler is the Ponar sampler (Figures 5.64 through 5.67). 
It comes in a standard size and a “petite” size that weighs substantially less and is more practical 
for urban streams. The Ponar sampler is useful for sand, silt, and clay sediments and can be used 
in relatively deep water or shallow waters. It has a flexible cover over a top screen that helps to 
minimize the loss of fines during sampling. Forestry Suppliers, Inc. (800-543-4203) sells a petite 
6" × 6" Wildco Ponar bottom dredge (catalog #77250 for about $450) and a larger 9" × 9" Wildco 
Ponar bottom dredge (catalog #77249 for about $800). The Peterson grab sampler is similar to 
the Ponar, but doesn’t have a screened top plate. It is heavy and is more suitable for deeper water 
and harder clay bottoms than the Ponar sampler. Because of its weight, it requires the use of a 
winch. Cole Parmer (800-323-4340) sells a Peterson dredge sampler (catalog #H-05472-00 for 
about $1000). An Ekman sampler is also commonly used in small urban streams and ponds, but 
is limited to sampling soft bottoms. Forestry Suppliers, Inc. sells a light 6" × 6" Wildco–Ekman 
bottom dredge (catalog #77251 for about $350, including line, messenger, and case). Cole Parmer 
also sells a larger 9" × 9" Ekman dredge (catalog #H-05470-10 for about $600). 

Dredge samplers that quantitatively sample surface sediments have been described (Grizzle and 
Stegner 1985). The depth profile of the sample may be lost in the removal of the sample from the 
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Table 5.16 Popular Sediment Samplers: Strengths and Weaknesses 

Sampler Strengths Weaknesses 

Hand and gravity corers 
0–30 cm depth 
0.1–1.5 L volume 

Freeze core sampler 
0–1 m depth 
1 L volume 

Box corer 
0–50 cm depth 
1–30 L volume 

Vibratory corers 
3–6 m depth 
6–13 L volume 

Ekman or box dredge 
0–10 cm depth 
Up to 3.5 L volume 

Ponar 
0–10 cm depth 
Up to 1 L volume (petite) 
Up to 7.5 volume (standard) 

Van Veen or Young Grab 
0–30 cm depth 
Up to 75 L volume 

Peterson 
0–30 cm depth 
Up to 9.5 L volume 

Orange-Peel 
0–30 cm depth 
10–20 L volume 

Shipek 
0–10 cm depth 
Up to 3 L volume 

Core Samplers 

Maintains sediment layering of 
inner core. Fine surficial 
sediments retained. Replicate 
samples efficiently obtained. 
Removable liners. Inert liners may 
be used. Quantitative sampling 
allowed. 

Maintains sediment layering of 
core. Fine sediments retained. 
Replicates samples efficiently 
obtained. Can be made of inert 
materials. 

Maintains sediment layering of 
large volume of sediment. Surficial 
fines retained relatively well. 
Quantitative sampling allowed. 

Samples deep sediments for 
historical analyses. Samples 
consolidated sediments. Minimal 
disturbance. May be used on 
small vessels. 

Grab Samplers 

Relatively large volume may be 
obtained. May be subsampled 
through lid. Lid design reduces 
loss of surficial sediments as 
compared to many dredges. 
Usable in moderately compacted 
sediments of varying grain sizes. 

Commonly used. Large volume 
obtained. Adequate on most 
substrates. Weight allows use in 
deep waters. 

Useful in deep waters and on most 
substrates. Young grab coated 
with inert polymer. Large volume 
obtained. 

Large volume obtained from most 
substrates in deep waters. 

Large volume obtained from most 
substrates. Efficient closure. 

Adequate on most substrates. 

Small sample volume. Liner 
removal required for repetitive 
sampling. Not suitable in large
grain or consolidated sediments. 
Spillage possible. 

Small sample volume. Freezing 
may disturb sediment. Uses liquid 
CO2 or dry ice for collecting 
sample. Requires several minutes 
to obtain each sample. May not 
collect large material. Not suitable 
for consolidated sediments. 

Size and weight require power 
winch, difficult to handle and 
transport. Not suitable in 
consolidated sediments. 

Expensive and requires winch. 
Outer core integrity slightly 
disrupted. 

Loss of fines may occur during 
sampling. Incomplete jaw closure 
occurs in large-grain sediments or 
with large debris. Sediment 
integrity disrupted. Not an inert 
surface. 

Loss of fines and sediment integrity 
occurs. Incomplete jaw closure 
occurs occasionally. Not an inert 
surface. 

Loss of fines and sediment integrity 
occurs. Incomplete jaw closure 
possible. Van Veen has metal 
surface.Young is expensive. Both 
may require winch. 

Loss of fines and sediment 
integrity. Not an inert surface. 
Incomplete jaw closure may occur. 
May require winch. 

Loss of fines and sediment 
integrity. Not an inert surface. 
Requires winch. 

Small volume. Loss of fines and 
sediment integrity. Not an inert 
surface. 

Modified from ASTM (American Society for Testing and Materials). Standard Guide for Collection, Storage, 
Characterization, and Manipulation of Sediments for Toxicological Testing. American Society for Testing and 
Materials, Philadelphia, Standard E 1391. 1991. 
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Table 5.17 Sediment and Interstitial Water Sampler Selection Guidelines 

1. Sediment grain size effects on sampler selection 
• Silt-clay = core, grab, or peeper* 
• Sand = grab or peeper 
• Cobble = peeper 

2. Sediment compacted: powered core 
3. Sediment vertical gradient must be maintained: core or peepers 
4. Sediment volumes 

Large volumes over small vertical gradients: dredge 
Small to moderate volumes: dredge, core, or peeper 

5. Optimal samplers, in order of maintaining original sediment characteristics: 
1. In situ peeper* 
2. In situ suction* 
3. Core 
4. Grab 
5. Dredge 

6. Optimal methods of collecting interstitial water (in order of preference, see Table 5.18) 
1. In situ peepers 
2. In situ suction (airstone or core-port) 
3. Centrifugation @ 10,000 × g (4°C) (without subsequent filtration) 
4. Centrifugation @ lower speeds 
5. Basal cup 
6. Squeezing or pressurization 
7. Suction or filtration 

* For interstitial water collection only. 

sampler. Dredge sampling promotes loss of not only fine sediments, but also water-soluble com
pounds and volatile organic compounds present in the sediment (ASTM 1991a). A comparison of 
sampler precision for macrobenthic purposes showed the Van Veen sampler to be the least precise; 
the most precise were the corers and Ekman dredge (Figures 5.68 and 5.69). The Smith–McIntyre 
and Van Veen samplers are more commonly used in marine studies, due to their weight. Shipek 
samplers are also used in marine investigations but may lose the top 2 to 3 cm of sediment fines 
from washout (Mudroch and MacKnight 1991). 

Many of the problems associated with dredge samplers are largely overcome with the corers. 
The best corers for most sediment studies are hand-held polytetrafluoroethylene plastic, high
density polyethylene, or glass corers (liners), or large box corers. Corer samplers can penetrate 
the sediment by several meters, but that is rarely necessary (or possible) in urban receiving water 
studies. Their most important advantage is that samples collected by corers can be separated by 
depth for analyses. However, conventional corer samplers are difficult to use in the highly variable 
bottom sediment conditions commonly found in urban streams. The freezing core samplers, 
described later, overcome many of the sample loss and disturbance problems associated with 
conventional corers. 

If used correctly, box corers can maintain the integrity of the sediment surface while collecting 
a sufficient depth for most toxicity studies. Conventional gravity corers may compress the 
sediment as evidenced by altered pore water alkalinity gradients, and box coring was superior 
for studies of in situ gradients (Lebel et al. 1982). The box core can be subcored or sectioned 
at specific depth intervals, as required by the study. Unfortunately, the box corer is large and 
cumbersome; thus, it is difficult to use and usually requires a lift capacity of 2000 to 3000 kg. 
Box cores typically require fine-grained sediments of at least a 30 cm depth. Other coring devices 
that have been used successfully include the percussion corer (Gilbert and Glew 1985), vibratory 
corers (Imperato 1987; Figure 5.70), and freeze corers (Pitt 1979; Spliethoff and Hemond 1996; 
Figures 5.71 and 5.72). 

When only chemical testing is to be conducted (that is, not toxicity testing), a useful type 
of corer sampler is the freezing core sampler. Sediments to be used for SOD, BOD, or toxicity 

RB-AR28552



318 STORMWATER EFFECTS HANDBOOK 

Table 5.18 Optimal Interstitial Water Collection Methods 

Sediment 
Depth Volume 

Device (cm) (cm3) Advantages Disadvantages 

Peeper  0.2–10 1–500 Most accurate method, reduced 
artifacts, no lab processing; 
relatively free of temperature, 
oxidation, and pressure effects; 
inexpensive and easy to 
construct; some selectivity 
possible on nature of sample via 
specific membranes, wide range 
of membrane/mesh pore sizes, 
and/or internal solutes or 
substrates. 

In situ 0.2–30 1–250 Reduced artifacts, gradient 
suction definition; shallow water (<60 m) 

air stone method ease; core 
method deployment may not 
require diving in deep water, 
rapid collection, no lab 
processing; closed system 
possible which prevents 
contamination; methods include 
air stone, syringes, probes, and 
cores. 

Centrifugation — Sampler dependent Most accurate of lab processing 
methods; allows anoxic/cold 
processing; large volumes; 
commonly used. 

Suction — Sampler dependent Use with all sediment types; may 
process in field; large volumes 
possible with some sediments; 
closed system possible. 

Squeezing — Sampler dependent Use with all sediment types; may 
process in field; large volumes 
possible with some. 

Deployment easiest by hand. in 
>0.6-m depth waters; allow hours 
to days for equilibration, which 
will vary with site and chamber; 
methods not standardized and 
used infrequently; some 
membranes such as 
dialysis/cellulose are subject to 
biofouling; must deoxygenate 
chamber and materials to 
prevent oxidation effects; some 
chambers only allow small 
sample volumes; care must be 
used on collection to prevent 
sample oxidation. 

Requires custom, nonstandard 
collection devices; small 
volumes; limited to softer 
sediments; core method may 
require diving for waters; 
methods used infrequently and 
by limited numbers of 
laboratories. 

Some chemical loss/alteration; 
results depend on centrifugation 
conditions; requires high-speed 
centrifuge; difficult with sandy 
sediments. 

Alteration of chemical 
characteristics may occur; 
increased loss of metals and 
organics; loss of vertical gradient 
resolution. 

Alteration of chemical 
characteristics may occur; 
increased loss of metals and 
organics; loss of vertical gradient 
resolution sediments. 

Note: 	 Incorporation of filtration into any of the collection methods may result in loss of metal and organic 
compounds. 

testing should not be frozen, as the bioavailability of nutrients and toxicants is altered. All of 
the freezing core samplers rely on CO2 (either as a liquid or a solid — dry ice). The use of CO2 

must be carefully evaluated and minimized in consideration of its role as a greenhouse gas. Pitt 
(1979) devised a freezing core sampler to collect profiles in sandy deposits of catchbasins that 
would also work well in shallow streams. This sampler was a 19-mm-diameter stainless steel 
tube, with a stainless steel point attached to one end. This was pushed into the sediment. A length 
of flexible 6 mm copper tubing was then inserted into the free end of the stainless probe (which 
is above the water depth), extending to the bottom of the stainless probe. The other end of the 
copper tubing was attached to a high-pressure hose and to a valve on a CO2 fire extinguisher. 
The fire extinguisher was modified with a valve in place of the standard squeeze release, and 
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SURFICIAL SAMPLE 

SOFT BOTTOM HARD BOTTOM 

Van Veen 

PONAR 

Peterson 

Birge-Ekman 

Van Veen 

PONAR 

Peterson 

Birge-Ekman 

Shipek 

TRIGGER 
MECHANISM 

Smith-McIntyre 

319 

Figure 5.61 Some recommended devices 
for collecting surficial sediments. (From 
EPA. Methods for Collection, Storage and 
Manipulation of Sediments for Chemical and 
Toxicological Analyses. Office of Water. U.S. 
Environmental Protection Agency. Washing
ton, D.C. In press.) 

with an internal “delivery” tube that extended to the bottom of the fire extinguisher. This enabled 
liquid CO2 to be delivered to the probe sampler, instead of gaseous CO2 from the top of the fire 
extinguisher tank (the fire extinguisher is kept upright during operation). The valve was opened 
slightly and a continuous flow of CO2 was delivered to the stainless steel probe (Figure 5.71). 
Care must be taken to turn off the flow of CO2 at the fire extinguisher if it appears that a jam 
has occurred inside the probe (such as from ice forming due to water inside the probe sampler). 
The vaporization of the liquid CO2 quickly chills the probe and freezes the sediment sample to 
the outside of the tube. In operation, the CO2 is allowed to flow for about 1 min, but this can 
be changed depending on specific conditions and desired sample thickness. The probe is then 
removed from the sediment (with the sediment frozen to the outside) after the CO2 flow is 
terminated and the copper tube is withdrawn. The probe with frozen sample is then laid on a 
stainless steel tray and the sample is removed by section and bottled separately, according to 
desired depth. A flame torch can be used to gently heat the probe uncovered by sample to allow 
the easier removal of the sample. It may be difficult to separate the sample into precise segments 
unless the sample is allowed to warm slightly first. 

Another version of a freezing core sampler suitable for deeper water use was described by 
Spliethoff and Hemond (1996). They developed two versions of core samplers using dry ice within 
a probe that was used to measure the history of heavy metal contamination in an urban lake. One 
sampler (Figure 5.72) was made of a 96-cm length of 7.6-cm-diameter aluminum tubing. The 
bottom half of the tube was cut away lengthwise, and a flat aluminum plate was welded to act as 
a freezing surface. Stabilizing fins were also attached, along with weights to control penetration. 
PVC was also used to insulate the sampler where sample was not wanted. The sampler nose piece 
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PROFILE SAMPLE 

SOFT BOTTOM HARD BOTTOM 

CLOSED 

VALVE SYSTEM 

OPEN 

Alpine Gravity 
corer 

PHLEGER 
VALVE 
SYSTEM 

Phleger corer 

Hand-coning 
device 

Kajak-Brinkhurst 
corer 

OPEN 

CLOSED 

BENTHOS VALVE 
SYSTEM 

Benthos Gravity 
corer 

Box corer 

Figure 5.62- Some recommended devices for obtaining sediment profiles. (From EPA. Methods for Collection, 
Storage and Manipulation of Sediments for Chemical and Toxicological Analyses. Office of Water. 
U.S. Environmental Protection Agency. Washington, D.C. In press.) 

Figure 5.63 Gravity and hand corers. Figure 5.64 Petite Ponar dredge. 
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Figure 5.65- Petite Ponar sediment dredge being 
lifted from water after sampling. 

Figure 5.67 Winch with Ponar dredge. 

Figure 5.69 Collecting sediment with an Ekman 

321 

Figure 5.66- Emptying Ponar sample into stainless 
steel sample pan. 

Figure 5.68 Hand-held corer and Ekman dredge. 

Figure 5.70 Shallow water vibratory core collection. 
dredge. 
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was of solid aluminum. A screw cap was fitted to 
the other end which had a vent hole drilled in it. 
Another sampler was also constructed by Spli
ethoff and Hemond that allowed longer samples 
to be obtained (also in Figure 5.72). This sampler 
was made using a 125-cm length of 7.6-cm
square Extren tubing (a fiberglass reinforced 
resin). One side of the square tubing was 
machined off and an aluminum plate was attached 
to act as a freezing surface. A point-shaped lead 
weight was attached to one end and a cap with 
gas relief valve was attached to the other end. 
They used a slurry of dry ice and denatured eth
anol to act as a coolant in both samplers. The 
samplers were dropped from the lake surface to 
test the penetration depth. The samplers were then 
retrieved, filled with the coolant mixture, and

Figure 5.71- Freezing core sampler venting CO2 used 
to sample catchbasin sediment in San dropped again. After about 15 min, the CO2 bub-
Jose, CA. bles reaching the lake surface subsided, and the 

corers were retrieved. The samplers were then 
cleaned of unfrozen sediment and filled with warm lake water to help in releasing the frozen sample 
from the sampler. The frozen samples were sealed in plastic wrap and transported to the lab in dry 
ice filled coolers where they were separated into segments for analysis. 

The above described freezing core samplers result in relatively undisturbed cores for analyses; 
plus they enable effective sampling in conditions where sample retention using conventional core 
samplers is difficult (unconsolidated coarse-textured sediment). 

RUBBER 

Figure 5.72 Freezing core 
samplers. (From Spliethoff, 
H.M. and H.F. Hemond. His
tory of toxic metal discharge 
to surface waters of the 
Aberjona watershed. Envi
ron. Sci. Tech., 30(1): 121. 
January 1996. Copyright 
1995 American Chemical 
Society. Reprinted with per
mission.) 
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ASTM (1995) in standard D 4823 describes many other types of core samplers. The most
common sampler is the open tube sampler with a core catcher. This sampler is commonly used in
shallow waters where it is manually pushed into the sediment. When the desired penetration depth
is reached, the sampler is carefully withdrawn. A leaf core catcher is commonly used to help retain
the sample in the corer (Figure 5.73). The leaves separate and fold against the inside walls of the
sampler when the corer penetrates the sediment. The leaves fold closed when the sampler is
withdrawn, holding the sample in the corer. Plastic liners are also commonly used inside the sampler,
simplifying core removal from the corer. The liners usually have plastic end caps that can be placed
on the liner ends, holding the cores inside until analyses. These conventional core samplers are
most effective with clayey sediments. Sandy sediments tend to easily wash out of most corers upon
retrieval, irrespective of the core catcher used. ASTM (1995) mentions excavating around a core
sampler and sliding a flat plate under the bottom of the corer before retrieval in shallow water to
capture most of the sample. Forestry Suppliers, Inc. sells the Wildco hand core sediment sampler
that is 2" in diameter and 20" long, made of stainless steel with a plastic core liner tube and eggshell
catcher (catalog #77258 for about $340). Extra plastic liners are also available (catalog # 77260)
for about $12 each. They also sell stainless steel liners and core catchers (catalog #77303 for the
stainless steel liner for about $70 each and catalog #77304 for the stainless steel eggshell sample
catcher for about $40 each).

Corer samplers also have limitations in some situations (ASTM 1991a). Most corers do not
work well in sandy sediments or in extremely soft (high water content) sediments; dredge samplers
or diver-collected material remain the only current alternatives. In general, corers collect less
sediment than dredge samplers that may provide inadequate quantities for some toxicity studies.
Small cores tend to increase bow (pressure) waves (disturbance of surface sediments) and com-
paction, thus altering the vertical profile. However, these corers provide better confidence limits
and spatial information when multiple cores are obtained (EPA 1983b; Elliott and Drake 1981).
As shown by Rutledge and Fleeger (1988) and others, care must be taken in subsampling from
core samples, since surface sediments might be disrupted even in hand-held core collection. They
recommend subsampling in situ or homogenizing core sections before subsampling. Slowing the
velocity of entry of coring equipment also reduces vertical disturbance. Samples are frequently of
a mixed depth, but a 2-cm sample is recommended and the most common depth obtained, although
depths up to 40 ft have been used in some dredging studies.

For dredging, remediation, and/or historical pollution studies, it is sometimes necessary to
obtain cores of depths up to several meters. This often requires the use of vibracores that are
somewhat destructive to sediment integrity but are often the only feasible alternative for deep or
hard sediment sampling (Figures 5.74 through 5.76). In most studies of sediment toxicity, it is
advantageous to subsample the inner core area (not contacting the sampler) since this area is most
likely to have maintained its integrity and depth profile and not be contaminated by the sampler.
Subsamples from the depositional layer of concern, for example, the top 1 or 2 cm, should be
collected with a nonreactive sampling tool, such as a polytetrafluoroethylene-lined calibration scoop

Figure 5.73 Leaf core catcher. (From American Society for Testing
and Materials). ASTM Standards on Environmental
Sampling. ASTM Pub Code No. 03-418095-38.
ASTM, Philadelphia. 1995. Copyright ASTM.
Reprinted with permission.)

LEAVES
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Figure 5.74 Vibratory core collection. Figure 5.75 Lowering vibratory corer. 

(Long and Buchman 1989). Subsamples are placed in a nonreactive container and mixed until 
texture and color appear uniform. Due to the large volume of sediment that is often needed for 
toxicity or bioaccumulation tests and chemical analyses, it might not be possible to use subsampled 
cores because of sample size limitations. In those situations, the investigator should be aware of 
the above considerations and their possible effect on test results as they relate to in situ conditions. 

Once sediment samples are collected, it is important, in most situations, to reduce the possibility 
of sediment oxidation. The majority of fine-grained sediments that are of concern in toxicity 
assessments are anaerobic below the top few millimeters (Carlton and Klug 1990), and any 
introduction of oxygen will likely alter the valence state of many ionic chemicals. This alteration 
may significantly change the bioavailability and toxicity of the sample. To protect sediments from 
oxygenation, the use of a glove box or bags with an inert gas supply for subsampling and processing, 
e.g., preparation of sediments for centrifugation, might be necessary. 

While coring is preferred for maintaining a sediment’s vertical integrity, care must be taken to 
reduce the possibility of spillage. Sediment cores should be stoppered immediately upon retrieval 

to prevent accidental loss of sediment. During all 
handling procedures, cores should be kept in an 
upright position as a general precaution against 
disturbance of the sediment. This is particularly 
important to prevent mixing of the uppermost part 
of the sediment column, which usually consists of 
very fine, soft, and unconsolidated material. The 
intact core samples (liners) should also be capped 
or stoppered and taped closed, secured in an 
upright position (e.g., rack), and labeled with 
appropriate information regarding sampling site, 
location, sample number and/or identification, 
time and date of collection, method of collection, 
and name or initials of the collector. When using 
clear plastic liners, the appearance of each sedi
ment core should be recorded prior to any sub
sampling, along with other descriptive features 
such as the length of the core, thickness of various 

Figure 5.76 Emptying vibratory corer. sediment units, occurrence of fauna, presence of 
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oil or noticeable odor, and sediment color, texture, 
and structure (Environment Canada 1994; 
Mudroch and Azcue 1995; Figure 5.77). 

Once samples are collected, some form of 
subsampling and/or compositing is often per
formed. Removal of a portion of the collected 
sediment from the grab sampler (i.e., subsam
pling) can be performed using a spoon or scoop 
made of inert, noncontaminating material (e.g., 
Teflon, titanium, or high-quality stainless steel). 
It is recommended when subsampling to exclude 
sediment that is in direct contact with the sides 
of the grab sampler as a general precaution 
against any potential contamination from the 
device. Each subsample may be placed into a 
separate clean, prelabeled container. As a general 
rule, each labeled sample container must be 
tightly sealed and the air excluded. However, if Figure 5.77 Vertical layers of a sliced core. 

the sample is to be frozen, it is advisable to leave 
a small amount of headspace in the container to accommodate expansion and avoid breakage. 

Compositing of core samples or subsamples, if necessary, can be done in the field or laboratory, 
such as by using a drill auger mixer shown in Figure 5.78. The quality of the core sample must be 
acceptable and only sediment depths with similar stratigraphy should be combined. Although there 
might be occasions when it is desirable to composite incremental core depths, it is recommended 
that only horizons of similar stratigraphy be composited. Depending on the study objectives and 
desired sampling resolution, individual horizons within a single core can be homogenized to create 
one or more depth composites for that core, or corresponding horizons from two or more cores 
might be composited. Thorough homogenization of the composite sample, by hand or using a 
mechanical mixer, is recommended prior to analysis or testing. 

The type of sediment characterization needed will depend on the study objectives and the 
contaminants of concern; however, a minimum set of parameters should be included which are 
known to influence toxicity and will aid data interpretation. At a minimum, the following physical 
and chemical characterization of sediment is rec
ommended: total solids (dry weight), total 
organic carbon (TOC), acid volatile sulfides 
(AVS) (when metals are of concern), ammonia, 
and grain size fractionation. The following 
parameters are also frequently useful in charac
terization and data interpretation of contaminant 
effects: pH, ORP (oxidation–reduction poten
tial), temperature, salinity-conductivity, hard
ness, total volatile solids (ash free weight), nitro
gen and phosphorus species, cation exchange 
activity (CEC), sediment or suspended solids 
biochemical oxygen demand (BOD), and/or 
chemical oxygen demand (COD). Many of the 
characterization methods have been based on 
analytical techniques for soils, wastewaters, and 
waters, and the literature should be consulted for 
further information (EPA 1977; Black 1965; Figure 5.78 Mixing sediment with a drill auger. 
USGS 1969; ASTM 1989; Page et al. 1982). 
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Interstitial Water and Hyporheic Zone Sampling 

Interstitial water (pore water) is defined as the water occupying space between sediment or soil 
particles and is often isolated to provide either a matrix for toxicity testing or provide an indication 
of the concentration and partitioning of contaminants within the sediment matrix. U.S. EPA sedi
ment quality criteria are based on the assumption that the primary route of exposure to benthic 
organisms is via the interstitial water (Di Toro et al. 1991). However, this route of exposure does 
not include uptake from ingestion of contaminated sediment particles. In addition, contaminants 
in interstitial waters can be transported into overlying waters through diffusion, bioturbation, and 
resuspension processes (Van Rees et al. 1991). The usefulness of interstitial water sampling for 
determining chemical contamination and/or toxicity will depend on the study objectives and nature 
of the sediments at the study site. Sediments that are either very large grain-sized (such as gravel 
or cobble) or hard, compacted clays will likely not have interstitial waters that are significantly 
contaminated. Therefore, sampling of interstitial waters should be restricted to sediments ranging 
from sandy to noncompacted clays. Interstitial waters from depositional zones containing smaller
sized sediments (clays) are usually the most contaminated. 

Frequently, surface waters and groundwaters intermix via upwelling or downwelling transition 
zones (TZ). The ecosystem associated with this transition zone is sometimes referred to as the 
hyporheic zone or hyporheous. It can be a very important zone for many reasons: provides essential 
habitat and refugia for micro-, meio-, and macrofauna or flora; affects contaminant attenuation, 
removal, or transport; cycles nutrients and carbon; and provides trophic links between the microbes 
and invertebrates and their macrofaunal predators (Duncan 1999). To date these zones have largely 
been ignored in environmental contaminant assessments and conceptual models, even though they 
are quite common. They provide a challenge in that their assessment requires collaboration of 
hydrogeologists, hydrologists, ecologists, chemists, and toxicologists. 

The biological and physicochemical conditions within the groundwater and surface water are 
different, and hence may affect the partitioning (e.g., bound or freely dissolved), mobility, and 
bioavailability of sediment-associated contaminants. For example, changes in pH may affect the 
binding of metals, whereas the rate and extent of microbial processing of sediment organic matter 
may affect the partitioning of persistent organic contaminants. Upwelling zones (where groundwater 
and interstitial water move up toward surface water) are generally anoxic, with low pH. Anaerobic 
microbial processes dominate and may include reductions, denitrification, ammonification, and 
methanogenesis. Dissolved organic carbon (DOC) is of low quality and species diversity is often 
quite low in upwelling zones. However, benthic consumers are attracted to this habitat. Downwelling 
zones (the downward movement of surface water into the stream bed) are generally higher in 
oxygen content and pH. Aerobic microbial processes such as oxidation and nitrification are dom
inant. DOC quality, species diversity, and productivity are high in downwelling habitats. The 
hydrological interface between upwelling groundwater and downwelling surface water within the 
stream bed contains large gradients for a variety of physicochemical parameters (e.g., temperature, 
dissolved oxygen, pH, and pE). Previous studies have shown that organic contaminant and metals 
concentrations can vary over several orders of magnitude (Benner 1995). 

There are several scenarios in which data on groundwater–surface water interactions would be 
useful in evaluations of the fate and dynamics of sediment contaminants and the in situ exposure of 
biota. Upwelling groundwater can affect benthos and surface water biota if either or both the ground
water and sediments are contaminated. Aqueous phase chemicals (e.g., freely dissolved, colloid
bound) in the upward flowing groundwater and/or the mobilization of sediment-bound contaminants 
by upwelling groundwater are the potential inputs to the surficial environs under these conditions. 
Downwelling surface water can affect benthic, hyporheic, and phreatic (groundwater-associated) biota 
if either or both the surface water and sediments are contaminated. Under such conditions, the potential 
exists for the transport of sediment contaminants to deep layers within the stream bed and the 
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contamination of groundwater by the downward-flowing contaminant load. We have observed this at 
sites contaminated by PCBs and chlorinated benzenes (Greenberg and Burton 1999). 

Selection of Measurement Methods for Interstitial Water 

Isolation of sediment interstitial water can be accomplished by a wide variety of methods, which 
can be grouped as laboratory or field (in situ) based. The common laboratory-based methods can 
be categorized as (1) centrifugation, (2) pressurization, or (3) suction. Field-based methods include 
suction and “peepers” (for reviews, see Adams et al. 1991; ASTM 1994; Burton et al. 2001; 
Environment Canada 1994). Peepers are small chambers with membrane or mesh walls, which are 
buried in sediments, and surrounding interstitial water then equilibrates within the chamber. Cham
bers are typically retrieved from 2 to 20 days after deployment. 

It is important to work with the analytical and toxicity testing laboratories to determine the 
least amount of sample needed, because of the difficulty of obtaining large amounts of interstitial 
water for analyses. As an example, the use of an anodic stripping voltammeter is suitable for direct 
analyses (undigested) of heavy metals in interstitial water using only about 5 mL of water for 
several metals (at least copper and lead) simultaneously, instead of about 50 mL typically required. 
Organic analyses may be conducted with about 250 mL of water, using the modified methods 
described in Chapter 6, instead of the typically required 1-L sample sizes, but with loss of sensitivity. 
The use of an automated water analyzer (such as the TrAAcs 2000 analyzer from Bran+Luebbe) 
can dramatically reduce the water volume needed for conventional nutrient analyses. Ion chroma
tography also requires only a very small amount of sample for complete cation and anion analyses. 
Microtox, from Azur Environmental, is also a very useful indicator of toxicity and requires only a 
very small amount of sample (about 1 mL). Bacteria tests can also be conducted using small sample 
volumes (using methods from IDEXX, Inc., for example), especially if the bacteria densities are 
high, as is likely in contaminated urban streams, allowing dilution of the samples. 

When relatively large volumes of water are required (such as 20 mL or greater), only grab and 
core sampling with subsequent centrifugation and sediment squeezing methods are typically used. 
Other methods such as suction and in situ samplers do not easily produce sufficient volumes for 
most required analyses. However, larger-sized peepers (500 mL volume) have been used for 
collecting samples for chemical analyses and for exposing test organisms in situ (Burton 1992a,b; 
Sarda and Burton 1995; see also Chapter 6). 

Most sediment collection and processing methods have been shown to alter interstitial water 
chemistry (e.g., Schults et al. 1992; Bufflap and Allen 1995a,b; Sarda and Burton 1995) and, 
therefore, can potentially alter contaminant bioavailability and toxicity. Some important interstitial 
water constituents, e.g., dissolved organic carbon, dimethylsulfide, ammonia, major cations, and 
trace metals can be significantly altered by the collection method (e.g., Martin and McCorkle 1993; 
Carignan et al. 1994; Bufflap and Allen 1995a,b; Sarda and Burton 1995). Increased sample 
handling associated with methods such as grab or core sampling and centrifugation, squeezing, or 
suction may cause significant increases in key constituents, such as ammonia, sulfide, and DOC 
concentrations, as compared to those collected via in situ “peepers” or core-port suction. Other 
constituents, such as salinity, dissolved inorganic carbon, sulfide, and sulfate, might not be affected 
by collection, providing oxidation is prevented. If sediments are anoxic, as most depositional 
sediments are, all steps involved in sample processing should be conducted in inert atmospheres 
or by limited contact with the atmosphere to prevent oxidation (and subsequent sorption/precipi
tation) of reduced species. When anoxic sediments are exposed to air, volatile sulfides will be lost 
which may increase the availability of sulfide-bound metals. In addition, iron and manganese 
oxyhydroxides are quickly formed which readily complex with trace metals, thus altering metals
related toxicity (e.g., Bray et al. 1973; Troup et al. 1974; Burton 1991). There is no need for 
maintaining anoxic processing conditions when the study objectives are concerned only with 
exposures to oxic sediments, or if target contaminants are unaffected by oxidation in short-term 
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toxicity or bioaccumulation testing. For example, often studies of dredged material toxicity do not 
consider ammonia-related toxicity, and oxidation is actually promoted to remove ammonia from 
overlying waters of the toxicity test beakers. 

Immediate collection and analysis of interstitial water is recommended since chemical changes 
might occur even when sediments are stored for short periods (e.g., 24 h) at in situ temperatures 
(Sarda and Burton 1995). Coagulation and precipitation of the humic material was noted when 
interstitial water was stored at 4°C for more than 1 week. Oxidation of reduced arsenic species in 
interstitial water of stored sediments was unaffected for up to 6 weeks when samples were acidified 
and kept near 0°C, without deoxygenation. When samples were not acidified, deoxygenation was 
necessary. Others have recommended interstitial waters be frozen after extraction, prior to toxicity 
testing, to prevent changes, but others have recommended against freezing samples that will undergo 
toxicity testing. The optimal collection method will depend upon the purpose of the sample (e.g., 
acidification for metal analysis and not toxicity testing), characteristics of the sediment, and the 
contaminants of concern. Sediments that are highly contaminated with strongly nonpolar organics 
(such as PCBs) are not likely to change in toxicity during storage. 

The conditions for isolation of interstitial waters by centrifugation have varied considerably. 
For toxicity testing, interstitial waters have been isolated over a range of centrifugal forces and 
temperature ranges (Ankley and Schubauer-Berigan 1994; Schults et al. 1992) with centrifuge 
bottles of various compositions. When centrifugation followed by filtration has been compared with 
in situ dialysis, higher speed centrifugation followed by filtration with 0.2 membrane filters has 
produced results that were more similar for metals and organic carbon. Centrifugation at low speeds 
or use of a larger pore size filtration membrane (e.g., 45 µm mesh) will result in retention of 
dissolved contaminants, colloidal materials, and aquatic bacteria in the pore water sample. High
speed centrifugation (e.g., 10,000 × g) is necessary to remove colloids and dispersible clays (Ankley 
and Schubauer-Berigan 1994). Typically, toxicity is reduced with high-speed centrifugation or 
filtration due to the removal of particle-associated contaminants (Ankley and Schubauer-Berigan 
1994; Schults et al. 1992; Bufflap and Allen 1995a). While the duration of the centrifugation has 
been variable, 30 min is relatively common. The temperature for the centrifugation should reflect 
the ambient temperature of collection to ensure that the equilibrium between particles and interstitial 
water is not shifted. 

Filtration through glass fiber or polycarbonate membranes may cause the loss of some dissolved 
metals and organics (Schults et al. 1992). If filtration is employed, a nonfiltered sample should also 
be tested for toxicity and contaminant concentrations. The effects of centrifugation speed, filtration, 
and oxic conditions on some chemical concentrations in interstitial waters have been well docu
mented (e.g., Ankley and Schubauer-Berigan 1994; Schults et al. 1992; Bufflap and Allen 1995b; 
Bray et al. 1973). It is recommended that, for routine toxicity testing of interstitial waters, sediments 
should be centrifuged at 10,000 × g for a 30-min period at 4°C. It is difficult to collect interstitial 
water from sediments that are predominantly coarse sand. A modified centrifuge bottle has been 
developed with an internal filter which can recover 75% of the interstitial water as compared to 25 
to 30% from squeezing. 

Polytetrafluoroethylene (PTF) bottles will collapse at 3000 g but have been used successfully 
up to 2500 g when filled to 80% of capacity. Isolation of interstitial water in this case should be 
at the temperature of collection, at a slower speed of 2500 × g for 30 min. This material will contain 
colloidal material as well as dissolved compounds. At low centrifugation speeds, without filtration, 
removal of the colloids may not be possible. The influence of dissolved and colloidal organic carbon 
may be estimated by measuring the organic carbon content. If small volumes of water are required 
for testing, higher speed centrifugation can be performed with glass tubes (up to 10,000 × g). If 
metal analysis of toxicity is not a concern, then high-speed centrifugation in stainless steel centrifuge 
tubes is an option. When working with samples contaminated with organics, efforts should be made 
to reduce sample exposure to light to reduce photo-related degradation or alteration of any poten
tially toxic compounds. This can be accomplished by using amber bottles and yellow lights. 
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Isolation of interstitial water by squeezing has 
been performed with a variety of procedures. In 
all cases, the interstitial water is passed through 
a filter that is a part of the apparatus. Filters have 
different sorptive capacities for different com
pounds. Numerous studies have shown filters 
reduce toxicity and contaminant concentrations 
by retaining contaminant-associated particles and 
also by contaminant sorption onto the filter 
matrix (Schults et al. 1992; Bray et al. 1973; 
Troup et al. 1974; Sasson-Brickson and Burton 
1991). The characteristics of filters and the filter
ing apparatus should be carefully considered. 
Squeezing has been shown to produce a number 
of artifacts due to shifts in equilibrium from pres
sure, temperature, and gradient changes (e.g., 
Schults et al. 1992; Troup et al. 1974; Mangels
dorf et al. 1969; Fanning and Pilson 1971; Figure 
5.79). Squeezing can affect the electrolyte con- Figure 5.79 Pore water squeezer — stainless steel 
centration in the interstitial water with a decrease with Teflon liner. 

near the end of the squeezing process. It is there
fore recommended that moderate pressures be used with electrolyte (conductivity) monitoring 
during extraction. Significant alterations to interstitial water composition occurred when squeezing 
was conducted at temperatures different from ambient (e.g., Mangelsdorf et al. 1969). Other sources 
of alteration of interstitial water when using the squeezing method are contamination from overlying 
water, internal mixing of interstitial water during extrusion, and solid-solution reactions as inter
stitial water is expressed through the overlying sediment. As interstitial waters are displaced into 
upper sediment zones, they come in contact with solids with which they are not in equilibrium. 
This intermixing causes solid-solution reactions to occur. The chemistry of the sample may be 
altered due to the fast kinetics (minutes to hours) of these reactions. Most interstitial water species 
are out of metastable equilibrium with overlying sediments and are rapidly transformed, as observed 
with ammonia and trace metals. Bollinger et al. found elevated levels of several ions and dissolved 
organic carbon in squeezed samples as compared to samples collected by peepers. The magnitude 
of the artifact will depend on the element, sediment characteristics, and redox potential. It is unlikely 
that reactive species gradients can be established via squeezing of sediment cores. 

Many studies have demonstrated the usefulness of in situ collection methods (e.g., Barnes 1973; 
Belzile et al. 1989; Bottomley and Bayly 1984; Buddensiek et al. 1990; Howes et al. 1985; Jahnke 
1988; Mayer 1976; Murray and Grundmanis 1980; Sayles et al. 1973; and Whiticar 1982). These 
methods of interstitial water collection are superior to more traditional methods in that they are 
less likely to alter the chemistry of the sample. The principal methods of interstitial water collection 
are through the use of peepers (e.g., Bufflap and Allen 1995a,b; Carignan 1984; Bottomley and 
Bayly 1984) or in situ suction techniques. These methods have the greatest likelihood of maintaining 
in situ conditions and have been used to sample dissolved gases (Sarda and Burton 1995) and 
volatile organic compounds. 

Suction using an aquarium air stone recovered up to 1500 mL from 4 L of sediment suctioned 
in an anoxic environment (Galli 1997). Hand vacuuming using an aquarium stone has shown to be 
an effective method of collecting interstitial water (Sarda and Burton 1995). The air stone is attached 
to a 50-mL syringe via plastic tubing. The stone is inserted in the sediment to the desired depth 
and then suction applied. Clogging of the air stone is a problem in some sediments; however, it is 
effective in most tested. The collection system can be purged of oxygen prior to leaving the 
laboratory. Ammonia concentrations in water obtained by this system were similar to those collected 
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Figure 5.80 	Disassembled small-volume, high-reso- Figure 5.81 Small-volume peeper assembly show
lution peepers. ing 75-mm nylon screening. 

with in situ peepers (Sarda and Burton 1995). Problems common to suction methods are loss of 
equilibration between the interstitial water and the solids, filter clogging, and oxidation. However, 
in situ suction or suction via core ports has been shown to accurately define small gradients of 
some sediment-associated compounds, including ammonia, the concentrations of which can change 
by an order of magnitude over a 1-cm depth interval. However, these small-scale suction methods 
may not provide an adequate volume for conducting most standard toxicity test procedures. 

Small-volume, high-resolution peepers, made by the University of Alabama at Birmingham, 
were designed for chemical and bacteriological analyses of interstitial water (Lalor and Pitt 1998). 
These peepers were made from Delrin and are about 10 to 15 cm wide and 45 to 60 cm long, with 
one end tapered to a point (Figures 5.80 through 5.83). The main body is made of 20-mm-thick 
stock and has numerous deep and wide slots (not cut through), spaced 1 cm apart, that hold about 
5 to 10 mL of water each. This common peeper design enables vertical stratification of pore water 
quality to be determined. However, because the water volume for each separate chamber is very 
small, special laboratory analysis procedures are needed that minimize water volume requirements. 
In order to collect larger volumes of water, these peepers are frequently placed in a cluster 
arrangement allowing compositing from similar depth slots from adjacent peepers. 

The slots should not extend any closer than about 20 mm from the edge, to prevent cracking 
of the thinner cover piece (common in peepers made from Plexiglas, for example). A nylon screen 
having 75-µm apertures is placed over this thick piece and is then covered with a thinner sheet of 

Figure 5.82 Peeper placement near shore in urban Figure 5.83 Ten replicate high-resolution peepers (to 
lake. obtain larger water composite samples). 
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Delrin that is 6 mm thick. This cover piece has identically located slots cut through the material 
and has countersunk holes matching tapped holes in the main body. For use, the cavities in the 
main body are filled with distilled or deionized water, covered with the nylon screen, and the two 
Delrin pieces are screwed together using plastic screws, sandwiching the nylon screen (Figures 
5.80 and 5.81). The unit is then pushed into the stream or lake sediment, gently pushing down on 
the unit until resistance prevents further penetration, leaving about five slots above the sedi
ment/water interface (Figure 5.82). The unit is left in place until equilibrium is established, and is 
then removed (several hours using the large aperture screening). The unit may require up to 2 
weeks for equilibrium to become established when using small aperture screenings (such as 0.45 
or 2 µm membrane filter material). A recent modification has added a thin stainless steel cover to 
the peeper that slides over the front slots to protect them while inserting or withdrawing the peepers 
in sediment. The cover is slid off after the peepers are pushed into the sediment to the appropriate 
depth. In addition, the water is extracted from the peeper wells after disassembling the units and 
carefully rolling back the nylon screening, instead of puncturing the screening and inserting a 
syringe for sample withdrawal. These modifications have significantly reduced the disturbance to 
the sediments when using the peepers and have reduced contamination of the sample water. 

The optimal equilibration time for in situ peepers is a function of membrane aperture, sediment 
type, contaminants of concern, and temperature. There are several artifact problems associated with 
peepers which use dialysis membranes. Total organic carbon may be elevated in peepers (4 to 8 
µm pore size) due to biogenic production; however, colloidal concentrations are lower than cen
trifuged samples. Cellulose membranes are unsuitable because they decompose too quickly. A 
variety of polymer materials have been used, some of which may be inappropriate for studies of 
certain nonpolar compounds. 

More recently, larger pore sized mesh has been used (Figures 5.84 through 5.87) which dra
matically shortens equilibration time (Fisher 1992; Sarda and Burton 1995), as illustrated in Figure 
5.88 during tests at UAB. In this test, 75-µm nylon screening was used on a peeper placed in a 
bucket of saline water (about 5.5 mS/cm). Every few minutes, the peeper was removed, and a 
syringe was used to remove water from an individual cell. This was then measured for conductivity. 

Water Sample Extraction 
Tubes 

Clamps Inlet Tube 

Mesh 
(40 µ) 

Sediment 

Mesh 
(40 µ) 

Figure 5.84 	Large-volume peeper with large aper- Figure 5.85 Withdrawing interstitial water sample 
ture mesh. (From Burton, G. A., Jr., Ed. from large-volume peeper. 
Sediment Toxicity Assessment. Lewis 
Publishers. Boca Raton, FL. 1992b. With 
permission.) 
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Figure 5.86 	Medium-volume peeper with large aper- Figure 5.87 Medium-volume peeper buried in sedi
ture mesh for water sampling. ment. 
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Figure 5.88 Equilibrium plots for 75-µm nylon screening in small-volume peeper. 

Effective equilibrium was reached after about 20 min. In comparison, Figure 5.89 is an equilibrium 
plot for a 0.22-µm polyethersulfone membrane filter used in a diffusion peeper (Easton 2000). This 
test was conducted in a small laboratory flume with water flowing about 1 ft/s. Saline water was 
placed in the peeper (about 18 mS/cm), and the flume water was regular tap water (about 200 
µS/cm). Samples were withdrawn from the peeper frequently at the beginning of the test, and at 
longer intervals later, and analyzed for conductivity. In this case, it required about 20 hours to reach 
equilibrium, although about 90% of the equilibrium was established at 10 hours. 

When using sampler peepers and 75-µm membrane material, we commonly leave the peepers 
in place for about 2 to 24 hours to ensure equilibrium. Solids that pass through the mesh tend to 
settle to the bottom of the peeper chamber. Long exposure times may be impractical due to security 
problems and high flows in streams. The samplers need to be taken to the laboratory where the water 
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Figure 5.89 	Equilibrium plot for 0.22-mm 
polyethersulfone membrane filter 
in diffusion peeper (From Easton, 
J. The Development of Pathogen 
Fate and Transport Parameters 
for Use in Assessing Health Risks 
Associated with Sewage Con/
tamination. Ph.D. dissertation, 
Department of Civil and Environ
mental Engineering, University of 
Alabama at Birmingham. 2000. 
With permission) 
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is immediately analyzed. It is also possible to remove the samples from the slots in the field (using 
a syringe and needle), transferring the water into sealed and full bottles (such as small VOC vials). 
Four or five high-resolution peepers located close together can provide a 20 to 50 mL composite 
sample of pore water in 1-cm depth increments for chemical analyses (as shown on Figure 5.83). 

When ionizable compounds, e.g., metals, are to be collected, it is important to preequilibrate 
the samplers with an inert atmosphere to avoid introducing oxygen into the sediments, thereby 
changing the equilibrium. Plastic samplers can contaminate anoxic sediments with diffusable 
oxygen and should be stored before testing in inert atmospheres (Carignan et al. 1994). In addition, 
when samples are collected and processed, they should also be kept under an inert atmosphere and 
processed quickly. Metals sampling of interstitial waters can be accomplished using a polyacryla
mide gel probe (Krom et al. 1994) More recently, semipermeable membrane devices (SPMDs) 
filled with a nonpolar sorbant have been used effectively to show potential for bioaccumulation of 
nonpolar organic compounds. 

Recently, test organisms have been exposed within peeper chambers where larger mesh sizes 
of 149 µm were used successfully in oxic sediments. Chambers can be buried several centimeters 
or in surficial sediment depending on the study objectives (Figures 5.90 and 5.91). Equilibration 
of conductivity was observed within hours of peeper insertion into the sediment (Fisher 1992). 
Replicate peepers revealed extreme heterogeneity in sediment interstitial water concentrations of 
ammonia and dissolved oxygen (Frazier et al. 1996; Sarda and Burton 1995; Sherman et al. 1994). 
Sediments that were high in clay and silt fractions usually were anoxic and did not allow for 
organism exposure in situ (Fisher 1992). 

The Birmingham SSO (sanitary sewer overflow) evaluation project is a recent example of the 
use of peepers with large apertures. Enterococcus, Escherichia coli, total coliform bacteria, Micro-

Figure 5.90 	Medium-volume peepers in situ with Figure 5.91 Surficial sediment chambers. 
sampling tubes exposed. 
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tox toxicity screening, heavy metals (copper and lead), major ions, and nutrients are being analyzed 
on most of the pore water samples by combining water from three adjacent 10-cm chambers, and 
by using five replicate peepers located close together. This allows a total of about 150 mL of water 
for analysis. The careful selection of test methods (and dilution of water for the bacteria analyses) 
allows a relatively comprehensive evaluation of pore water chemical and bacteriological conditions. 
Changes in pore water chemical and bacteriological quality for different depths can be used to 
calculate diffusion coefficients and kinetic rate coefficients. 

In situ and real-time chemical measurements of interstitial water are also possible using con
tinuously recording in situ water quality sondes. The University of Alabama at Birmingham is 
currently using YSI 6000 monitoring probes to continuously monitor interstitial water pH, ORP, 
conductivity, DO, and temperature in urban streams as part of an EPA-sponsored research project 
investigating SSO impacts. These instruments are capable of unattended operation for several weeks. 
The probe end of the instrument is wrapped with a nylon screen having 150-µm apertures. Equi
librium should be obtained within a few hours using this large aperture. The instrument can be 
placed vertically with the probe end buried several hundred mm in the sediment in slow-moving 
streams for short periods. The instrument is completely buried horizontally for longer periods or 
for higher flows. The use of a direct readout (hand-held readout from YSI, or a portable computer) 
is useful in determining equilibrium times during preliminary trials. The available turbidity probe 
is also used to indicate the effects of placement of the probe by measuring the exchange of water 
in the probe chamber. A similar unit placed simultaneously in the water column can be used to 
measure the lag time of any chemical changes (such as conductivity) in response to storm events 
and to directly determine diffusion coefficients. Of course, this method does not provide accurate 
vertical placement of the analytical results, but it is expected to be generally representative of near
surface conditions where most of the benthic organism activity occurs. These probes are extremely 
useful to illustrate the variation of these parameters with time, especially during wet weather events, 
and to measure the recovery of conditions after events. 

Mini-Piezometer Measurements of Pore Water Conditions 

Mini-piezometers (Lee and Cherry 1978) are useful tools because they allow for the detection 
of upwelling groundwater and downwelling surface water on a local scale (i.e., cm to m). Addi
tionally, these simple, inexpensive devices allow for samples of pore water to be withdrawn from 
desired depths within the stream bed for chemical analysis. Mini-piezometers are comprised of 
lengths of 1/8" ID plastic tubing that is perforated and screened with 300-µm mesh along the bottom 
5 cm (Figures 5.92 through 5.94). A nest is a group of mini-piezometers of different lengths attached 
to a 1-m dowel rod that will sample at desired levels beneath the sediment surface (e.g., 10, 25, 
50, 75, and 100 cm). Once piezometers are installed, they can be left in place indefinitely for 
repeated sampling and measurements. To detect areas of upwelling and downwelling, transects of 
nested mini-piezometers are installed in the riffle and pool areas of in situ test sites. Hydraulic 
heads (in cm) are determined by measuring the heights of water columns drawn simultaneously 
from the inserted mini-piezometer and overlying surface water into a manometer (Winter et al. 
1988; Figure 5.94). Relative to surface water, a positive or negative hydraulic head indicates an 
upwelling or downwelling zone, respectively. 

The hydrologic data from mini-piezometer pore water samples and hydraulic head measure
ments have improved our ability to interpret often complex exposure–effects relationships that 
result from in situ toxicity tests. We have found that contaminant concentrations in samples of 
sediments and pore water are not always predictive of in situ chamber (actual) exposure levels 
and observed effects in the test species. For example, in an in situ study of three sites in a stream 
system with similar levels of sediment contamination by chlorinated benzenes, one site was 
downwelling at all mini-piezometer nest locations and two sites had no net hydraulic pressure 
differences. Total chlorinated benzenes in water samples taken from the piezometer nests ranged 
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Figure 5.92 0Placement of mini-piezometers into sup- Figure 5.93 Placement of mini-piezometer array into 
port tubing. sediments via temporary support pipe. 

from 100 to 1300 µg/L at all sites. The highest concentrations generally occurred in piezometers 
installed 30 cm or deeper into the stream bed. Concentrations of total chlorinated benzenes in 
water samples taken from the chambers used during 4-day in situ exposures of Ceriodaphnia 
dubia, Hyalella azteca, and Chironomus tentans to surficial sediments were near 100 µg/L at 
the two no-exchange sites, whereas the level was only 3 µg/L at the downwelling site. Survival 
of all three test species was significantly higher at the downwelling site (>80%) than at the no
exchange sites (<20%). For C. dubia and H. azteca, survival between the downwelling and 
reference sites was not significantly different. It appears the downward flow of surface water 
through the sediments might have removed bioavailable contaminants in the surficial sediments 
to deeper zones within the stream bed (Greenberg and Burton 1999). However, this condition 
places transition zone species and groundwater resources at risk. 

Sediment chemists, toxicologists, and risk managers have primarily focused their research efforts 
and the development of sediment quality guidelines on the effects of contaminants on benthic and 
water column organisms associated with the surficial sediments (0 to 10 cm depth). Implicit in this 
approach is that the historical contamination buried beneath the top sediment bed layer is biologically 
unavailable and hence poses little to no ecological risk. However, deeper sediments (ca. 10 to 100 
cm depth), and more specifically sediments within the transition zone, serve important ecosystem 
functions and therefore may be sensitive to chem
ical perturbation. Vertical transport of dissolved or 
colloid-bound contaminants within the sediment 
interstices can potentially exert deleterious effects 
in the surficial sediments, surface water, or 
groundwater, or it can exacerbate preexisting 
degraded conditions. Therefore, ecosystem integ
rity can be more effectively evaluated if the scien
tific and regulatory community adopts a holistic 
approach to stream health that includes focusing 
on the transition zone. At the present time, we have 
begun to incorporate this added hydrologic per
spective in our in situ sediment toxicity research 
program through the use of mini-piezometers. 
Continuing this line of research by developing 
assessment tools capable of measuring biological Figure 5.94 0Field manometer connected to mini-pie

zometer to measure ver tical floweffects within the transition zone is the next step. through sediments. 
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Case Example 1. Sediment Sampling for Interstitial Pore Water 
in an Ice-Covered Lake 

A site was sampled in northern Minnesota in January which had depositional sediments (non
consolidated silts and clays) and was ice-covered with water depths of 50 to 60 ft. Site conditions 
prevented use of peeper sampling and no in situ core-port sampling equipment was available. The 
study design required collection of 30 L of sediment. Based on these restrictions, a Ponar grab 
sampler was most appropriate for sediment collection. 

Replicate Ponar grabs were collected through holes drilled in the ice and were deposited into 
a 20-L high-density polyethylene bucket and gently stirred to homogenize. Nitrogen gas was 
bubbled into any overlying water and added to the headspace prior to lid closure. Sediments were 
placed in ice chests at approximately 4°C and returned to the laboratory for processing. 

Interstitial waters were collected using centrifugation. Sediments were distributed to the 
appropriate type of centrifuge bottles under a nitrogen atmosphere and centrifuged at 10,000 × 
g at 4°C for 30 min. The supernatant was gently decanted under nitrogen atmosphere. Note: if 
solids are resuspended with the supernatant, a second centrifugation of the interstitial water 
should be conducted. The interstitial water from all bottles was combined under nitrogen and 
then split for chemical analyses and toxicity testing. Chemical samples were preserved and stored 
as appropriate. Toxicity testing was initiated within 48 hours, at which time the sample temper
ature was raised from 4°C to the required test temperature and dissolved oxygen checked to 
ensure adequate levels. 

Case Example 2. Shallow Stream with Contaminated Sediments 

A shallow stream in Ohio with sediment contamination was studied to develop site-specific 
sediment quality criteria. Site conditions allowed the placement of peeper samplers. The sediment 
depth of concern was from 0 to 5 cm. Peepers were constructed from high-density polyethylene 
bottles with 70- to 140-µm PTF mesh windows on the chamber walls, 1 to 5 cm from the top of 
the chamber (similar to Figure 5.84). Chambers were filled with sterile deionized water and placed 
in a nitrogen atmosphere for 24 to 48 hours prior to site placement. Five replicate (total volume 
approximately 2.5 L) chambers were placed at the site by removing a plug of sediment the size of 
the chamber, inserting the chamber and gently packing the sediment around the chamber so that 
only the lid was exposed. Equilibration time can be reduced and time series sampling of the 
interstitial water is possible by constructing an outlet tube into the chamber lid (Sarda and Burton 
1995). Degassed syringe samplers can then be attached to the outlet port and interstitial water 
removed without disturbing the peeper unit. Equilibration time with 140-µm mesh windows occurs 
within several hours. However, it may take days for the sediment gradients to reestablish adjacent 
to the chamber. Sampling of interstitial waters at the sediment surface (0 to 1 cm depth) is not 
readily feasible when large samples are required. However, toxicity may be determined on surficial 
sediment using in situ toxicity test chambers which expose organisms either directly to the sediments 
or via mesh barriers (Burton 1992a,b; see also Chapter 6). Microanalytical sampling of near-surface 
sediments is possible using narrow plate chamber designs (see reviews in Adams 1991, Burton 
1991, and above citations). Samples are returned to the laboratory on ice and then processed by 
the appropriate chemical and toxicity test methods. 

SUMMARY: BASIC SAMPLE COLLECTION METHODS 

This chapter presented methods to determine the needed sampling effort, including the number 
of samples and the number of sampling locations. These procedures can be utilized for many 
different conditions and situations, but some prior knowledge of the conditions to be monitored is 
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Table 5.19 General Sampling Guidelinesa 

Location 

1. Locate stations at sites representative of least and greatest impact from each pollutant source and for the 
total system, considering each ecosystem component (e.g., substrate, flow, biota). 

2. Sample depositional areas and critical habitats such as riffles and spawning areas. 
3. Collect replicate samples at each station which characterize the site spatially. 
4. Sample during baseflow and various stormflow conditions. 
5. Sample during different seasons. 
6. Sample during recovery periods (following storm events) noting different periods of disturbance (i.e., storm 

recurrence period). 
7. Note diurnal, weekly, monthly, and seasonal cycles of various ecosystem components-endpoints (e.g., DO, 

redox, tissue residues, toxicity, life stage). 

Type 

8. In areas where effects are uncertain, use a “weight-of-evidence” integrated approach (see Chapter 8). 
Characterize the inputs and receiving water system both physically (e.g., flow, solids, temperature, habitat) 
and chemically (e.g., oxygen, hardness, organics, metals). Measure key indigenous biological communities 
(indices), indicators (e.g., trout), and endpoints (e.g., fish abnormalities). Measure toxicity of effluents, 
waters, and sediments using sensitive and relevant species representing multiple levels of biological 
organization (e.g., fish, zooplankton, algae, benthic macroinvertebrates). In situ toxicity testing is the 
preferred approach. 

Method 

9. Process samples quickly (refrigerate and/or preserve immediately upon collection). 
10.Reduce sample manipulation whenever possible (e.g., mixing, sieving, aeration, filtration). 
11.Maintain sample integrity when possible (e.g., using core rather than grab [dredge] collection). 
12.Characterize key components of all sample replicates. 
13.Follow proper QA/QC practices. 

a All sampling issue decisions must be based on the study objectives and their associated data quality objectives. 

needed. A phased sampling approach is therefore recommended, allowing some information to be 
initially collected and used to make preliminary estimates of the sampling effort. Later sampling 
phases are then utilized to obtain the total amount of data expected to be needed. 

Descriptions of data quality objectives and associated QA/QC requirements are also given. The 
use of different sample blanks and other quality control samples are described, along with dealing 
with typical problems associated with detection limits. 

The main component of this chapter covers sampling methods, including water, source area, sedi
ment, and pore water sampling options. Numerous examples are given illustrating the use of the many 
sampling methods and approaches. There are few universal methods that can be used for all sampling 
activities, and much discretion and professional judgment is needed to select the most appropriate 
methods for any specific project. However, there are some general guidelines for sampling streams and 
lakes which should apply to most studies, as listed in Table 5.19. Each of the points listed in this table 
are also discussed in greater detail elsewhere in this handbook, especially in Chapter 6 and the appendices. 

There are a number of factors to consider when selecting a sampling site after preliminary 
surveys and design elements are completed. The selection factors and their relative importance are 
often study specific, but some general considerations do exist, as shown in Table 5.20. The factors 
that influence the representativeness of a sample are numerous and cross many disciplines, as do 
all ecosystem evaluations. Therefore, it is important to select sampling stations based on professional 
judgment(s) from an individual(s) with expertise in aquatic ecosystem assessments (hydrology, 
environmental chemistry, biosurveys, and ecotoxicology), taking into account spatial and temporal 
variation and the characteristics of base- and stormwater flow; habitat; pollutant loadings, fate and 
effects; aquatic communities; and sensitive indicator species. 

These same selection criteria should then be used to establish reference area sampling, if 
preexisting reference data are not available. The reference station (upstream), stream or lake, and 
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Table 5.20 Sampling Size Selection, Sampling Media, and Sampling Frequency Considerations 

Consideration Sample Influencing Factors 

Heterogeneity Ambient water, sediment effluent, runoff, 
biotic communities 

Pollutant sources Upstream-downstream, tributary mouths, 
sensitive habitats, dilution gradient, 
beneficial uses, “typical” habitats 

Beneficial uses “Beneficial” component (e.g., water supply, 
fishery, swimming) at critical areas 

Flow, mixing, depth, particle size 
distribution, land use patterns, runoff 
coefficients, season, life-cycle, behavior, 
patch dynamics, pollutant partitioning (fate) 

Pollutant partitioning (fate), mixing, loading 
characteristics, toxicity target species and 
endpoints, habitat complexity 

Above factors 

watershed should, ideally, have baseline characteristics identical to those of the test system when 
the pollutant problem (e.g., stormwater) being assessed is removed. However, since no two eco
systems are identical, this reference should be considered as a general benchmark from which to 
determine relative effect. 

The next chapter presents much detail and information on evaluating samples and conditions 
(flow, rainfall, soil, aesthetics, habitat, water, sediment, microorganisms, benthos, zooplankton, fish, 
and toxicity), heavily supported with case study examples. Chapter 7 discusses statistical evaluations 
of the data, and Chapter 8 discusses data interpretation. 
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“Things don’t turn up in this world until somebody turns them up.” 
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OVERVIEW 

Ecosystem Structure and Integrity, Chaos and Disturbance 

It is impossible to produce meaningful, representative, and reliable data to be used in decisions 
regarding the status of, or possible impacts to, the environment without first defining the environ
ment, critical receptors, influencing factors, and natural dynamics. This requires the measurement 
of many aspects of the watershed, as previously described in this book. Simplistic and rapid 
approaches are fine for initial assessments, but may fall short in providing understanding of the 
causes of the observed problems. Therefore, later phases of watershed assessment projects generally 
need to examine more detailed aspects of a study area in order to obtain a better understanding of 
possible interactions. As an example, the majority of studies dealing with aquatic toxicity have 
used surrogate species (or a small number of species) and have not attempted to investigate 
ecosystem interactions a priori, such as ecosystem energetics or stress–productivity–predation 
relationships. For example, surrogate responses have simply been quantified based on sample 
toxicity, and then effects have been extrapolated to in situ conditions. While these exercises might 
satisfy the study objectives of defining sample toxicity to the test species, they do little to document 
or define ecosystem disturbance. Ecological processes can be ignored, to a degree, when acute 
toxicity scenarios are studied, such as in sediments that are severely degraded. However, “significant 
cases of acute toxic effects have been encountered infrequently” (Chapman 1986), and the more 
common situations in which effects and zones of contamination are “gray” (Chapman 1986) dictate 
that natural and anthropogenic effects be separated. This cannot be done accurately without an 
understanding of ecosystem dynamics such as spatial and temporal variance of chemical, physical, 
and biological systems and their interactive processes. 

Community ecology in lotic and lentic systems has progressed substantially in recent years. 
“Biotic dynamics and interactions are intimately and inextricably linked to variation in abiotic 
factors” (Power et al. 1988), and lotic systems are not in equilibrium due to natural disturbances 

RB-AR28581



ECOSYSTEM COMPONENT CHARACTERIZATION 347 

which may occur frequently or infrequently (Resh et al. 1988). Disturbance can be defined as a 
discrete event that alters community structure and changes the physical environment and resource 
availability. These disturbances vary in type, frequency, and severity, both among and within 
ecoregions. The frequency and intensity of disturbances cannot be predicted (Resh et al. 1988). 
Intermediate levels of disturbance maximizes species richness (Resh et al. 1988). Equilibrium or 
steady-state conditions will tend to occur if disturbances are infrequent, thus excluding opportu
nistic species (Minshall 1988). In stream ecology, disturbance is the dominating organizing factor, 
having a “major impact on productivity, nutrient cycling and spiraling, and decomposition” (Resh 
et al. 1988). Disturbances such as storm events or the presence of toxicants can eliminate biota 
(Power et al. 1988). Recovery and succession of these systems between disturbances is typified 
by recurrent or divergent patterns (Pringle et al. 1988; Resh et al. 1988). Despite this inherent 
variability, benthic communities have been used effectively to classify community structure and 
functioning in aquatic ecosystems. 

Ecotones are defined as zones of transition between adjacent ecosystems. Disturbance plays a 
major role in determining the structure and dynamics of ecotones, such as stream bank riparian 
zones. High relief areas are less stable due to more frequent and diverse disturbances combined 
with complex topographic effects. Both fluvial and geomorphic processes influence vegetation 
development along stream and lake embankments (Decamps et al. 1990). 

The major role that natural and anthropogenic disturbances have on aquatic ecosystems increases 
the level of spatial and temporal variance. Spatial and temporal dimensions span 16 orders of 
magnitude in stream ecology (Minshall 1988; Pringle et al. 1988). Some suggest that spatial 
heterogeneity enhances the ability of an ecosystem to resist and recover after a disturbance (Fisher 
1990). Significant spatial variance in sediments is common (Stemmer et al. 1990). Each level of 
the system has different dimensions, has different variances associated with it, and is interacting 
simultaneously with other ecosystem levels and their respective dimensions and variances. This 
complex reality is difficult, if not impossible, to define accurately but must be considered in all 
assessments of water quality or ecosystem health. 

Orians (1980) stated that one of the greatest challenges in ecology (and ecotoxicology) is 
bridging the conceptual gap between micro- and macroecology. Aquatic systems can be considered 
as a mosaic of patches (Pringle et al. 1988). “A patch is a spatial unit that is determined by the 
organism and problems in question” (Pringle et al. 1988). The heterogeneous environment has 
highly clumped distributions (patches) of organisms whose spatial and temporal patterns and 
relationships change seasonally due to factors such as food (resource) patterns (Findlay 1981). 
These clumped distributions, therefore, pose severe sampling problems. The appropriate sampling 
scale will depend on the organism size, density, distribution, life cycle, and question being asked 
(Pringle et al. 1988), which, unfortunately, are often not considered. Aquatic ecosystems are open 
nonequilibrium systems (Carpenter et al. 1985; Pringle et al. 1988) where patches are in transitory 
steady state with other patches (Sheldon 1984). Many “ecosystems” are not independent units, and 
some processes (e.g., nutrient cycling) show no spatial threshold. That is, no one area bounds all 
processes, showing that ecosystems have both an open nature and are connected in many complex 
ways. Most aquatic organisms are aggregated at certain spatial scales and are random on other 
scales. In order to accurately determine total organism numbers and distribution patterns (patches) 
within and among sites, presampling should be conducted whereby the site is divided into quadrants, 
sampled, and coefficients of variation (standard deviation divided by the mean) determined. This 
will detect heterogeneity in density measurements (Westman 1985). Unfortunately, this level of 
accuracy is often beyond the resource capabilities of typical studies. Different life histories and 
variable interactions between species may prevent equilibrium (Carpenter et al. 1985). 

Ecosystems tend to restore balance (homeostasis or resilience). Diversity does not equate to 
integrity. Biological integrity may be defined as the ability of species to interact and maintain their 
structure and function in some self-regulating, homeostatic fashion (Westman 1985). The rate, 
manner, and extent of recovery following a disturbance is a measure of resilience. 
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The influence of storm events and watershed characteristics on chemical element dynamics is 
poorly understood, particularly because some are lumped into operationally defined units such as 
dissolved or total organic carbon. Significant heterogeneity (62 to 100%) has been observed between 
adjacent sediment cores in concentrations of organic matter, water, and total phosphorus (Downing 
and Roth 1988). Some heterogeneity is likely due to small-scale variations in bottom profiles. 

In stream benthic communities, hydraulics appear to be more important than substrate in 
determining distribution (Statzner et al. 1988). As in fish communities, populations will vary 
in type and number between pool and riffle areas. Most benthic macroinvertebrate testing occurs 
in riffle areas where continual flow exists and more types of organisms are present. Small-scale 
sampling is more likely to define benthic invertebrate patches than large-scale sampling, which 
homogenizes patchiness differences. The replicate number needed to obtain a given precision 
decreases with increased density and sample size, and the optimal sample size (considering 
cost and precision) depends on mean density (Morin 1985). 

Other important considerations in valid hazard assessments are contaminant interactions and 
subsequent distribution in the aquatic system via solids. Sediment contaminant data should be eval
uated based on grain size correction, which reduces the inert fractions (e.g., hydrates, sulfides, 
amorphous, and fine-grained organics). The most useful size fraction for contaminant assessments 
appears to be <63 µm (Håkanson 1984). This size fraction will tend to predominate in deposition 
areas and will play a major role in the transport, deposition, and resuspension of the fine-grained 
sediments. Particle diameters of suspended solids vary over two orders of magnitude and settling 
speeds in waters vary over four orders of magnitude (Gailani et al. 1991). Predicting transport is 
complicated by the lack of understanding of sizes and settling speeds, floc disaggregation due to shear, 
processes governing entrainment and deposition, and turbulence description (Gailani et al. 1991). 

When resuspension events occur, predicting metal remobilization may be possible in site
specific studies; however, remobilization is dependent on particle residence time in the water 
column, which varies between sites, storms, and systems. In most systems, however, remobilization 
of metals from resuspended sediments is likely to be insignificant due to the slow reaction rates 
(Kersten and Forstner 1987). 

Though resuspension effects appear limited if one considers the scavenging effects of solids, 
laboratory studies of bioturbation effects on contaminant movement and toxicity to planktonic 
species have shown otherwise. Bioturbation by benthic and epibenthic invertebrates occurs in many 
ways: by pumping pore water constituents out of the sediment into overlying waters; by injecting 
water into the sediment; by pumping particulates to the sediment-water interface; by depositing 
fecal pellets on the sediment surface; and by disrupting horizontal and vertical layering (Petr 1977). 

Given the above discussion on the complexities of aquatic ecosystems, it is evident that it is 
no longer adequate to simply study separate components of the ecosystem, such as planktonic 
species in water-only systems or chemical dynamics in a water-only or sediment slurry system. 
This “reductionist” approach is essential for defining processes, but does not provide an accurate 
picture of the component–ecosystem interactions and, in fact, may produce misleading results. 
Examples of this disparity are becoming increasingly obvious, particularly in the field of aquatic 
toxicology, as more “holistic” types of studies are published (Chapman et al. 1992). 

Sediments play a major role in ecosystem processes and ecosystem health (Chapman et al. 1992). 
Generally speaking, the surficial layer (upper few centimeters) is the active portion of the ecosystem, 
while deeper sediments are passive and more permanently “in-place.” These deeper layers are of interest 
as a historical record of ecosystem activity, but may also be reintroduced into the active portion of the 
ecosystem via dredging activities and severe storm or hydrogeological events. The usefulness of a 
sediment monitoring station as an indicator of contaminant presence is a function of the interactions 
between the change in contaminant net deposition rate, sediment accumulation rate, mixing zone depth 
and dynamics, sampling method and frequency, the type of laboratory method, and its precision and 
accuracy (Larsen and Jensen 1989). Sediments and soils typically exhibit more spatial variability from 
overlying waters but less temporal variation. This reality affects sampling design and statistical analyses. 
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This chapter describes a wide variety of tools that can be used for assessing the ecosystem and 
watershed physical characteristics because of the likely need to consider a broad range of assessment 
procedures. This chapter starts with discussions of rainfall and flow monitoring, as it is difficult to 
understand pollutant transport, fate, and effects without appreciating the physical movement of the 
water. The main sections of this chapter pertain to examinations of specific receiving water uses 
and associated ecosystem components: aesthetics and safety, habitat, water and sediment, micro
organisms, benthos, zooplankton, fish, and toxicity and bioaccumulation. 

FLOW AND RAINFALL MONITORING 

It is essential that there be an accurate description of the system’s hydrodynamics when assessing 
the effects of stormwater runoff on receiving waters. Flow represents the pollutant loading mech
anism, and its power and frequency of occurrence can degrade the physical habitat. One of the 
principal reasons there is a relatively poor understanding of stormwater runoff effects is because 
of the difficult logistics involved in measuring short-term, high-flow events quickly and accurately. 
Flow and rainfall monitoring are considered separately from other physical characteristics, which 
are discussed in the following section on habitat. The hydrology of the stream, reservoir, or lake 
which receives stormwater runoff is interrelated, directly and indirectly, with many other charac
teristics, such as substrate composition, temperature, suspended solids, channel morphology, and 
biological communities. Hydrology, as discussed here, is composed of flow, velocity, power, 
turbulence, mixing, sedimentation, and resuspension subcomponents. Each of these subcomponents 
is important to varying degrees depending on the site and study objectives, and each is relatively 
difficult to quantify accurately during storm events. 

As with other major ecosystem components, the storm event hydrodynamics of the receiving 
water must be evaluated based on references for comparison. References may include an upstream 
station, present day baseflow conditions, predevelopment conditions, and/or a least disturbed water
shed of similar natural characteristics (e.g., soil, topography, drainage area, stream order, stream 
substrate, biological communities). The assessment should attempt to characterize the hydrology of 
the system by defining the loading dynamics (i.e., magnitude, duration, frequency) and the receiving 
system response (e.g., flow, spatial-temporal patterns). The physical characterization of the loading 
and system response will dictate the chemical sampling from which to determine pollutant (stressor) 
loading dynamics and optimal stormwater control programs and associated remediation measures. 

The rate of stream discharge (flow) (Q) is a function of the channel cross-sectional area (A) 
and the mean velocity (V), which is usually expressed as cubic feet per second (cfs). So, Q = AV. 
Velocity is a function of runoff quantity, stream width, depth, and gradient, and channel roughness. 
Roughness is affected by channel sinuosity, substrate size, bottom topography, stream vegetation, 
debris, and other obstructions. Channelization increases velocity and also tends to make velocity 
more uniform (EPA 1983). Channelization practices, such as straightening, vegetation and debris 
removal, berming and leveeing, all increase drainage efficiency. These practices also produce 
sharper flow hydrographs, with much greater peak flow rates. The resulting higher flow rate and 
power increases the impact of storm events, including increased scour, erosion, bank cutting, 
sediment transport, flooding below the channelized section, reduced groundwater levels and stream 
dewatering, degraded habitat and water quality, promotion of land development, and lowered 
recreational values. Assessing channelization effects on habitat quality is discussed more fully in 
the following section on habitat. 

Stream staff gauges, which measure stream depth, may be used to indirectly measure flow 
through the use of a rating curve which shows the relationship between stream depth and flow rate. 
The rating curve is developed by making velocity measurements in a cross-sectional area of the 
stream channel where the channel morphology and flow patterns are simple. This is done over a 
range of flows so that the curve can be constructed. This is discussed in a following subsection. 
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Stream power is the rate of potential energy expenditure per unit weight of water in a channel 
and is calculated as: 

∆Y ∆X ∆Y
SP = = 

∆t ∆t ∆X 
= VSf 

where SP = stream power (ft-lbs/lb H2O/s) 
t = time (s) 

V = velocity (ft/s) 

Sf = stream friction slope (ft/ft) (energy gradient) 

Y = energy grade line elevation above a point, equivalent to potential energy (ft


lb)/lb/H2O) = water surface elevation and velocity head (V2/2g) 
X = longitudinal distance 
g = gravitational constant 

Stream power can be used to estimate the energy available for sediment transport. This energy can 
be reduced by other habitat factors (e.g., bank and substrate stability, vegetation, or surface erosion). 

“Time of passage” has been recommended as a parameter of pollutant movement through a 
stream more useful than the kinematic wave velocity that is typically used in hydrograph routing 
calculations (Velz 1970). The distinction is that the kinematic wave (hydrograph crest) moves faster 
than the waste in the body of water, particularly in large, deep water systems. Time of passage (as 
seconds or days) is based on the average flow rates that are measured when using current meters. 
It is determined by dividing the occupied channel volume (from cross-sectional area) (as cubic 
feet) by the runoff (from drainage area and yield) (as cfs). 

Flow Requirements for Aquatic Biota 

A popular evaluation tool for evaluating flow effects on aquatic communities was published by 
Tennant (1976). He found the following in 11 streams of three western states: 

• Changes in habitat were similar among streams with similar flow regimes. 
• A depth of at least 0.3 m and velocity of at least 0.75 ft/s were required for most fish. 
• Thirty percent of the annual flow provided good habitat. 
• Sixty percent of the annual flow provided outstanding habitat. 

Stream velocity plays a major role in determining the composition of benthic communities (Cum
mins 1975): invertebrate drift increases as the velocity increases (Minshall and Winger 1968; Walton 
1977; Zimmer 1977). 

The U.S. Fish and Wildlife Service developed the Instream Flow Incremental Methodology 
(IFIM) computer program to evaluate changes in aquatic life from alteration of channel morphology, 
water quality, and hydraulic components. Each species has a range of habitat (including flow) 
conditions it can tolerate, which can be defined (or is defined) for the species, as can stream 
conditions. IFIM simulates hydraulic conditions — habitat availability for a species and size class, 
or usable waters for a particular recreational activity. This is done through use of the Physical 
Habitat Simulation Model (PHABSIM), which relates changes in flow and channel structure to 
changes in physical habitat availability. 

The basic steps in the IFIM can be summarized by the following: 

• 	Project scoping — Define objectives for the delineation of study area boundaries, determine the 
species, and define their life history, food types, water quality tolerances, and microhabitat. 

• 	Study reach and site selection — Identify and delineate critical reaches to be sampled, delineate 
major changes and transition zones and the distribution of the evaluation species. 
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• 	Data collection — Transects are selected to adequately characterize the hydraulic and in-stream 
habitat conditions. Data gathering must be compatible with IFIH computer models. 

• Computer simulation — Reduce field data and input into programs described above. 
•	 Interpretation — The output is expressed as the Weighted Usable Area (WUA), a discrete value 

for each representative and critical study reach, for each life stage and species, and for each 
flow regime. 

For further information on IFIM and PHABSIM, consult A Guidance to Stream Habitat Analysis 
Using the Instream Flow Incremental Methodology. U.S. FWS/OBS-82/26, June 1982. 

Urban Hydrology 

Basic watershed characteristics need to be known in order to understand stream flow conditions. 
These include topography (watershed divide plus stream and land slopes), drainage efficiency 
(stream orders and types of artificial drainage systems), and, to a lesser extent in urban areas, soil 
characteristics (disturbed or compacted, age since development, type of ground cover, soil texture, 
etc.). It is important that characteristics throughout the watershed be evaluated when studying 
streams. Looking only at characteristics adjacent to the stream is very misleading, as urban drainage 
systems are very efficient transporting systems, capable of carrying water and pollutants to the 
stream from locations far away. These topics are beyond the scope of this book, but several good 
books are available that describe urban hydrology and associated drainage design (including 
McCuen 1989; WEF and ASCE 1992; Debo and Reese 1995; and Wanielista et al. 1997). 

Urban hydrology can be used to divide rain into different major categories, each reflecting 
distinct portions of the long-term rainfall record (Pitt et al. 1999). When monitoring runoff, it is 
therefore important to include a sampling effort that represents each of these categories. All too 
often, the small rains are not sampled because of misunderstandings of their significance. It is easy 
to ignore these small events, considering the problems that occur when trying to program automatic 
sampling equipment. However, small events are extremely important when conducting a receiving 
water investigation. As an example, consider the following rainfall and runoff data for Milwaukee, 
WI, what were obtained during the Nationwide Urban Runoff Program (EPA 1983). Figure 6.1 
shows measured rain and runoff distributions for Milwaukee during the 1981 NURP monitored 
rain year. Rains between 0.05 and 5 in were monitored during this period. Two very large events 
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Figure 6.1 	 Milwaukee rain and runoff distri
butions. 
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(greater than 3 in) occurred during this monitoring period, which greatly bias this distribution, 
compared to typical rain years. The following observations are evident: 

• The median rain depth was about 0.3 in. 
• 66% of all Milwaukee rains are less than 0.5 in in depth. 
• 	For the medium-density residential area, 50% of the runoff was associated with rains less than 

0.75 in for Milwaukee. 
• Observable runoff occurred with rain as small as 0.05 in in depth. 

In addition, a 100-year, 24-hour rain of 5.6 in for Milwaukee could produce about 15% of the 
typical annual runoff volume, but it only contributes about 0.15% of the average annual runoff 
volume, when amortized over 100 years. Typical 25-year drainage design storms (4.4 in in Mil
waukee) produce about 12.5% of typical annual runoff volume but only about 0.5% of the average 
runoff volume. 

Figure 6.2 shows measured Milwaukee pollutant discharges associated with different rain depths 
for a monitored medium-density residential area. Suspended solids, COD, lead, and phosphate 
discharges are seen to closely follow the runoff distribution shown in Figure 6.1. Therefore, the 
concentrations of most runoff pollutants do not vary significantly for runoff events associated with 
different rain depths. 

The monitored rains at this Milwaukee medium-density residential location can be divided into 
four categories: 

•	 <0.5 inch. These rains account for most of the events, but little of the runoff volume. They produce 
much less pollutant mass discharge and probably have fewer receiving water effects than other rains. 
However, the runoff pollutant concentrations likely exceed regulatory standards for several categories 
of critical pollutants, especially bacteria and some total recoverable metals. They also cause large 
numbers of overflow events in uncontrolled combined sewers. These rains are very common, occur
ring once or twice a week (accounting for about 60% of the total rainfall events and about 45% of 
the total runoff events that occurred), but they only account for about 20% of the annual runoff and 
pollutant discharges. Rains less than about 0.05 in did not produce noticeable runoff. 

• 	0.5 to 1.5 inches. These rains account for the majority of the runoff volume (about 50% of the 
annual volume for this Milwaukee example) and produce moderate to high flows. They account 
for about 35% of the annual rain events, and about 20% of the annual runoff events. These rains 

Figure 6.2 	 Milwaukee pollutant discharge 
distributions. 
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occur on the average about every 2 weeks from spring to fall and subject the receiving waters to 
frequent high pollutant loads and moderate to high flows. 

• 1.5 to 3 inches. These rains produce the most damaging flows, from a habitat destruction standpoint, 
and occur every several months (at least once or twice a year). These recurring high flows, which 
were historically associated with much less frequent rains, establish the energy gradient of the 
stream and cause unstable stream banks. Only about 2% of the rains are in this category, and they 
are responsible for about 10% of the annual runoff and pollutant discharges. Typical storm drainage 
design events fall in the upper portion of this category. 

• 	>3 inches. The smallest rains in this category are included in design storms used for drainage 
systems in Milwaukee. These rains occur only rarely (once every several years to once every 
several decades, or even less frequently) and produce extremely large flows. The monitoring period 
during the Milwaukee NURP program was unusual in that two of these events occurred. Less than 
2% of the rains were in this category (typically <<1%), and they produced about 15% of the annual 
runoff quantity and pollutant discharges. During a “normal” period, these rains would produce 
only a very small fraction of the annual average discharges. However, when they do occur, great 
property and receiving water damage results. Receiving waters can conceivably recover naturally 
from this damage (mostly associated with habitat destruction, sediment scouring, and the flushing 
of organisms great distances downstream and out of the system) and return to before-storm 
conditions within a few years, depending on riparian vegetation growth rates and nearby “reservoir 
or refugia” areas for aquatic organisms. 

The above specific rain values are given for Milwaukee, WI, selected because of the occurrence 
of two very rare rains during an actual monitoring period. Obviously, the critical values defining 
the design storm regions would be highly dependent on local rain and development conditions. 
Computer modeling analyses from 24 urban locations from throughout the United States were 
conducted by Pitt et al. (1999) to examine these patterns nationwide. These locations represent 
most of the major river basins and much of the rainfall variations in the country. These simulations 
were based on 5 to 10 years of rainfall records, usually containing about 500 individual rains each. 
The rainfall records were from certified NOAA weather stations and were obtained from CD-ROMs 
distributed by EarthInfo of Boulder, CO. Hourly rainfall depths for the indicated periods were 
downloaded from the CD-ROMs into an Excel spreadsheet. This file was then read by a utility 
program included in the Source Loading and Management Model (SLAMM) package (Pitt and 
Voorhees 1995). This rainfall file utility combined adjacent hourly rainfall values into individual 
rains, based on user selections (at least 6 hours of no rain was used as the criterion to separate 
adjacent rain events and all rain depths were used, with the exception of the “trace” values that 
were <0.01 in). These rain files for each city were then used in SLAMM for typical medium-density 
and strip commercial developments. SLAMM utilizes unique prediction methods that were espe
cially developed by Pitt (1987) to accurately predict runoff during these small rains. Conventional 
runoff prediction methods are based on drainage design storms (of several inches in depth) and are 
not accurate when predicting runoff during small rains. 

Table 6.1 summarizes these rain and runoff distributions for these different U.S. locations. 
Lower and upper runoff distribution breakpoints were identified on all of the individual distributions. 
The breakpoints separate the distributions into the following three general categories (similar to 
the regions identified for the Milwaukee rains): 

•	 Less than lower breakpoint: small, but frequent rains. These generally account for 50 to 70% of all 
rain events (by number), but only produce about 10 to 20% of the runoff volume. The rain depth for 
this breakpoint ranges from about 0.10 in in the arid Southwest, to about 0.5 in in the wet Southeast. 
These events are most important because of their frequencies, not because of their mass discharges. 
They are therefore of great interest where water quality violations associated with urban stormwater 
occur. This would be most common for bacteria (especially fecal coliforms) and for total recoverable 
heavy metals, which typically exceed receiving water numeric criteria during practically every rain 
event in heavily urbanized drainages having separate stormwater drainage systems. 
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Breakpoints 

Percentage 

Between 

of Rain 
Events 

47 
39 

35 

38 

35 

35 
28 
30 

34 

27 

34 

34 
34 

34 

Breakpoints 

Percentage 
of Runoff 

Between 
Volume 

80–82 
84–85 

85–88 

85–87 

81–83 

82–83 

78–80 

80–82 

83–85 

86–88 
80–83 

80–82 

85 

78 

Volume Less 
Than Upper 

Percentage 

Breakpoint 

of Runoff 

89–93 
92–96 

92–98 

93–95 

94–98 

89–93 
91–95 
92–96 

88–93 

88–94 

94–96 

97–99 
89–95 

90–95 

Rainfall and Runoff Distribution Characteristics for Different Locations from Throughout the U.S. (Pitt, et al. 1999) 

Events Less 
Than Upper 

Percentage 

Breakpoint 

of Rain 

99 
99 

99 

99 

99 

99 
99 
99 

99 

99 

99 

99 
99 

99 

Rain Depth 
Breakpoint 

Upper 

0.91 

(in) 

3.4 

3.5 

1.7 

2.3 

1.6 
1.8 
1.9 

3.0 

6.0 

2.8 

3.5 
2.5 

2.8 

Volume Less 
Than Lower 

Percentage 

Breakpoint 

of Runoff 

9–11 
8–11 

7–10 

8–10 

9–12 

8–10 
13–17 
10–13 

10–13 

8–12 

9–13 

9–13 
9–12 

10–13 

Events Less 
Than Lower 

Percentage 

Breakpoint 

of Rain 

52 
60 

64 

61 

64 

64 
71 
69 

65 

72 

65 

65 
65 

65 

Rain Depth 
Breakpoint 

Lower 

0.10 
0.18 

0.29 

0.10 

0.19 

0.12 
0.19 
0.15 

0.31 

0.50 

0.22 

0.23 
0.25 

0.31 

(in) 

with Median 

Rain Depth 
Associated 

0.30–0.35 
0.62–0.80 

0.35–0.41 

0.55–0.68 

0.55–0.60 
0.50–0.60 
0.50–0.55 

0.78–0.98 

Depth (in) 

1.2–1.5 

1.1–1.4 

1.4–1.8 

0.73–1.0 

0.9–1.1 

1.0–1.2 

Runoff 

Corresponding 

Runoff for the 
Percentage of 

Median Rain 
Depth 

3–5 
4–6 

3–5 

3–5 

4–6 

2–4 
2–4 
2–4 

2–5 

2–3 

3–5 

3–5 
2–4 

4–6 

Median Rain 

Count (in) 
Depth, by 

Columbia North Pacific 
0.07 
0.12 

0.18 

0.07 

0.10 

0.06 
0.08 
0.06 

0.13 

0.14 

0.11 

0.12 
0.12 

0.14 

Arkansas-White-Red 

Upper Mississippi 

Lower Colorado 

Table 6.1 

Boise, ID 
Seattle, WA 
California 
Los Angeles, 
CA 

Great Basin 
Reno, NV 

Phoenix, AZ 
Missouri 
Billings, MT 
Denver, CO 
Rapid City, 
SD 

Wichita, KS 
Texas Gulf 
Austin, TX 

Minneapolis, 
MN 

Madison, WI 
Milwaukee, 
WI 

St. Louis, MO 
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Great Lakes 
Detroit, MI 0.20 7–11 0.72–0.81 0.20 50 7–11 2.4 99 92–95 85–84 49 
Buffalo, NY 0.11 2–4 0.61–0.72 0.12 64 8–12 2.1 99 88–93 80–81 35 
Ohio 
Columbus, 0.12 3–5 0.80–1.0 0.22 63 8–12 2.2 99 85–91 77–79 36 
OH 

North Atlantic 
Portland, ME 0.15 2–4 1.1–1.5 0.30 64 8–12 4.5 99 90–96 82–84 35 
Newark, NJ 0.28 6–12 1.2–1.5 0.33 54 8–12 3.3 99 89–94 81–82 45 
Lower Mississippi 
New Orleans, 0.25 3–5 1.7–2.2 0.45 62 7–11 4.0 99 88–93 81–82 37 
LA 

South Atlantic Gulf 
Atlanta, GA 0.22 3–5 1.2–1.7 0.32 58 5–9 4.0 99 91–95 86 41 
Birmingham, 0.20 3–5 1.2–1.5 0.40 64 8–13 5.0 99 90–96 82–83 35 
AL 

Raleigh, NC 0.18 4–6 1.0–1.2 0.26 60 7–11 2.5 99 87–93 80–82 39 
Miami, FL 0.13 3–5 1.2–1.6 0.30 67 9–13 4.0 99 87–93 78–80 32 

From Pitt, R. et al. Guidance Manual for Integrated Wet Weather Flow (WWF) Collection and Treatment Systems for Newly Urbanized Areas (New WWF Systems). Second year project 
report: model integration and use. Wet Weather Research Program, U.S. Environmental Protection Agency. Cooperative agreement #CX 824933-01-0. February 1999. 
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•	 Between the lower and upper breakpoint: moderate rains. These rains generally account for 30 to 
50% of all rain events (by number), but produce 75 to 90% of all the runoff volume. The rain 
depths associated with the upper breakpoint range from about 1 to 2 in in the arid parts of the 
United States and up to 5 or 6 in in wetter areas. These runoff volume distributions are approxi
mately the same as the pollutant distributions. Therefore, these intermediate rains also account for 
most of the pollutant mass discharges and many of the actual receiving water problems associated 
with stormwater discharges. 

•	 Above the upper breakpoint: large but rare rains. These rains include the typical drainage design 
events and are therefore quite rare. During the period analyzed, many of the sites only had one or 
two, if any, events above this breakpoint. These rare events do account for about 5 to 10% of the 
runoff on an annual basis. Obviously, these events must be evaluated to ensure adequate drainage. 

The fourth category, evident in the Milwaukee monitoring results and shown in Figures 6.1 and 
6.2, was not obvious during these computer analyses. These extremely rare events, which exceed the 
drainage capacity of most areas, do not significantly affect these long-term probability distributions. 
During the isolated years when they occur, such as during the monitoring period in Milwaukee, they 
have significant effects, but when averaged over long periods, their contributions diminish rapidly. 

The small rains, generally less than about 0.5 in, are very important in a wet-weather monitoring 
program. They represent the vast majority of rains that occur in an area, and may represent the 
majority of runoff events. Water quality violations associated with wet-weather flows are typically 
common for these events. Similarly, the medium-sized events (from the 0.5-in rains to rains of 
several inches in depth) contribute the majority of runoff volume and mass pollutant discharges 
and are therefore likely responsible for most of the biological effects (especially habitat destruction 
and sediment contamination) in receiving waters. The largest rains (greater than several inches) are 
the primary focus of drainage design. Therefore, efforts must be made to characterize runoff and 
receiving water conditions in each of these different categories in order to understand the varying 
receiving water problems that may be occurring. 

Pollutant Transport 

The routing of pollutants through a watershed is a complex issue and beyond the scope of this 
book. One of the most important goals of a monitoring effort is collecting representative samples. 
In many cases, pollutant routing can affect pollutant concentration distributions. At outfalls, or in 
receiving waters, stormwater pollutant concentrations are random, with little of the observed 
variations being explainable by normal parameters (such as time since the event started or rain 
depth). As noted by Roa-Espinosa and Bannerman (1994), obtaining many discrete subsamples 
over the event duration likely results in a composite sample that has pollutant concentrations very 
similar to a flow-weighted composite sample. However, if collecting samples from a relatively 
small homogeneous area (such as a paved parking area), high concentrations of practically all 
pollutants are commonly observed near the beginning of the rain. 

This “first-flush” phenomenon is most prevalent for rains having relatively constant intensities 
and for small areas. As a drainage area size increases (or as the surfaces become more complex, such 
as in a residential area), multiple first-flush waves travel through the drainage system, arriving at a 
single downstream location at different times. This moderates obvious concentration trends with time 
during the event. Also, as the rain intensity varies throughout an event, the washoff of pollutants at 
the sources also varies. Peak washoff occurs during periods of peak rain energy (high rain intensity). 
Therefore, periods of high concentrations may also occur later in a rain, as high intensities occur. 
Generally, lighter (more soluble) hydrocarbons and the smallest particles will “always” show a first
flush of high concentrations from small paved areas, while larger particulates and heavier hydrocar
bons will wash off more effectively with high rain energies, which may occur randomly during a rain. 

Sampling strategies must therefore consider these possible scenarios. The most effective sam
pling (but most expensive) is flow-weighted composite sampling throughout the entire storm event. 
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However, compositing many discrete subsamples collected throughout the event is likely to result 
in similar concentration values. If sampling a small critical source area (such as a gas station or 
convenience store), it may be useful to obtain an initial sample during the first few minutes of the 
event, and a composite over the complete event. In all cases, it would be difficult to justify analyzing 
many individual discrete samples collected throughout an event. 

Flow Monitoring Methods 

There are a wide variety of methods (Table 6.2) to determine flow in open and closed (e.g., 
conduit) channels. For additional information, see EPA (1982 and 1987a). Most flow measurements 
to assess receiving water effects from stormwater are conducted in relatively small streams. Often, 
channel cross-sectional area is determined and the velocity measured at intervals across the channel 
using a current meter. In some situations, discharge from a pipe, notched weir, or small dam can 
be caught in a container of known volume and mean fill-up time used to calculate flow (e.g., liters 
per second). A variety of flumes and weirs have been used successfully in assessing flow and runoff. 

Mechanical current meters are commonly used because they are simple, rugged, accurate at low 
velocities (0.03 m/s, 0.1 ft/s) and operate at shallow depth (0.1 m). A manufacturer’s calibration table 
converts the meter rotation number into meters or feet per second. Many modern meters are direct 
reading. The mean velocity at each cross-sectional interval is multiplied by the area of the subsection 
to calculate volumetric flow for each subsection. These are then summed to obtain the total stream flow. 

Salt or fluorescent dyes have been used effectively to estimate velocities and time of passage 
when other methods are not practical, especially for highly irregular stream shapes or highly 
turbulent low flows. They depend on determining the amount of dilution that a known concentration 
of tracer receives as it mixes in the stream. The velocity between two stations is determined by 
knowing the travel time of the dye, or by comparing the dilute dye concentration to the injected 
dye concentration. The tracer may be added continuously or as a slug. A common tracer is 
Rhodamine WT dye which is measured with a fluorometer. 

Flow monitoring in streams and other open channels is usually a necessary component of 
receiving water investigations. Flow estimates need to be made whenever any in-stream measure
ments are made, or samples collected, for example. In addition, equipment for continuous flow 
monitoring must be periodically calibrated using manual procedures. The following paragraphs 
briefly describe several common manual flow monitoring procedures. 

Drift Method 

The drift method is simply watching and timing debris floating down the stream. This velocity 
is then multiplied by the estimated or measured stream cross-sectional area to obtain the stream 
discharge rate. Of course, this method is usually the least accurate flow estimation method. The 
accuracy can be improved by choosing drift material that floats barely under the stream surface 
(such as an orange). Do not use material that floats high in the water (such as Styrofoam debris, 
for example), as it will be strongly influenced by winds. Drift measurements made in the center 
of a stream will tend to be the highest stream velocities, so the values should be reduced (by roughly 
0.6, but highly variable) to better represent average stream flow rates. 

Current Meter Method 

The most traditional method of measuring flow is using a mechanical current meter. This method 
requires at least two people (one person should never be working alone near a stream anyway), a 
current meter, and simple surveying equipment. The stream discharge is measured at a cross section, 
usually selected along a relatively straight stretch (about 10 stream widths downstream from any 
major bends). If the stream discharge is being used to calibrate a stage recorder for continuous 

RB-AR28592



358 
S

TO
R

M
W

AT
E

R
 E

F
F

E
C

T
S

 H
A

N
D

B
O

O
K

 

Table 6.2 Methods for Flow Measurement and Their Application to Various Types of Problems 

Applicable to Pressure 
Flow Range Type of Water Ease of Accuracy Loss thru Volumetric Flow Rate Transmitter 

Device or Method Measurement and Wastewater Cost Installation of Dataa the Device Flow Detector Sensor Available 

Formula Small to large All Low NA Fair NA NA NA NA 
Bucket and stopwatch Small All Low Fair Good NA NA NA NA 
Floating objects Small to medium All Low NA Good NA NA NA NA 
Rotating elements Small to medium All Low NA Good NA Yes NA Yes 
current meters 

Dyes Small to medium All Low NA Fairly good NA NA NA NA 
Salt dilution Small to medium All Low NA Fair NA NA NA NA 
Magnetic flowmeters Small to large All High Fair Excellent None Yes Yes Yes 

1/2–1% 
Weirs Small to large All Medium Difficult Good to Minimal Yes Yes Yes 

excellent 
2–5% 

Flumes Small to large All High Difficult Good to Minimal Yes Yes Yes 
excellent 
2–5 % 

Acoustic flowmeters Small to large All High Fair Excellent None Yes Yes Yes 
1% 

a Assume proper installation and maintenance. 

Data from Blasso, L. Flow measurement under and conditions, Instruments Control Syst., 48: 45–50. 1975; Thorsen, T. and R. Owen. How to measure industrial wastewater 
flow. Chem. Eng. 82: 95–100. 1975. 
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Figure 6.3 Price meter. 

flow monitoring, the cross section being measured 

must not be affected by backwater conditions. If 

the selected cross section is in the vicinity of 

sampling and will not be used to calibrate a flow

equation but will be used to determine the instan

taneous current conditions at the time of sampling, 

then backwater influences and affects from mean

ders need to be included in the measurements. 

Instantaneous flows are determined using current 

meters to document flows occurring in a sampling 

period. However, this procedure can also be used 

to calibrate a state–discharge curve that can be Figure 6.4 Student current meter. 

used in conjunction with a conventional continu

ous stage recording device for long-term studies. Figures 6.3 and 6.4 illustrate common current 

meters used for stream studies. 


In order to calibrate a flow or discharge model (especially the Manning’s equation), the stream 
is assumed to have normal flow where the water surface is parallel with the stream bottom. This 
is unusual under real stream conditions, where actual water surface profiles exist. In this case, 
Manning’s equation can still be used, but by substituting the friction slope for the water surface 
(or stream bed) slope. The friction slope is elevated above the water surface by the velocity head 
(v2/2g). It is therefore easy to adjust the surveyed water surface slope to the friction slope by adding 
the velocity heads at the upstream and downstream locations. The calibration procedure usually 
involves calculating the Manning’s roughness factor (n) in the stream stretch. Manning’s equation 
is (in U.S. customary units): 

V = 1.49(R2/3)Sf
0.5/n 

where 	 V = velocity of the open channel flow (ft/s) 
R = hydraulic radius (area/wetter perimeter, ft) 
Sf = friction slope 

n = Manning’s roughness coefficient 

Biological monitoring is normally conducted during relatively low flow periods, whereas Man
ning’s equation was developed for channel design for large, rare events. Manning’s equation is a 
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Table 6.3 Example Calculation for Flow and Current Measurements 

Section Midpoint, Depth at Velocity at Velocity at Average 
Interval Distance from Midpoint Section 0.2 Depth 0.8 Depth Velocity Discharge 

(ft) Shore (ft) (ft) Area (ft2) (ft/s) (ft/s) (ft/s) (ft3/s) 

0–1  0.5 0.21  0.2 0 0 0  0 
1–3  2 0.74  1.5 0.3 0.4 0.4  0.6 
3–5  4 1.42  2.8 1.1 1.6 1.4  3.9 
5–7  6 1.70  3.4 1.8 2.0 1.9  6.5 
7–9  8 1.93  3.9 1.5 2.5 2.0  7.8 
9–11 10 1.94  3.9 1.4 2.5 2.0  7.8 

11–13 12 1.79  3.6 2.0 3.0 2.5  9.0 
13–15 14 1.54  3.1 1.5 2.2 1.9  5.9 
15–17 16 1.19  2.4 0 0 0  0 
17–18.5 17.75 0.46  0.7 0 0 0  0 
Total 26 1.6 42 

conservative design formula (when using the published roughness coefficients). It is not an analysis 
method and it must be used with care during low flow conditions. During low flows, the roughness 
coefficient is usually much greater than during high flows, for example, requiring equation cali
bration at different stream stages. 

Current meter flow monitoring requires that the stream be divided into several sections. About 
10 sections from 1 to several feet wide are usually adequate, depending on overall stream width. 
The depth of the stream is measured at each section edge, and the current velocity is measured in 
a vertical profile in the center of each section. The average velocities in each section are multiplied 
by the section areas to obtain the discharge rates for each section. These are then summed to obtain 
the total stream discharge. Table 6.3 is an example calculation for a section on Cahaba Valley 
Creek, in Shelby County, AL, that is generally used as a field demonstration site for UAB hydrology 
classes. Figure 6.5 is a cross-sectional diagram of this site, also showing the flow profile distribu
tions. It is interesting to note that the peak water velocity for this stream section is seen to be near 
the bottom of the stream, close to the middle, but off-set, likely due to the slight meandering of 
the stream at this location. This is in contrast to the typically assumed velocity profile where the 
peak velocity is very near the top of the stream (and near the center). Figures 6.6 and 6.7 are 
photographs of a UAB hydrology class obtaining current measurements at this location. 

Stream discharge monitoring is obviously a multiperson job, both from a safety standpoint and 
in order to take the actual measurements. A safety throw rope should always be ready, and great 
care should be exercised when working in a fast-moving or deep stream. If a stream has too great 
a velocity (especially greater than about 2.5 ft/s), or if it is too deep, then current measurements 
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Figure 6.5 	 Cross section of stream velocities (ft/s) 
at Cahaba Valley Creek, Shelby 
County, AL. 

Figure 6.6 	 Obtaining elevation contours at Cahaba 
Valley Creek, Shelby County, AL. 
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should be conducted from a bridge, or cable sys
tem, and personnel should not be allowed to enter 
the water. Urban streams are also known for hid
den debris and very soft bottoms. As in all work 
in urban streams, waders are necessary to mini
mize water contact and to prevent injuries from 
sharp objects. Riparian plants (such as poison oak 
and poison ivy) and slippery banks can also 
present additional hazards near streams. And do 
not step on any water moccasins. 

A suitable current meter is obviously needed 

for a stream discharge study. Direct-reading dig

ital meters (instead of older audible counter 

meters, where the operator must count clicks 

that are related to the water velocity) are now 

most commonly used. The current meter should 


Figure 6.7 Obtaining current readings across be able to measure to 0.1 ft/s, have a threshold 

Cahaba Valley Creek, Shelby County, AL. velocity of at least 0.2 ft/s, and preferably have 

an averaging mode in addition to an instanta
neous mode. The meter should also be capable of measuring in very shallow water and next to 
the stream bottom (within a few inches of the stream bottom). The readout should also be selectable 
between metric and U.S. customary units. The meter must be recalibrated at least every year, 
preferably in the manufacture’s tow tank or in an open channel test facility. Numerous hand-held 
current meters are available. Forestry Suppliers, Inc. (800-543-4203) has several different mechan
ical models, as listed below: 

Swoffer Model 2100-1514 (#94161) 0.1 to 25 ft/s 1% accuracy $2300 
Handheld Flowmeter (#94303) 0.5 to 25 ft/s ± 0.5 ft/s accuracy $700 
Gurley Model 625 Pigmy (#94993) 0.05 to 3 ft/s audible counter $1320 
Gurley Model 625 Pigmy (#94983) 0.05 to 3 ft/s digital indicator $2600 
Gurley Model D622F Meter (#94982) 0.2 to 32 ft/s digital indicator $2940 

All of these current meters meet the desirable performance criteria, except for the much less 
expensive flowmeters. Newer portable meters are available that have no moving parts, typically 
using sonic pulses and Doppler measurements of reflected sound waves from moving particles in 
the water. These meters are costly (>$3000) and may have a more limited life span than the 
traditional current-driven meters. 

An engineering level, rod, stakes, and tape are also needed to measure the water surface slope 
between adjacent cross sections when calibrating Manning’s equation. Fiberglass tapes are suitable 
for measuring the stream widths, and rigid (but thin) rules are useful for measuring water depth at 
the stream sections. When measuring water velocities with a current meter, operators must stand 
to the side and behind the meter and ensure that no turbulence from their legs (or from others) 
affects the measurements. 

Flow Monitoring Using Tracers 

The most precise method of stream current measurements is through the use of tracers. This 
method is especially important when measuring flows in areas having karst conditions where 
surface waters frequently lose and/or gain substantial flows to and from underground flows. A 
single upstream dye injection location and multiple downstream sampling stations through the 
study area are used in this situation. Tracers are also needed if there is an obviously large fraction 
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of inter-bed flow or if the stream flow is very turbulent. The flow in very shallow streams, 
especially when the stream is cobble lined, is also very difficult to monitor with current meters, 
requiring the use of tracers. Another common use of tracers is when measuring the transport and 
diffusion of a discharge into a receiving water. Hydraulic detention times in small ponds and 
lakes can also be determined using tracers. Orand and Colon (1993) state that the use of tracers 
for water discharge measurements is not a new concept. They admit that the use of current meters 
is usually much simpler and therefore more common. However, current meters are not applicable 
in many situations, as noted above. As an example, they routinely use dye tracers and a field 
fluorometer with continuously recording output to measure the discharge of very turbulent 
mountain streams, which would not be possible with current meters. 

Unfortunately, tracers are rarely useful for continuously monitoring flows, but they can be used 
for instantaneous flow determinations or for calibrating conventional continuous flow monitoring 
equipment in actual installations. 

Brassington (1990) lists the desired traits for a tracer: 

• An ideal tracer should be detectable in very small concentrations. 
• It should not be naturally occurring. 
• If an artificial tracer is being used, it should exhibit conservative behavior. 
• It should be safe to use and produce no harmful environmental effects. 
• It should be relatively inexpensive and readily available. 

Three main classifications of tracers are generally used. Dyes give a specific and distinctive 
color to the water that can be detected easily. Chemicals, especially naturally occurring salts, can 
be used effectively if a discharge into a receiving water has a unique water chemistry and the tracer 
study objective is to determine the behavior of the discharge. Mechanical tracers can also be used 
to tag the water, much like the drift method described previously. 

The most common mechanical tracer is a spore of Lycopodium, a club moss (Brassington 
1990). The spores can be dyed and used to measure the surface and groundwater interactions in 
complex systems. Another approach in monitoring complex surface–groundwater interaction is 
to use bacteriophages to trace groundwater movement, including the role of septic tank discharges 
on local receiving waters. Paul et al. (1995) injected prepared bacteriophage cultures (φHSIC-1 
and Salmonella phage PRD1) as viral tracers, along with 1-µm fluorescent spheres and fluorescein 
dye, into septic tanks and injection wells and identified their presence in local surface waters in 
Key Largo, FL. They found relatively rapid movement of the viral tracers (from 0.5 to 25 m/h) 
in the subsurface limestone environment into the surrounding marine waters. These rates were 
more than 500 times faster than had been previously measured. They concluded that the subsur
face flows may not have reflected uniform diffusion through a homogeneous matrix, but were 
rather “channeling” through the limestone. Another possibility they suggested was that viruses 
travel like colloids through the subsurface, moving faster than the bulk water flow. They concluded 
that the bacteriophages were much more efficient than the fluorescent tracers due to their much 
better detection limits. 

The most efficient tracer is a naturally occurring one. Johnson (1984) concluded that using 
naturally occurring materials (such as salinity, turbidity, temperature, or other suspended or dis
solved materials) allows much more data to be collected and is usually relatively inexpensive 
(compared to using artificial tracers). In order to use a natural tracer, the material must be: 

• Conservative 
• Highly soluble under a variety of conditions 
• Not amenable to sorption or precipitation or degradation 
• Linear with mixing 
• Present in greatly contrasting concentrations in the two water bodies that are mixing 
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Figure 6.8	 Schematic depicting mass balance at Fresh Creek, NY. (From Field, R. R. Pitt, D. Jaeger, and M. 
Brown. Combined sewer overflow control through in-receiving water storage: an efficiency evalu
ation. Water Resources Bulletin, Journal of the American Water Resources Association, Vol. 30, 
No. 5. pp. 921–928. October 1994. With permission.) 

The tracer must also be easily and cheaply analyzed. In many cases, specific conductivity can 
be used. Specific conductivity is especially useful when examining freshwater inflows into saline 
receiving waters. Field et al. (1994) described the use of specific conductivity to measure the 
effectiveness of a combined sewer overflow (CSO) capture and control device in Brooklyn, NY. In 
this example, the CSO (which had a specific conductivity of about 1000 µS/cm and a standard 
deviation of about 250 µS/cm) was contrasted with Fresh Creek water (which had a specific 
conductivity of about 20,600 µS/cm and a standard deviation of about 2600 µS/cm). Standard 
conductivity meters were used to trace the CSO water as it displaced the Fresh Creek water in the 
treatment facility during rains, and to measure the leakage of Fresh Creek water into the treatment 
facility between rains, as shown in Figure 6.8. The mass (M) of the tracer is equal to the water 
volume (V) times the concentration (P). It does not matter that there is no adequate conversion for 
specific conductivity to be expressed as a mass, as specific conductivity concentrations were shown 
to be linearly related to dilution with the receiving water. A Monte Carlo mixing model was used 
to calculate the unknowns in this diagram, considering the variabilities of the concentrations in the 
two water bodies. Stable isotopes have been used successfully as tracers by some researchers with 
access to sensitive mass spectrophotometers, if the waters being distinguished have a sufficiently 
different source (Sangal et al. 1996). Ratios of major ions have also been used successfully to 
identify different waters, especially in groundwater studies. 

In most cases, naturally occurring tracers cannot be effectively used because of their non
conservative behavior, insufficient concentration contrasts, or expense. A later section in this 
chapter discusses the use of natural tracers to identify sources of discharges. Commercially 
produced fluorescent dyes have been available for many years and have been extensively used 
for water tracer analyses. Fluorescein (a green fluorescent dye) has been used since the late 
1800s, for example, but is not very stable in sunlight. However, it is still commonly used in 
visual leak detection tests and to visually trace discharge connections (such as determining if 
floor drains are connected to the sanitary wastewater lines or the storm drain system). Color 
Figures 6.1 and 6.2* show fluorescein being used to trace sanitary sewage connections to a storm 
drainage system in Boston. 

Rhodamine B was used in the 1950s for water tracing in Chesapeake Bay because it was more 
stable in sunlight than fluorescein, but it readily adsorbed to sediments, making quantitative mea
surements difficult (Johnson 1984). Forestry Suppliers, Inc. (800-543-4203) sells liquid and com
pressed tablets and cakes of Rhodamine B and fluorescein for visual tracer work (but not for use 

* Color Plates follow p. 370. 
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near water intakes). Bottles of 200 tablets of either dye, having a total weight of about 10 oz., or 
a 3" donut, also weighing 10 oz., of either dye costs about $35. 

The most common artificial tracer currently used is Intracid Rhodamine WT dye, a 20% (by 
weight) stock of dye in water and other solvents having a specific gravity of 1.2. It is available 
from Crompton and Knowles (Reading, PA, 215-582-8765), at about $400 per 10 L. It is greatly 
diluted before use in the working stock solution for continuous dye injection studies. Chemical 
and laboratory suppliers also sell much more dilute mixtures (but at a much greater cost per unit 
of dye). Forestry Suppliers, Inc., sells a 1-gallon bottle of Rhodamine WT, unspecified dilution, 
(catalog #92969) for about $100, and bottles of 200 compressed Rhodamine WT tablets (catalog 
#92991) (weighing 11 oz.) for about $36. 

Rhodamine WT was specifically developed in the 1960s for water tracing applications and is 
much superior for quantitative work compared to the earlier dyes. It is generally easier to detect 
in much lower concentrations, less toxic, has lower sorption to particles, and exhibits slower decay. 
Even though it is very expensive by volume, its very low detection limit (about 0.01 ppb of the 
20% stock solution) and conservative behavior make it cost-effective. 

Rhodamine WT is generally thought to have low toxicity; however, the USGS limits its 
concentrations at water supply intakes to 10 ppb (Johnson 1984). The biggest toxicity problem 
associated with Rhodamine WT is apparently associated with reactions with very high concentra
tions of nitrates. In all cases, it is important to contact local drinking water and state water regulatory 
agencies when planning a dye tracer study. The largest concern is probably associated with com
plaints of red water (which should not occur if proper dye concentrations are used). 

The Corps of Engineers (Johnson 1984) has published a comprehensive description of the use 
of water tracing using fluorescent dyes. This report stresses monitoring inflows into reservoirs, with 
information applicable for a wide range of surface water conditions, including small streams, large 
rivers, and lakes. Johnson (1984) reports that no significant decay of Rhodamine WT is likely to 
occur due to chemical or photochemical decay for conditions found in natural waters. However, 
high chlorine levels (several mg/L, such as are found in many drinking waters) can cause significant 
decay during long exposure tests (tens of hours). As an example, Johnson reports that chlorine 
concentrations of 5 mg/L in tests run over 20 hours caused about a 5% decay of fluorescent activity. 
If operating in urban areas, where the chlorine concentrations may be periodically high or the 
turbidity variable, it is important to test decay and sorption of the dye. This is best done by using 
actual receiving water collected at the time of the tracer study as the dilution water when preparing 
the dye standards. These standards should be compared to standards using proper laboratory dilution 
water (preferably prepared using ion exchange, and/or reverse osmosis, as laboratory distilled water 
can contain very high chlorine levels). 

Johnson (1984) states that total fluorescent decay of Rhodamine WT is probably about 0.04/day, 
from both sorption and photochemical decay. Almost all of this loss is likely associated with 
sorption. The sorption of Rhodamine WT onto particles, according to Orland and Colon (1993), 
had less than a 7% effect on the measured stream discharges (overestimated) in water having 
suspended solids concentrations ranging from 200 to 2000 mg/L (particle diameter <200 µm). 

Johnson (1984) also reports the effects of pH, temperature, and salinity on the fluorescence of 
Rhodamine WT. The most serious problem with precise measurements is that the fluorescent intensity 
decreases with increasing temperature, requiring temperature corrections. This change is a decrease 
in fluorescence by about 5% for every 2°C increase in temperature. If collecting discrete samples 
that are brought back to the laboratory for analysis, the samples and the standards can be kept at 
the same temperature for analysis, eliminating this problem. In situ fluorescent measurements require 
temperature corrections (available as an option in the Turner Designs 10-AU, for example). It is 
recommended that discrete samples also be periodically collected, along with the continuous field 
measurements, for temperature-controlled laboratory analysis to confirm the automatic corrections. 

The pH of the receiving water affects the sorption of the Rhodamine WT to organic material. 
Below a pH value of 5.5, the carboxyl acid group of the dye becomes protonated, increasing 
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adsorption. Johnson (1984) reviewed studies that showed that humic sediment solutions of 2.0 and 
20 g/L and 100 ppb Rhodamine WT caused 18 and 89% decreases in fluorescence, respectively. 
The high humic concentrations lowered the pH values of the water and increased the organic content 
of the water. In similar solutions using a kaolinite clay, the fluorescent losses were only 11 and 
23%. These clay concentrations are very high (2000 and 20,000 mg/L) and would be likely to 
occur only in construction site runoff in urban areas. The very high associated turbidity of these 
samples would also greatly complicate fluorescent measurements. The samples would likely have 
to be clarified (by centrifuge or filtering) before measurement (see also below). 

The most commonly used fluorescent measurement instrumentation for fluorescent dye studies 
has been the older and obsolete Turner model 111 fluorometer that is still available in many 
laboratories, and the newer Turner Designs (408-749-0994) model 10-AU fluorometer (Figures 6.9 
and 6.10). Both of these instruments are filter fluorometers and are very sensitive. The Turner 
Designs 10-AU is a much superior unit for field measurements, as it is designed to operate on 
12-volt batteries, has newer and more stable electronics, a wider dynamic range, and has a water
resistant case. It is also suitable for laboratory measurements. The Turner Designs unit also has a 
flow-though cell, plus built-in temperature correction and data logging options, which are convenient 
for field use. 

The downstream dye concentrations should be measured over a long period and at many 
locations across the stream to obtain the best flow estimate. In practice, an automatic water 
sampler is used to obtain samples, or manual grab samples are obtained, at the downstream 
location for laboratory analyses, or less commonly, a flow-through fluorometer is used to measure 
the dye concentrations on a real-time basis. If manual sampling is used, subsamples can be 
obtained from several locations across the stream for compositing. If a flow-through instrument 
is used, the intake can be moved to various locations across the stream to investigate mixing 
conditions. In all cases, the downstream location should be well beyond the predicted fully mixed 
area. Variations in dye concentrations observed are therefore assumed to be associated with flow 
variations in the stream. 

Background fluorescence in the water must be determined before and during the test. During 
some tests, we have detected residual background fluorescence. In receiving waters affected by 
sanitary sewage (such as from raw overflows, inappropriate connections, leaks, septic tank influ
ences, and treated effluent), background fluorescent can be very high due to detergents in the water. 
Almost all of this interference is eliminated by using specific Rhodamine WT filter sets in the 
fluorometer. The use of the actual water being tested as the injection water diluent during a 
continuous test reduces background problems, as do the highly selective optics available for 
Rhodamine WT analyses. However, background water samples need to be collected for analyses 
before any dye is added to the water. In addition, it is a good idea to collect upstream water 

Figure 6.9 	 Older Turner model 111 fluorometers Figure 6.10 Current model Turner 10-AU fluorome
used in the laboratory. ter being calibrated in the laboratory 

before field deployment. 
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periodically during the test to check for changing background conditions (especially important 
when conducting a tracer test in a sanitary sewer where background water quality can change 
dramatically over a relatively short period of time). If turbidity levels vary greatly during the test, 
Johnson (1984) recommends that the samples be filtered or centrifuged prior to analysis. Continuous 
dye analysis in the field does not allow a correction for turbidity (like the built-in temperature 
correction option available from Turner Designs), but periodic grab samples analyzed in the 
laboratory after turbidity reduction enables these effects to be determined. 

An example of continuous background corrections was described by Dekker et al. (1998) using 
Rhodamine WT in Detroit to accurately calibrate flow-metering equipment. They found that abrupt 
changes in suspended solids in the sewage were very common and that this could radically change 
the fluorescent response. They therefore collected background (upstream) sewage samples every 
15 min during the dye tests and prepared calibration curves with this water, changing the response 
factors for the measurements accordingly. They also monitored the light absorbance at the 
Rhodamine WT excitation wavelength (550 nm) simultaneously with the dye concentrations to 
screen out periods of abrupt changes in suspended solids that would affect the calibration curves. 

The careful calibration of fluorometers is critical because of their great sensitivity. Calibration 
solutions from about 0.1 to 500 ppb should be used (these concentrations are in relation to the 20% 
stock solution). Two sets of calibration solutions need to be prepared. The initial laboratory series 
is prepared using laboratory-grade clean water, and another set must be prepared using the receiving 
water. As noted previously, if using distilled water, ensure that the chlorine concentrations are very 
low. Never use tap water. Deionized water (at 18 meg-ohm resistance) is probably the best. Preparing 
such low concentration standards requires a great deal of care, especially when withdrawing the 
stock and making the initial dilution. Needless to say, the largest hazard associated with working 
with Rhodamine WT is the mess that it can make if splashed or spilled. The stock solution is 
stratified in the shipping container, requiring stirring, but trying to stir or shake the stock container 
is a challenge, as it is heavy and minor spills or leaks are a great nuisance. 

It is recommended that the amount of dye needed for the test be withdrawn from the stock shipping 
container, including the minor amount needed for preparing the standards. This will be only a very 
small amount, usually only a few hundred mLs for a slug dose test, or a few liters if conducting a 
continuous injection experiment in an urban stream. This aliquot doesn’t have to be perfectly repre
sentative of the stock solution. The goal is to withdraw the amount needed without spilling any, with 
minimal mixing. The initial dilution is usually made using 10 mL of the stock diluted in a liter of 
dilution water, using a volumetric flask. The 10 mL of stock is very dark and viscous, making it 
almost impossible to measure with a standard pipette. Many people weigh the initial amount, cor
recting for the 1.2 specific gravity, but unless the aliquot was from a well-mixed stock container, the 
specific gravity can be quite different. An automatic pipette (capable of handling viscous fluids) is 
probably better, as volume dilutions are being measured during the test. Serial dilutions are then 
usually made, making weaker and weaker standards. The strong concentrations foam if violently 
mixed, making it difficult to fill the volumetric flasks accurately to the calibration marks. 

Analytical chemists do not approve of serial dilutions, as errors are easily compounded, but the 
nature of Rhodamine WT and the great dilutions needed would otherwise require measuring very 
small quantities of stock. Using a 1-µL pipette and a 1-L volumetric flask would only produce a 
1 ppm (1000 ppb) solution, by volume. At least a second (serial) dilution would still have to be 
made to obtain a 1 ppb concentration, and a third dilution to obtain a fraction of a ppb standard. 
Inaccuracies associated with serial dilutions are probably less of a problem than trying to pipette 
such small amounts. 

Fluorescent analyses can be conducted in the field or in the laboratory. In situ  (flow-through) 
dye analyses (for which the Turner Designs 10-AU is specifically designed) can be much more 
efficient than collecting water samples and bringing them back to the laboratory for analyses. 
However, a combination approach is usually best, where periodic samples are collected and brought 
to the laboratory for temperature controlled analyses for comparison to the in situ values. The in 
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situ analyses allow immediate evaluation of the sampling program, especially when the dye is being 
used at proper concentrations, making it nearly invisible to the eye, or if complex hydraulics (such 
as in an estuary with strong currents) prohibit easy prediction of the flow path. However, using a 
fluorometer in flow-through mode presents special problems. Johnson (1984) stresses the need to 
ensure that all water connections are air tight to prevent bubbles from entering the flow path. In 
addition, the pump should be located above the light cell to decrease bubbles from leaky pump 
seals. The intake of the water delivery system should also be screened to decrease the chance of 
sand and other debris from scratching the instrument optics. 

The two main types of dye injection include instantaneous or continuous releases. Instantaneous 
dye releases are much more efficient in the use of dye. The amount of dye quickly added to the 
water usually results in a visible dye cloud that is easy to follow manually. In addition, no special 
dye injection equipment is required, as the dye is simply poured quickly into the water body. 
However, continuous releases of dye, especially in conjunction with in situ analyses, is necessary 
when simply tracking the dye is challenging. Continuous dye releases require substantially more 
dye and usually more field personnel, but changing conditions can be easily measured (Color 
Figures 6.3 and 6.4). 

Thomann and Mueller (1987) present a USGS method used to estimate the amount of 
Rhodamine WT dye needed for an instantaneous release experiment. The amount is usually much 
less than needed for a continuous release experiment. They also present several methods to evaluate 
the observations and obtain estimates of flow, diffusion coefficients, and recovery of dye. 

Continuous release rates of dye are dependent on the desired downstream concentration of dye, 
the concentration of the dye being released, the injection rate, and the estimated stream discharge. 
Figure 6.11 shows a basic mass balance for a discharge into a river or stream. This can be easily 
applied to a dye injection experiment, with the dye being considered as the effluent being discharged 
into the receiving water. 

The mass balance for this situation is: 

upstream mass + effluent mass = downstream mass, or 
Qusu + Qese = Qs 

where Qu = upstream flow rate 
su = upstream concentration 
Qe = effluent discharge (or dye injection) rate 
se = effluent (or dye injection solution) concentration 
Q =  resulting downstream discharge rate (equal to Qu + Qe) 

s =  resulting downstream concentration 

Upstream flow Qu Downstream flow Q 

Downstream concentration s Upstream concentration su 

Concentration _ se 

Outfall 

Flow _ Qe W = Q } se e

Figure 6.11 	 Notation for mass balance calculations for dye injection current measurements. (From Thomann, 
R.V. and J.A. Mueller. Principles of Surface Water Quality Modeling and Control. Harper & Row. 
New York. 1987. With permission.) 
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Solving for Q, the downstream discharge rate: 

Q = (Qusu + Qese)/s 

If the background concentration (su) is zero (as desired in a tracer experiment), this further 
reduces to: 

Q = Qe(se/s) 

where (se/s) is the dilution ratio of the dye 
Therefore, the stream discharge (Q) is the ratio of the concentration of the dye injection solution 

(se) to the measured downstream dye concentration (s), multiplied by the dye injection rate. As an 
example, assume the following conditions: 

Qe = 10 cm3/s 

se = 1.0 (injection dye solution concentration, a given arbitrary concentration of 1.0) 

s = 12 ppmvol compared to injection concentration (average dye concentration from numer


ous samples collected). 

The average value for s was determined to be 12 ppm (relative to the injection dye concentrations); 
therefore, the calculated stream discharge rate is: 

Q = Qe(se/s) = 10 cm3/s (1.0/12 × 10–6) = 830,000 cm3/s 

This is equal to 830 L/s, or about 29 ft3/s (cfs). As noted in this example, the absolute concentration 
of the injection solution does not need to be known, as long as calibration solutions are made using 
the injection solution and the receiving water. 

The injection solution needs to be discharged at a constant rate. This is made much easier by 
using a special metering pump (as supplied by Turner Designs, for example, or a battery-operated 
peristaltic pump available from Cole-Parmer). In all cases, someone must be at the injection site 
for the duration of the experiment to ensure that the discharged dye is well mixed and that constant 
pumping of the injection solution is occurring. This is achieved by periodically measuring the time 
needed to fill an appropriate graduated cylinder (retain some of the solution from the filled cylinder 
for use in later calibration solutions, and dump the remainder of the material from the cylinder into 
the stream when finished timing). The injection solution samples should be analyzed to detect 
variations in injection dye concentration during the study period. 

Fortunately, as is evident from the above equation, everything is relative to the injection 
concentration, or the mass of dye used, with tracer work. The stock solution concentrate is never 
directly used in dye studies because the intense color would make the injection plume visible for 
a large downstream distance; also, the high 1.2 specific gravity affects the plume buoyancy, and 
precisely pumping very small dye injection rates is difficult. The stock is therefore greatly diluted 
(by about 10 to 100 times) to create an injection solution to minimize these problems. When 
conducting a continuous injection experiment, one measures the ratio in concentrations between 
the injection dye stream and the resulting receiving water concentration. This initial dilution causes 
a loss of sensitivity, so more dye is required in a continuous injection experiment. In small urban 
streams, this loss of efficiency is not too serious. When conducting a large-scale injection experi
ment, specific gravity adjustments are usually made and close to full-strength dye is injected to 
minimize costs. In a slug discharge test, much less dye is usually needed, and the full amount of 
tracer dye is introduced into the water as rapidly as possible (within a few seconds). During 
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instantaneous tests, the strength of the dye solution is not important. It is only necessary to know 
the mass of the dye used. Therefore, the small amount of dye needed can be effectively diluted in 
a several-gallon container that can be rapidly poured into the stream to initiate the test. 

Experimental conditions needed for various estimated stream discharges can be predetermined 
by knowing the injection pump rates available and the sensitivity of the fluorometer. A Cole-Parmer 
Masterflex peristaltic pump can supply a wide range of dye injection rates, depending on the pump 
rotational speed and the size of tubing. With #13 tubing, the pump can be set to deliver between 
0.2 and 0.5 mL/s. Number 16 tubing has a useful range of between 2.0 and 8.0 mL/s, while #18 
tubing can be used between 10 and 40 mL/s. A Turner model 111 fluorometer has a range of 
sensitivity from less than 1 to more than 150 ppb Rhodamine WT, depending on the sensitivity 
setting. The newer Turner Designs model 10-AU has a much wider dynamic range. The combination 
of these settings allows measurement of a wide range of flow rates. Table 6.4 illustrates some of 
the flow rates that can be measured using some of these combinations. The downstream concen
trations shown on this table are in relation to the injection concentration, which should be diluted 
by at least 10 times compared to the 20% stock solution. Therefore, the downstream concentration 
of 10 ppb shown may actually be closer to 1 ppb of the 20% stock. Intermediate downstream 
concentrations should be targeted to ensure that variations in stream flow can be accommodated. 
If a needed injection rate is too low, it may be unstable. The concentration of the dye being injected 
should then be decreased so a higher pumping rate can be used. 

As an example, consider a stream having an estimated discharge rate of 25 cfs and the target 
downstream concentration is 25 ppb (compared to the injection dye strength which is diluted 10 
times from the 20% stock solution; the actual downstream dye concentration is therefore about 
2.5 ppb, which would be about mid-scale on the most sensitive setting for a Turner model 111 
fluorometer). An injection rate of about 20 mL/s will therefore be required. Therefore, 2 mL of 
20% stock will be used per second, or 120 mL of stock per minute of the test, or 7.2 L of stock 
per hour of the test — a large amount of dye. The injection duration depends on the duration of 
the steady flow period to be monitored. This should be long in comparison to the flow duration 
from the injection location to the monitoring location to minimize sampling problems. The sampling 
location must be located far enough downstream to ensure complete mixing. This length (in feet) 
can be estimated using the equation presented by Thomann and Mueller (1987): 

Lm = (2.6 UB2)/H 

where 	 U = the stream velocity in ft/s 
B = the average stream width in feet 
H = average stream depth in feet 

As an example, the discharge rate is estimated to be 25 cfs, the stream velocity is estimated to 
be about 1 ft/s, the stream width about 25 ft, and the depth about 1 ft. The “complete mixing” 
length is therefore about 1600 ft. About half of this distance would be needed if the dye injection 

Table 6.4 Stream Discharge Rates (cfs) That Can Be Measured for Different Experimental Conditions 

Injection Rate Downstream Downstream Downstream Downstream 
(mL/s) Conc. = 50 ppb Conc. = 25 ppb Conc. = 10 ppb Conc. = 1 ppb 

0.3 0.21 0.42 1.1 11 
0.5 0.35 0.71 1.8 18 
2 1.4 2.8 7.1 71 

10 7.1 14 35 350 
20 14 28 71 710 
30 21 42 110 1100 
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point is located at the centerline of the stream. The travel time needed (if injected at midstream) 
is about 13 min, at least. Therefore, an hour-long injection period would not be unusually long, 
requiring about 7 L of 20% Rhodamine WT dye, for this example. 

The Use of a Multiparameter Probe to Indicate the Presence, Duration, Severity, and 
Frequency of Wet-Weather Flows 

Most receiving water problems are highly dependent on the duration, severity, and frequency of 
wet-weather events. Habitat effects, for example, are greatly dependent on the frequency of erosive 
flows that cause bank instability. Sediment scour and deposition is also dependent on the flow energy. 
Bacteria, turbidity, and other water quality standard violations are much more serious if they occur 
commonly. Toxicity effects on receiving water organisms are also greatly dependent on the frequency 
and duration of exposure to excessive concentrations. Knowing when an event occurred, plus knowing 
the duration and severity of the event, is critical when conducting a long-term exposure experiment 
using many of the techniques described in this book. Therefore, knowing these basic wet weather 
event parameters is very important and enables a more complete evaluation of wet-weather problems 
in receiving waters. The following discussion presents a simple way to automatically monitor these 
important hydraulic characteristics in a stream without installing a permanent flow monitoring station. 

Continuous sondes for water quality monitoring have been available for some time, but current 
models are vastly improved compared to earlier ones. It is now possible to deploy a water quality 
sonde for up to several weeks, with little drift and other degradation in performance. This allows 
the units to be left unattended for extended periods to obtain diurnal variations of constituents 
(such as DO, temperature, conductivity, turbidity, and water depth) for varying environmental 
conditions. One application is to examine the duration of degraded receiving water quality condi
tions following rains. 

The following example is based on work by Easton et al. (1998) as part of an investigation 
studying the effects of SSOs (sanitary sewer overflows) on small urban streams. This study used 
YSI 6000 UPG water quality sondes to indicate the duration, frequency, and magnitude of wet
weather events in both surface waters and surficial sediments. Short-term, or runoff-induced, 
pollution effects can be studied in detail using these instruments. Long deployment time and the 
continuous monitoring capability of the YSI 6000 enables acquisition of data for multiple events, 
i.e., as many as occur during the time of deployment. The YSI 6000UPG sonde is a multiparameter 
water quality monitor manufactured by YSI Incorporated, Yellow Springs, OH. The 6000 UPG is 
capable of performing a subset of the following measurement parameters: dissolved oxygen, 
conductivity, specific conductance, salinity, total dissolved solids, resistivity, temperature, pH, ORP 
(oxidation reduction potential), depth, ammonium/ammonia, nitrate, and turbidity. The 6000 UPG 
can be left unattended in the field for approximately 45 days, depending on the frequency of data 
logging and parameters being recorded. The instrument is constructed of PVC and stainless steel 
and is 3.5 in in diameter and 19.5 in in length. It weighs approximately 6.5 lb, with batteries. The 
sonde is capable of interfacing with an IBM PC-compatible computer for downloading data, or a 
hand-held unit can be used for direct observations. In addition, a software package, Ecowatch for 
Windows, is available for sonde setup, data acquisition, and data presentation/analysis. The sondes 
used in these experiments were configured to acquire the following parameters: dissolved oxygen, 
conductivity, specific conductance, temperature, pH, ORP, turbidity, and depth. 

Five-Mile Creek (which is actually about 50 miles long) is a typical medium-sized Alabama 
stream, originating in a rural area, then flowing through a suburban, and then a heavily urbanized 
area. The flow in the creek ranged from approximately 2 to 10 m3/s, depending on recent rainfall 
conditions. At each test site, one sonde was located on the creek bottom and the second was 
buried under approximately 6 in of sediment. The buried sondes were protected by placing them 
inside 75-mm-aperture nylon mesh bags and were used to measure interstitial water characteristics 
in situ and continuously. The sondes were anchored to the bottom by a chain attached to cinder 
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blocks. The cinder blocks were then attached to a tree to prevent the sondes from being washed 
downstream during major events. One set of sondes was located in an area having coarse 
sediments (stones of about 1 in in diameter), while the other set was located in an area having 
finer sediments (sandy grained). 

The duration, frequency, and magnitude of runoff events is apparent from an examination of 
plots constructed from the sonde data (Figures 6.12 and 6.13). These sonde data show a large 
fluctuation in depth, specific conductance, and turbidity in the water column at both sites on July 
1 at 5:00 pm, roughly corresponding to the 0.6 in of rain observed at the Birmingham International 
Airport several miles away. No site-specific rain information was available, as may be typical for 
many small-scale studies. 

The rise period for all of the parameters was very rapid, and the peaks occurred very early 
in the runoff event. They then returned to previous levels within 1 to 2 days, depending upon 
the parameter. The data acquired for water depth are obviously the parameters that best correlate 
to tracking runoff hydrographs as they pass. There is an obvious change in flood stage (approx
imately 0.5 m increase in depth), as indicated on these figures. There were two slightly separated, 
but very similar, runoff hydrographs that passed through the creek; the depth data show two 
obvious peaks spaced about 3 hours apart. The other two parameters do not distinguish between 
these two separate, but close events, as is evident in the time taken to return to baseline (Tables 
6.5 and 6.6). The turbidity and specific conductance data also substantiate the presence of a 
runoff event, but with an additional perspective on the duration of the potential effects from 
elevated turbidity levels and possibly other pollutants. Notice the almost immediate increase in 
depth and turbidity, and corresponding decrease in specific conductance. These changes are easily 
explained by a sudden increase in runoff water within the creek. Furthermore, the depth sensors 
indicate the timing and severity of the runoff event from a hydrologic perspective, while the 
specific conductance and turbidity sensors indicate the extended duration of probable adverse 
water quality conditions due to contaminated baseflows entering the stream. 
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The data in Tables 6.5 and 6.6 show the differences in water exchange between the water column 
and the interstitial water occurring in the two different sediment types (coarse and fine). These 
experiments show that the interstitial water at the coarse sediment site changes with the water 
column, although at a slightly reduced magnitude, while the interstitial water at the fine sediment 
site shows no change. Most urban streams have sediments represented by the fine sediment site 
(sand sized) or finer. Therefore, very little direct water exchange occurs between the water column 
and the interstitial water. The interstitial water quality is much more affected by the quality of the 
deposited sediments (especially decomposable material and toxicants) than by the water column 
quality directly. This rapid fluctuation of interstitial water in coarse-grained sediments has important 
implications on evaluations of sediment quality. The benthic micro-, meio-, and macrofaunal 
exposures in these environments will be more dynamic than typically assumed. Interstitial water 
sampling and sediment sampling were discussed in Chapter 5. 

Table 6.5 	 Values for Magnitude of Change and Time to Return to 
Baseline for Specific Conductance, Due to Period of High Flow 

Magnitude of Change Time to Return to Baseline 
Sonde Location (µS/cm) (hr) 

Water column 210 42 
Fine sediment Not obvious Not obvious 

Water column 260 44 
Coarse sediment 230 46 

From Easton, J.H., Lalor, M., Pitt, R., and Newman, D.E., The use of a multi
parameter water quality monitoring instrument to continuously monitor and 
evaluate runoff events. Presented at Annual Water Resources Conference of 
the AWRA, Point Clear, AL. 1998. With permission. 

7/3/97 
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Table 6.6 	 Values for Magnitude of Change and Time to Return to 
Baseline for Turbidity, Due to Period of High Flow 

Magnitude of Change Time to Return to Baseline 
Sonde Location (NTU) (hr) 

Water column >1000 30 
Fine sediment 0 0 

Water column >1000 30 
Coarse sediment 210 30 

From Easton, J.H., Lalor, M., Pitt, R., and Newman, D.E., The use of a multi
parameter water quality monitoring instrument to continuously monitor and 
evaluate runoff events. Presented at Annual Water Resources Conference of 
the AWRA, Point Clear, AL. 1998. With permission. 

The duration of the water column effects from the wet-weather events is seen to be much greater 
than the duration indicated by the high flows alone (30 to 45 hours vs. 12 hours). This has a major 
impact on evaluating biological effects of the receiving waters. As an example, rains only occur 
for about 4.5% of all hours in Birmingham. Periods of extended high flows in Five-Mile Creek 
may occur for about 15% of the time. However, periods of elevated turbidity (and likely other 
constituents of concern) may occur for about 40% of the time. This extended time has a significant 
effect on in-stream beneficial uses and risk assessments from wet-weather toxicants and pathogens. 

In-Stream and Outfall Flow Monitoring 

Monitoring of flows in storm drainage systems is typically done to supplement stormwater 
sampling activities. In most cases, flow monitoring equipment available from the same vendor that 
supplied the automatic water samplers is selected. The flow sensors typically measure depth of 
flow in the sewerage and apply Manning’s equation to calculate the flow rate and discharge. 
Unfortunately, Manning’s equation was developed as a design equation and not as an analysis 
equation. It was not intended for accurate measurements for shallow flows and does not consider 
debris that accumulates in sewerage. A better approach is to use a control section in the sewerage 
and calibrate a stage-discharge relationship. The ultimate solution is to use a special prefabricated 
manhole that contains a flume. Plasti-Fab (503-692-5460) offers many options of manhole and 
flume sizes and types for a broad range of sites and conditions. A less expensive alternative (and 
more suitable for temporary installations) is a manhole flume insert. These are available from Plasti-
Fab and from Badger Meter (918-836-8411). These are installed in the discharge sewer line from 
a manhole, causing a backwater in the manhole that provides an accurate stage-discharge relation
ship that can be measured. Acoustical flowmeters (measuring water surface distances from a 
reference location above the water using reflected sound) or bubbler flowmeters (measuring the 
depth of water above the sensor based on hydrostatic pressure) are usually used to measure the 
water depth. If the storm sewer line is debris and obstruction free, Manning’s equation can be used, 
but a site-specific stage–discharge relationship must be developed and calibrated over a wide range 
of depths. Flow calibration is most effectively conducted using Rhodamine WT dye as a tracer, as 
described previously. 

It is critical that the flow monitoring sites be selected to provide accurate flow measurements, 
along with providing safe and easy access. Sites for flow monitoring must meet numerous criteria 
in order to obtain accurate results. The most critical criteria require the absence of backwater 
conditions at the monitoring location and a reasonably straight and homogeneous stream character 
upstream of the monitoring location for a length of at least 10 times the stream width. Since the 
stream depth measurements will need to be translated into flow values using a depth–discharge 
curve, the stream banks and stream bottom need to be reasonably stable at the monitoring locations. 
The best way to provide the stability and constant stage–discharge relationship at a flow monitoring 
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station is to construct a control section, usually a flume or a weir. If the stream to be monitored is 
moderate in size and in a natural setting, especially with important in-stream biological resources, 
constructing a flume or weir is usually not practical. 

The electronic components of typical in-stream flowmeters need to be secured near the stream 
edge, but outside the zone of common flooding. It would be best to secure them within a heavy 
steel contractor’s box permanently mounted onto an oversized concrete slab. A heavy padlock 
normally provides adequate security. This enclosure can also contain the necessary deep-cycle 
batteries recommended for power. If an external data logger is needed, it can also be secured within 
the box. In many instances, a solar panel can be installed to provide a trickle charge to the battery 
(but the solar panel would be exposed to vandalism, and riparian locations might be heavily shaded). 
The bubble tube can be easily run inside a steel pipe (2 to 3 in in diameter) buried in the stream 
bank. The upper end can come through the concrete pad directly into the steel instrument shelter. 
The lower end must terminate below the lowest expected stream depth, coming up through a 
moderate-sized concrete pad to protect the pipe and bubbler tube. The bubbler tube end must lie 
on top of the in-stream concrete pad and needs a heavy, but shallow, wire cage covering. This 
covering needs to be relatively easy to remove (while submerged) in order to provide intermittent 
service to the end of the bubbler tube. This installation can be easily upgraded to include an 
automatic water sampler, with the sampler (and its deep cycle battery) also enclosed in the steel 
shelter and the sampler tube also running down the pipe. If a water sampler is also to be used, a 
galvanized steel pipe must not be used because of zinc contamination. A very heavy-duty plastic 
pipe, sufficiently buried and protected may be suitable, or a much more expensive stainless steel 
pipe could be used to encase the bubbler and sampler tubes. 

Another option for a shelter is to use concrete pipe rings stacked to a sufficient height and 
a steel plate padlocked to the top. This is a more temporary (and cheaper) alternative that 
usually works well. The bubbler tube should also be protected, if possible, within a large
diameter heavy plastic pipe. Another alternative is to mount the flowmeter and ancillary 
components on a road crossing where a stilling well can be run down into the water, usually 
on the downstream side of a bridge pier. The equipment can be mounted inside a heavy plywood 
box on top of the stilling well and accessed from the bridge. In this case, the pier may cause 
water level interferences. 

Many flow measurement equipment vendors now offer simultaneous stage and velocity sensors. 
The velocity sensors directly measure the flow rate of the water, reducing the need for a stage–dis
charge relationship. The two major types of velocity sensors are the time-of-transit flowmeter and 
the Doppler flowmeter. Time-of-transit flowmeters use acoustical signals directed diagonally across 
the water flow path to a receiver. The acoustical signal travel time can be very accurately predicted. 
Any difference between the predicted and measured travel time is associated with the water motion. 
Accusonic (508-548-5800) is one vendor of these devices, which have been reliably used in large 
conduits. A series of three Accusonic sensors is placed in each of three parallel 10 ft × 15 ft CSO 
outfalls in Brooklyn, NY, as part of the Fresh Creek CSO treatment study (Field et al. 1995). The 
three sensor and receiver pairs in each outfall are placed in three vertical zones in each outfall, 
representing three layers of flow that can measure the severe backwater conditions due to daily 
tides. As an example, the individual sensors can measure tidal flows entering the bottom of the 
outfall and any floating CSO discharging on top of the saline receiving water. 

Rob Washbusch and Dave Owens of the USGS in Madison, WI, recently (1998) tested several 
different flow monitoring devices simultaneously in a single storm drain pipe for comparison 
(Figures 6.14 to 6.19). A unique aspect of these tests was the use of continuous dye injection and 
downstream water sampling that was automatically activated when rainfall started. The samples 
were then brought to the laboratory for fluorometric determinations and actual flow values. These 
actual flows were then compared with the flows indicated by the different flow monitoring equip
ment. The box plots show the observations from 60 events examined over a 6-month period of 
time. Flow measurement errors of ±25% were not uncommon. They emphasize that these results 
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Box plots of differences observed 
when using different flow monitoring 
methods. (From Waschbusch, R. and 
D. Owens. Comparison of Flow Esti
mation Methodologies in Storm Sew
ers. Report prepared by the USGS for 
the FHWA. Madison, WI. January 
1998.) 

Figure 6.15 	 Sigma bubbler flowmeter at USGS test Figure 6.16 ADS acoustic flowmeter at USGS test 
site. site. 

are for only one site (an industrial area in Madison, WI) and are not likely directly indicative of 
conditions that might be found elsewhere. They recommend that all runoff flow monitoring equip
ment be carefully calibrated at the time of installation and periodically rechecked. 

Doppler velocity sensors are more commonly used in small storm and sanitary sewer lines. These 
reflect acoustic signals from particles flowing toward the sensors. The signals reflect off the fastest 
moving particles, and signal processing then determines the average water velocity. Several vendors 
sell Doppler units that are constantly improving in accuracy and ease of use. ADS Environmental 
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Figure 6.17 Acoustic flowmeter at USGS test site. Figure 6.18 	 Automatic dye injection installation at 
USGS flowmeter test site. 

Services, Inc. (800-633-7246) maintains many 
large-scale flow monitoring networks around the 
world using its Doppler velocity and ultrasonic 
level sensors. ISCO (800-228-4373) also sells a 
Doppler unit that can be used in conjunction with 
its automatic water samplers. Unidata America 
(503-697-3570) sells the Starflow ultra
sonic/Doppler flowmeter that is very compact and 
can be used in small open channels and sewer 
and drainage lines. 

Summary of Flow Monitoring Methods 

Table 6.7 is a list of some of the advantages 
and disadvantages of the different flow monitor
ing/measurement techniques that are most com
monly used in urban receiving water studies. The 
previous discussion presented both manual flow 

Figure 6.19 Automatic sampler at outfall at USGS monitoring procedures and methods for flow
flowmeter test site for collecting real

time dye samples for calibration of flow- monitoring that can be used in conjunction with 

meters. automatic water samplers. In most cases, stan

dard bubble depth sensors supplied by the sam
pler manufacturer are probably the best choice for an automated station. However, these should be 
placed in a control section where the stage–discharge curve is specifically known and has been 
calibrated. Time-of-travel (sonic) current meters can be extremely valuable in situations where 
stratified flow may occur, but custom interfaces with the sampling equipment may be needed. Basic 
velocity meters are best used for more casual flow measurements, especially when flow measure
ments are being taken simultaneously with biological sampling. Dye testing is usually reserved for 
absolute calibration of flow monitoring setups and to measure in difficult situations, especially 
during low flow conditions in rocky streams where much of the flow may be actually occurring 
within gravel deposits, and in streams in karst areas where the interactions between surface and 
subsurface flows can be dramatic. 
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Table 6.7 Comparisons of Available Flow Measurement Instruments 

Flow Monitoring Instrument Type Advantages Disadvantages 

Manual Instruments 

Velocity meters 

Tracers (fluorescent dye) 

Tracers (naturally occurring 
salts) 

Automated Instruments 

Bubble sensor depth indicators 

Propeller velocity meters 

Time-of-travel (sonic) velocity 
meters 

Acoustic velocity meters 

Simple and rapid results 

Direct readout of current velocity 

Considered the standard flow 
calibration procedure 

Used for mixing and dilution 
studies. Inexpensive if using 
naturally occurring salts in major 
flow components. 

Long-term placement 

Simple and easy to interface with 
automatic samplers. Most choice 
and experience from many 
vendors. 

Direct measurement of current 
velocity. 

Direct measurement of velocity. 
Can be used to measure velocity 
of specific layer of the water to 
indicate shear; especially useful in 
tidal conditions with stratified 
water moving in different 
directions. 

Direct measurement of current 
velocity. Usually measures the 
peak velocity, and the average 
velocity for the relatively large 
sensing zone is calculated as a 
fraction of the peak velocity. 

Instantaneous results, not long
term 

Requires multiple measurements 
across stream to obtain average 
condition. Can be dangerous 
during high flows. 

May be subject to interferences 
from changing water quality 
(solids and temperature) or pipe 
materials. May be difficult to 
design and to conduct 
measurements for large systems. 
Required fluorometer is 
expensive. 

Requires unique and conservative 
tracer material in mixing 
components, such as mixing 
studies for outfalls in marine 
environment, or industrial 
discharges. 

More expensive and needed for 
each monitoring location 

Only measures depth; requires 
stage-discharge relationship. 
Should be used in conjunction 
with a control section (weir or 
flume) and be verified with 
frequent velocity meter studies 
(not commonly done). 

Foul easily and only indicate 
velocity at location of propeller. 

Relatively expensive and several 
may be needed to accurately 
measure flow in different flow 
strata. 

Current models with supporting 
software enable relatively easy 
interpretation of the monitoring 
results. However, these units 
generally suffer from a lack of 
precision and seem to be more 
subject to error than traditional 
flow monitoring units. 

Rainfall Monitoring 

Rainfall data are very important when monitoring receiving water quality and quantity. As an 
example, the rainfall history in a watershed is needed before interpretation of biological monitoring data 
can be used to identify possible sources of degraded conditions. The hydrology texts listed previously 
all contain excellent summaries of rainfall aspects of importance in runoff studies. An especially impor
tant reference on rainfall depth measurements and interpretation is the National Engineering Handbook 
Series (Part 630, Chapter 4, Storm Rainfall Depth) published by the USDA (Soil Conservation Service, 
SCS, now the Natural Resources Conservation Service, NRCS), commonly referred to as NEH-4. This 
is available from the Consolidated Forms and Distribution Center, 3222 Hubbard Road, Landover, MD 
20785. This handbook is supplied in a three-ring binder and sections are periodically updated. 
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Figure 6.20 	 Tipping bucket rain gauge with data Figure 6.21 Close-up of tipping bucket rain gauge 
logger. mechanism. 

Placement and selection of rain gauges are described in these references, along with calculating 
and interpreting watershed-wide rainfall. This section briefly summarizes several important aspects 
of rainfall monitoring not usually discussed in available reference texts, especially selecting the 
proper rain gauge network density and the need for calibration. 

Rain gauges suitable for stormwater monitoring are available from many sources. A new 
small and self-contained weather station is available from Hazco (800-332-0435) that contains 
sensors for wind speed, wind direction, temperature, relative humidity, dew point, barometric 
pressure, and rainfall. It has a built-in data logger for up to 6 months of recording and is even 
available with a modem for connecting to a cellular telephone for telemetry. The cost is about 
$8500 (catalog #B-W010010M) with a modem and $6600 (catalog #B-W010010) without a 
modem. Tipping bucket recording rain gauges and data loggers, standard 8" rain gauges, and 
wind screens are available without the other 
sensors from several sources, including Quali
metrics, Inc. (800-824-5873) and Global Water 
(916-638-3429) (Figures 6.20 and 6.21). 

The other extreme in rainfall monitoring is 
the “Clear View” rain gauge from Cole-Parmer 
(800-323-4340) that is only about $35 (catalog 
#H-03319-10). This is a nonrecording rain 
gauge (having a 4" funnel diameter) requiring 
manual readings of the rain depth. Many other 
types of “garden store” accumulative rainfall 
gauges (Figure 6.22) are also available for as 
little as $5 each, including simple ones that can 
be made using 3-L plastic soft drink bottles 
(requiring the collected rain to be poured out 
and measured). As noted below, relatively few 
recording rain gauges (for accurate rainfall 

intensity measurements and start and end rain Figure 6.22 Inexpensive “garden/household” rain 


times) are needed for most urban catchment gauges. 

RB-AR28613



ECOSYSTEM COMPONENT CHARACTERIZATION 379 

studies. However, numerous nonrecording gauges should be placed throughout the study area 
to indicate rainfall variations, especially for small rains. 

Determining Watershed Averaged Rainfall Depths 

Three methods are most commonly used to determine representative watershed-wide rainfall 
amounts from several point observations. These include the station-average method, the Thiessen 
polygon method, and the isohyetal method. These methods are briefly described in the following 
paragraphs. 

Station-Average Method 

The simplest and easiest method of estimating watershed-wide rainfall amounts is simply to 
compute the numerical average of all observed values in the watershed. Only those rain gauges 
physically located in the watershed of interest are usually considered. This method yields good 
estimates if most of the following conditions are present: the watershed has little topographical 
relief, a sufficient number of rain gauges are present, the rain gauges are reasonably uniformly 
distributed throughout the area, and the individual rain depths observed for the different rain gauges 
do not vary widely from the overall mean. The most important criterion is the need for a large 
number of rain gauges uniformly distributed throughout the area. 

Thiessen Polygon Method 

The Thiessen method uses a weighted average 

Perpendicular Bisectors 

14 3 

16 

7 10 

4 

27 

Connecting Lines 	 for the rain gauge network, based on the area 
assumed to be represented by each rain gauge. 
Closely spaced rain gauges have smaller weight
ings than do rain gauges spaced farther apart. The 
area weightings generally do not consider topog
raphy, or other watershed characteristics, although 
the polygons can be manually adjusted to account 
for these potential effects, with experience. The 
area represented by each station is assumed to be 
the area that is closer to it than to any other station. 

Figure 6.23 Thiessen polygon construction. These areas are determined by drawing connect
ing lines between all adjacent rain gauges. These 

connecting lines are then bisected. The perpendicular bisectors then describe a polygon surrounding 
each rain gauge. Figure 6.23 is a simple illustration of the construction of the polygons surrounding 
each rain gauge. Figure 6.24 is an example of a Thiessen polygon system for the Toronto, Ontario, 
metropolitan area which has 35 rain gauges over an area of about 4000 km2. These polygons were 
prepared using the SYSTAT computer program. 

Results from the Thiessen polygon method are usually assumed to be more accurate than those 
obtained by the simple station-average method because the Thiessen method accounts for non
uniform distributions of stations. Rain gauge measurements from surrounding areas are also used 
in the analysis. The polygons also do not change for different rains, unless data are missing from 
one or more rain gauges. The weightings therefore are relatively constant, making the calculations 
reasonably simple for multiple rains, after the polygons are initially determined and measured. 

Isohyetal Method 

This is the most complex method for determining rainfall depths over a watershed and is usually 
considered the most accurate. It was rarely used before the common availability of computers that 
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simplified the necessary calculations. In contrast to the Thiessen polygon method, the isohyetal 
method requires extensive calculations for each individual rain event. In this method, contours of 
equal precipitation depth are constructed over the watershed. The construction of the contours can 
consider the presence of topographic or lake effects. The precipitation averaged over the entire area 
is computed by multiplying the area enclosed between adjacent isohyetal lines by the average rain 
depth values of the two adjacent isohyetal lines. Figure 6.25 is an isohyetal map (rain depths in 
mm) for a single rainfall over the Toronto area, using data from many individual rain gauges. This 
map was also prepared using SYSTAT. 

The Toronto rain gauge network density resulted in small differences between the three 
averaging methods because of the large number of rain gauges available. The use of the 35 rain 
gauges was a lot compared to available rain gauge networks in most urban areas. The resulting 
errors in using the simple averaging method or the Thiessen polygon method, compared to the 

Figure 6.24 Thiessen polygons for Toronto 
rain gauges. 

Figure 6.25 Isohyetals prepared for a single 
Toronto rainfall (mm). 
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isohyetal method, were all less than 1 mm in rain depth for rains of just a few mm in depth to 
over 25 mm in depth. 

Rain Monitoring Errors 

There are several common aspects of rainfall monitoring that can cause measurement errors. 
Most of these errors result in decreased rainfall values compared to true conditions. These include 
too few rain gauges for the area, poor placement of the rain gauges, wind effects, splashing of rain 
out of the gauge during high-intensity rains, tipping rate of tipping bucket rain gauge not keeping 
up with high-intensity rains, and calibration errors. These problems can usually be identified when 
reviewing the data. The errors can be corrected during the monitoring period, one hopes; otherwise 
the rain data might not be usable. 

The easiest way to identify questionable rainfall data is to compare the site data with data 
collected from nearby and independent rain gauge locations. Residual analyses (differences between 
the site data and surrounding data) may indicate a consistent bias. This may be expected if there 
is a good reason for the bias (such as topographic differences or nearby large water bodies). The 
residuals also need to be examined for changes with time. This pattern should also be random, 
with no obvious trends or abrupt changes. In all cases, a recording rain gauge (especially a tipping 
bucket rain gauge) must have a standard rain gauge located in close proximity. The total rainfall 
recorded between observation times of the tipping bucket rain gauge is adjusted based on the 
standard gauge readings. These adjustment factors should be reasonably consistent. Another way 
to check rain gauge data is by comparing the watershed rainfall quantity with the stream flow 
quantity. This relationship should follow a reasonable rainfall–runoff pattern, with no abrupt 
deviations. Finally, recording rain gauges need to be periodically calibrated against different arti
ficial rain intensities. The measured rainfall causing a tip of the bucket in a tipping bucket rain 
gauge should remain constant for a wide range of rain intensities. This quantity should also not 
change abruptly with time. 

Needed Rain Gauge Density 

One of the most common problems with rainfall monitoring is simply not having enough rain 
gauges in the watershed. Typical guidance for appropriate rain gauge densities does not consider 
the likely errors associated with too few gauges located in relatively small urban watersheds. The 
absolute number of rain gauges is probably more important than the simple rain gauge density. In 
all cases, multiple rain gauges are needed, even in the smallest study area. The number of rain 
gauges required depends on local conditions (Curtis 1993). Areas of higher rainfall variability 
require a greater number of rain gauges to adequately estimate rainfall over a watershed. As an 
example, mountainous areas will require more gauges than flat lands, and areas subject to convective 
storms will require more gauges than areas subject to frontal-type storms. 

The spatial variability and intended use of the data should be used in determining the needed 
number of rain gauges. Typical guidance for flat terrain indicates rain gauge spacing of about 25 
to 30 km, while this spacing is reduced to 10 to 15 km for mountainous areas. Most monitored 
urban watershed areas are quite small: almost all are less than 100 km2, and typically less than 10 
ha in area. These small areas seem to justify only a single rain gauge. Wullshleger et al. (1976) 
made one of the earliest recommendations for the number of rain gauges needed in small urban 
runoff catchments. They found about one gauge was needed in 0.5- to 1-km2 watersheds, and about 
12 gauges for larger (25-km2) watersheds. However, multiple rain gauges are needed in all monitored 
watersheds. This should include a tipping bucket rain gauge and a single standard rain gauge, at 
least, for the smallest area, if rain intensities are to be monitored. When the study area increases, 
and if smaller rains are of interest, the number of rain gauges must be increased to compensate for 
the increased variation in the rain depth throughout the area. These additional rain gauges can be 

RB-AR28616



382 STORMWATER EFFECTS HANDBOOK 

30 

20 

10 

5 

4 

3 

2 

1 

0.5 

0.4 

0.3 

0.2 

0.1 
0.1 0.2 0.3 0.4 0.5 1 2 3 4 5 10 20 30 40 50 100 

Rainfall in inches 
100 

80 

60 

40 

30 

20 

10 

8 
6 

4 

3 

2 

1 

0.5 

Distance to point of estimate in miles 

Figure 6.26- Confidence limits based on rain gauge spacing. (From NEH (National Engineering Handbook). 
Part 630, Chapter 4, Storm Rainfall Depth (NEH-4). USDA (Natural Resources Conservation 
Service), Consolidated Forms and Distribution Center, 3222 Hubbard Road, Landover, MD 20785. 
Periodically updated.) 

additional pairs of tipping bucket and standard rain gauges, or simple accumulative (garden-store 
type) rain gauges, if intensities are not needed. 

The National Engineering Handbook Series contains a simple chart, shown here as Figure 
6.26, that can be used to estimate the 90% confidence limits of a rainfall located a specific 
distance from a rain gauge (NEH undated). As an example, if the measured rainfall at a rain 
gauge is 2 in, the 90% confidence limit in rain depth for a location 0.5 miles away can be 
estimated as: 

• The “plus error” is about 0.8 in, or 2.8 in for the upper limit. 
• The “minus error” is assumed to be about one half this amount, or 0.4 in, with a lower limit of 1.6 in. 

The NEH also contains a nomograph (Figure 6.27) that can be used to estimate the error in 
measurement of watershed average rainfall depth, based on the size of the watershed, the number 
of rain gauges, the annual average precipitation depth, and the storm rainfall depth of concern. The 
example shown in this figure is for a watershed of 200 acres, having two rain gauges. In the example 
shown, the annual rainfall is about 33 in, and the rain of interest is 5 in. The average error is 
estimated to be about ±12%, or ±0.6 in. 

Lei and Schilling (1993) studied the rainfall distribution in two urban watersheds located in 
Essen, Germany. The catchment had an area of 34 km2 and was represented by 17 rain gauges. 
Rainfall data for five summers (1980–1984) were analyzed. They only examined rains that had 
all stations represented and that had at least 0.5 mm of rain. They compared catchment-wide 
averaged rain depth using subsets of the complete rain gauge network against the data from all 
17 rain gauges as a reference. Figure 6.28 shows the basin-wide runoff volume errors that would 
result if only one rain gauge was used in rainfall–runoff modeling. It shows that relative errors 
of computed runoff volume decreased with increasing rain depth. Rains greater than about 8 mm 
had about ±20% errors in modeled runoff volume with a single rain gauge over the 34 km2 
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Figure 6.27- Errors in watershed rain depth. (From NEH (National Engineering Handbook). Part 630, Chapter 
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Figure 6.28- Relative runoff volume errors while using one rain gauge in Essen, Germany. (From Lei, J.L. and 
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drainage area. However, smaller rains could have rain depth errors of up to 250% with only a 
single rain gauge. 

Ciaponi et al. (1993) studied rainfall variability in the 11.4-ha Cascina Scala experimental urban 
catchment watershed in Pavia, Italy, for a 3-year period. Two rain gauges separated by 310 m were 
used in this study. During this period, 233 storm events were selected for analysis, all greater than 
1 mm in depth. The following list shows the percentage differences between the rain depths 
measured at the two monitoring locations for three rain depth categories: 

• For 1 mm < h < 5 mm (135 storms), the average error was 31%. 
• For 5 mm < h < 20 mm (75 storms), the average error was 10%. 
• For h > 20 mm (23 storms), the average error was 8%. 

These results show that the rainfall monitoring variations over even a very small watershed and 
with two closely spaced rain gauges can be quite large for small rain depths (<5 mm), with the 
differences decreasing for larger rains. 

The National Weather Service guideline (Curtis 1993) used to determine the minimum number 
of gauges required in a local flood warning system is: 

N = A0.33 

where A is the basin area in square miles. As an example, a 10-mi2 watershed would require at 
least two rain gauges, while a 100-mi2 watershed would require at least five. 

Figure 6.29 shows the expected coefficients of variation for different rain gauge numbers and 
watershed sizes (Curtis 1993). For a fast-responding watershed, a coefficient of variation (the 
standard deviation divided by the mean) goal of 0.10 would require about six rain gauges for a 
50-mi2 watershed, while a 500 mi2 watershed would require about 13 rain gauges for the same 
COV of observed rain depths in the watershed. Average and slow-responding watersheds would 
require slightly fewer rain gauges for the same watershed areas. 

Rodda (1976) presented recommendations (Tables 6.8 and 6.9) for the minimum number of 
rain gauges required for small and moderate-sized watersheds and for larger watersheds. Table 6.8 
shows the number of rain gauges needed for observations of daily rain depth totals and for monthly 
rain depth totals. 

According to Chow (1964), one rain gauge per 625 mi2 is the minimum for general climato<
logical purposes, while for hydrologic purposes, each study basin should have at least one rain 
gauge per 100 mi2. However, one rain gauge per 1 mi2 was recommended for the analysis of 
thunderstorms. 
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Table 6.8- Recommended Minimum Numbers Table 6.9- Recommended Minimum 

and Medium-Sized Watersheds Needed for Large Watersheds 
of Rain Gauges Needed in Small Number of Rain Gauges 

Area (mi2) Daily Monthly Total Area (mi2) Number of Rain Gauges 

1 1 2 3 10 1 
2 2 4 6 100 2 
8 3 7 10 500 3 

16 4 11 15 1000 4 
31 5 15 20 2000 5 
47 6 19 25 3000 6 
63 8 22 30 

Data from Rodda, D.W.C. Water data collec-
Data from Rodda, D.W.C.Water data collection and tion and use. Water Pollution Control, Maid
use. Water Pollution Control, Maidstone, England. stone, England. Vol. 75, No. 1, pp. 115–123. 
Vol. 75, No. 1, pp. 115–123. 1976. With permission. 1976. With permission. 

Pitt and McLean (1986) investigated rainfall distributions in the Toronto area as part of the 
Humber River pilot watershed study. Rainfall data were available for 35 rain gauges over an area 
of about 4000 km2. This high number of gauges allowed sensitivity calculations to be made to 
determine the appropriate number of rain gauges that may be needed. Numerous random subsets 
of these rain gauge data were used to analyze potential errors associated with using fewer gauges 
for 46 different rains greater than 1 mm in depth. Figure 6.30 shows the likely errors for different 
numbers of rain gauges over this area. The largest rains (>20 mm) had the smallest rainfall variations 
over the area and therefore had the smallest errors for a specific number of rain gauges. The smallest 
rains (<5 mm in depth) had much greater errors because their variations were much larger throughout 
the area. This plot shows that the errors would be very large (several hundred percent in error) for 
all rains with only one rain gauge for the complete area. The errors somewhat leveled off after 
about 12 rain gauges were used. However, the rain depth errors for the largest rain category would 
remain greater than 10% even for 25 rain gauges, and the smallest rains may still have about 50% 
errors associated with this large number of gauges. 

The small catchment monitoring effort by Pitt and McLean (1986) in Toronto illustrated the 
need to include multiple rain gauges even in very small areas. The two urban watersheds monitored 
were 39 and 154 ha in area and were located about 3 km apart. Rainfall was monitored at one of 
the areas only, and the rainfall at the airport several kilometers away was used for comparison. Part 
way through the monitoring program, a large deviation was noted between the local and airport 
monitored rain depths. The local rain gauge was then recalibrated, with a 40% increase in the 
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volume needed for a single bucket tip compared to the initial calibration value. This of course had 
a significant effect on the rainfall quantity monitored, and much time was spent in identifying why 
and when the rain gauge had changed so much since its initial calibration. After much analysis 
using surrounding rainfall data and investigating the history of the specific rain gauge, it was 
determined that the rain gauge used had a historical problem with its bearings and several repairs 
had been made in an attempt to correct it. Unfortunately, the gauge calibration was found to be 
highly variable, and all the locally monitored data were therefore questionable and not used. 
Thankfully, the Toronto rain gauge network had six other rain gauges surrounding the two study 
areas within a few km. These data were extensively evaluated, including examining the storm tracks 
across the city during all monitored rains, to derive suitable rain depth and intensity values for the 
storms of interest. This analysis required much time, but was possible because of the additional 
rain gauge data. This problem could have been prevented with the use of a standard rain gauge 
located next to the tipping bucket rain gauge (as required in professional rain monitoring installa<
tions) for more frequent checks on the calibration factor. Nonrecording rain gauges could also have 
been located in several locations in the small test watersheds to indicate variations throughout the 
drainage. Both of these options would have cost a fraction of the amount associated with the 
additional detailed rainfall analysis required during this project and would have alerted the field 
personnel to the rainfall monitoring problem much sooner. 

Proper Placement of Rain Gauges 

Precipitation measurements are greatly influenced by wind. Careful placement and shielding of 
rain gauges are both necessary to reduce wind-induced errors. The upward movement of air over a 
rain gauge reduces the amount of precipitation captured in a rain gauge. Proper placement is needed 
to minimize wind-induced turbulence (and to minimize rain shadow effects) from nearby obstructions. 

Linsley et al. (1982) concluded that reliable measurements of wind-induced errors are difficult 
because of problems involved in determining the actual amounts of precipitation reaching the 
ground. They reported that wind-induced errors during rainfall monitoring exceed about 10% for 
winds greater than about 8 mph, for both shielded and unshielded rain gauges. This error increases 
to about 20% during 20 mph winds. Shielded rain gauges perform slightly better, with a wind<
induced error about 3% less than for an unshielded rain gauge during 10 mph winds, and about 
5% less during 20 mph winds. The effects of winds on snowfall is much greater, with shielded 
gauges having about half the magnitude of errors as unshielded gauges when monitoring snowfalls. 
Snowfall errors (all underreported) for unshielded gauges may be about 50% for 10 mph winds 
and increase to about 70% for 20 mph winds. Various types of wind shields have been used, but 
the Alter shield (loose-hanging vanes in a circle around the rain gauge) has been adopted as a 
standard in the United States. Its open and flexible construction provides less opportunity than solid 
shields for snow buildup, and the flexible design allows wind movement to help keep the shield 
free of accumulated snow and ice. 

Rain gauge exposure and placement are very important to reduce rainfall measurement errors. 
The higher the rain gauge is located above the ground, the greater the wind error. It is therefore 
best to locate the rain gauge on level ground, definitely avoiding roof installations and steep hillsides. 
Linsley et al. (1982) and Shaw (1983) both recommend a partially sheltered site. Brassington (1990) 
stated that the rain gauge should be located at a distance that is at least twice the height of surrounding 
obstructions: the vertical angle from the rain gauge to the top of the surrounding trees and buildings 
should be no greater than 30°. Also, Shaw (1983) recommended that a turf wall be used in 
overexposed locations where natural shelter is rare. A surrounding small grassed embankment 
decreases wind turbulence around the rain gauge which can inhibit raindrops from falling into an 
unprotected gauge. The turf wall should form a circle having an inside diameter of about 3 m, and 
be built up to the top of the rain gauge. The inside wall should have vertical walls, while the outside 
should have a slope of about 1 to 4. The inner area must be drained to the outside to prevent flooding. 
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Rain gauges must also be placed level. If a rain gauge is inclined 10° from the vertical, it will catch 
1.5% less than it should due to a decreased open area exposed to the rain. In addition, if a rain 
gauge is inclined slightly toward the wind, it will catch more rain than the true amount. 

Proper Calibration of Rain Gauges 

The standard U.S. Weather Bureau rain gauge is a nonrecording, but accumulating rain gauge 
that has an 8-in-diameter funnel opening. The opening directs the water into a measuring tube that 
has 1/10 the cross-sectional area of the gauge opening. The depth of accumulated rain in the 
measuring tube is therefore 10 times the depth of rain that fell since the gauge was last checked. 
This gauge is usually used to measure the 24-hour total rain depths, usually read at 8:00 am each 
day. This standard gauge should be located adjacent to any recording rain gauge to check the total 
amount of rain that has fallen during the observation period. 

A tipping bucket rain gauge is the most common type that measures rainfall intensity. This 
gauge has an internal tipping mechanism that fills with water from the funnel connected to the 
standard 8-in-diameter opening (see Figure 6.21). The tipping mechanism is balanced to dump its 
contents after a specific amount of water has accumulated (usually 0.01 in). Upon dumping, another 
small bucket rises to collect the next increment of rainfall. Each tipping motion is recorded on an 
event recorder, along with its time. Rainfall intensity is therefore related to the number of tips per 
time period. 

Tipping bucket rain gauges must be periodically calibrated by measuring the number of tips 
associated with a specific amount of water slowly introduced into the gauge. The calibration water 
must be introduced at a rate comparable to that of the rainfall of interest. Several rainfall rates 
should be checked over the range of interest. This calibration should be conducted in the field, 
with the gauge installed, at least every 6 months. As noted previously, tipping bucket rain gauges 
are most accurate for small to moderate rain intensities. Significant rain can be missed during the 
time that the tipping action is moving and before the other bucket is in place. Heavy rains also 
tend to hold the buckets in intermediate positions for long periods, preventing the rain from 
accumulating in the buckets. The use of a standard accumulating rain gauge adjacent to any 
recording rain gauge is therefore highly recommended. 

Table 6.10 shows the water delivery rate to a tipping bucket rain gauge needed for calibration 
for different equivalent rainfall intensities, assuming a standard 8-in opening. The rates needed to 
calibrate a tipping bucket rain gauge for the smallest rainfall intensities shown on this table are 
very low and would require special low flow pumps. As an example, a Masterflex portable pump 
can pump from 0.06 to 1100 mL/min, depending on pump head, tubing size, and pump speed 
(available from Forestry Suppliers, catalog #76899, model 7570-10 variable speed pump with 
rechargeable battery, and #76888 pump head with #16 tubing, for 0.80 to 320 mL/min, at a total 
cost of about $900). This pump can therefore be used for all the rainfall intensity calibrations listed 
in Table 6.10. Of course, other available peristaltic pumps can also be used for this calibration. 

Table 6.10 Water Delivery Rates for Recording Rain Gauge 
Calibration (standard 8-in opening) 

Rainfall Intensity 
(mm/hour) 

Rainfall Intensity 
(in/hour) 

Water Delivery Rate for 
Calibration (mL/min) 

2 0.078 1.1 
5 0.20 2.7 

10 0.39 5.4 
25 0.98 14 
50 2.0 27 

100 3.9 54 
200 7.9 110 
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When the rainfall intensity becomes great, the tipping bucket mechanism cannot keep up, 
resulting in a decreased amount of rain recorded. As an example, Ciaponi et al. (1993) used a 
peristaltic pump to calibrate two gauges in an urban test watershed in Pavia, Italy. The calibrations 
showed that the rain gauges could accurately measure rainfall intensities at 44 mm/hour (the lowest 
rate calibrated with the pump) with errors less than 1%. However, at rain intensities of about 250 
mm/hour, the errors were about 10%, and at 400 mm/hour, the errors increased to about 15%. The 
measured rain intensities were all less than the actual intensities due to missing rain during the 
tipping time of the individual buckets. Of course, very few rains would be expected to have 
prolonged large intensities that would cause errors greater than about 10%. However, short-duration, 
very high rain intensities are much more likely, and accurate rates in these high-intensity ranges 
may be needed. Therefore, care must be taken when calibrating rain gauges to use appropriate 
water delivery rates that correspond to a wide range of expected rainfall intensities. 

Summary of Rainfall Monitoring Methods 

Table 6.11 lists the main advantages and disadvantages of the different basic types of rainfall 
monitoring methods. In all cases, a tipping bucket rain gauge is needed in an urban study area, 
with a standard gauge located nearby for proper calibration. In addition, at least several rain gauges 
(need not be recording, but that would obviously be most helpful) must be placed throughout the 
study area. For large areas, many gauge installations are needed. In areas of snowfall, special 
modifications are also required. Proper placement and shielding of the rain gauges are also needed 
but frequently overlooked. Radar rainfall information can be valuable, but only as a supplement to 
standard rain gauges in a study area. Proper use of radar rainfall data generally requires an expert 
and specialized software, and it is only useful relatively close to the radar installation. 

SOIL EVALUATIONS 

Knowing local soil properties is critical for many aspects of watershed evaluations. Soil prop<
erties are extremely important for less-developed areas, because they control many of the hydrologic 
and sediment aspects of the stormwater. As a watershed becomes developed, however, soil char<
acteristics may become less important than other aspects (especially the nature and extent of the 
paved and roofed surfaces). Nonetheless, it is important to acknowledge that soils become dramat-

Table 6.11 Advantages and Disadvantages of Different Rainfall Monitoring Methods 

Rainfall Monitoring Method Advantages Disadvantages 

Tipping bucket rain gauges Most commonly used and available 
gauge. Obtains high resolution 
rainfall intensity data. Relatively 
inexpensive for current versions of 
recording models. 

Standard rain gauges Standard rain gauge and most 
accurate. Can be heated and used 
for monitoring snowfall. 

“Garden store” rain gauges Inexpensive and can be placed 
throughout a study area. Best use to 
supplement standard and tipping 
bucket rain gauges. 

Radar rainfall measurements High resolution data over a large area. 
(such as NEXRAD) Real-time measurements. 

Must be frequently calibrated and 
located adjacent to a standard rain 
gauge (not usually done). Usually 
insufficient numbers of recording 
gauges in most local networks. 

Does not obtain rain intensity 
information. Must be manually read 
at least once a day. 

Does not obtain rain intensity 
information. Must be manually read. 

Most indicative of severe weather 
conditions. Can be very inaccurate 
and requires substantial calibration 
from standard rain gauges. Only 
suitable for areas relatively close to 
a radar installation. 
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Figure 6.31 	 Double-ring infiltrometer measure- Figure 6.32 Infiltration test apparatus at University 
ments in disturbed urban soils in of Essen, Germany. 
Oconomowac, WI. 

ically altered with typical urban development and to understand how these changes affect local 
stormwater. The following paragraphs describe the unusual soil conditions found during some 
studies of urban soils and the methodologies that were used. 

Local USDA Soil Conservation Service (SCS) (now NRCS, Natural Resources Conservation 
Service) offices have a wealth of information pertaining to soils in all areas of the nation. The 
county soil surveys should be carefully reviewed for important information. However, urbanization 
typically alters many “natural,” or mapped, soil characteristics beyond recognition through removing 
vegetation and topsoil, large-scale cut-and-fill operations, compaction, and artificial landscaping. 
Unfortunately, these changes usually all adversely affect the soils’ abilities to infiltrate runoff and 
to retain soil during storms. It may therefore be important to directly measure some of these critical 
soil characteristics in watersheds undergoing study. This section briefly describes the experimental 
design and numerous test procedures and some results for a recent EPA-sponsored research project 
(Pitt et al. 1999a) that investigated adverse soil changes with urbanization (mostly compaction) 
and possible mitigation methods (amending soil with compost). 

Numerous methods have been used to measure infiltration in urban areas. Figure 6.31 is a 
double-ring infiltration apparatus used to measure infiltration through disturbed urban soils in 
Oconomowac, WI. Figures 6.32 and 6.33 are photographs of an infiltration test apparatus developed 
by Dr. Wolfgang Geiger at the University of Essen, Germany, and Figures 6.34 through 6.35 are 
photographs of the Pac Forest soil infiltration test site developed by Dr. Rob Harrison of the 
Ecosystem Science and Conservation Division, College of Forest Resources at the University of 
Washington, Seattle. 

Case Study to Measure Infiltration Rates in Disturbed Urban Soils 

The soil characteristics of most interest for a receiving water investigation include the soil 
texture, the soil erosion factors (NRCS K and T factors), and the soil infiltration rates. Because 
soils in urban areas are greatly disturbed during construction activities, the information contained 
in the county soil surveys will not be directly applicable, requiring site investigations. Soil infil<
tration may be related to the time since the soil was disturbed by construction or grading operations 
(turf age). In most new developments, compact soils are expected to be dominant, with reduced 
infiltration compared to preconstruction conditions. In older areas, the soil may have recovered 
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Figure 6.33 	 Adjustments being made to rain drop Figure 6.34 Soil infiltration test plot at University of 
tubes at Essen infiltration test apparatus. Washington, Seattle. 

some of its infiltration capacity due to root structure development and from soil insects and other 
digging animals. 

The following discussion presents a case study that was conducted by Pitt et al. (1999) that 
investigated infiltration rates in disturbed urban soils. These types of data can be used to more 
accurately predict watershed hydrology and associated receiving water problems, compared to using 
published information for natural soil conditions. The results presented in the following example 

Figure 6.35 Tipping bucket flow measurement 
device for measuring groundwater Figure 6.36 Weather station at UW soil infiltration 
flows at UW test plot. test plot. 
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show how site measurements can be significantly different from published and traditional data. 
This case study is presented as an example of how this type of study can be conducted to obtain 
this critical, site-specific information. 

Experimental Design 

A series of 153 double-ring infiltrometer tests were conducted in disturbed urban soils in the 
Birmingham and Mobile, AL, areas. The tests were organized in a complete 23 factorial design 
(Box et al. 1978) to examine the effects of soil moisture, soil texture, and soil compactness on 
water infiltration through historically disturbed urban soils. Moisture and soil texture conditions 
were determined by standard laboratory soil analyses. Compaction was measured in the field using 
a cone penetrometer (Dickey-John Corp. 1987) and confirmed by the site history. Moisture levels 
were increased using long-duration surface irrigation before most of the saturated soil tests. From 
12 to 27 replicate tests were conducted in each of the eight experimental categories in order to 
measure the variations within each category for comparison to the variation between the categories. 

Table 6.12 shows the analytical measurement methods used for measuring the infiltration rates, 
and supporting measurements, during the tests of infiltration at disturbed urban sites. Table 6.13 
defines the different levels for the experimental factors used during these tests. 

Infiltration Rate Measurements 

The infiltration test procedure included several measurements. Before a test was performed, the 
compaction of the soil was measured with the DICKEY-john Soil Compaction Tester and a sample 
was obtained to analyze moisture content. TURF-TEC Infiltrometers (1989) were used to measure 
the soil infiltration rates. These small devices have an inner ring about 64 mm (2.5 in) in diameter 
and an outer ring about 110 mm (4.25 in) in diameter. The water depth in the inner compartment 
starts at 125 mm (5 in) at the beginning of the test, and the device is pushed 50 mm (2 in) into the 
ground. The rings are secured in a frame with a float in the inner chamber and a pointer next to a 
stopwatch. These units are smaller than standard double-ring infiltrometers, but their ease of use 
allowed many tests to be conducted under a wide variety of conditions. The use of three infiltrometers 
placed close together also enabled better site variability to be determined than if larger, standard-

Table 6.12 QA Objectives for Detection Limits, Precision, and Accuracy for Critical Infiltration Rate 
Measurements in Disturbed Urban Soils 

Measurement Methoda Reporting Units MDL Precision 

Double-ring infiltration rate 
measurements 

ASTM D3385-94 in/hr 0.05 10% 

Soil texture ASTM D 422-63, D 
2488-93, and 421 

plots na 10% 

Soil moisture (analytical 
balance) 

ASTM D 2974-87 Percentage of moisture 
in soil (mg) 

5% (0.1 mg) 10% (1%) 

Soil compaction History of site activities 
and cone penetrometer 

psi 5 10% 

Soil age Age of development years na na 

a ASTM 1994 and Dickey-John Corp. 1987. 

Table 6.13 Experimental Test Levels during Infiltration Rate Tests 

Moisture Disturbancea Soil Textureb 

Enhanced infiltration Dry (<20% moisture) Uncompacted (<300 psi) Sandy (per ASTM D 2487) 
Decreased infiltration Wet (>20% moisture) Compact (>300 psi) Clayey (per ASTM D 2487) 

a Dickey-John Corp. 1987. 
b ASTM 1994. 
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Figure 6.37 	 Field observation sheet. (From Pitt 
et al., 1999.) 

sized units were used. These small units are available from Forestry Suppliers, Inc., while the 
standard-sized units are available from Gilson, or other soil engineering equipment suppliers. 

Three infiltrometers were inserted into the turf within a meter of each other to indicate the 
infiltration rate variability of soils in close proximity. Both the inner and outer compartments were 
filled with clean water by first filling the inner compartment and allowing it to overflow into the outer 
compartment. As soon as the measuring pointer reached the beginning of the scale, the timer was 
started. Readings were taken every 5 min for 2 hours. The instantaneous infiltration rates were 
calculated by noting the decline in the water level in the inner compartment over the 5-min period. 

Tests were recorded on a field observation sheet as shown in Figure 6.37. Each document 
contained information such as relative site information, testing date and time, compaction data, 
moisture data, and water level drops over time, with the corresponding calculated infiltration rate 
for the 5-min intervals. 

All measurements were taken in soils in the field (leaving the surface sod in place), with no 
manipulation besides possibly increasing the moisture content before “wet” soil tests are conducted 
(if needed). 

Soil Moisture Measurements 

Moisture values relating to dry or wet conditions are highly dependent on soil texture and are 
mostly determined by the length of antecedent dry period before the test. Soil moisture was 
determined in the laboratory using the ASTM D 2974-87 (1994) method (basically weighing a soil 
before and after oven drying). For typical sandy and clayey soil conditions at the candidate test 
areas, the dry soils had moisture contents ranging from 5 to 20% (averaging 13%) water, while 
wet soils had moisture contents ranging from 20 to 40% (averaging 27%) water. 

The moisture condition at each test site was an important test factor. The weather occurring 
during the testing enabled most site locations to produce a paired set of dry and wet tests. The dry 
tests were taken during periods of little rain, which typically extended for as long as 2 weeks with 
no rain and with sunny, hot days. The saturated tests were conducted after thorough artificial soaking 
of the ground, or after prolonged rain. The soil moisture was measured in the field using a portable 
moisture meter (for some tests) and in the laboratory using standard soil moisture methods (for all 
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tests). The moisture content, as defined by Das (1994), is the ratio of the weight of water to the 
weight of solids in a given volume of soil. This was obtained using ASTM method D 2974-87 
(1994), by weighing the soil sample with its natural moisture content and recording the mass. The 
sample was then oven-dried and its dry weight recorded. 

Soil Texture Measurements 

At each site location, a soil sample was obtained for a texture classification. The texture of the 
samples was determined by ASTM standard sieve analyses (1994) to verify the soil conditions 
estimated in the field and for comparison to the NRCS soil maps. The sieve analysis used was the 
ASTM D 422-63 Standard Test Method for Particle Size Analysis of Soils for the particles larger than 
the No. 200 sieve, along with ASTM D 2488-93 Standard Practice for Description and Identification 
of Soils (Visual — Manual Procedure). The sample was prepared based on ASTM 421 Practice for 
Dry Preparation of Soil Samples for Particle Size Analysis and Determination of Soil Constants. 

The texture analyses required a representative dry sample of the soil to be tested. After the 
material was dried and weighed, it was crumbled to allow a precise sieve analysis. The sample was 
then treated with a dispersing agent (sodium hexametaphosphate) and water at the specified quan<
tities. The mixture was then washed over a No. 200 sieve to remove all soil particles smaller than 
the 0.075 mm openings. The sample was then dried again and a dry weight obtained. At that point, 
the remaining sample was placed in a sieve stack containing No. 4, No. 8, No. 16, No. 30, No. 50, 
No. 100, No. 200 sieves, and the pan. The sieves were then placed in a mechanical shaker and 
allowed to separate onto their respective sieve sizes. The cumulative weight retained on each sieve 
was then recorded. 

The designation for the sand or clay categories follows the Unified Soil Classification System, 
ASTM D 2487. Sandy soils required that more than half of the material be larger than the No. 200 
sieve, and more than half of that fraction be smaller than the No. 4 sieve. Similarly, for clayey 
soils, more than half of the material is required to be smaller than the No. 200 sieve. Figure 6.38 
is the standard soil texture triangle defining the different soil texture categories. 

Soil Compaction Measurements 

The extent of compaction at each site was also measured before testing using a cone penetro<
meter. The compaction of the test areas was obtained by pushing a DlCKEY-john Soil Compaction 
Tester (available from Forestry Suppliers, Inc.) into the ground and recording the readings from 

Figure 6.38 Standard soil triangle. 
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the gauge. For these tests, compact soils were defined as a reading of greater than 300 psi at a 
depth of 3 in, while uncompacted soils had readings of less than 300 psi. 

Compaction was confirmed based on historical use of the test site location, as moisture levels 
affected the cone penetrometer readings. Soils, especially clay soils, are obviously more spongy 
and soft when wet compared to when they are extremely dry. Therefore, the penetrometer mea<
surements were not made for saturated conditions, and the degree of soil compaction was also 
determined based on the history of the specific site (especially the presence of parked vehicles, 
unpaved lanes, well-used walkways, etc.). Other factors that were beyond the control of the 
experiments, but also affect infiltration rates, include bioturbation by ants, gophers and other small 
burrowing animals, worms, and plant roots. 

Bulk Density 

Bulk density was estimated using a coring device of known volume (bulk density soil sampler). 
The core was removed, oven dried, and weighed. Bulk density was calculated as the oven-dry 
weight divided by the core volume. Particle density was determined by using a gravimetric dis<
placement. A known weight of soil or soil/compost mixture was placed in a volumetric flask 
containing water. The volume of displacement was measured and particle density was calculated 
by dividing the oven-dry weight by displaced volume. 

Gravimetric water-holding capacity was determined using a soil column extraction method that 
approximates field capacity by drawing air downward through a soil column. Soil or soil/compost 
mixture was placed into 50 mL syringe tubes and tapped down (not compressed directly) to achieve 
the same bulk density as the field bulk density measured with coring devices. The column was 
saturated by drawing 50 mL of water through the soil column, then brought to approximate field 
capacity by drawing 50 mL of air through the soil or soil/compost column. 

Volumetric water-holding capacity was calculated by multiplying gravimetric field capacity by 
the bulk density. Total porosity was calculated by using the following function: 

total porosity = 1- 
 

bulk density 
 × 100% (6.1)

 particle density 

Particle size distribution was determined both by sieve analysis and sedimentation analysis for 
particles less than 0.5 mm in size. Due to the light nature of the organic matter amendment, particle 
size analysis was sometimes difficult, and possibly slightly inaccurate. Soil structure was determined 
using the feel method and comparing soil and soil/compost mixture samples to known structures. 

Subsurface Flow Measurements 

Subsurface flows and surface runoff during rains were measured and sampled using special 
tipping bucket flow monitors collecting the samples from the tubing shown in Figure 6.39 (Harrison 
et al. 1997). The flow amounts and rates were measured by tipping-bucket-type devices attached 
to an electronic recorder, as shown in Figure 6.40 (a close-up of the tipping bucket flowmeters 
shown previously in Figure 6.35), taken at the University of Washington installation. Each tip of 
the bucket was calibrated for each site and checked on a regular basis to give rates of surface and 
subsurface runoff from all plots. 

Observations — Infiltration Rates in Disturbed Urban Soils 

The initial exploratory analyses of the data showed that sand was most affected by compaction, 
with little change due to moisture levels. However, the clay sites were affected by a strong interaction 
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Figure 6.39 Drawing of surface and subsur
face flow collectors for use in 
field sites. (From Harrison, R.B., 
M.A. Grey, C.L. Henry, and D. 
Xue. Field Test of Compost 
Amendment to Reduce Nutrient 
Runoff. Prepared for the City of 
Redmond. College of Forestry 
Resources, University of Wash
ington, Seattle. May 1997.) 

Figure 6.40 Picture of the tipping bucket installation for monitoring 
surface runoff and subsurface flows at the University 
of Washington. 

Figure 6.41 Three-dimensional plot of infil
tration rates for sandy soil con
ditions. (From Pitt et al. 1999.) 
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of compaction and moisture (see Figures 6.41 and 6.42). The variations in the observed infiltration 
rates in each category were relatively large, but four soil conditions were found to be distinct, as 
shown in Table 6.14. 
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The data from each individual test were fitted to the Horton (1939) equation (Table 6.15), but the 
resulting equation coefficients were relatively imprecise, and it may not matter much which infiltration 
model is used, as long as the uncertainty is considered in the evaluation. Therefore, when modeling 
runoff from urban soils, it may be best to assume relatively constant infiltration rates throughout an 
event, and to utilize Monte Carlo procedures to describe the observed random variations about the 
predicted mean value, possibly using time-averaged infiltration rates and COV values. 

Importance of Field Tests of Soil Infiltration Characteristics 

Very large errors in soil infiltration rates can easily be made if published soil maps and most 
available models are used for typically disturbed urban soils, because these tools ignore compaction. 

Figure 6.42 Three-dimensional plot of infil
tration rates for clayey soil con
ditions. (From Pitt et al. 1999.) 

Table 6.14 Infiltration Rates for Distinct Groupings of Soil Texture, Moisture, and Compaction 
Conditions 
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Number Average Infiltration 

Group of Tests Rate (in/hr) COV 

Noncompacted sandy soils 36 16.3 0.4 
Compact sandy soils 39  2.5 0.2 
Noncompacted and dry clayey soils 18  8.8 1.0 
All other clayey soils (compacted and dry, plus all 60  0.7 1.5 
saturated conditions) 

From Pitt et al. 1999. 

Table 6.15 Observed Horton Equation Parameter Values for Sandy and Clayey Soils 

fo (in/hr) fc (in/hr) k (l/min) 
Mean Range Mean Range Mean Range 

Observed noncompacted sandy soils 39 4.2 to 146 15 0.4 to 25 9.6 1.0 to 33 
Observed compact sandy soils 15 0.1 to 86 1.8 0.1 to 9.5 11 1.8 to 37 
Observed dry noncompacted clayey soils 18 2.5 to 58 6.6 0.1 to 24 8.8 –6.2 to 19 
Observed for all other clayey soils 3.4 0 to 48 0.4 –0.6 to 6.7 5.6 0 to 46 
(compacted and dry, plus all saturated 
conditions) 

From Pitt et al. 1999. 
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Knowledge of compaction (which can be mapped using a cone penetrometer, or estimated based on 
expected activity on grassed areas) can be used to more accurately predict stormwater runoff quantity. 

It is therefore recommended that certain site-specific soil measurements be made in the water
shed being studied. These tests should at least include actual soil texture near the surface and the 
shallow root zone area. Soil compaction greatly affects runoff rates and amounts and should be 
measured during moderately dry to moist conditions. Care should be taken when using a cone 
penetrometer during excessively dry or wet soil conditions. The simple double-ring infiltrometer 
tests, such as described for the Alabama tests, can be easily used to examine the effects of disturbing 
soils during development and use. 

Water Quality and Quantity Effects of Amending Soils with Compost 

Surface runoff decreased by five to 10 times after amending the soil with compost (4 in of 
compost tilled 8 in into the soil), compared to unamended sites. However, the concentrations of 
many pollutants increased in the surface runoff, especially associated with leaching of nutrients 
from the compost. The surface runoff from the compost-amended soil sites had greater concentra
tions of almost all constituents, compared to the surface runoff from the soil-only test sites. The 
only exceptions were some cations (Al, Fe, Mn, Zn, Si) and toxicity, which were all lower in the 
surface runoff from the compost-amended soil test sites. The concentration increases in the surface 
runoff and subsurface flows from the compost-amended soil test site were quite large, typically in 
the range of five to 10 times greater. Subsurface flow concentration increases for the compost
amended soil test sites were also common and about as large. The only exceptions were for Fe, Zn, 
and toxicity. Toxicity tests indicated reduced toxicity with filtration at both the soil-only and at the 
compost-amended test sites, likely due to the sorption or ion exchange properties of the compost. 

Compost-amended soils caused increases in concentrations of many constituents in the surface 
runoff. However, the compost amendments also significantly decreased the amount of surface runoff 
leaving the test plots. Table 6.16 summarizes these expected changes in surface runoff and subsur-

Table 6.16 Changes in Pollutant Discharges from Surface Runoff and Subsurface 
Flows at New Compost-Amended Sites, Compared to Soil-Only Sites 

Surface Runoff Discharges, Subsurface Flow Discharges, 
Amended-Soil Compared Amended-Soil Compared to 

Constituent to Unamended Soil Unamended Soil 

Runoff volume 

Phosphate 

Total phosphorus 

Ammonium nitrogen 

Nitrate nitrogen 

Total nitrogen 

Chloride 

Sulfate 

Calcium 

Potassium 

Magnesium 

Manganese 

Sodium 

Sulfur 

Silica 

Aluminum 

Copper 

Iron 

Zinc 


0.09 0.29 
0.62 3.0 
0.50 1.5 
0.56 4.4 
0.28 1.5 
0.31 1.5 
0.25 0.67 
0.20 0.73 
0.14 0.61 
0.50 2.2 
0.13 0.58 
0.042 0.57 
0.077 0.40 
0.21 1.0 
0.014 0.37 
0.006 0.40 
0.33 1.2 
0.023 0.27 
0.061 0.18 

From Pitt et al. 1999. 
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face flow mass pollutant discharges associated with compost-amended soils. All of the surface 
runoff mass discharges were reduced from 2 to 50% of the unamended discharges. However, many 
of the subsurface flow mass discharges increased, especially for ammonia (340% increase), phos
phate (200% increase), plus total phosphorus, nitrates, and total nitrogen (all with 50% increases). 
Most of the other constituent mass discharges in the subsurface flows decreased. 

Importance of Measuring Chemical Properties of Soils 
When Making Soil Modifications 

The use of soil amendments, or otherwise modifying soil structure and chemical character
istics, is becoming an increasingly popular stormwater control practice. However, little informa
tion is available to reasonably quantify benefits and problems associated with these changes. An 
examination of appropriate soil chemical characteristics, along with surface and subsurface runoff 
quantity and quality, was done during these Seattle tests. It is recommended that researchers 
considering soil modifications as a stormwater management option conduct similar local tests, 
including at least the detail contained in this case study, in order to understand the effects these 
soil changes may have on runoff quality and quantity. During the Seattle tests, the compost was 
found to have significant sorption and ion-exchange capacity that was responsible for pollutant 
reductions in the infiltrating water. However, the compost also leached large amounts of nutrients 
to the surface and subsurface waters. Related tests with older test plots in the Seattle area found 
much less pronounced degradation of surface and subsurface flows with aging of the compost 
amendments. In addition, it is likely that the use of a smaller fraction of compost would have 
resulted in fewer negative problems, while providing most of the benefits. Again, local studies 
using locally available compost and soils would be needed to examine this emerging stormwater 
management option more thoroughly. 

AESTHETICS, LITTER, AND SAFETY 

Safety Characteristics 

Chapter 3 discussed safety-related problems associated with urban receiving waters. This is a 
critical beneficial use and should therefore be considered in evaluations of receiving water use 
impairment studies. The important safety-related information should be collected as part of the 
habitat survey process, as the recognized safety hazards are also indicative of poor habitat conditions 
for aquatic life. These include rapidly changing flows and common high flows, steep or cut banks, 
muddy and slippery banks, and fine-grained/mucky stream sediments. The presence of trash and 
other hazardous debris should also be noted as part of stream habitat surveys. Most of these problems 
are related to high flows from developed areas and erosion from developing areas. Watershed 
surveys may therefore also be important in identifying these specific sources and the necessary 
preventive measures to reduce safety hazards associated with urban stormwater. 

Aesthetics, Litter/Floatables, and Other Debris 

Aesthetics and these other elements were also described in Chapter 3 as important basic 
receiving water uses. Again, they should be considered in any urban receiving water evaluation 
investigation. Stream habitat surveys typically collect information relating to general aesthetics, 
including litter and other debris. An example of a beach litter survey was reported by Williams and 
Simmons (1997) who conducted surveys at 50 sites in South Wales and 20 sites in Devon, U.K., 
over a 1-year period. The surveys were conducted in both winter and summer. At each site, three 
transects were made, each 5 m wide, perpendicular to the beach and covering all litter strand lines. 
The number and types of litter were recorded in each transect. Supplemental surveys were also 

RB-AR28633



1
2
3
4
5
6
7
8
9

10
11
12
13

ECOSYSTEM COMPONENT CHARACTERIZATION 399 

carried out along 1-km lengths of beach specifically for containers (material, size, color, original 
contents, age, and geographical origin). Plastic fragments, bags, and plastic sheeting were the most 
numerous litter items found. Investigators determined that little of this material accumulates along 
U.K. riverbanks, leaving more for deposition along marine beaches. 

HydroQual (1995) reported New York City’s major efforts in characterizing litter loadings 
and in measuring the effectiveness of litter control devices. New York City has a Scorecard Litter 
Rating (SLR) Program with regular inspections of sidewalks and streets. The SLR has a numeric 
rating of 1.0 for streets with no litter to 3.0 for streets with a continuous line of litter. An 
acceptably clean rating is 1.5, with 70 to 75% of all New York City streets meeting this criterion 
since 1986. An extensive field monitoring program to quantify litter loadings was conducted in 
the summer of 1993, simultaneous with SLR inspections. This monitoring program quantified 
the amounts and characteristics of floatable litter. Ninety blockfaces (each 80 ft in length) were 
selected throughout the city for monitoring. The cleanest rating was between 1.10 and 1.19, 
while the dirtiest was between 2.00 and 2.09. Five to six visits were made that summer to each 
test area, resulting in almost 7 miles of street being directly sampled. Litter samples were collected 
Monday through Friday, with about half collected in the morning and half in the afternoon. At 
each test area, the streets and the sidewalks were individually swept with push brooms and the 
litter collected. The litter was then brought to a central laboratory where it was weighed and 
separated into 13 floatable categories (listed in Table 6.17) and nonfloatables. The material in 
each category was counted, weighed, and the accumulative surface areas (after laying out on a 
table) were measured. 

The sampling procedure involved a two-person crew, one cleaning the street and the other 
cleaning the sidewalk. Each person used a push broom, a long-handled sweep pan, and a wheeled 
garbage bin lined with a plastic sample bag. The loose litter was collected and deposited into the 
appropriate bin labeled for the street or the sidewalk. Natural materials (sticks, leaves, etc.), gravel, 
sand, bricks, animal droppings and remains, and items pinned under parked vehicles were ignored. 
Hazardous items (syringes, glass shards, etc.) were retrieved with tongs and placed inside hard 
plastic containers for safe handling. Bulky items (large appliances, tires, etc.) were noted on the 
field sheets and not collected. Containers having liquids were drained (unless they were tightly 
capped or contained petroleum) before collecting. The collection bags were carefully tagged. 
Several bags were sometimes needed for any one sampling site. The sample bags were brought to 
the laboratory for analysis. 

Table 6.17 Discharged Litter Material Categories Captured during NewYork 
City Tests 

Category Examples 

Sensitives Syringes, crack vials, baby diapers 

Paper-coated/waxed Milk cartons, drink cups, candy wrappers 

Paper-cigarette Cigarette butts, cigarettes 

Paper-other products Newspaper, cardboard, napkins 

Plastic Spoons, straws, sandwich bags 

Polystyrene Cups, packing material, some soda bottle labels 

Metal/foil Soft drink cans, gum wrappers 

Rubber Pieces from automobiles, pieces from toys 

Glass Bottles, light bulbs 

Wood Popsicle sticks, coffee stirrers 

Cloth/fabric Clothing, seat covers, flags 

Misc. floatables Citrus peels. Pieces of foam 

Non-floatables Opened food cans, broken bottles, bolts 


Data from Grey, G. and F. Oliveri. Catch basins — effective floatables control 
devices. Presented at the Advances in Urban Wet Weather Pollution Reduction 
conference. Cleveland, OH, June 28–July 1, 1998. Water Environment Federa
tion. Alexandria, VA. 1998. 
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Three laboratory technicians would then weigh an unopened bag before pouring the contents 
onto a sorting table. A water-filled test bucket was also available to determine if an item was 
floatable or nonfloatable, if in doubt. After sorting, counting, and measuring areas (using a grid on 
the table), the material was placed into 20-gallon bins where the sorted material was weighed and 
the total volume measured. Periodically, individual categories were further subdivided into 47 
subcategories to attempt to “fingerprint” the types of material found on streets and sidewalks to 
compare to the similarly monitored material being collected during the floatable capture activities 
in the receiving waters. 

HABITAT 

Habitat can be defined as the total physical and chemical environment where organisms live. Some 
of these environmental components of habitat are very dynamic, such as flow, and may change by 
an order of magnitude within minutes, while others change on a seasonal basis (e.g., riparian vege
tation) or annual (e.g., channel morphology). As noted in the preceding discussion on flow, watershed 
development may dramatically alter the temporal dynamics of many of these habitat components, in 
addition to changing spatial relationships (e.g., patch dynamics) and general habitat character. These 
habitat alterations play a major role, if not the major role, in determining the type, size, and diversity 
of species, populations, and communities that will reside in the affected water system (Figure 6.43). 

The other major determinants (stressors) of ecosystem quality are the pollutant types and loading 
dynamics that are present. Habitat and pollution stress are often interwoven, interacting components 
which are difficult to separate. Fortunately, it usually is not necessary to accurately determine the 
nature, type, and/or degree (quantity) of each individual stressor. It is often necessary, however, to 
determine to what degree runoff effects are due to development (anthropogenic activities) or to 
particular sources (e.g., construction site) as compared to natural, predevelopment, or least-impacted 
conditions. This necessitates use of qualitative or quantitative measures of habitat conditions in a 
test and reference site, as discussed in Chapter 3 and Appendix A. 

Figure 6.43 	 The relationship between habitat 
and biological condition. (From 
EPA. Ecological Assessment of 
Hazardous Waste Sites. Envi
ronmental Research Laboratory, 
U.S. Environmental Protection 
Agency, Corvallis, OR. EPA 
600/3-89/013. 1989a; EPA. 
Rapid Bioassessment Protocols 
for Use in Streams and Rivers: 
Benthic Macroinvertebrates and 
Fish. Office of Water, U.S. Envi
ronmental Protection Agency, 
Washington, D.C., EPA 444/4
89/001. 1989c.) 

Habitat Variables Life Requisites 

% cover (V2) 

% pools (V1) 

% cover (V2) 

Food (CF) 

Average current velocity (V18) 

Temperature (adult) (V5) 

Temperature (fry) (V12) 

Temperature (juvenile) (V14) 

Dissolved oxygen (V8) 

Dissolved oxygen (V8) 

Turbidity (V7) 

Salinity (adult) (V9) 

Salinity (embryo) (V11) 

Temperature (embryo) (V10) 

Salinity (fry, juvenile) (V13) 

Length of agricultural 
growing season (V6) 

Substrate type (V4) 

Cover (CC) 

Water Quality (CWQ) 

Reproduction (CR) 

HSI 

% pools (V1) 

% cover (V2) 
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Figure 6.44 	 Pool and riffle area in Milwaukee. Figure 6.45 Long riffle in Milwaukee. 
(Courtesy of Wisconsin Department of 
Natural Resources.) 

Figures 6.44 through 6.48 illustrate various relatively natural habitat types found in urban areas. 
These various types, plus the heavily modified urban streams that are also common (see Figures 
3.7 through 3.11), all require investigation and specialized sampling techniques, because all are 
expected to be significantly different biologically. Habitat plays an important role in the natural 
ecosystem, and these natural differences must be evaluated when trying to understand the specific 
effects associated with urbanization. The following discussion will show the usefulness of charac
terizing physical habitat in evaluations of stormwater runoff effect, while later sections of this 
chapter will address specific biological sampling methods that should be used for the different 
habitat types. 

For some studies, quantification of habitat effects is useful and necessary to meet the Data 
Quality Objectives (DQOs). These methods do, of course, require more resources (time, equipment, 
expertise, and/or expense) than qualitative assessments. Quantitative approaches include the Habitat 
Suitability Indices (HSI) (Figure 6.49) (Terrell 1984), Habitat Quality Index (Binns and Eiserman 
1979), and the Physical Habitat Simulation Model (PHABSIM) (Hilgart 1982). 

Figure 6.46 Long pool in Milwaukee. Figure 6.47 Dry creek in Austin, TX. 
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The HSI were developed on a species-spe

cific basis and may be useful when particularly 

sensitive or economically important species are 

of concern. The HSI models provide information 

on species habitat requirements and are effective

tools for beneficial use attainability analyses. 

These models are based on two assumptions: an 

HSI value has a positive relationship to potential 

animal numbers and a positive relationship 

between habitat quality and some measure of 

carrying capacity (EPA 1983b). HSI values range 


Figure 6.48 Rocky substrate in Milwaukee area from 0 to 1, with 1 equating to optimal condi

stream. (Cour tesy of Wisconsin tions. When comparing before and after impact
Department of Natural Resources.) data, “habitat units” may be used. 

Habitat area × habitat quality (HSI) = Habitat units 

Since these methods are models, they contain subjective data and such components as deter
mining which habitat variables to include; using incomplete data sets; using data from different 
species of different life stages; determining independence or codependence of variables; determin
ing when, where, and how variables should be measured; and converting assumed relationships 
into an aggregate suitability index (Terrell et al. 1982). The subjectivity level has been reduced, 
however, through extensive peer-review by the USFWS (EPA 1983b). 

Most runoff effect assessments can be successful, however, without quantifying habitat effects. 
Rather, structured qualitative assessments exist which have been used successfully in a wide variety 
of ecoregions across the United States (EPA 1989c). The Qualitative Habitat Evaluation Index 
(QHEI) (OEPA) and the Habitat Quality Assessment Procedure (EPA 1989c) of the Ohio EPA and 
EPA are similar and effective at measuring six to nine interrelated metrics, including substrate, 
stream canopy, channel morphology, riparian and bank condition, pool and riffle quality, and 
gradient characteristics. All of these parameters have been shown to be related to fish and benthic 
macroinvertebrate community composition (OEPA 1989; EPA 1989a,c). 

A key component in effectively evaluating habitat effects is the availability of baseline (prede
velopment) non-(least)-impacted, reference condition information. These data are seldom available 
for predevelopment periods at the test site. Usually, the reference site must be in a nearby watershed 
that has the desired, unimpacted conditions. This approach falls within the “ecoregion” concept, 
which has been recommended by the EPA and successfully used by Ohio and Arkansas in their 
surface water quality programs (EPA 1989a). 

Ecoregions are defined based on regional patterns in land-surface topology, soil and vegetation 
types, and land use (Omernik 1987). The biotic communities within each ecoregion are expected 
to be relatively similar due to habitat similarities. Studies in Ohio, Arkansas, and Oregon have 
suggested that fish community patterns coincide with ecoregions (Hughes et al. 1986, 1987; Larsen 
et al. 1986; Rohm et al. 1987; Whittier et al. 1988; Omernik 1987). Benthic macroinvertebrates 
show smaller habitat distribution patterns than fish (Omernik 1987) and may be influenced more 
by stream size, hydrologic regime, and riparian vegetation (EPA 1989a). 

The QHEI, used by the State of Ohio (OEPA 1989), has shown good relationships between 
macrohabitat quality and fish community composition, and has been an effective tool both for 
implementing a biological criteria program and for assessing use impairment. Table 6.18 shows 
the metrics that are used in the assessment with their associated scoring ranges. When fish com
munities were evaluated using the Index of Biotic Integrity (IBI) (Karr 1981) and scores were less 
than 20, impacts were usually from a “toxicant(s)” source(s), showing greatly reduced abundance, 
biomass, species diversity, or other community components. However, when habitat was severely 
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modified, the fish community usually responded by a shift in community function, such as from 
insectivore to omnivore species dominance. IBI scores rarely dropped below 20 in these situations 
when toxicants were absent. By utilizing individual IBI metrics and another index, the modified 
Index of Well-Being (mIWB), community response due to habitat or toxic impacts can be further 
separated (OEPA 1989). 

By doing extensive surveys of habitat and aquatic communities in each ecoregion, reference 
site conditions can be quantified, with associated variances (for example, see Figure 6.49). Refer
ence conditions can be tailored to meet different criteria. For example, in many states there has 
been extensive channel modification during the previous century. 

These areas may be unable to ever recover to premodification conditions, particularly if low 
gradients exist (<5 ft/mi), or maintenance activities (e.g., dredging) recur. For areas where there is 
no evidence of or expected recovery over extended periods (i.e., decades), a channel modified 
reference station may be appropriate (Table 6.19, Figure 6.50) (OEPA 1989). These “irretrievable 
anthropogenic modifications” do not allow waters to be degraded, but rather attempt to manage 
historically modified streams in a realistic manner. 

Factors Affecting Habitat Quality 

The degree to which any habitat characteristic controls the “use” or quality of the aquatic eco
system will vary with the site and ecoregion. There are, however, some general relationships that have 
been observed in a wide variety of stream systems. Small streams are more likely to be affected by 
riparian conditions and modifications than larger streams. Removal of riparian vegetation in headwater 
streams may increase water temperature 6 to 9°C and disrupt allochthonous inputs (Karr and Schlosser 
1977). Another factor affecting biotic community indices is the presence of refuge areas and nearby 
unaffected “sources” of species (Palliam 1988; Levin 1989). If an upstream reach or tributary is 
unimpacted, species from this “source area or refuge” may drift or migrate into the impacted area 
and both assist in recovery and complicate the assessment process. Refuge areas in urban streams 
tend to be quite small and more limited to a protective function (e.g., debris piles) rather than a source 
of unaffected organisms. There are enough site-specific habitat variables to prevent the use of habitat 
alone as an absolute site-specific predictor of fish community quality (OEPA 1989). 

60 
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45 
40 

Warmwater 
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Sites 

Modified 
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Table 6.18 Metrics and Scoring Ranges for the 
Qualitative Habitat Evaluation Index 

Metric Score 

Substrate 

1) Type 
2) Quality 

In-stream Cover 

1) Type 
2) Amount 

Channel Quality 

1) Sinuosity 
2) Development 
3) Channelization 
4) Stability 

Riparian/Erosion 

1) Width 
2) Floodplain quality 
3) Bank erosion 

Pool Riffle 

1) Max depth 
2) — 
3) Current available 
4) Pool morphology 
5) Riffle/run depth 
6) Riffle substrate stab. 
7) Riffle embeddedness 
Drainage Area 

Gradient 

Total score 

20 pts 

0–21 
−5–3 

20 pts 

0–10 
1–11 

20 pts 

1–4 
1–7 
1–6 
1–3 

10 pts 

0–4 
0–3 
1–3 

20 pts 

0–6 
— 

−2–4 
0–2 
0–4 
0–2 

−1–2 
Not included 

0–15 pts 

0–100 pts. 

From OEPA (Ohio Environmental Protection 
Agency). The Qualitative Habitat Evaluation Index 
(QHEI): Rationale, Methods, and Application. Eco
logical Assessment Section, Ohio Environmental 
Protection Agency, Columbus, OH. 1989. 

Surveys of five different ecoregions in Ohio by three fish collection methods found some significant 
relationships between habitat components (metrics) and fish community quality (Table 6.20). Three 
metrics were frequently related to the IBI, namely, pool, channel, and substrate quality (OEPA 1989). 

Channelization 

The process of channelizing a stream alters flow (Figure 6.51), channel morphology, and stream 
bank and adjacent riparian zone characteristics. When these projects cover small areas, such as for 
road or bridge construction, adverse impacts may be limited to the short term and affect only tens 
to hundreds of meters. The long-reach channelization projects, however, may cause severe ecosys
tem quality degradation. The most significant ecosystem alterations are usually the loss of the 
run–riffle–pool sequence, refuge areas, substrate composition characteristics change (e.g., particle 
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Table 6.19 Habitat Characteristics of Modified Warm-Water Streams and Warm-Water Streams in Ohio 

Modified Warm-Water Streams Warm-Water Streams 

1. Recent channelization1 or recovering2 

2. Silt/muck substrates1 or heavy to moderate silt 
covering other substrates2 

3. Sand substrates — Boat2, Hardpan origin2 

4. Fair–poor development2 

5. Low–No sinuosity2, Headwater1 

6. Only 1–2 cover types2, cover sparse to none1 

7. Intermittent or interstitial — with poor pools2 

8. Lack of fast current2 

9. Max. depth <40- Wading1, -Headwater2 

10. High embeddedness of substrates2 

1. No channelization or recovered 
2. Boulder, cobble, or gravel 

3. Silt free 
4. Good–excellent development 
5. Moderate–high sinuosity 
6. Cover extensive to moderate 
7. Fast current, eddies 
8. Low–normal substrate embeddedness 
9. Max. depth > 40 

10. Low/no embeddedness 

Note:	 Superscripts for MWH streams refer to the influence of a particular characteristic in determining the use 
(1 = high influence, 2 = moderate influence). 

From OEPA (Ohio Environmental Protection Agency). The Qualitative Habitat Evaluation Index (QHEI): Rationale, 
Methods, and Application. Ecological Assessment Section, Ohio Environmental Protection Agency, Columbus, 
OH. 1989. 
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Figure 6.51 	 Stream flow-altering channel condi
tions. 

size reduction, increased embeddedness), and 
increased temperature, and an altered productiv
ity and trophic level regime (EPA 1983b). By 
straightening a stream channel, length, habitat 
diversity (e.g., edge habitat), and quantity are all 
reduced. Since fish and benthic invertebrates are 
habitat selective, they are directly affected by 
these alterations. Numerous studies have docu
mented stream modification effects on ecosys
tem, structure, function, and quality (see OEPA 
1989; EPA 1983b, 1977). 
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Table 6.20 Relative Ranking by the Magnitude of Significant (P < 0.05) Correlation 
Coefficients (r) between the QHEI and IBI for Ohio Ecoregions and Fish 
Sampling Methods 

Ecoregiona Nb Metric Ranking 

Boat Methods 

HELP 28 Substrate > Channel > Riffle 
IP 7 No significant correlations 

EOLP 22 Channel > Riffle > Substrate > Pool > Gradient > Riparian > Cover 
WAP 26 Substrate > Gradient > Channel > Cover > Riparian > Riffle > Pool 
ECBP 56 Pool > Channel > Gradient > Substrate > Riffle > Cover 

Wading Methods 

HELP 16 No significant correlations 
IP 20 Gradient 

EOLP 28 Gradient > Riffle > Channel > Pool > Substrate 
WAP 47 Substrate > Cover > Channel > Gradient 
ECBP 73 Cover > Channel > Pool > Gradient > Substrate > Riffle > Riparian 

Headwater Methods 

HELP 8 No significant correlations 
IP 13 Pool 

EOLP 35 Channel > Cover > Substrate > Pool 
WAP 31 Substrate > Channel > Cover 
ECBP 52 Channel > Cover > Pool > Substrate > Riffle > Riparian > Gradient 

a Ecoregion classifications = HELP, Huron/Erie Lake Plain; IP, Interior Plateau; EOLP, 
Erie/Ontario Lake Plain; WAP, Western Allegheny Plateau; and ECBP, Eastern Corn Belt 
Plains 

b Number of sample data sets. 

From OEPA (Ohio Environmental Protection Agency). The Qualitative Habitat Evaluation 
Index (QHEI): Rationale, Methods, and Application. Ecological Assessment Section, Ohio 
Environmental Protection Agency, Columbus, OH. 1989. 

Substrate 

The substrate composition is a direct function of watershed and channel characteristics and to 
a large extent controls the composition of benthic macroinvertebrates, meio- and microfauna, 
periphyton, and fish communities (e.g., EPA 1983b). Algal (phytoplankton) and zooplankton com
munities are indirectly affected by nutrient availability, which changes as the rate of cycling changes 
in different sediment environments. Microbial communities are influenced structurally and func
tionally by sediment quality (see Benthos section). 

Though substrates consist of any inorganic or organic material that is utilized as a growth 
surface or is solid in nature, most substrate classifications are based on inorganic particle sizes 
(Table 6.21). Generally, mean particle sizes decrease (get finer) farther downstream due to reduced 
bottom shear stress and stream power. Current velocities of >50 cm/s on steep gradients typically 
result in substrate that is gravel size or larger. Velocities of 20 to 50 cm/s result in substrate that 
is sandy, while <20 cm/s velocities result in substrate dominated by silt and clay-sized particles. 
Channelization impacts are often greater in headwater streams that have high gradients and where 
coarse substrates are necessary to provide protection from strong currents (EPA 1983b). Few to no 
impacts have been observed in low gradient, high order, large streams where particle sizes are 
smaller and food sources for sensitive species are fewer. 

Large-grained (e.g., gravel) sediments typically have macrobenthic communities indicative of 
higher quality water. These substrates have a greater amount of living space, provide protection, 
trap more organic material, and are well oxygenated. High flows (storm events) tend to wash out 
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Table 6.21 Substrate Particle Size Classification for Sieve Analysis 

Particle Size 
Name (mm) (µm) U.S. Standard Sieve Number 

Boulder 
Rubble 
Coarse gravel 
Medium gravel 
Fine gravel 
Coarse sand 
Medium sand 
Fine sand 
Very fine sand 
Silt 
Clay 

>256 (10 in) 
64 to 256 
32 to 64 
8 to 32 
2 to 8 

0.5 to 2 
0.25 to 0.5 

0.125 to 0.25 
0.0625 to 0.125 
0.0039 to 0.0625 

<0.0039 

500–2000 
250–500 
125–250 
62–125 

4–62 
<4 

10 
35 
60 

120 
230 

Modified from Wentworth, 1922; see Cummins, 1962 (EPA 1990c). 

organic matter and thereby decrease food availability. Other important substrates include cobble, 
macrophytes, roots, and organic debris (sticks to leaves), which are used by numerous groups of 
organisms (e.g., periphyton, protozoa, filamentous algae, fungi, bacteria, and invertebrates) for 
attachment and as a food source. 

Siltation is a significant stressor for many desirable species. Silt and clay have been shown to 
decrease habitat diversity by filling interstitial spaces (embeddedness), standing crop, density, taxa 
richness, reproductive success, and productivity, and to increase pollution-tolerant species (EPA 1983b). 

In unchannelized, nonsandy streams, there is often an alternating pool–riffle structure. Riffles 
are stationary, comprised of gravel, cobble, and boulders, which may move. The increased flow, 
habitat space, and food in riffle areas support greater benthic macroinvertebrate populations than 
pool areas. For many fish, a 1:1 ratio of pool to riffle run areas is optimal for survival and 
reproduction. 

The importance and heterogeneity of substrates in stormwater assessments necessitates the 
collection of multiple samples at each site and characterization of both organic and inorganic 
constituents. Useful characterization parameters are listed in Table 6.22. 

Table 6.22 Substrate Characterization 

Parameter Method Ref. 

Particle size distribution 

Dry weight 

Volatile solids (ash-free) 
Total organic carbon 
Acid volatile sulfides 
Synthetic organics 

Metals 

Total organic halides 

Sieve: wet sieve Sample Welch 1948 
Sedimentation: 	Pipette 

Hydrometer 
Particle size: 	 Coulter counter 

Laser 
60-105MC 24 h 

500MC 1 h 

Spectrophotometric or gravimetric 
Variety 

Variety 

Allen 1975 
APHA 1985 
ASTM 1991 
ASTM D854-83 
APHA 1985 
ASTM D4318-84 
ASTM 1987 
APHA 1985 
EPA 1990 
EPA SW-846 8010-8310 
3510-3550 

EPA SW-846 7040-7951 
3010-3060 

APHA 1985 
APHA 1985 
APHA 1985 

Cation exchange capacity 

Total nitrogen 

Ammonia 

Total phosphorus 

Extractable phosphorus 
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Scour of Bottom Sediments 

A critical component of habitat quality is substrate stability. Frequent scouring or sedimentation 
is obviously detrimental to benthic organisms. Classical methods to monitor scour have been to 
use standard surveying procedures and carefully measure stream cross sections and slope. This 
should be supplemented with scour pins and scour chains. Scour pins are long rods (with a scale) 
driven deeply into stream banks, with a bright end exposed. Frequent visits are needed to note the 
length of pin exposed at any time. With receding banks, the pins will become more and more 
exposed, and the bank loss rate can be calculated. They can be reset when too much of the pin is 
exposed. Scour pins should be used at several locations at any cross section. 

Scour pins cannot be effectively used in the stream to measure scour and sedimentation 
separately. The use of scour chains, as described by May et al. (1999) in the following comments 
for work on salmon streams in the Pacific Northwest, works well in many stream locations. Nawa 
and Frissell (1993) monitored stream bed stability using bead-type scour monitors installed in 
salmonid spawning riffles in selected reaches. Figure 6.52 illustrates these devices. They found that 
larger scour and/or fill events normally resulted from larger storms and the resultant higher flows, 
as would be expected. Cooper (1996) found that increased urbanization leads to increased stream 
power and stream bed instability and that basin urbanization in Puget Sound lowland streams was 
found to have the potential to cause locally excessive scour and fill. Urban streams in the Puget 
Sound lowland area having gradients greater than 2% and lacking in large woody debris (LWD) 
were found to be more susceptible to scour than undeveloped streams. 

May et al. (1999) used a stream stability classification similar to Booth (1996): stream segments 
with >75% of the reach classified as stable were given a score of 4; stream segments having between 
50 and 75% stable banks were scored as a 3; those with 25 to 50% stable banks were scored as a 2; 
and those having less than 25% stable banks were scored as a 1. The presence of artificial stream 
bank protection (such as rip-rap) was considered a sign of bank instability and scored as a 1. 
Researchers found that only two undeveloped reference stream segments (watershed areas having 
total imperviousness area < 5%) had a stability rating less than 3. In basins that had from 5 to 10% 
imperviousness, the stream bank ratings were generally 3 or 4. However, in basins having between 
10 and 30% impervious area, there was a fairly even mixture of stream bank conditions, from stable 
and natural to highly eroded or artificially “protected.” For basins having total imperviousness areas 
of 30%, there were no segments having stream bank stability ratings of 4 and very few with ratings 
of 3 (only found in segments with intact and wide riparian corridors). Artificial stream bank protection 
was a common feature of all highly urbanized streams (those that had total imperviousness areas > 
45%). May et al. (1999) also found that stream bank stability was influenced by the condition of the 
riparian vegetation surrounding the stream, with the stream bank stability rating being strongly related 
to the width of the riparian buffer and inversely related to the number of breaks in the riparian corridor. 

Sediment Transport 

Sediment may be composed of organic or inorganic material ranging in size from colloidal 
humus (<1 µm) to boulders. Total sediments are the sum of suspended, bedload, and consolidated 

Figure 6.52 	 Sliding-bead type scour moni
tors. (From May, C., R.R. Hor
ner, J.R. Karr, B.W. Mar, and 
E.B. Welch. The Cumulative 
Effects of Urbanization on Small 
Streams in the Puget Sound 
Lowland Ecoregion. University 
of Washington, Seattle. 1999. 
With permission.) 

Before scour After scour and fill 
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sediments, each of which may have deleterious effects on ecosystem quality. Sediment erosion, 
watershed yields, or loading can be estimated by various simple sampling methods. The total 
sediment yield includes both suspended and bedload sediment. This provides a good indicator of 
land-use changes. Bedload sediments are more of a concern in high flow waters, as they can scour, 
abrade, and smother benthic biota. Sediments may also release or adsorb nutrients and toxicants. 
The partitioning coefficients and controlling conditions are not well understood. Sedimentation and 
resuspension are affected by biological and physical processes. The physical processes include 
bioturbation and fluid flow (laminar or turbulent). Particle movement and settling will depend on 
particle size, shape, and density, cohesion-flocculation properties, temperature, solids concentration, 
and water velocity and turbulence. Organic settleable solids can accumulate at velocities of 0.6 ft/s 
or less. The sediment particle size distribution is directly related to the system’s hydraulics. The 
most significant changes in particle size distributions occur when flow dynamics change in the 
stream or receiving water body, e.g., river mouth, riffle–pool boundary, or river bend. By knowing 
the watershed and substrate particle size characteristics and channel velocity, areas of sediment 
accumulation or scour may be predicted. Combining this information with time of passage data, 
sludge deposit areas were located (Velz 1970). As time since deposition increases, solids will tend 
to compact and higher velocities (e.g., 1.5 fps) will be required to induce scour. 

Typical automatic water samplers are limited in their ability to sample particles in the water, 
as discussed in Chapter 5. If particles larger than several hundred µm need to be included in the 
sampling program, then manual depth-integrated (Helley–Smith) or bedload samples also need 
to be used, as described in Chapter 5. The Helley–Smith sampler (Helley and Smith 1971) 
effectively collects water and bed sediment at the same flow velocity that occurs at the stream 
bottom. Samples must be collected at several intervals across the channel bottom and integrated 
for total transport. With a depth-integrated sampler, water passes into the vented sampler at the 
same flow velocity as the stream, so as it is lowered it collects in proportion to the total discharge. 
Suspended sediment is then measured by filtering and weighing (Guy and Normal 1970; Guy 
1969; Kunkle and Comer 1971). 

Bedload sediment moves along the streambed by traction and saltation mechanisms (slide, roll, 
bounce, or hop) (Davis 1983) and may comprise approximately 10% of the total sediment load. It 
is more difficult to measure than suspended sediment. Bedload in streams varies greatly with 
stormwater discharge conditions and by season. These measurements must therefore be repeated 
frequently. Bedload trapping samplers can be used to measure the material moving along stream 
bottoms over a period of time. There are several designs for these samplers. A simple sampler is 
made by burying cans (bottom intact, top removed) in sediment (top flush with sediment surface). 
The cans are filled with large, uniformly sized marbles to provide an effective trap and prevent 
scour of the finer material that filters down between the much larger marbles. More exotic samplers 
are scoop shaped and face upstream to allow moving sediment to enter the trap and accumulate in 
a deeper sump. 

Riparian Habitats 

The importance of lake, streamside, or wetland (riparian) ecosystems in determining water 
quality is well known. The relationship or correlation is essentially a holistic system. However, no 
one riparian component or parameter can be used to predict water quality (EPA 1983b). Obviously, 
the effect of the riparian zone is much greater in small stream systems (i.e., high riparian area:stream 
area ratio). These unique ecosystems are often described as ecotones, a gradient of changing habitat 
between terrestrial and aquatic systems, which supports greater diversity and abundance of terrestrial 
species than adjacent areas. 

The three principal stressors that result when riparian zones are removed are: (1) elevated 
temperatures from lack of shading; (2) increased siltation from the ecoregion with associated 
nutrients (salts, metals, pesticides, and other synthetic organics); and (3) more dynamic changes in 
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flow-runoff. Solids, nutrients, and toxicant loadings may increase orders of magnitude when riparian 
zones are removed (EPA 1991c; Lowrance et al. 1983). Another less noticeable yet important 
ecosystem perturbation that might occur when riparian zones are removed from small watersheds 
or small streams is the loss of allochthonous inputs of organic matter. The principal energy process 
in these systems is detritus processing and is accomplished by several biotic groups. Benthic 
macroinvertebrates, called “shredders,” produce fine particulate organic matter which is used by 
“collectors.” The organic matter processing is assisted by fungi and bacteria. When coarse particulate 
organic matter inputs are reduced, light and temperature are increased. The ecosystem changes to 
one of herbivorous grazers which feed on the periphytic algal populations (Cummins et al. 1973, 
1974, 1975; Marzolf 1978; Vannote et al. 1980). The other interactive effects are discussed in 
previous sections. 

Accurate assessments of riparian zone measures and their contribution to water quality are 
difficult and require extensive sampling and expertise. Some of the many variables factors of 
importance are listed in Table 6.23. 

Field Habitat Assessments 

When conducting qualitative assessments, the procedures outlined by the Ohio EPA or in the 
EPA Rapid Bioassessment Protocols (OEPA 1989; EPA 1989c, 1999) should be used. The methods 
are very similar and are presented with field data sheets in Appendix A. 

Recommended Stream Bed/Sediment Monitoring 

Unstable stream sediments may be one of the most common causes of degradation of biological 
uses in urban streams. It is therefore important that indicators of unstable stream beds be included 
in any habitat evaluation effort. As discussed above, the use of scour pins can be used to indicate 
unstable stream banks, while sliding bead scour monitors can be used to indicate sediment deposition 
and scour. These techniques can be used to supplement conventional cross section surveying at 
established stream stations. Pins and chain monitors can be much more rapidly examined for many 
intermediate locations between survey stations, enabling a better overall understanding of the mag
nitude and location of unstable stream bed conditions. If bedload samples are desired, or if bedload 
movement needs to be quantified, special bedload samplers (traps) should be used, because automatic 
water quality samplers cannot adequately collect the larger material that comprises bedload. 

Temperature 

Elevated temperatures of urban streams caused by heated stormwater has caused much concern. 
Much-needed research is currently being conducted by Steve Greb, of the WI Department of Natural 
Resources, Madison, WI. Figures 6.53 through 6.57 show some of the temperature measurement 
equipment he is using to investigate surface temperatures and sheetflow temperature increases from 
many different urban surfaces. 

Fish are cold-blooded poikilothermic organisms and are sensitive to water temperature changes. 
Gradual changes can induce metamorphosis, migration, and spawning behavior. As with many 
stressors, effects are greater during the sensitive early life stages. Fish may survive in suboptimal 
temperatures which may favor competitors, predators, parasites, and disease, and alter food sources. 
Metabolic activity is increased at warmer temperatures, which increases feeding until threshold 
levels are reached, and it also affects toxicokinetics. 

Temperature profiles in streams and rivers are generally more homogeneous than deeper, less 
turbulent reservoirs and lakes. As previously discussed, stormwater runoff from developed land 
(commercial, residential, or agricultural) is often significantly warmer than from vegetated non
developed areas. In a small receiving water system, this may quickly raise water temperatures. 
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Table 6.23 Riparian Zone Components That May Affect Water Quality 

Geomorphology (erosion, runoff rates and variations, sediment loads) 
Slope 
Topography 
Parent material 

Soils (sediment loads, nutrient inputs, runoff rates) 
Particle size distribution 
Porosity 
Field saturation 
Organic component 
Profile (presence or absence of mottling) 
Cation exchange capacity 
Redox (Eh) 
pH 

Hydrology (water budget, flooding potential, nutrient loads) 
Groundwater 

a. Elevation 
b. Chemical quality 
c. Rate of movement 

Climatic factors 
a. Total annual rainfall and temporal distribution 

– Chemical quality 
b. Temperature 
c. Humidity 
d. Light 

Vegetative and Faunal Characteristics 
Floristics (“community health,” disturbance levels) 

a. Presence/absence 
b. Nativity 

Vegetation (nutrient loads, “community health,” disturbance levels) 
a. Production 
b. Biomass 
c. Decomposition 
d. Litter (Detritus) dynamics 

– Size 
– Transportability 
– Quantity 

e. Plant size classes 
– Grasses, herbs (forbs), shrubs, trees 

f. Canopy density and cover 
– Light intensity 

g. Cover values 
Fauna (community disturbance, community health) 

a. Production 
b. Biomass 
c. Mortality 

Community Structure 
a. Diversity 
b. Evenness 

Physiological Processes 
a. Transpirational water loss (community health) 
b. Photosynthetic rates (community health) 

Stream bank characteristics 
a. Stream sinuosity 
b. Stream bank stability (sediment loads, habitat availability) 

EPA. Technical Support Manual: Waterbody Surveys and Assessments for 
Conducting Use Attainability Analyses. Office of Water Regulations and 
Standards, U.S. Environmental Protection Agency, Washington, D.C. 1983b. 
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Figure 6.53 	 Rain temperature monitoring by WI Figure 6.54 Roof temperature data loggers being 
DNR in Madison, WI. used by WI DNR. 

Figure 6.55 	 Rooftop temperature data logging used Figure 6.56 Pavement temperature monitoring by 
by WI DNR. WI DNR. 

This change may not exceed the temperature threshold of the species but could exceed its accli
mation ability. Many urban channels also have had their natural cover removed, causing further 
temperature increases. 

A sizable database exists on temperature effects on fish. In areas where temperature patterns 
change, fish populations can be expected to change. Table 6.24 shows preferred temperatures for 
some fish species. 

Temperature also affects physical stratification (water density) in reservoirs and lakes, and thus 
mixing, partitioning, and the fate of feeder stream loadings. Productivity and organic matter cycling 
are dramatically affected by temperature both through changes in metabolic rates and changes in 
species (planktonic and benthic microorganisms and algae) composition. These factors combined 
with the physical effect of temperature on dissolved oxygen concentrations will affect macrofaunal 
distribution, community composition, BOD rates (waste assimilation capacity), and metal-nutrient 
partitioning, and thus bioavailability as soluble or insoluble species. Dissolved oxygen levels should 
not drop below 5 mg/L during spawning seasons (EPA 1991c) in most areas of the United States 
where desirable habitats exist. 

RB-AR28647



ECOSYSTEM COMPONENT CHARACTERIZATION 413 

Temperature is an easy parameter to define 
in stormwater assessments. It should accompany 
the collection of all samples at all sites. Back
ground data are frequently available from nearby 
areas, but the land use similarity to current test 
conditions should be known due to its significant 
effect on temperature. The diurnal and seasonal 
patterns should be defined at reference and test 
sites, during baseflow, stormflow, and post-storm 
event conditions. 

Turbidity 

In many developing urban areas, urban receiv

ing waters are typically characterized by high tur

bidity levels caused by high erosion rates from 


Figure 6.57 Pavement temperature data loggers ongoing construction activities. Large discharges 

used by WI DNR. of sediment in urban runoff are mostly associated 

with poorly controlled construction sites, where 
30 to 300 tons of sediment per acre per year of exposure may be lost. These high rates can be 20 
to 2000 times the unit area sediment discharge rates associated with other land uses. Unfortunately, 
much of this sediment reaches urban receiving waters, where massive impacts on the aquatic 
environment can result. With complete development, sediment discharges from urban stormwater 
are significantly reduced. Unfortunately, high rates of sediment loss can also be associated with 
later phases of urbanization, where receiving water channel banks widen to accommodate the 
increased runoff volume and frequency of highly erosive flow rates. The associated increased levels 
of turbidity can interfere with algal productivity and with aquatic life. Increased turbidity is also 
typically associated with increases in settleable solids that can smother the natural bottom material 
and benthic organisms. These changes in the bottom characteristics of streams and lakes can produce 
dramatic interferences with spawning and rearing of fish. 

Schueler (1997a) listed the impacts that can be associated with suspended sediment: 

• “Abrades and damages fish gills, increasing risk of infection and disease 
• Scouring of periphyton from streams (plants attached to rocks) 
• Loss of sensitive or threatened fish species when turbidity exceeds 25 NTU 
• Shifts in fish communities toward more sediment-tolerant species 
• Decline in sunfish, bass, chub, and catfish when monthly turbidity exceeds 100 NTU 
• Reduces sight distance for trout, with reduction in feeding efficiency 
• Reduces light penetration that causes reduction in plankton and aquatic plant growth 
• Reduces filtration efficiency of zooplankton in lakes and estuaries 
• Adversely impacts aquatic insects, which are the base of the food chain 
• Slightly increases stream temperature in summer 
• Suspended sediments are major carriers of nutrients and metals 
• Turbidity increases the probability of boating, swimming, and diving accidents 
• Increased water treatment to meet drinking water standards 
• Increased wear and tear on hydroelectric and water intake equipment 
• Reduces anglers chances of catching fish 
• Diminishes direct and indirect recreational experience of receiving waters” 

Bolstad and Swank (1997) examined the in-stream water quality at five sampling stations in 
Cowetta Creek in western North Carolina over a 3-year period. The watershed is 4350 ha and is 
relatively undeveloped (forested) in the area above the most upstream sampling station and becomes 
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Table 6.24 Preferred Temperature of Some Fish Species 

Life Acclimation Preferred 
Stagea Temperature, °C Temperature, °CCommon Name (Species) 

Alewife (Alosa pseudoharengus) 

Threadfin shad (Dorosoma petenense) 
Sockeye salmon (Oncorhynchus nerka) 

Pink salmon (O. gorbuscha) 

Chum salmon (O. keta) 

Chinook salmon (O. tshawytscha) 

Coho salmon (O. kisutch) 


Cisco (Coregonus artedii) 

Lake whitefish (C. clupeaformis) 

Cutthroat trout (Salmo clarki) 

Rainbow trout (S. gairdneri) 


Atlantic salmon (S. salar) 

Brown trout (S. trutta) 

Brook trout (Salvelinus fontinalis) 


Lake trout (Salvelinus namaycush) 
Rainbow smelt (Osmerus mordax) 

J 18 20 
J 21 22 
A 24 23 
A 31 23 
A >19 
J 12–14 
A 10–15 
J 12–14 
J 12–14 
J 12–14 
J 12–14 
A 13 
A 13 
A 13 
A 9–12 
J — 14 
J 18 18 
J 24 22 
A 13 
A 14–16 
A 12–18 
J 6 12 
J 24 19 
A 14–18 
J 8–15 
A 6–14 

Grass pickerel (Esox americanus vermiculatus) J, A 24–26 
Muskellunge (Esox masquinongy)

Common carp (Cyprinus carpio)


Emerald shiner (Notropis atherinoides)

White sucker (Catostomus commersoni)

Buffalo (Ictiobus sp.) 

Brown bullhead (Ictalurus nebulosus) 


Channel catfish (Ictalurus punctatus) 

White perch (Morone americana) 

White bass (M. chrysops) 
Striped bass (M. saxatilis) 

Rock bass (Ambloplites rupestris) 
Green sunfish (Lepomis cyanellus) 

J 26 
J 10 17 
J 15 25 
J 20 27 
J 25 31 
J 35 32 
A 33–35 
J 25 
A 19–21 
A 31–34 
J 18 21 
J 23 27 
J 26 31 
A 29–31 
J 22–29 35 
A 30–32 
J 6 10 
J 15 20 
J 20 25 
J 26–30 31–32 
A 28–30 
J 5 12 
J 14 22 
J 21 26 
J 28 28 
A 26–30 
J 6 16 
J 12 21 
J 18 25 
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Table 6.24 Preferred Temperature of Some Fish Species (Continued) 

Life Acclimation Preferred 
Stagea Temperature, °C Temperature, °CCommon Name (Species) 

Pumpkinseed (L. gibbosus) 

Bluegill (L. machrochirus) 

Smallmouth bass (Micropterus dolomieui) 

Spotted bass (M. punctulatus) 

Largemouth bass (M. salmoides) 
White crappie (Pomoxis annularis) 

Black crappie (P. nigromaculatus) 

Yellow perch (Perca flavescens) 

Sauger (Stizostedion canadense) 

Walleye (S. vitreum) 

Freshwater drum (Aplodinotus grunniens) 


J 24 30 
J 30 31 
J 8 10 
J 19 21 
J 24 31 
J 26 33 
A 31–31 
J 6 19 
J 12 24 
J 18 29 
J 24 31 
J 30 32 
J 15 20 
J 18 23 
J 24 30 
J 30 31 
J 6 17 
J 12 20 
J 18 27 
J 24 30 
J 30 32 
J 26–32 
J 5 10 
J 24 26 
J 27 28 
A 28–29 
J 27–29 
A 24–31 
J, A 19–24 
A 18–28 
J, A 20–25 
A 29–31 

a J = juvenile, A = adult. 

EPA. Technical Support Manual: Waterbody Surveys and Assessments for Conducting Use Attain
ability Analyses. Office of Water Regulations and Standards, U.S. Environmental Protection Agency, 
Washington, D.C. 1983b. 

more urbanized at the downstream sampling station. Baseflow water quality was good, while most 
constituents increased in concentration during wet weather. Water quality was compared to building 
density for the different monitoring stations. Stormwater pollutant-related concentrations of turbid
ity increased as building densities increased. Baseflow concentrations also typically increased with 
density, but at a much lower rate. In addition, the highest concentrations observed during individual 
events corresponded to the highest flow rates. 

There has been conflicting evidence on the role of elevated turbidity levels on eutrophication 
processes and resulting highly fluctuating DO levels. Because of the high sediment loads, urban 
lakes are quite different compared to most impoundments. Burkholder et al. (1998) described a 
series of enclosure experiments they conducted in Durant Reservoir, near Raleigh, NC. Secchi disk 
transparency ranged from 0.5 to 1.3 m during the summer of 1990 when these experiments were 
conducted. The algal communities are P-limited until late summer, when N becomes the primary 
limiting nutrient. The phytoplankton biomass significantly increases during the summer growing 
season. Several 2-m-diameter enclosures were constructed, isolating sediment to water surface 
columns of water. The experimental design allowed investigating the effects of different levels of 
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sediment and nutrients on algal productivity. They found that the effects (reduction of light and 
coflocculation of clay and phosphate) of low (about 5 mg/L) and moderately high clay (about 15 
mg/L) loadings added every 7 to 14 days did not significantly reduce the algal productivity 
simulation caused by high phosphate loadings. However, higher clay loadings (about 25 mg/L 
added every 2 days) did produce depressed effects of phosphorus enrichment on the test lake. They 
concluded that dynamically turbid systems, such as is represented in southeastern urban lakes, have 
complex interacting mechanisms between discharged clay and nutrients that make simple predic
tions of the effects of eutrophication much more difficult than in the more commonly studied clear 
lakes. In general, increased turbidity will either have no effect, or will have a mitigating effect, on 
the cultural eutrophication process. 

Sediment is typically listed as one of the most important pollutants causing receiving water problems 
in the nation’s waters, and turbidity is therefore an important indicator of water quality. Turbidity, along 
with associated water column transparency, are two of the most commonly monitored water quality 
parameters in receiving water studies. Transparency is easily measured using Secchi disks by minimally 
trained volunteers (Figures 6.58 and 6.59). This has resulted in long-term transparency data being 
available for many urban lakes. Unfortunately, Secchi disk readings are instantaneous measurements 
and are usually obtained only during dry weather, with little high-resolution transparency information 
available. Measurements of water turbidity, however, can be readily obtained from both manual and 
automatic water sampling efforts, plus from continuous long-term monitoring sondes. Both laboratory 
and field nephelometers are available for measuring water turbidity (Figures 6.60 and 6.61). 

A discussion earlier in this chapter presented the results of a small study conducted along Five-
Mile Creek in Jefferson County, AL, where a YSI 6000 sonde, having continuous turbidity moni
toring capabilities, was used to indicate the frequency, duration, and severity of wet-weather flow 
events. Increases in turbidity, along with attendant decreases in specific conductivity, were a much 
more accurate indicator of the durations of wet-weather flow impacts than flow rate and stream 
stage. Turbidity immediately increased from base levels (about 10 NTU) to more than 1000 NTU 
(the upper limit of the instrument) with the initial increases in stream stage. Elevated turbidity 
levels (greater than 100 NTU) persisted long after the flow subsided. The actual duration of the 
detrimental effects of the wet-weather flow was two to three times longer than the duration of the 
elevated flows in the streams. In addition, interstitial water turbidity levels also substantially and 
rapidly increased (to levels of about 200 NTU) in areas having coarse sediment. The interstitial 
water turbidity levels remained elevated for a much longer period than the water column turbidity 

Figure 6.59 Underwater Secchi disk showing slow 
Figure 6.58 Secchi disk being lowered into lake for disappearance of contrasting disk 

transparency measurement. sectors. 
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Figure 6.60 HACH 2100P field turbidimeter. Figure 6.61 HACH turbidity reading. 

levels in the creek. There were no indicated interstitial water quality changes in areas having fine
grained (sandy) sediment. Therefore, turbidity can have much more prolonged effects on in-stream 
(and possibly in-sediment) conditions than is typically assumed, based solely on water flow mea
surements. The use of continuous turbidity measurements to supplement biological observations 
in wet-weather receiving water studies is therefore highly desirable. 

Dissolved Oxygen 

The adverse effects of low dissolved oxygen on aquatic life are well known, and reliable 
modeling techniques exist that predict DO levels in waters which receive wastewaters (EPA 1986). 
However, oxygen demand dynamics associated with stormwater events are not well understood. 
Peak oxygen demand may occur days after storm events, and miles downstream due to BOD and 
sediment oxygen demand (SOD) loading and transport. 

The measurement of SOD is often overlooked in stream surveys and methods are not standard
ized, but it may be a critical measurement. Research reported by Werblow (2000) has shown that 
SOD may be a very large sink of DO in Tualatin Basin in Oregon, for example. In systems or 
reaches where small particle sizes (i.e., silts and clays) dominate and where organic matter and 
nutrient inputs may be elevated, SOD may be an important stressor. Station selection for SOD 
measurements should be based on deposition zones and sources of loadings. SOD may be measured 
in the laboratory or in situ (Edberg and Von Hofsten 1973; O’Connor and DiToro 1970; Bowie et 
al. 1985; Whittemore 1986; Davis et al. 1987). Given the importance of maintaining sediment 
integrity (Burton 1991; ASTM 1991; Stemmer et al. 1990; Sasson and Burton 1991) in contami
nation assessments, in situ measures are preferred. The precision of SOD measurements is largely 
a function of the level of operator experience. 

The range of diurnal variation must be defined during baseflow and post-event conditions. By 
sampling three to four times daily over 2 or 3 days, this range may be established (EPA 1986). If 
DO variations are extreme, then sampling and modeling requirements will be more complex. 

Photosynthesis/Respiration (P/R) Rate Analyses 

Photosynthesis/respiration measurements are needed to measure local eutrophication problems 
and to evaluate the potential effects of discharges on receiving waters. Many receiving water quality 
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models also require photosynthesis and respiration rates in order to calculate dissolved oxygen 
conditions. Accurate values are important, and “default” values can be very misleading. Therefore, 
local measurements are strongly recommended. Traditional P/R analyses require the use of light 
and dark bottles (typically BOD bottles, one set clear, the other set wrapped in aluminum foil). 
The bottles are filled with the test water, an initial DO is measured, the dark bottles are wrapped, 
and the bottles are submerged in the waterbody of concern. Every few hours, a set of light and 
dark bottles (usually at least three of each) is removed and the bottle DO is measured. This is 
repeated during the day, typically from late morning until midafternoon, obtaining from three to 
five sets of observations. The DO values are plotted and the trends are measured. Thomann and 
Mueller (1987) describe the test and data evaluation procedures. The light bottles undergo both 
photosynthesis and respiration, while the dark bottles only undergo respiration. The P/R rates vary 
greatly depending on the local conditions. As an example, tests can be conducted in urban streams 
in full sun, in the shade, in shallow water, and in deep water. Weather conditions (cloud cover, 
obviously, and temperature) all affect the P/R rates. These variations can all be very important and 
should be considered when modeling oxygen conditions in urban streams. 

Case Study to Measure in Situ P/R Rates 

The following is a discussion of a more efficient method of measuring P/R rates in situ, using 
a plastic bag test chamber and a continuous water quality monitoring probe, as demonstrated by 
Easton et al. (1998) as part of an EPA-sponsored project investigating SSO discharge effects in 
Birmingham, AL. The advantage of this method is that a tremendous amount of data can be collected 
in a very efficient manner. The only personnel time required is that needed to calibrate the 
instruments, set up the chambers, retrieve the chambers, and evaluate the data. The probes can be 
programmed to obtain DO (along with other parameters of interest) every 5 to 15 min for an 
extended period (up to several weeks). This allows the effects of changing weather (cloud cover, 
temperature shifts, rains, etc.) on the P/R rates to be directly measured. In addition, numerous 
replicates of the rates can be easily obtained when the probes are left out for an extended period. 
These are all significant advantages over conventional light and dark bottle P/R tests. The following 
case study demonstrates the type of information that can be obtained using this technique, along 
with the appropriate data analysis procedures. 

This study used YSI 6000 UPG sondes. The important aspect of this sonde that allows these 
tests to be conducted is the rapid-pulse DO probe that consumes very little dissolved oxygen. 
Measured DO changes in the test chambers are therefore associated with the oxidation of wastes 
and are not significantly affected by measurement artifacts (including drift). In addition, the long
term monitoring capability of the unit enables many diurnal cycles to be measured efficiently. Also, 
the other measurements (especially pH, ORP, and conductivity) are very useful in indicating 
associated water quality changes in the test chamber and offer additional insight into the local P/R 
process. During this study, the YSI 6000 sondes were used to evaluate in situ P/R rates of different 
mixtures of raw sewage and fresh water. The sondes were calibrated for the following experimental 
parameters: depth, specific conductance, dissolved oxygen, turbidity, pH, oxidation-reduction 
potential (ORP), and temperature. The sondes were also programmed to acquire data in unattended 
mode for 2 weeks at 15-min intervals. 

There are several biological processes that were apparent from monitoring the water quality. 
During the daylight hours, photosynthetic organisms, such as algae, use energy derived from the sun 
to produce ATP (adenosine triphosphate) and NADPH (reduced nicotine adenine dinucleotide phos
phate) — reactions that generate oxygen. Then, the energy (ATP) and reducing power (NADPH) are 
used to fix carbon dioxide (CO2) into carbohydrate (Filip and Alberts 1994). Simultaneously, photo
synthetic organisms and any other aerobic organism, such as fish and certain types of microorganisms, 
use oxygen to break down carbohydrates for energy. This process occurs during the daylight and 
nighttime hours. Therefore, there is a constant drain on levels of dissolved oxygen in the water that 
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must be replenished by photosynthesis and/or 
exchange with the atmosphere. The net effect of 
these processes is that the dissolved oxygen level 
in the water rises during the daylight and falls at 
night. In addition, the pH of typical receiving 
waters is governed by the carbonic acid/bicarbon
ate/carbonate buffering system. Increases in the 
dissolved CO2 concentration causes corresponding 
decreases in pH, and vice versa. Therefore, the pH 
increases during the daytime hours because CO2 

is being fixed by photosynthetic organisms and is 
thereby removed from the water. Then, at night, 
pH drops because atmospheric CO2, and CO2 

being produced by respiration, increase the con
centration of CO2 in the water. 

The raw sewage was obtained at a local sew- Figure 6.62 In situ P/R tests being conducted. 

age treatment plant. The site for the tests was a 
small private lake that rarely, if ever, received sanitary sewage. Four different mixtures of sewage 
and fresh lake water (0/100%, 33/67%, 67/33%, and 100/0% sewage/fresh water) were prepared 
in their respective test chambers (20-L clear plastic bags containing 15 L of the test water mixture). 
The sondes were sealed in the bag with as little air trapped inside as possible. The test chambers 
and sondes were placed on the lake bottom in approximately 1 to 2 ft of water near the shore with 
full sun during daylight hours (Figure 6.62). 

The temperature results showed increasing temperatures with time, consistent with typical 
spring conditions. The range on day 1 was 20 to 23°C; while the range on day 10 was 23 to 25°C. 
A diurnal variation of about 3 to 4°C was also observed — again, typical for the day/night solar 
cycle. It is important to note that the last 2 days were overcast with scattered heavy rains and 
variable winds, and therefore the diurnal variation was less than it was on days with full sun. The 
temperature data also show that the results for each of the four probes were quite consistent, except 
that the 33% sewage chamber did not reach as high a daily peak as the others. It is possible that 
differences in the temperatures may have been due to differences in the color of the water/algae 
mixture. The large amount of green biomass observed in the 33% sewage chamber may have acted 
to moderate the extreme temperature levels found in the other chambers that did not have such a 
large algal growth. 

The pH results were also as predicted. There was a diurnal variation, at least in the test chambers 
that had photosynthesis occurring: 33% sewage (daily pH change ≅ 1 to 2, after day 7) and 0% 
sewage (daily pH change ≅ 0.25). This is due to the change in CO2 concentrations from photosyn
thesis (removal of dissolved CO2) and respiration (addition of dissolved CO2). An increase in 
dissolved CO2 causes the pH to decrease from the formation of more carbonic acid, while removal 
of dissolved CO2 increases pH. 

The results for oxidation-reduction potential (ORP) were also as expected. The test chambers 
with high oxygen demand, and corresponding reducing environment (67 and 100% sewage), 
dropped rapidly to less than −400 mV within the first few hours of the experiment, and stayed 
there. The ORP in the 33% sewage chamber was similar to the 67 and 100% for the first 5 days, 
but then began to climb, reaching positive ORP values by day 6. This result is well correlated with 
the DO data, showing that after an initial acclimation period, the algae and other microorganisms 
began to respire and photosynthesize. The 0% sewage chamber showed a definite diurnal trend and 
stayed above 300 mV, two factors that correlate well with the diurnal DO cycle resulting from P/R. 

The dissolved oxygen data were used to calculate P/R rates for the microorganisms in the test 
chambers (Figure 6.63). The 0% sewage test chamber contained a 5-day biochemical oxygen 
demand (BOD5) of approximately 2.5 mg/L. Therefore, there was a general downward trend in 
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Figure 6.63°	 Dissolved oxygen data for all four probes over 10-day experiment. (From Easton, J.H., Lalor, M., 
Pitt, R., and Newman, D.E., The use of a multi-parameter water quality monitoring instrument to 
continuously monitor and evaluate runoff events. Presented at Annual Water Resources Confer
ence of the AWRA, Point Clear, AL. 1988. With permission.) 

dissolved oxygen levels over the 10-day period of the experiment, typical for a eutrophic lake. The 
water body where this study was conducted rarely, if ever, received sanitary sewage. In this case, 
an acclimation period was expected. However, if the water body had received regular discharges 
of sewage, the long acclimation period would most likely not be observed. The 33% sewage chamber 
had initial anoxic conditions, but after acclimating for approximately 5 days, there was a pronounced 
diurnal P/R variation. Indeed, the DO levels in this chamber were supersaturated during the daylight 
hours, as photosynthesis rates were very high. When this chamber was pulled at the end of the 
experiment, there was a large amount of green biomass, indicating the presence of photosynthesizing 
organisms. The 67% sewage test chamber stayed at anoxic DO levels, as expected. However there 
was an increase in DO on the 5th and 6th days. Possibly, the organisms in this chamber began 
photosynthesizing after acclimating to the sewage, but the oxygen demand of the waste quickly 
drove the DO levels to anoxic levels shortly thereafter. The 100% test chamber stayed anoxic 
throughout the experiment, as anticipated. 

The rates of P/R were analyzed using the following methods. First, after analyzing the data for 
the entire length of the experiment, it was determined that the data from only the last 5 days would 
be used to calculate rates of P/R; these days occurred after the acclimation period. An analysis of 
the dissolved oxygen data given in Figure 6.63 showed that the rates of P/R would be impossible 
to determine from the 67 and 100% sewage samples because the DO levels were essentially zero. 
Therefore, the methods were applied only to the 0 and 33% sewage samples. In the future, further 
experiments should be done to look at sewage dilutions between the 0 and 33% levels. Most 
examples of raw sewage discharges into receiving waters (such as for SSOs) likely only comprise 
a few percent of the receiving flow. Plots were then created of the 0 and 33% sewage results for 
this 5-day period, as shown in Figures 6.64 and 6.65, for detailed analysis. 

These plots were inspected visually, and lines were drawn on positive slope portions and negative 
slope portions of the graphs. The positive slopes (occurring during daylight hours) represented 
periods of photosynthesis minus respiration (pnet), while the negative slopes (occurring during 
nighttime hours) represented periods of respiration (R). The R rate was then subtracted from the 
pnet rate to obtain an hourly photosynthesis rate. The mean values were: 
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Figure 6.64°	 Dissolved oxygen data for 0% sewage. (From Easton, J.H., Lalor, M., Pitt, R., and Newman, D.E., 
The use of a multi-parameter water quality monitoring instrument to continuously monitor and 
evaluate runoff events. Presented at Annual Water Resources Conference of the AWRA, Point 
Clear, AL. 1998. With permission.) 
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Figure 6.65°	 Dissolved oxygen data for 33% sewage. (From Easton, J.H., Lalor, M., Pitt, R., and Newman, 
D.E., The use of a multi-parameter water quality monitoring instrument to continuously monitor 
and evaluate runoff events. Presented at Annual Water Resources Conference of the AWRA, Point 
Clear, AL. 1998. With permission.) 

0% sewage: pnet = 0.04 mg/L·hr, R = –0.05 mg/L·hr, P = 0.09 mg/L·hr, and 

33% sewage: pnet = 1.16 mg/L·hr, R = –0.47 mg/L·hr, P = 1.63 mg/L·hr 

The next step in determining the photosynthesis rate was to apply the daily average DO 
model (Thomann and Mueller 1987). The respiration rate is assumed constant throughout the 
day. The hourly rates determined previously were multiplied by 24 hours to give a respiration 
rate in units of mg/L·day. The photosynthetic oxygen production is assumed sinusoidally dis
tributed over the photoperiod from 6:00 am to 7:00 pm for these conditions. These results are 
given in Table 6.25. 

The photosynthesis rates for the 33% sewage were extremely high and variable, ranging from 
12 to 30 mg/L·day; and the rates for the 0% sewage (100% lake water) were typical, approximately 
1 to 2 mg/L·day. Typical local surface water photosynthesis values of approximately 1 to 4 mg/L·day 
have been obtained from previous experiments with light and dark bottles in local natural waters 
(Lake Purdy and the Cahaba River during other student projects at UAB). 
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Table 6.25 Calculated Values for the Estimated Daily Averaged Photosynthetic Oxygen Production Rate (pa) 

0% Sewage 33% Sewage 
pnet Respir p′ pa pnet Respir p′ pa 

Date (mg/L·day) (mg/L·day) (mg/L·day) (mg/L·day) (mg/L·day) (mg/L·day) (mg/L·day) (mg/L·day) 

5/16/97 1.19 0.91 2.10 1.06 19.37 5.25 24.62 12.47 
5/17/97 0.94 0.85 1.79 0.90 28.62 6.30 34.92 17.68 
5/18/97 1.19 1.70 2.89 1.46 47.57 12.59 60.17 30.47 
5/19/97 0.85 1.00 1.85 0.94 18.32 22.39 40.70 20.61 
5/20/97 0.91 1.60 2.51 1.27 25.19 10.40 35.59 18.02 
Mean 1.01 1.21 2.23 1.13 27.81 11.39 39.20 19.85 
Std.  dev. 0.16 0.41 0.47 0.24 11.83 6.84 13.09 6.63 
COV 0.16 0.34 0.21 0.21 0.43 0.60 0.33 0.33 

From Easton, J.H., Lalor, M., Pitt, R., and Newman, D.E., The use of a multi-parameter water quality monitoring instrument to continuously 
monitor and evaluate runoff events. Presented at Annual Water Resources Conference of the AWRA, Point Clear, AL. 1998. With permission. 
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Recommendations for P/R Investigations 

Site-specific photosynthesis and respiration measurements are needed whenever an in-depth 
DO investigation (especially to support TMDL analyses) is required. DO has traditionally been 
one of the most significant indicators of poor receiving water conditions, and many regulatory 
agencies heavily rely on DO predictions. However, wet-weather flow effects on DO are typically 
unclear, especially considering the relatively slow effect stormwater has on BOD. Nutrient dis
charges associated with wet-weather flows can also dramatically affect P/R conditions in a receiving 
water. Actual measurements of these rates for all of the wastewaters affecting a receiving water 
can lead to much more accurate in-stream DO predictions. 

The in situ sonde method for measuring P/R described above is an improved procedure for 
studying P/R compared to conventional methods (light/dark bottle testing). The data collected are 
far more useful because they are continuous and collected over multiple day/night cycles. This 
enables daily variations to be quantified and to account for weather changes. The high-resolution 
data also enable the identification of periods of questionable data associated with the acclimation 
period at the beginning of the test period. 

WATER AND SEDIMENT ANALYTES AND METHODS 

Selection of Analytical Methods 

Environmental researchers need to be concerned with many attributes of numerous analytical 
methods when selecting the most appropriate methods to use for analyses of their samples. The 
main factors that affect the selection of an analytical method include: cost, reliability (the “data 
quality objectives,” or DQO, discussed earlier in Chapter 5, which includes sensitivity, selectivity, 
repeatability), and safety. Another factor to be considered is whether the analyses should/can be 
conducted in the field or in the laboratory. These items can be subdivided into many categories 
including: 

• 	Capital cost, costs of consumables, training costs, method development costs, age before obso
lescence, age when needed repair parts or maintenance supplies are no longer available, replace
ment costs, other support costs (data management, building and laboratory requirements, waste 
disposal, etc.) 

• 	Sensitivity, interferences, selectivity, repeatability, quality control, and quality assurance report
ing, etc. 

• Sample collection, preservation, and transportation requirements, etc. 
• Long-term chemical exposure hazards, waste disposal hazards, chemical storage requirements, etc. 

Most of these issues are not well documented in the literature for environmental sample analyses. 
Aspects of analytical reliability have received the most attention in the literature, but most of the 
other aspects noted above have not been adequately discussed for the many analytical alternatives 
available, especially for field analytical methods. It is therefore difficult for a water quality analyst 
to decide which methods to select, or even if a choice exists. 

The selection of the appropriate procedure depends on the use of the data and how false negatives 
or false positives would affect water use decisions or regulatory questions. The QA objectives for the 
method detection limit (MDL) and precision (RPD) for the compounds of interest have been shown 
to be a function of the anticipated median concentrations in the samples (Pitt and Lalor 1998). The 
MDL objectives should generally be about 0.25, or less, of the median value for sample sets having 
typical concentration variations (COV values ranging from 0.5 to 1.25), based on many Monte Carlo 
evaluations to examine the rates of false negatives and false positives. The precision goal is estimated 
to be in the range of 10 to 100% (Relative Percent Difference of duplicate analyses), depending on 
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Table 6.26 Summary of Quantitative QA Objectives (MDL and RPD) Required for an Example 
Stormwater Characterization Project 

Example Example Calculated 
COV Median Calculated MDL RPD 

Constituent Units Categorya Conc. Requirement Requirement 

pH pH units 

Specific conductance µmhos/cm 

Hardness mg/L as CaCO3 


Color HACH units 

Turbidity NTU 

COD mg/L 

Suspended solids mg/L 

Particle size size distribution 

Alkalinity mg/L as CaCO3 


Chloride mg/L 

Nitrates mg/L 

Sulfate mg/L 

Calcium mg/L 

Magnesium mg/L 

Sodium mg/L 

Potassium mg/L 

Microtox toxicity screening I20 or EC50 

Chromium µg/L 

Copper µg/L 

Lead µg/L 

Nickel µg/L 

Zinc µg/L 

1,3-Dichlorobenzene µg/L 

Benzo(a)anthracene µg/L 

Bis(2-ethylhexyl)phthalate µg/L 

Butyl benzyl phthalate µg/L 

Fluoranthene µg/L 

Pentachlorophenol µg/L 

Phenanthrene µg/L 

Pyrene µg/L 

Lindane µg/L 

Chlordane µg/L 


Very low 7.5 Must be readable <0.3 unit 
to within 0.3 unit 

Low 100 80 <10% 
Low 50 40 <10% 
Low 30 24 <10% 
Low 5 4 <10% 
Medium 50 12 <30% 
Medium 50 12 <30% 
Medium 30 µm 7 µm <30% 
Low 35 30 <10% 
Low 2 1.5 <10% 
Low 5 4 <10% 
Low 20 16 <10% 
Low 20 16 <10% 
Low 2 1.5 <10% 
Low 2 1.5 <10% 
Low 2 1.5 <10% 
Medium I20 of 25% I20 of 6% <30% 
Medium 40 9 <30% 
Medium 25 6 <30% 
Medium 30 7 <30% 
Medium 30 7 <30% 
Medium 50 12 <30% 
Medium 10 2 <30% 
Medium 30 8 <30% 
Medium 20 5 <30% 
Medium 15 3 <30% 
Medium 15 3 <30% 
Medium 10 2 <30% 
Medium 10 2 <30% 
Medium 20 5 <30% 
Medium 1 0.2 <30% 
Medium 1 0.2 <30% 

a COV value: Multiplier for MDL: RDL Objective: 
<0.5 (low) 0.8 <10% 

0.5 to 1.25 (medium) 0.23 <30% 
>1.25 (high) 0.12 <50% 

From Pitt and Lalor 1998. 

the sample variability. Table 6.26 lists the typical median stormwater runoff constituent concentrations 
and the associated calculated MDL and RPD goals, for a typical stormwater monitoring project. 

In some cases, field test kits, or especially continuous in situ monitors, may be preferred over 
conventional laboratory methods. Table 6.27 lists some of the benefits and problems associated 
with each general approach. The advantages of field analytical methods can be very important, but 
their limitations must be recognized and considered. 

The environmental researcher also must be concerned with sampling costs (discussed in Chapter 
5), in addition to analytical costs. Most environmental research efforts are not adequately supported 
to provide the necessary numbers of samples needed for statistically reliable results to support 
typical (lofty) project goals. Expensive recommendations are therefore commonly made based on 
too small an analytical investment. The number of samples needed to simply characterize a water 
quality constituent can be estimated based on the expected variability of the constituent and on the 
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Table 6.27 Comparisons of Field and Laboratory Analytical Methods 

Field Analytical Methods Conventional Laboratory Methods 
Advantages Disadvantages Advantages Disadvantages 

Minimal change in 
sample character 
because no transport 
and storage. 

Opportunity to collect 
replacement sample if 
questionable results, or 
if sample is damaged. 

Results generally 
available soon after 
sample collection. 

Continuous in situ 
monitors result in large 
numbers of 
observations with fine 
resolution. 

Difficult to control 
environmental variables 
affecting analytical 
measurements and 
working conditions. 

Individual samples usually 
analyzed separately with 
more time required per 
sample. 

Additional time needed to 
set up equipment and 
standardize procedure 
for each location. 

Analytical hazardous 
waste (and sharps) 
management may be a 
problem. 

Many field analytical 
reagent sets are 
sensitive to storage 
conditions that may be 
difficult to meet. 

Documentation can be 
incomplete and hazards 
not described. 

Generally poor limits of 
detection and limited 
working range. 

Some of the most 
sensitive tests are very 
complex with analytical 
errors common. 

Good control of 
laboratory working 
conditions and use of in
place hazardous waste 
management. 

Can analyze several 
samples in one batch. 

More precise equipment 
generally used for 
analyses, and less time 
to set up for analyses. 

Easier to conduct and 
meet QA/QC 
requirements. 

Usually much lower limits 
of detection. 

Need to preserve 
samples and conduct 
analyses in prescribed 
period of time. 

Results may not be 
available for an 
extended time after 
sample collection. 

Minimal opportunity to re
sample due to errors. 

Generally more 
expensive and sample 
numbers are therefore 
limited. 

Sample storage space
consuming and requires 
logging system for 
sample tracking. 

allowable error of the result. As an example, 40 samples are needed to estimate the average 
concentration with an allowable error of 25%, if the coefficient of variation of the constituent 
measurements is about 0.8. If only 10 samples are evaluated, the error increases to a possibly 
unusable 100%. Analyses of toxicants of great interest in many research activities currently can 
cost many hundreds of dollars per sample for a short list of organic and heavy metal compounds. 
A simple effort to adequately characterize the conditions at a single location can therefore cost 
more than $25,000, as shown in Chapter 4. Clearly, there is a great need to be able to afford to 
collect and analyze a sufficient number of samples. The following discussion therefore presents 
several methods of collecting the needed data, including continuous in situ monitors, simple field 
test kits, and conventional laboratory analyses. 

Use of Field Methods for Water Quality Evaluations 

There are many problems with current environmental sampling and analysis programs that 
can be met by conducting water quality evaluations in the field, especially if continuous, in situ 
procedures are used. Foremost among these problems is the need to collect many samples in 
order to obtain the desired accuracy of the characteristics of interest. Other concerns involve 
inadvertent changes that may affect the sample characteristics between sample collection and 
analysis. The high cost of analyzing trace levels of organic and metallic toxicants using conven
tional laboratory procedures is also restrictive, but field methods for these analytes are very 
expensive, complex to use, or not very sensitive. The following discussion covers in situ moni
toring and the use of field test kits. 
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In Situ Physicochemical Monitoring 

One way to collect adequate data is to use simple field analytical methods, preferably continuously 
recording in situ analyses. These methods allow a great amount of data to be collected without sample 
collection, transportation, or laboratory problems. However, new problems arise, specifically related to 
long-term reliability and costs of the instrumentation. Many of these instruments are currently available, 
but they are restricted to only a few of the common constituents (usually temperature, conductivity, 
dissolved oxygen, and pH, plus turbidity on a few units) and can cost from $3000 to $7000. The newest 
and most reliable units can be placed in a water body and left unattended for several weeks to months 
before requiring service. They can continuously record these constituents over this time with very high 
resolution, enabling a much greater understanding of the dynamics of the pollutant behavior in the 
water body. Unfortunately, the constituents currently capable of being continuously and automatically 
monitored do not include many of the most interesting. Some ion-selective electrode (ISE) probes are 
being offered as options on some of the continuous in situ probes. Unfortunately, their reliability is not 
well established, but they may be very useful for shorter-term and specialized projects. 

In situ monitors give continuous and relatively rapid results, in contrast to typical field test kits, 
which require time and patience to evaluate the chemical parameters of interest. Unfortunately, 
these are all relatively costly instruments. However, their capabilities cannot be matched using 
other procedures. These instruments can be separated into two general categories. In situ probes, 
having real-time display capabilities, but with limited data logging capabilities, are designed for 
real-time monitoring. The other category includes continuously recording probe units that are 
designed for long-term unattended operation, but are commonly also available with direct read-out 
displays for real-time use. Examples of both types have been available for more than 20 years. 

In Situ Direct-Reading Probes 

The simplest direct-reading probes that perform their analyses in situ, with no sample prepa
ration, include the classical series of field instruments from YSI, such as their DO probe and SCT 
(salinity, conductivity, and temperature) probe. These are very robust instruments that have been 
in use at many institutions for decades. The original models of the DO probes did require practice 
to replace the membranes, and they required relatively frequent (but simple) recalibration. Newer 
YSI models, especially these utilizing the rapid pulse current probe, exhibit much slower drift and 
are designed for long-term unattended operation. 

Other direct-reading instrumentation includes pH and ORP instruments. These generally are 
more sensitive to storage conditions and require frequent maintenance or calibrations. Some of the 
newer dry pH electrodes are very robust and much more reliable and easier to use. Ion selective 
electrodes (ISE) are sometimes included in this category and various equipment vendors offer them 
as options for their direct-reading in situ probes. It is suggested that careful and frequent evaluations 
be made of any electrode-equipped equipment (especially pH and ISE) to ensure that the instrument 
is operating properly and that the probe has not dried out or been damaged by oils or detergents. 

Some direct-reading in situ probes are available that have the capability to measure several param
eters. Most of these are designed for long-term unattended operation, but somewhat less expensive 
versions are also available that have minimal data logging capabilities and are designed for real-time 
measurements. The Horiba U-10, for example, was evaluated by Day (1996). It costs about $2500 
from Hazco (800-332-0435, catalog # B-H020001) and can simultaneously measure conductivity, 
temperature, salinity, dissolved oxygen, turbidity, and pH. Hazco also rents the Horiba U-10. It is 
especially useful for real-time profiling of shallow lakes and small urban streams. Relatively few probes 
offer turbidity, which is helpful when examining light penetration and algal activity. Solomat and YSI 
also have hand-held instruments having capabilities similar to those of the Horiba U-10. 

Other instrumentation is also available that can monitor hydrocarbon conditions in water on a 
real-time basis. The Turner 10-AU field fluorometer with “oil in water” optics is extremely sensitive 
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Figure 6.66 Petrosense being calibrated. Figure 6.67°	 Petrosense used to measure hydrocar
bons in manhole water. 

and is used with no sample preparation. It can be used in a flow-through mode to map hydrocarbon 
concentrations in real time. It can also be used as a stand-alone instrument for long-term unattended 
operation, if properly housed. This instrument costs from $8000 to $16,000, depending on housing, 
data logging, and filter options, and is therefore not likely to be readily available. This instrument 
is also used for fluorescent tracer analyses (using Rhodamine WT) for primary calibration of water 
flow equipment. It can also be used for limited real-time chlorophyll a analyses, when using 
appropriate optics and filters. 

The Petrosense hydrocarbon probe from FCI Environmental is also available for real-time 
hydrocarbon analyses (Figures 6.66 and 6.67). This instrument costs about $7000, has a slower 
response time (about 5 min), and is not nearly as sensitive (about 100 µg/L, as xylene) as the 
fluorometer. It can also be used in real time to monitor “total” hydrocarbons in water, with no 
sample preparation. It quantifies hydrocarbons by measuring changes in optical properties caused 
by hydrocarbon adsorption onto an exposed fiber optic. 

Continuously Recording and Long-Term In Situ Measurements 
of Water Quality Parameters 

Several classical instruments have long been available to measure various water quality param
eters with unattended instruments for relatively long periods of time. Hydrolab and YSI have long 
offered equipment that can monitor dissolved oxygen, pH, temperature, and conductivity unat
tended. The early instruments were plagued with stability problems and were usually most suited 
for unattended operation over a period of only about a day. This was still a major breakthrough, 
as it enabled diurnal fluctuations of these important parameters to be obtained accurately and 
relatively conveniently. 

Currently available equipment, in contrast, has been demonstrated to be capable of unattended 
operation for longer than a month. These are relatively expensive instruments that can cost up to $7000 
each, depending on options selected. Examples of equipment currently available include the 803 probe 
series from Solomat, which can have up to eight sensors installed. These may include pH, ORP, DO, 
temperature, conductivity, depth, ammonium, nitrite, and other ions by ISE. Several meters and data 
loggers are available for hand-held real-time measurements, or for long-term unattended operation. 
YSI also offers several in situ probe instruments. The original YSI unit available many years ago (Figure 
6.68) was a breakthrough unit that enabled overnight DO measurements. The current 6000 series sonde 
is much improved (Figure 6.69). It is self-contained, measuring and logging up to nine separate 
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Figure 6.68°	 Older YSI DO meter for continuous 
monitoring. (Courtesy of Wisconsin Figure 6.69 YSI 6000 sonde detail showing several 
Department of Natural Resources.) probes. 

parameters simultaneously, including DO, conductivity, temperature, pH, depth, ORP, nitrate, ammo
nium, and turbidity. The rapid pulse DO and self-wiping turbidity sensors enable very long unattended 
operations (up to 45 days), with minimal fouling or drift. Hazco (800-332-0435) sells the YSI 6000 
basic sonde (catalog # B-6001) for about $7000. The unit without the depth sensor is about $500 less. 
The performance specifications for the more common sensors, provided by the manufacturer, are given 
in Table 6.28. Appendix E contains detailed instructions for calibrating and setting up this sonde. 

These unattended instruments are capable of collecting high-resolution data (typically with 
observations every 5 to 15 min) over long periods. This is extremely useful in receiving water 
studies affected by stormwater. Even though few dissolved oxygen problems have ever been 
associated with stormwater (in contrast to CSOs), these probes are unexcelled in documenting the 

Table 6.28 YSI6000 Specifications 

Parameter Sensor Type Range Accuracy Resolution 

Dissolved oxygen Rapid pulse — 0 to 200% air ±2% air saturation 0.1% air saturation 
% saturation Clark-type, saturation 

polarographic 
Conductivitya 4 electrode cell with 0 to 100 mS/cm ±0.5% of reading + 0.01 mS/cm 

autoranging 0.001 mS/cm 
Temperature Thermistor –5 to 45°C ±0.15°C 0.01°C 
pH Glass combination 2 to 14 units ±0.2 units 0.01 units 

electrode 
ORP Platinum ring –999 to 999 mV ±20 mV mV 
Turbidity Optical, 90° scatter, 0 to 1000 NTU ±5% 0.1 NTU 

mechanical 
cleaning 

Depth — Medium Stainless steel 0 to 61 m ±0.12 m 0.001 m 
strain gauge 

Depth — Shallow Stainless steel 0 to 9.1 m ±0.06 m 0.001 m 
strain gauge 

a Report outputs of specific conductance (conductivity corrected to 25°C). 
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exposure periods and gross variations in receiving water conditions over many separate storm 
events. These data are very important when used in conjunction with in situ toxicity test chambers 
that are exposed for relatively long periods of time. In addition, the YSI self-contained probes with 
rapid-pulse DO sensors (the probes consume very little power and oxygen themselves) can be used 
in light and dark chambers to conveniently obtain necessary data pertaining to sediment and water 
photosynthesis and respiration, as previously described. 

Field Test Kits 

Field test kits cover a wide range of instrumentation and methods. They range from very simple 
visual comparator tests (which use colored paper, colored solutions in small vials, or color wheels 
to match against the color developed with the test) to miniaturizations of standard laboratory tests 
(using small spectrophotometers or other specialized instruments). Appendix E contains listings 
and photographs of selected field procedures. Appendix E also contains a summary of the tested 
performance of several representative field test kits, highlighting their performance (limits of 
detection, repeatability, and recovery), hazards associated with their use, complications and time 
requirements, approximate costs, and other notes (Day 1996). 

The least expensive test kits use small droppers or spoons to measure reagents into a reaction 
tube where the color is developed. More sophisticated tests use small filter colorimeters to more 
precisely measure the color developed during the test. HACH also offers continuous wavelength field 
spectrophotometers that are capable of measuring a wide variety of chemical parameters using a single 
instrument (Figure 6.70). La Motte has a filter colorimeter that contains several filter sets, also enabling 
many different chemical analyses to be conducted with the one instrument. HACH also has a field 
titration kit that is also very flexible, providing additional capabilities not available with spectropho
tometric methods. These multiparameter instruments are usually superior to the simple dedicated test 
kits because of the increased sensitivity and precision that is achievable with the better equipment. 
They, of course, cost more. If only one or two parameters are to be monitored in the field, then it 
might be hard to justify the added cost of the more flexible instruments. However, if the best quality 
data are needed, the cost may be justified, especially if more than a few parameters are to be measured. 

Also included in the category of field test kits are very sophisticated methods that are laboratory 
instrumentation and procedures that have been miniaturized and simplified. Some of these tests 
even meet the EPA reporting requirements for NPDES permit compliance. However, some of the 
field procedures skip certain sample cleanup or digestion steps that would be impractical to conduct 
in the field and are therefore not suitable for compliance monitoring. It is important to check with 
the field equipment suppliers and the reviewing regulatory agency to verify the current status of a 
field method for various reporting purposes. Many of the spectrophotometer and titration methods 
fall into this category of simplified laboratory methods. Several new instruments are also available 
that permit sensitive and precise heavy metal (especially copper and lead) analyses in the field. 

Figure 6.70 HACH DR/2000 field spectrophotometer. 
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However, these instruments are expensive (equipment costs of $2000 to $4000 and per sample 
costs of $5 to $15). They are also not sensitive to particulate-bound metals (which may be an 
advantage, depending on study objectives). 

The biggest difficulty with almost all of these field test kits is that they can require a substantial 
amount of time to evaluate the water sample, especially when only one sample at a time is being 
analyzed. Continuous and in situ monitors eliminate field analytical time. Some of the simple in situ 
monitors are included in this test kit discussion (such as conductivity meters, pH meters, and DO 
meters), while the more complex continuously recording units were discussed previously. Even though 
these field test kits enable personnel to evaluate samples at the point of collection, that may not be 
desirable. Lalor (1993) and Pitt et al. (1994) found that test kit performance was greatly enhanced by 
bringing the collected samples to a temporary “laboratory” for analyses. This greatly increased sample 
analytical through-put, as many of the test kits enabled multiple samples to be analyzed at one time. 
This is especially critical if sampling locations are widely spaced and the alternative is to analyze many 
parameters at each location before moving to the next sampling location. It may take more than an 
hour to conduct a relatively few chemical tests at each location, including setting up equipment and 
restandardizing procedures. However, if many samples are being collected in a small area, the equipment 
can be left in one place and simultaneous sample analyses would be possible in the field. Indoor 
facilities should be sought, because protection from weather, available electricity, good lighting, and 
water enhance analytical performance. Make sure that adequate ventilation is available, however, 
wherever the tests are conducted. Many of the field test kits are not well labeled, especially concerning 
hazardous materials in the kit that require special protection and disposal practices. 

Safety issues, along with test kit performance, have been examined (Pitt et al. 1994; Day 1996). 
The test kit evaluations were based on “fatal flaws” of the alternative equipment available for each 
parameter category. In the series of tests conducted by Day (1996), 50 test kits were subjected to 
preliminary evaluations with half further subjected to more detailed tests. His results are summarized 
in the following discussions. Safety hazards, cost, poor detection limits, matrix interferences, limited 
concentration ranges, poor response factors, and complexity of the test kits were all reasons for 
rejection. The most suitable test kits in each category were then identified, after rejecting those kits 
that were much more expensive than alternatives in each category. The comparison of field screening 
equipment is a somewhat objective process. Some parameters of interest are easily quantified; other 
features that should be evaluated require more objective evaluation techniques. Therefore, these 
evaluations were made using both subjective and objective information. The evaluation of the kits 
was based on five major tests: 

1. 	 Subjective evaluations of the health and safety features (kit reagent contents, design features to 
minimize operator exposure to hazardous reagents, disposal problems, and warnings) 

2. Performance using samples spiked with known pollutant additions in “clean” and “dirty” water 
3. Comparisons with standard laboratory procedures using parallel analyses of typical samples 
4. Repeatability and precision using replicate analyses 
5. Complexity of each method 

The first tests for each method used spiked samples. The reported ranges for each kit were used 
to define a gross range of all methods for each parameter. The gross range was bounded by the lowest 
reported detection limit and the highest upper limit reported by the manufacturers. Two series of 
samples were prepared, one using reverse osmosis (RO) water and another using a composite of 
parking lot runoff water. The number of samples prepared varied by parameter depending on the 
magnitude of the gross range. RO and runoff water blanks were also prepared and tested for each 
parameter. RO water served as a control for identifying optimal test kit performance (assuming low 
ionic strength effects did not adversely affect the test). The parking lot runoff water was used to detect 
any significant matrix interferences. The runoff water was collected from a UAB parking lot. 

The spiked standards were evaluated by all methods for each parameter. Due to the large number 
of methods that were evaluated, no replicate analyses were initially made. In most cases, these kit 
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methods are used as field screening methods to detect potential problem pollutants in relatively 
high concentrations. During these analyses, data were collected on “useful” range, capital costs, 
expendable costs, analysis time, health and safety considerations, and “usability.” These parameters 
are described below: 

• 	Useful range: the range of concentrations that the instrument can measure with some certainty. 
The lower limit is defined by the detection limit. The upper limit is defined by the highest 
concentration the method can measure without dilution of the sample. The upper limit values were 
determined as the lowest spike concentration producing an “over range” error, or the lowest 
concentration that obviously deviated from the linear range of spike concentration to instrument 
response. If neither problem was identified, the manufacturer’s reported upper limit was reported. 

• 	Capital costs: the initial costs associated with purchasing the capital equipment required to use 
the method. Prices were obtained from the manufacturers during April 1996. 

• 	 Expendable costs: the costs associated with buying replacement reagents for the method. The value 
reported is per sample. The costs do not include general glassware, tissues, gloves, and other 
generic equipment required for many of the tests. The prices were obtained from the manufacturers 
during April 1996. The costs reported are based on list price of the smallest quantity of reagent 
available, and, therefore, the costs do not reflect bulk discounts which might be available. 

• 	Analysis time: the approximate time to analyze one sample at a time with the method. In some 
cases, additional time must be allotted to prepare the method for measurement. For example, all 
analyses assume any needed instrument has been properly calibrated before analysis begins. In 
some cases, multiple tests can be performed simultaneously. 

• 	 Health and safety considerations: the health and safety considerations are a broad scope of factors 
that represent potential hazards to the user or the environment. The factors considered in this 
analysis include the hazardous nature of the reagents used, the packaging of the reagents, required 
disposal of reagent and sample wastes and waste glass, and the potential exposures or any feature 
of the kit requiring special attention. 

•	 Usability: this ubiquitous term is a subjective evaluation of the expertise required to perform an 
acceptable analysis. Under this heading, an attempt was made to describe any feature of the kit that 
may not represent a hazard, but could affect the quality of the test. Examples of factors affecting 
usability include the number of steps, complexity of the procedure, additional equipment to make 
the procedure easier, limited shelf life of the kit, or any special skill required to complete the analysis. 

From three to seven spiked samples were analyzed using each method for both RO and runoff 
water sample matrices. For each matrix, a plot of instrument response to spike concentration was 
made. This was used to estimate the range of linear response of the instrument. Spike responses 
showing a significant departure from a linear response indicate the range of the method. A regression 
analysis was performed on the data providing further information about the method. Ideally, the 
slope generated from these regression analyses (response factor) should be 1. A slope significantly 
different from 1 indicates a bias in the method. Also, the slope of the regression in the RO water 
matrix should be the same as the slope of the regression in the runoff water matrix. The difference 
in the slopes between matrices indicates the magnitude of matrix interference associated with the 
method. The value of the standard error of the regression was used to estimate the detection limit 
of the method, using the following equation (McCormick and Roach 1987): 

D.L. = y0 + syza 

where D.L. = detection limit of the method 
y0 = the intercept of the regression equation 
sy = standard error of the regression 
za = the area under the normal curve associated with a one-tail probability for a given 

confidence level (these analyses used the 95% confidence level, with a = 0.05) 
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Concentrations exceeding the detection limit only indicate the presence of the parameter. The 
equation may be modified to calculate the limit of quantification. Reported concentrations exceeding 
the limit of quantification may be used to quantify the results. The modified equation is: 

LOQ = y0 + 2syza 

Therefore, the LOQ is approximately twice the D.L., if the intercept of the regression line is 
very small (as it should be). For example, if the D.L. is calculated to be 0.5 mg/L and the LOQ is 
calculated to be 1.0 mg/L, the following statements are true. 

1. 	 A response of 0.25 mg/L does not positively indicate the presence of the pollutant with the desired 
confidence. 

2. 	 A response of 0.75 mg/L does indicate the presence of the pollutant with the desired confidence, 
but the measured concentration does not have the desired level of confidence. 

3. 	 A response of 1.25 mg/L does indicate the presence of the pollutant, and its measured concentration 
is within the desired level of confidence. 

The residuals of the regressions were also examined to identify any evidence of bias. A plot of 
residual vs. predicted spike concentration should produce a random band of points with an average 
value representing the concentration of the parameter of interest in the blank sample. Narrow error 
bands indicate a more precise method. A plot of residuals vs. the order of analysis indicates if a bias 
is time dependent. For example, the calibration of a pH meter will drift over time. A plot of residuals 
vs. the order of measurement will show a linear trend if the meter is not regularly recalibrated. 

From these analyses, the most suitable set of equipment was identified for further study. These 
were selected based on the measured detection limits, safety considerations, and shortest analysis 
time. This subset of methods was then evaluated by parallel analysis for 25 runoff water samples. 
The test kit results were compared to the results obtained using standard laboratory procedures. 
This set of analyses was also analyzed by a regression technique to identify the correlation between 
field measurements and laboratory analyses. 

The precision of the selected methods was also evaluated by testing five replicates of a composite 
polluted water sample. The average, standard deviation, and relative standard deviation (RSD, also 
known as the coefficient of variation or COV, the ratio of the standard deviation to the mean) for 
the methods were determined for each test kit. 

Assembling an appropriate set of field test kits is obviously dependent on the specific uses of 
the data. In most cases, several colorimetric analyses will be included in the monitoring program, 
and the purchase of a good field spectrophotometer or filter colorimeter will be easily justified. 
The two major choices include the HACH DR/2100 field spectrophotometer (which costs about 
$1500), or the La Motte Smart Colorimeter (which costs about $800). The use of specific filter 
colorimeters (which cost from $250 to $400) may only be suited to very simple programs. The use 
of most manual color comparator tests will limit the utility of the data, but may still be justifiable. 

A more important problem, besides cost, is probably associated with the time and expertise 
needed to conduct the analyses. Many of the analyses can be conducted together (especially those 
with extensive color development times, such as the immunoassays and the bacteria tests, plus the 
ammonia, copper, detergents, lead, and potassium tests). However, there will be a limit, as some 
of the tests are very complex (especially the immunoassays and the LeadTrak, which also require 
extensive expertise to obtain good results). 

Appendix E contains summarizes of the information from the field test kit evaluations conducted 
by Day (1996), and includes information for the following constituents: 

Ammonia 
BTEX and PAHs 
Chloride 
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Copper 
Detergents 
Fluoride 
Lead 
Nitrate 
Potassium 
Zinc 

Most of the field test kits evaluated performed very well, with significant response factors and 
recoveries close to 1.0 (slopes of the regression lines when comparing known concentrations with 
test responses). In addition, the response factors were very close for spiked sample analyses in both 
RO and runoff sample water, indicating few matrix interference problems. The precision of the tests 
was generally excellent, with almost all replicate analyses having COV values of less than 20%, 
and many were much less than 10%. The exceptions were for tests that had very poor detection 
limits compared to the concentrations in the samples being tested. However, the detection limits of 
almost all of the analytical methods were much worse than reported by the manufacturers. The 
limits of quantification are all about twice as large as the detection limits shown in Appendix E. In 
some cases, this resulted in a very narrow workable range for the method before dilution is needed. 

The following comments pertain to several groups of parameters of special interest when using 
field test kits. These comments stress the need to carefully select and evaluate field test kits used 
in monitoring programs, especially since there have been few independent evaluations of their 
capabilities and limitations. Many of the procedures (including some that were relatively inexpen
sive) were found to be surprisingly good in our tests. In all cases, careful tests, such as performed 
by Day (1996), should be conducted using samples and conditions representing specific character
istics of the field monitoring program. 

Bacteria 

Bacteria analysis is an important parameter for many monitoring programs. Unfortunately, 
conventional laboratory tests are time-consuming (typically requiring at least 24 hours under very 
controlled temperature conditions). IDEXX supplies a simple procedure for monitoring enterococ
cus, E. coli, and total coliforms for general field work (described later) that can be adapted for field 
work (Figures 6.71 through 6.74, including Color Figure 6.5). Millipore probably has the most 
complete selection of field equipment and supplies to conduct bacteria analyses in the field. HACH 
also supplies suitable field equipment for many types of bacteria tests. However, these tests also 
require the same standard incubation times as the time-consuming laboratory tests. There are a few 
procedures that can indicate the presence of very large populations of bacteria in water samples in 
relatively short periods of time. Most of these require UV light analyses and controlled incubation 
temperatures. An interesting alternative is the KoolKount Assayer from Industrial Municipal Equip
ment, Inc. This is a visual colorimetric test that costs about $4 per test. It is unique in that it only 
requires from 30 min to 13 hours for a determination at “room temperature” incubation. Very high 
bacteria populations will be evident in a short period of time. This is not a selective test, but sensitive 
to a mixed microbial population. The test was developed to analyze gross bacterial contamination 
of cooling waters, but may also be useful in receiving water studies. There are now DNA-based 
procedures being developed (see a later section on emerging technologies) that offer promise for 
much more rapid, inexpensive, and easy analysis of bacteria. 

In all cases, the user must be aware of the inherent problems in interpreting bacteria data, 
especially if one is using bacteria as an indicator of sewage contamination. As an example, fecal 
coliform bacteria are in very high populations is many waters, including stormwater that is not 
contaminated by sanitary sewage. The use of the fecal streptococci to fecal coliform ratio to indicate 
sources of contamination is also inherently inaccurate, unless the source of contamination is very 
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Figure 6.71 	 Pouring sample into IDEXX analytical Figure 6.72 Placing analytical tray into heat sealing 
tray. unit. 

recent. O’Shea and Field (1992) reviewed many of these issues for stormwater. A better indication 
of potential sanitary sewage contamination in surface waters is the use of a small battery of chemical 
tracer analyses (detergents, fluoride, ammonia, and potassium), as developed and tested by Lalor 
(1993) and Pitt et al. (1994) and described later. 

Organic Compounds 

The analysis of organic compounds using field test kits is also of great interest because of the 
high costs of conventional laboratory analyses and the importance of these compounds. The organic 
compounds of most interest in studies of receiving waters affected by stormwater include BTEX, 
PAHs, and pesticides. 

The two BTEX test kits evaluated by Day (1996) include the Dexsil PetroFlag (Figures 6.75 
and 6.76) and the Dtech immunoassay test kit for BTEX (Figure 6.77). The PetroFlag is a simple 
solvent extraction test for sediment analyses. It requires a $700 reader that is only used for this test. 
Each test costs about $10 and requires about 10 min. It has poor detection limits and is not very 

Figure 6.73 Placing prepared tray into incubator. Figure 6.74 	 IDEXX analysis for E. coli in ultraviolet 
light. 
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Figure 6.75 PetroFlag kit for field analyses of BTEX. Figure 6.76 Sample being read using PetroFlag. 

selective. An immunoassay test may be the only selective and sensitive option currently available. 
The Dtech (EM Science) BTEX Test Kit is an example of an immunoassay kit. It has an extremely 
low detection limit and reasonable selectivity that can be used for both water and sediment BTEX 
analyses. However, it is very complex and requires up to an hour. An initial cost of $500 for the 
Dtech reader can be used for both soil and water analyses and for both BTEX and PAH analyses 
for more precise results. The per-sample cost is about $25 for water samples and about $50 for 
sediment samples (requiring an additional soil extraction kit). The Dtech reagents have a relatively 
short shelf life (as little as a few weeks if not refrigerated, to several months if refrigerated). 

The only selective option for PAH analyses is probably an immunoassay procedure. One 
example is the EM Science Dtech PAH Test Kit. Unfortunately, this test is also quite complex, 
requires more training than most other field test kits, and costs from $25 to $50 per sample. The 
Dtech reagent also expires in about 1 to 2 months and needs refrigeration. 

Strategic Diagnostics, Inc. (www.sdix.com) also offers a number of test tube, magnetic particle 
immunoassay kits sold under the name RaPID Assay®. Kits are available for the detection of 
BTEX/TPH in environmental samples ($605/100 samples). Quantitative results can be obtained for 
BTEX in soil (assay range 0.9 to 30 ppm) or water 
(0.02 to 3.0 ppm), and if the operator knows the 
fuel source, total petroleum hydrocarbons (TPH) 
can be analyzed. The analytical range of this test 
kit is comparable to EPA GC method 8015 for 
TPH. Two immunoassay kits for PAHs are avail
able. The PAHs RaPID Assay tests for 16 common 
PAHs ($1275/100 samples) and is comparable to 
EPA SW-846 Method #4035 and GC method 8270 
or HPLC method 8310, with assay ranges in soil 
and water of 0.2 to 5.0 ppm and 0.93 to 66.5 ppb, 
respectively. Results are normalized to phenan
threne. The Carcinogenic RaPID Assay offers 
increased sensitivity to the seven most carcinogenic 
PAHs and is normalized to benzo[a]pyrene 
($1395/100 samples). As of March 2000, 29 RaPID 
Assays for commonly used pesticides were avail

able for prices ranging from $435 to $545. These Figure 6.77 Dtech Immunoassay test kit for BTEX. 
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kits include alachlor, aldicarb, atrazine and five major metabolites, benomy/carbendazim, captan, 
carbofuran, chlorothalonil, chlorpyrifos, cyanazine, 2,4-D, endothall, fluridone, methomyl, meto
lachlor, metribuzin, organophosphates/carbamates, paraquat, picloram, procymidone, silvex, simazine, 
spinosad, TNT, TCP, and trichlopyr. For RaPID Assay kits, an optional soil extraction kit (12 samples), 
based on a 2-min methanol extraction procedure is available for $120. Kits are often sold for 30 or 
100 samples, and results are usually obtained within 60 min. It is not always necessary to purchase 
the reader, the RPA-I RaPID Analyzer, as many tests can be quantitated on a spectrophotometer. 

Two additional instruments were also recently examined at UAB for “total” hydrocarbon 
analyses. A Turner 10-AU field fluorometer with oil in water optics (see Figure 6.12) is extremely 
sensitive and is used with no sample preparation. It can be used in a flow-through mode to map 
hydrocarbon concentrations in real time. It is not very selective for different hydrocarbons. This 
instrument (which is also used for flow measurements using Rhodamine as a tracer) costs from 
$8000 to $16,000, depending on options, and is therefore not likely to be readily available to most 
people conducting field monitoring programs. A Petrosense PHA-100 probe from FCI Environ
mental, Inc. (see Figures 6.66 and 6.67) was also recently evaluated for real-time hydrocarbon 
analyses. This instrument costs about $7000 and has a slower response time (about 5 min), and it 
is not nearly as sensitive (about 100 µg/L, as xylene) as the fluorometer. It can also be used in real 
time, with no sample preparation. 

EnviroLogix, Inc. (www.envirologix.com) offers antibody-based, enzyme-linked immunosor
bent assay (ELISA) 96-well plate kits for pesticide detection. Pesticides include acetanilides 
(alachlor), aldicarb, benomyl/carbendazim, chlorpyrifos, cholinesterases (organophosphates and 
carbamates), cyanazine, cyclodienes (chlordane), DDT, fenarimol, fluometuron, imidacloprid, 
iprodione, isoproturon, metalaxyl, methoprene acid, organophosphates (cyclodienes and DDT), 
paraquat, parathion, synthetic pyrethroids, triazines (atrazine), and 3,5,6-trichloropyridonol. Acces
sories including soil extraction kits and a miniphotometer are available. The pesticides above cost 
$396/96-well-plate kit. Broad screening kits for cholinesterase inhibitors and organochlorine pes
ticides are available for $240 and $340, respectively. 

Heavy Metals 

Heavy metals are also of great interest in receiving water studies because they are possibly the 
most important toxic pollutants present. However, most of the metals in stormwater are associated 
with particulates (Pitt et al. 1995), with the exception of zinc, while all of the field test kits examined 
are only sensitive to “soluble” forms of the metals. 

The HACH Bicinchonate Copper Method using AccuVac ampoules is the most suitable field 
method available (at a reasonable price) for measuring copper that was evaluated. This test uses 
the HACH DR/2000 spectrophotometer (at $1495) (or a less expensive dedicated filter spectropho
tometer at $400), and the unit test cost is $0.56. It uses AccuVac ampoules that are very easy to 
use and makes the test very repeatable. However, the glass ampoules do produce glass wastes. The 
method detects the presence of a copper bicinchonate complex in the sample solution. An AccuVac 
ampoule is immersed in approximately 50 mL of sample and the tip is broken, which draws a 
known volume of sample into the ampoule. After a 2-min reaction time, the ampoule is scanned 
to determine the copper complex concentration, compared to a blank sample. Other metal ions 
present in large concentrations may also compete with copper for bicinchonate ligands. This 
interference will most likely produce a reported concentration larger than the true value if the metal 
complex absorbs in the same range as the copper complex. This method only indicates the presence 
of ionized copper. Any metallic or chelated copper will not be detected. 

The HACH LeadTrak system is by far the most sensitive low-cost lead field test kit available 
(Figure 6.78). It is capable of detecting lead concentrations as low as 1 µg/L. Unfortunately, it is 
also quite complex and requires extensive experience. The test also takes about 45 min to conduct, 
which may be reduced to about 15 min with experience and if conducting several analyses at one 
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Figure 6.78 HACH LeadTrak field test kit. 

time. The initial test kit costs about $400 (including a dedicated filter spectrophotometer) and the 
per-sample cost is about $5. The LeadTrak system determines lead concentrations through colori
metric determination of a lead complex extracted from the sample. The test procedure is quite 
complicated, requires a large amount of space compared to the other tests, and uses hazardous 
chemicals. However, it does produce good results. 

The test requires 100 mL of sample, which is treated with an acid preservative (a nitric acid 
solution buffered with potassium nitrate). The solution is then treated with a solution of trishy
droxymethylaminomethane, potassium nitrate, succinic acid, and imidazole. The prepared sample 
is then filtered through a solid-phase extractor (basically a syringe with a fabric plug). The lead in 
solution is held by the filter in the extractor. The lead is then removed from the plug with the eluant 
solution, another nitric acid solution. The eluant is allowed to pass over the plug until it stops 
flowing. The remaining eluant is forced through with the syringe plunger. This produces approxi
mately 30 mL of extracted solution containing the lead from the sample. The extract is neutralized 
with a solution of trishydroxyaminomethane, tartaric acid, and sodium hydroxide. One powder 
pillow, containing potassium chloride and meso-tetra(-4-N-methylpryidyl)-porphine tetratosylate is 
added to the elutant. Two 10-mL portions are taken. A decolorizing solution is added to one portion; 
this portion is now the blank. Both sample portions are then analyzed using a spectrophotometer. 

The La Motte Zinc test was the only acceptable zinc method investigated. This test uses a dilute 
solution containing cyanide, whereas the alternative tests use full-strength granular cyanide. The 
tests cost about $0.60 each and require about 5 min. 

UAB recently evaluated two very sensitive electrochemical heavy metal field methods. The Palintest 
SA-1000 Scanning Analyzer is an anodic stripping voltammeter that uses preprepared electrode cards 
that come precalibrated (Figure 6.79). The instrument costs $2000 (available from AZUR Environ
mental), and each analysis for copper and lead costs about $5.50. The test is extremely sensitive (lead 

Figure 6.79 Palintest SA-1000 Scanning Analyzer. Figure 6.80 Metalyzer 3000 metals analyzer. 
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to about 5 µg/L and copper to about 75 µg/L) and relatively rapid (3 min). Another field method 
recently evaluated is the Metalyzer 3000 from Environmental Technologies Group, Inc. (Figure 6.80). 
This is a potentiometric voltammeter that is also capable of very sensitive simultaneous analyses of 
copper and lead. This instrument (which includes a built-in data logger) costs about $4200 and each 
analysis for copper and lead costs about $15. Since neither of these instruments detects particulate
bound heavy metals, their best use may be in evaluating rainwater, most groundwaters, and finished 
drinking water, where particulate metal forms are not significant. Most surface waters and wastewaters 
have large fractions of the metals bound to particulates, and any metal analysis procedure that does 
not include sample digestion will likely severely underreport the total metal content. However, if one 
is interested only in “dissolved” metal conditions, these procedures may be quite suitable. 

Emerging Analytical Methods for Heavy Metals — An important pollutant category that is not 
represented with any real-time instrumentation is heavy metals. Samples require digestion in order 
to release all of the particulate-bound heavy metals for analysis. In addition, most metals are not 
amenable to real-time analyses. Some colorimetric procedures, such as the diethyldithiocarbamate 
copper method (as available from La Motte) or the bicinchonate copper method (as available from 
HACH), could be conducted on a real-time basis with an automated chemical mixing and analysis 
procedure. Recent research at the University of Alabama at Birmingham (in conjunction with the 
General Physics Institute of the Russian Academy of Sciences and Alabama Laser) sponsored by 
the National Science Foundation developed and demonstrated a laser-based instrument that may 
be capable of continuous heavy metal analyses in water (Mirov et al. 1999) (Figure 6.81). This 
instrument is extremely sensitive, as it is based on atomic fluorescence. The use of lasers enables 
the specific wavelengths most critical for analysis to be precisely used in the instrument. In addition, 
automated digestion of the samples may also be possible. 

An initial demonstration of the extreme sensitivity of the laser atomic fluorescence (LAF) 
instrument procedure for copper used selective excitation of the 2P3/2 level of Cu and the strong 
absorption transition 2S1/2 (3d104s) → 2P3/2 (3d104p) at 324.754 nm. The fluorescence signal was 
detected at the emission transition 2P3/2 → 2D5/2 (3d94s2) at 510.554 nm. The average power of the 
excitation beam was 10 mW at 324.754 nm (third harmonic of alexandrite laser pumped LiF:F2

+** 
laser). The repetition rate of the laser was 20 Hz, and the pulse duration was about 50 ns. Spectral 
resolution of the spectrometer during the experiments was about 0.1 nm. The spectrum accumulation 
time was set to 5 s (slightly less than the atomization time set by the graphite furnace controller), 
which allowed for signal collection during approximately 100 laser excitation pulses. Typical 
examples of the observed fluorescence spectra for water solutions with different concentrations of 
Cu are shown in Figure 6.82. All three spectra were measured under the same experimental 
conditions. The graphite furnace was heated to 2800 to 3000°C before and between measurements, 
in order to clean the graphite tube from possible residuals. The spectral peak at 511.46 nm is due 
to some scattered light of the third harmonic (255.73 nm) of alexandrite laser in the second 
diffraction order. This peak is reasonably constant during the experiment, so it was used as an 
amplitude reference signal. As shown in this figure, it was possible to detect extremely low levels 
of Cu, even in the RO and distilled water samples (<<10 µg/L). 

Figure 6.81°	 Laser fluorescence analysis of heavy metals being 
adapted for field analyses by UAB Physics Depart
ment. 
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Figure 6.82°	 Fluorescence of Cu atoms under 324.75 nm laser excitation. (From Mirov, S.B., R.E. Pitt, A. 
Dergachev, W. Lee, D.V. Martyshkin, O.D. Mirov, J.J. Randolph, L.J. DeLucas, C.G. Brouillette, TT. 
Basiev, Y.V. Orlovskii, and O.K. Alimiv. A novel laser breakdown spectrophotometer for environ
mental monitoring. In: Air Monitoring and Detection of Chemical and Biological Agents, J. Leonelli 
and M.L. Althouse, Eds. Society of Photo-Optical Instrumentation Engineers (SPIE). Vol. 3855. 
pp. 34–41. September 1999. With permission.) 

Solids 

Analysis of the amount of solids in water samples in the field is another highly desired objective. 
Unfortunately, that is not practical. However, dissolved solids can be estimated using a simple 
conductivity meter, while suspended solids may be qualitatively estimated using a field nephelom
eter. Secchi disk transparency has also been used historically as an indication of suspended solids 
(especially related to algal activity). An excellent field nephelometer is available from HACH (for 
$800), while turbidity “probes” (miniaturized nephelometers) are now available on several in situ 
continuously recording multiwater quality probes (the Horiba HU-10 for $2800 and the YSI 6000 
series, for about $7000). Numerous pocket conductivity meters are available that have “TDS” scales. 
These should be avoided in lieu of standard conductivity meters, as site-specific correlations 
between conductivity and TDS are usually required. 

The Horiba Twin is a very small conductivity meter that has done very well in evaluation 
tests (Figure 6.83). It costs about $250, but the sensor should be replaced every 6 months at a 
cost of $60. This meter automatically compensates for temperature effects and is suited for very 
small sample volumes (3 to 4 drops). The meter includes a standard calibration solution. The 
procedure is to calibrate the meter using the provided standard solution and to select the 
conductivity mode. The user may partially immerse the probe in the sample or cover the probe 
with a few drops of sample. 

pH 

pH is usually considered an easy parameter to measure 
in the field. Unfortunately, the use of most “pocket” pH 
meters results in very inaccurate results, as the inexpensive 
probes included with these meters are not very reliable or 
robust, especially with storage. Recently available “dry” pH 
probes offer some hope for better field pH measurements. 
However, the most common FET transistor-based probes 
are delicate and can be irrecoverably damaged with abrasion 
or through contamination with oils and detergents. The Sen
tron field pH meter (at $600) is very sturdy, stores dry, and 
can be easily cleaned with a brush. Although the Horiba 
Twin pH meter is more likely to break, having a thin glass 
cover, it has worked well and is much less expensive (about Figure 6.83 Horiba Twin conductivity 
$300) (Figures 6.84 and 6.85). Most field pH evaluations meter. 
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Figure 6.84 Horiba Twin pH meter dipped in sample. Figure 6.85 Horiba Twin pH meter reading sample. 

can probably be conducted using standard pH paper, as long as laboratory pH tests are also 
conducted. Fisher Scientific Alkacid Test Strips, for example, are very simple to use and inexpensive 
(<$1 per test), but the pH value is only readable to within ±1 pH unit (0.3 would be preferable). 
However, this sensitivity may be acceptable for many situations. 

Dissolved Oxygen 

DO is a parameter that is most commonly determined in the field. The YSI line of instruments 
is probably the best known and most commonly used among DO meters. The newer rapid-pulsed 
current DO probes from YSI are much superior to the older Clark membranes, especially if long
term monitoring is needed (such as with the in situ continuously recording probes). Many companies 
supply DO probes that work well, but with varying numbers of problems associated with storage, 
membrane replacement, and calibration. Winkler titration is not commonly used in the field, but 
HACH’s digital field titrator even makes that feasible. The titration procedures work best with BOD 
analyses, including field titrations of BOD bottles used for in situ photosynthesis/respiration tests. 

Detergents 

The CHEMetrics Detergents (Anionic Surfactants) test kit was the only practical test for detergents 
investigated (Figure 6.86). The tests cost about $2.38 each and require about 10 min. The test uses a 
chloroform extraction, but it is very well designed to minimize exposure to the operator and uses a 
very small amount of chemical (Figures 6.87 through 6.90). The CHEMetrics procedure uses a visual 
comparator to determine the concentration of the detergents in the sample (Figures 6.91 and 6.92). 
A small volume of sample (5 mL) is required. An ampoule containing methylene blue and chloroform 
is mixed with the sample. Anionic detergents complex with the methylene blue and are extracted into 
the chloroform layer. Cationic detergents and sulfides interfere with the reaction and lead to decreased 
readings. The method is very quick and easy. However, the it uses chloroform, a known carcinogen. 
Users must conduct the test in well-ventilated areas. Furthermore, the waste must be disposed of 
properly. The kit is well designed to minimize the use and exposure of the chloroform. The reagent 
packs do have a limited shelf life, however. One method that can be used to detect the presence of 
detergents in outfalls tests for optical brighteners. This method was originally developed by researchers 
in Massachusetts for detecting inappropriate discharges at outfalls, especially from septic tanks. This 
method is described at www.thecompass.org/8TB/pages/SamplingContents.html. Untreated cotton 
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Figure 6.86 CHEMetrics detergent test kit. Figure 6.87°	 Extraction step 1 for use of the CHEM
etrics detergent test kit. 

Figure 6.88°	 Extraction step 2 for use of the CHEM- Figure 6.89 Extraction step 3 for use of the CHEM
etrics detergent test kit. etrics detergent test kit. 

pads are secured at the test locations where they are left exposed for several days, recovered, and 
examined under a UV lamp. Optical brighteners adsorb to the cotton, if present in the flowing water. 
This method is not quantitative but should indicate gross contamination associated with wash waters, 
septage, and sewage. 

Fluoride 

The HACH Fluoride SPADNS Reagent test using AccuVac Ampoules is another AccuVac test 
that shares the DR/2000 (Figure 6.93). The tests cost about $1.17 each and require about 5 min. 
The test does produce a small amount of glass waste, and the SPADNS reagent is hazardous, 
requiring special disposal considerations. 
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Figure 6.90°	 Extraction step 4 for use of the CHEM- Figure 6.91 Inserting sample into color comparator. 
etrics detergent test kit. 

Figure 6.92°	 Reading the detergent concentration Figure 6.93 HACH AccuVac fluoride method. 
with the color comparator. 

Potassium 

The La Motte Potassium Reagent Set was tested in the HACH DR/2000 spectrophotometer. 
This is an example of a hybrid test that was tested successfully by combining the very good La 
Motte reagents with the very good (and needed for many other tests) HACH DR/2000. The cost 
per test is about $0.29, and the test should take about 15 min. Potassium (K+) can be used as an 
indicator of sewage contamination in water bodies, especially by examining the ratio of ammonia 
to potassium concentrations (Lalor 1993; Pitt et al. 1994). 

The HACH and La Motte kits both determine potassium concentrations using tetraphenylborate 
salts. These procedures add large doses of sodium tetraphenylborate to the sample. The potassium 
in the sample reacts with the sodium tetraphenylborate to form insoluble potassium tetraphenylborate. 
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The insoluble potassium tetraphenylborate increases the turbidity of the sample solution. The pres
ence of magnesium (Mg2+), ammonium (NH4 

+) and calcium (Ca2+) ions can interfere with the reaction 
by competing in the reaction with tetraphenylborate. These salts will result in a reported potassium 
concentration larger than is actually present in the sample. Both methods measure this increase in 
turbidity, using a spectrophotometer. To compensate for not using a nephelometer to measure this 
turbidity, both procedures include very specific timing requirements. The reaction and settling times 
must be followed exactly in order to obtain repeatable results. 

Nutrients 

The most common nutrient tests are for ammonia nitrogen, nitrate nitrogen, and phosphorus. 
The HACH Nitrate, MR test also shares the DR/2100 spectrophotometer and uses AccuVacs. The 
test is therefore very simple and quick, but produces glass debris and a hazardous reagent waste. 
The test costs about $0.56 per test and takes about 7 min. 

The HACH Ammonia method using salicylate without distillation is a colorimetric determina
tion of ammonia using salicylate. This method requires a DR/2100 spectrophotometer (usable for 
several other parameters) and a per sample cost of $2.88. It is also available as a self-contained 
test kit with a colorimeter for about $400. 

Numerous simple field test kits are available for phosphorus. HACH, for example, has eight separate 
spectrographic tests and 11 colorimetric tests available for different forms and concentration ranges 
for phosphorus. Reactive phosphorus (orthophos
phate) is probably of greatest interest for most sim
ple environmental monitoring activities. The HACH 
AccuVac ascorbic acid method with the DR/2100 
spectrophotometer is probably the simplest test pro
cedure available. The tests cost about $0.56 each, 
after purchase of the spectrophotometer. 

Two ion selective electrode (ISE) probes were 
also evaluated for fluoride analyses, with disap
pointing results. Probe problems were mostly 
associated with the lack of stability of the probe, 
especially with storage, and time-consuming 
standardization. Similar problems were found 
with ISE probes for ammonia, detergents, and Figure 6.94 Horiba Cardy ion selection electrode for 

potassium. ISE probes may work well in con- potassium. 


trolled laboratory settings, especially with proper 

care of the probes, but their use in the field is probably restricted to trained electrochemists who 

know how to take proper care of the probes and who know how to calibrate them more efficiently.

Exceptions were the Horiba Cardy ISE probes for potassium (Figure 6.94) and nitrates that have

worked very well in the field, although they are not very sensitive.


Selection of Appropriate Field Test Kits 

The most appropriate field test kit for a specific use can be selected based on the criteria presented 
earlier in this section, and in Chapter 5, and summarized in Appendix E. In most cases, the limits of 
detection are the most critical criteria. It is quite possible that the simplest field test kits may be useful 
for some studies, as most were found to be generally free from interferences (Day 1996). However, 
during tests using actual stormwater samples and spiked waters, their sensitivity was found to be generally 
poor, even less sensitive than typically advertised. This will likely lead to false negatives if actual limits 
of detection are not determined through sensitivity tests using local waters. The needed limits of detection 
must be known before analytical methods are selected, using methods presented earlier in Chapter 5. 
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The field test kits highlighted in the above discussion were selected based on our (Pitt et al. 1993; 
Day 1996) laboratory and field comparison tests and have been found to generally best meet our needs 
during investigations of stormwater problems, although other field test kits are also likely suitable. 

If field test kits or in situ methods are suitable and available to meet the project objectives, other 
criteria must also be considered, especially the amount of time required for analyses, complexity and 
training needs, hazardous wastes and sharps produced, and cost. As indicated in Appendix E, some 
analyses are virtually instantaneous, while other tests may require almost an hour. Obviously, if 
multiple samples can be evaluated at the same time, the longer times required for some of the tests 
may not be as critical. A more serious concern is the use and production of hazardous reagents and 
wastes, and glass sharps. Unless personnel are especially well trained and have suitable facilities, 
these field test kits need to be avoided. The complex tests, such as the immunoassay kits for organics, 
may also require specialized training, as indicated in Appendix E, also eliminating their use except 
for the most patient and skilled analysts. If the field test kits are suitable for the needed monitoring 
activity, conventional laboratory procedures, discussed in the following section, are available. 

The following example illustrates how this information can be used to select the most appropriate 
field testing methods, or to rely on conventional laboratory analyses. Table 4.37 was a simple matrix 
showing which parameters would be of greatest concern when evaluating receiving waters having 
different beneficial uses. In this example, biological life and integrity uses are of concern. Table 6.29 
lists the water quality parameters of most interest for this use, expected concentrations of most concern 
(from Appendix G, a discussion of water quality criteria) and their associated assumed variation, and 
corresponding needed limits of detection. Obviously, the listed parameters shown on this table are 
only a portion of the needed field study for this assessment, as habitat destruction, high/low flow 
durations, inappropriate discharges, benthic macroinvertebrate and fish sampling, sediment investiga
tions, and bioaccumulation of toxicants should also be considered (as listed in Table 4.37). 

The only other primary water quality constituents noted on Table 4.37 of great interest for 
receiving water assessments include the microorganisms. These currently cannot be analyzed in 
the field, although portable sample preparation and field incubators are available from HACH and 
others. Because of the long incubation periods required (typically 18 to 24 hours for preliminary 
results), these methods are not really considered field methods here. Therefore, the analyses that 
might be conducted using field test kits that meet basic sensitivity requirements include: 

Conventional Constituents: 
• Hardness (using field titration equipment) 
• Alkalinity (using field titration equipment) 
• 	Turbidity (possible using moderately expensive field nephelometer, or expensive in situ recording 

probes) 
• pH (easily conducted using electrodes, or expensive in situ recording probes) 
• Conductivity (easily conducted using electrodes, or expensive in situ recording probes) 
• DO (easily conducted using electrodes, or expensive in situ recording probes) 
• Temperature (easily conducted using electrodes, thermometers, or expensive in situ recording probes) 

Nutrients: 
• Ammonia (several simple field test kits available) 
• Nitrates (several simple field test kits available) 
• Phosphates (several simple field test kits available) 

Toxicants: 
• Lead (but difficult, time-consuming, or expensive) 
• Toxicity screening (expensive instrument) 
• Pesticides, PAHs, PCBs, etc., by immunoassays (but difficult, time-consuming, and expensive) 

Of these, DO (field probe preferred to titration in most cases), temperature (mandatory), and pH 
(within a few hours) may need to be conducted in the field to meet QA/QC requirements, while 
conductivity is very easy to measure in the field (and therefore commonly done). The decision to 
measure the other constituents listed above in the field should be based on other considerations, 
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methods would both likely be suitable field methods. 

All 4 fi eld test kits investigated have limits of detection 

The La Motte and CHEMetrics nitrate tests, and likely 

Table 6.29 Water Quality Measurements of Interest and Expected Analytical Requirements for Hypothetical Receiving Water Investigation Assessing Aquatic 
Life Use Impairments 

Expected 

desired MDL.The lowest MDL found was about 140 
µg/L for Zn. Most of the field test methods also 
require toxic (cyanide) reagents. 

desired MDL.The lowest MDL found was about 100 
µg/L for Cu. 

HACH Digital Titrator and CHEMetrics EDTA titration 

the HACH low range nitrate test, can meet this MDL 

although not reviewed by Day (1996). It is expected 
that there are several that can meet these 
performance objectives. 

Estimated Needed MDL (mostly from Table E-2, 

µg/L, although it is a time-consuming test and 
relatively expensive. The Metalyzer 3000 and 
Palintest SA-1000 both have lead MDLs of about 5 
µg/L and would therefore be suitable, but are 
expensive instruments. 

Suitable Field Measurement Methods Providing 

The HACH LeadTrak system has a MDL of about 5 

Field titration methods available, but not evaluated. 

objective. Sharps and cadmium containing wastes 

Deltatox (expensive instrument, but fi eld portable). 

lower than this estimated needed MDL. However, 
one requires refrigeration, and others contain 
mercury in waste. 

Numerous phosphate fi eld test kits are available, 

No available field method could approach this 

No available field method could approach this 

from Day 1996, also from text). 

are common with these methods. 

Estimated 
Needed 

I20 of 6% 

MDLa 

0.8 mg/L 

40 mg/L 

20 mg/L 

28 µg/L 

15 µg/L 

20 µg/L 

3 mg/L 

3 µg/L 

Variation (COV) 
Coefficient of 

Categorya 

Medium 

Medium 

Medium 

Medium 

Low 

Low 

Low 

Low 

Low 

but indicative of potential eutrophication problems 

Narrative (want moderate to hard water conditions 

n/a (would like moderate to high levels of alkalinity 
to reduce effects of some toxicants), would like to 
detect alkalinity to at least 25 mg/L. 

Example Water Quality Objectives Associated 

to reduce effect of some toxicants), would like to 

in nitrogen limited streams), would like to detect 

n/a (rarely toxic to aquatic life in natural streams, 

n/a: indicative of toxicants that may be present 
(such as pesticides), desire low value; I20 of 

Narrative, <25 µg/L to prevent eutrophication. 

with Aquatic Life Beneficial Uses 
(short-term exposures) 

detect hardness to at least 50 mg/L. 

<3.8 mg/L (2.5 × chronic at 30°C) 

NO3 to at least 1 mg/L. 

<120 µg/L (CMC2) 

<13 µg/L (CMC) 

<65 µg/L (CMC) 

<25%. 

Microtox screening 

Water Quality 
Parameter 

Phosphates 

Hardness 

Ammonia 

Zinc 

Copper 

Lead 

test 

Alkalinity 

Nitrates 
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The HACH portable nephelometer, or the Horiba HU-

If the COV is low (<0.5), the multiplier for the MDL is 0.8 × the desired median value of the observations, in this case taken to be the water quality objectives. If the 

The combination probes (such as the YSI 6000) should be considered as they can monitor several needed constituents: pH, conductivity, turbidity, DO, and temperature). 

No field instruments known for measuring suspended 

readouts and would be suitable, alternatively, simple 

Table 6.29 Water Quality Measurements of Interest and Expected Analytical Requirements for Hypothetical Receiving Water Investigation Assessing Aquatic 
(Continued)Life Use Impairments 

Expected 

of detection about equal to this objective and would 

Most modern fi eld DO meters also have temperature 

Most modern fi eld DO meters could be used to meet 

Suitable Field Measurement Methods Providing 
Estimated Needed MDL (mostly from Table E-2, 

All of the pH electrode methods investigated should 

All three conductivity probes investigated had limits 

10 and YSI in-situ probes can measure turbidity in 
the field, although these are all moderate to very 
expensive options.c 

meet this readability objective, but the pH paper 

No field instruments known for measuring COD 

balance), but can be predicted/tracked using 
turbidity. 

solids (requires drying ovens and analytical 

from Day 1996, also from text). 

COV is medium (0.5 to 1.25), the multiplier is 0.23, and if the COV is large (>1.25), the multiplier is 0.12; see Table 6.26 and corresponding discussion. 

pocket thermometers could be used.c 

methods are not likely suitable.c 

(requires digestion). 

these objectives.c 

be suitable.c 

0.3 pH units 
Readable to 

Readable to 

Readable to 

Estimated 

0.25 mg/L 

Needed 

80 µS/cm 

MDLa 

12 mg/L 

1 mg/L 

0.5°C 

6 NTU 

Variation (COV) 
Coefficient of 

Categorya 

Very low 

Medium 

Large 

Large 

Low 

Low 

Low 

Between 6.5 and 9 desired (harmless to fish in this 

Narrative: <100 mg/L settleable fraction to prevent 

Example Water Quality Objectives Associated 

n/a (indication of organic matter), would like to be 

Narrative (variation from natural conditions should 

Narrative: <50 NTU increase above background 

n/a (variation should be minimal), would like to 

CMC: criterion maximum concentration (exposure period of 1 hr) 

with Aquatic Life Beneficial Uses 

determine conductivity at 100 µS/cm. 

(short-term exposures) 

smothering of stream bed. 

be minimal). 

conditions. 

>5.0 mg/L 

<5 mg/L. 

range). 

Suspended solids 

Water Quality 
Parameter 

Temperature 

Conductivity 

COD 

pH 

Turbidity 

DO 

a 

b 

c 
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mainly safety, cost, time, and difficulty. In many cases, it is not practical to conduct field measure
ments at the time of sample collection due to the time needed to set up equipment, standardize the 
procedures, and conduct the individual constituent analyses at each sampling location. However, it 
might be very reasonable to use these field methods in a temporary field laboratory when conducting 
sampling in remote areas. In this case, samples collected over a short period of time (such as during 
the day) can be analyzed together, minimizing the time requirements. In addition, the use of 
continuous recording in situ probes should be seriously considered for turbidity, conductivity, pH, 
DO, and temperature, in addition to possibly ORP and stream stage (depth). Although expensive 
(can be rented for short periods), these probes have been extremely useful when monitoring these 
key constituents over several weeks that include both wet and dry periods. The high resolution data 
(measurements typically are taken and logged every 15 min) dramatically illustrate the variabilities 
of these constituents over short periods of time (as discussed in the narratives for some of the water 
quality criteria) and help to understand the duration of exposure to wet-weather-related discharges. 

The earlier Table 4.37 also included additional water quality measurements that were not listed 
as primary constituents and therefore not discussed above. Many of these should also be periodically 
evaluated as part of an assessment project, but few are amenable to safe, inexpensive, and rapid 
field measurements. These other constituents (such as the PAHs and pesticides, other metals, and 
microorganisms), plus those listed above that are not generally suited (or selected) for field mea
surements, must be analyzed using conventional laboratory methods. Of course, a good QA/QC 
plan would also require that samples being analyzed in the field be periodically split and analyzed 
using conventional laboratory methods for comparison. In some cases, it may be appropriate to use 
some of the more difficult field test kits (such as the immunoassay tests) due to the lack of 
conventional laboratory facilities, or for faster turn-around time. 

Conventional Laboratory Analyses 

Table 6.30 lists standard analytical methods that may be used for stormwater analyses. Several 
methods need to be modified to effectively analyze stormwater samples, especially if only small 
sample volumes are available (such as from pore water from stream sediments, from bench-scale 
treatability tests, or to reduce sample shipping costs). Modifications to the standard methods are 
described in Appendix E and are necessary because of the large particulate fractions of the organic 
toxicants which interfered with conventional extraction methods. Reducing the sample volumes 
(especially for the organic analyses) also significantly reduces the volumes of hazardous laboratory 
wastes. Appendix E also contains information pertaining to heavy metal analysis options and 
laboratory safety. This table should not be considered as a complete listing of laboratory methods 
for stormwater analyses, but is an example of some analyses and the associated standard methods. 

Quality control and quality assurance activities (see Chapter 5 and Appendix E) require a substantial 
effort in most analytical laboratories. EPA analytical guidelines published in the Federal Register for 
the various tests specify the types and magnitude of QA/QC analyses. These analyses supplement the 
standardization efforts as they are used to measure the efficiency of the sample preparation and analysis 
procedures. Blanks are used to identify possible contamination problems, while matrix spikes added 
to the samples prior to any preparation steps indicate the efficiency of the complete analytical process. 
Spikes added to the samples prior to analyses are also used to identify interferences, mainly associated 
with other compounds in the sample. In heavy metal analyses, for example, it is not uncommon to 
increase the sample analysis effort by an extra 50% for standards and QA/QC samples in production 
work. Method development activities require an even greater additional analytical effort. 

Appendix E contains descriptions of the modifications to the standard methods for the organic 
toxicants noted in the above table that are needed for effective measurements of stormwater 
characteristics. These modifications are needed to obtain necessary levels of recovery of the organics 
that are bound to particulates in the stormwater. The following discussions present summaries of 
special aspects of laboratory tests of possible interest in receiving water investigations, especially 
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Table 6.30 Typical List of Standard and Modified Methods for Wet-Weather Flow Analyses 

Parameter Method 

Physical Analyses 

Color, spectrophotometric 

Conductance, specific conductance 

Particle size analysis by Coulter Counter Multi Sizer IIe 

pH, Electrometric 

Residue, filterable, gravimetric, dried at 180°C 

Residue, nonfilterable, gravimetric, dried at 103–105°C 

Residue, total, gravimetric, dried at 103–105°C 

Residue, volatile, gravimetric, ignition at 550°C 

Turbidity, nephelometric 


Inorganic Analyses 

Hardness, total (mg/L as CaCO3), Titrimetric EDTA 

Aluminum, arsenic, cadmium, chromium, copper, iron, lead, nickel, and zinc 

Chloride, fluoride, nitrate, nitrite, phosphate, and sulfate 

Ammonium, calcium, lithium, magnesium, potassium, and sodium 

Alkalinity, titrimetric (pH 4.5) 


Organic Analyses 

Chemical oxygen demand, colorimetric 

EPA 110.3 

EPA 120.1 

Coulter method 

EPA 150.1 

EPA 160.1 

EPA 160.2 

EPA 160.3 

EPA 160.4 

EPA 180.1 


EPA 130.2 

EPA 200.9 

EPA 300.0 

EPA 300.0 modified 

EPA 310.1 


EPA 410.4 

Aldrin, Chlordane-alpha, Chlordane-gamma, 4,4′-DDD, 4,4′-DDE, 4,4′-DDT, Dieldrin, EPA 608 modified 
Endosulfan I, Endosulfan II, Endosulfan sulfate, Endrin, Endrin aldehyde, Endrin ketone, 
HCH-alpha, HCH-beta, HCH-gamma (Lindane), Heptachlor, Heptachlor epoxide, and 
Methoxychlor 

Acenaphthene, Acenaphthylene, Anthracene, Azobenzene, Benzo(a)anthracene, EPA 625 modified 
Benzo(b)fluoranthene, Benzo(g,h,i)perylene, Benzo(k)fluoranthene, Benzo(a)pyrene, 4-
Bromophenyl-phenylether, Bis-(2-chloroethyl)ether, Bis-(2-chloroethoxy)methane, Bis
(2-ethylhexyl)phthalate, Butylbenzyl phthalate, Carbazole, 4-Chloro-3-methylphenol, 2-
Chloronaphthalene, 2-Chlorophenol, 4-Chlorophenyl-phenylether, Chrysene, 
Coprostanol, Dibenzo(a,h)anthracene, 1,2-Dichlorobenzene, 1,3-Dichlorobenzene, 1,4-
Dichlorobenzene, 2,4-Dichlorophenol, Diethyl phthalate, 2,4-Dimethylphenol, Dimethyl 
phthalate, Di-n-butyl phthalate, 2,4-Dinitrophenol, 2,4-Dinitrotoluene, 2,6-Dinitrotoluene, 
Di-n-octyl phthalate, Fluoranthene, Fluorene, Hexachlorobenzene, 
Hexachlorobutadiene, Hexachlorocyclopentadiene, Hexachloroethane, Indeno(1,2,3
cd)pyrene, Isophorone, 2-Methylnaphthalene, 2-Methylphenol, 4-Methylphenol, 
Naphthalene, Nitrobenzene, 2-Nitrophenol, 4-Nitrophenol, N-Nitroso-di-n-propylamine, 
N-Nitroso-diphenylamine, Pentachlorophenol, Phenanthrene, Phenol, Pyrene, 1,2,4-
Trichlorobenzene, 2,4,5-Trichlorophenol, and 2,4,6-Trichlorophenol 

Toxicity Analyses 

Microtox 100% toxicity screening analysis (using reagent salt for osmotic adjustments) Azur Environmental 
method 

methods suitable for large numbers of samples, particle size analyses, and laboratory tests to identify 
associations of metal compounds that determine their effects on receiving water uses. 

Automated Methods Suitable for Large Numbers of Samples 

There are a number of laboratory instruments suitable for rapidly analyzing large numbers of 
samples for common constituents. Two instruments that have been especially helpful in the Environ
mental Engineering Laboratories at the University of Alabama at Birmingham have been a Dionex 
Ion Chromatograph (we use an older DX-100 with an autosampler) and a Bran + Luebbe TRAACS 
2000 Continuous-Flow Analyzer (we use a basic 2-channel unit, with XYZ autosampler and syringe 
diluter). These instruments are relatively expensive and are most suitable for rapidly analyzing many 
samples for a few constituents at one time. The sample volume requirements are very small (less than 
10 mL) and expendable analytical cost per analysis is also very small (typically less than $0.10). 
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Figure 6.95 3TRAACS 2000 instrument showing older Figure 6.96 TRAACS manifold. 
linear auto sampler and main module. 

Unfortunately, required sample cleanup for the ion 

chromatograph adds several dollars per sample, 

and required filtration of surface water samples for 

the TRAACS also adds several dollars per sample. 

However, if many samples are to be analyzed in a 

short time, especially when working with small 

sample volumes, these instruments are very cost 

effective. However, necessary operator training and 

Figure 6.97 Quality control output for TRAACS.

skill is much more than required for most conven

tional manual analyses. 


Bran + Luebbe TRAACS 2000 Continuous-Flow Analyzer — This is a new instrument in our 

laboratory, and we are still learning its capabilities (and requirements). We are using the TRAACS

mostly for dissolved nutrient analyses (phosphate, ammonia, nitrate, and nitrite), plus hardness and 

alkalinity (Figures 6.95 through 6.97). The instrument is capable of analyzing many other analytes, 

requiring a several-hour period to switch reagents and tubing, and for other initial setup activities.

A block digester is available that would also enable total forms of the nutrients (specifically total 

Kjeldahl nitrogen and total phosphorus) to be rapidly analyzed. The instrument draws samples and 

needed reagents through specialized manifolds where mixing takes place before colorimetric deter

minations. The basic two-channel instrument enables two different analytes to be determined 

simultaneously. It is possible to add more channels, allowing additional simultaneous analyses. 

There are some restrictions on the analytes that can be simultaneously analyzed on the parallel 

channels, however. The XYZ autosampler, containing samples, plus standard solutions and blanks, 

allows several hundred samples to be evaluated at one setup. The syringe diluter automatically 

adjusts sample strength if a sample goes over-range.


Most analyses require only a few minutes per sample and very small amounts of standard reagents. 
The cost per analysis is therefore very low, but the setup time and other maintenance requirements make 
the instrument most suitable when a relatively large number of samples are to be analyzed at one time. 

Dionex DX-100 Ion Chromatograph — We have much more experience with the DX-100, hav
ing used it for several years in support of many of our recent stormwater research projects. It can 
be used for the determination of the following common inorganic ions in drinking water, surface 
water, mixed domestic and industrial wastewaters, groundwater, reagent waters, solids (after extrac
tion), and leachates (when no acetic acid is used): 

• Anions: fluoride, chloride, nitrate-N, nitrite-N, ortho-phosphate-P, and sulfate 
• Cations: lithium, sodium, potassium, ammonium, magnesium, and calcium 

A small volume of sample (0.5 mL) is introduced into the ion chromatograph using the 
autosampler. The ions of interest are separated and measured, using a system comprised of a guard 
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Table 6.31 Anion Chromatographic Conditions and Detection 
Limits in Water 

Analyte Peak No. Retention Time (min) MDL (mg/L) 

Fluoride 1.2 0.027 
Chloride 1.7 0.080 
Nitrite-N 2.0 0.111 
Nitrate-N 3.2 0.040 
o-Phosphate-P 5.4 0.084 
Sulfate 7.0 0.083 

Standard conditions: pump rate 2.0 mL/min, sample loop 25 µL. 

Table 6.32 Cation Chromatographic Conditions and Detection 
Limits in Water 

Analyte Peak No. Retention Time (min) MDL (mg/L) 

Lithium 1.3 0.0138 
Sodium 2.0 0.454 
Ammonium 3.2 0.123 
Potassium 4.8 0.081 
Magnesium 5.7 0.055 
Calcium 7.9 0.318 

Standard conditions: pump rate 1.0 mL/min, sample loop 25 µL. 

column, analytical column, suppressor device, and conductivity detector. The difference between 
the methods for determining anion and cation concentrations are the separator columns, guard 
columns, and sample preparation procedures. 

Tables 6.31 and 6.32 give the single laboratory method detection limit (MDL) for each ion 
(based on analyses at UAB). 

These detection limits can be easily improved by changing sample loop lengths (and therefore 
the sample volume introduced into the IC), but resolution may suffer (and the ability to separate 
some ions) with increased volumes, and the upper limits also decrease correspondingly when the 
detection limits are improved. 

Substances with retention times that are similar to and/or overlap those of the ion of interest can 
interfere with the analysis. Any ion that is not retained by the column or only slightly retained will 
elute in the area of fluoride or lithium and interfere. Known co-elution is caused by carbonate and 
small organic ions. At concentrations of fluoride and lithium above 1.5 mg/L, this interference is 
likely not significant. However, quality control is required to show whether this interference occurred. 
Do not attempt to quantify unretained peaks, such as low-molecular-weight organic acids (formate, 
acetate, propionate, etc.) which are conductive and co-elute with or near fluoride. These will bias the 
fluoride measurement in some drinking water and most wastewaters. The acetate anion elutes early 
during the chromatographic run, and the retention times of the anions seem to differ when large 
amounts of acetate are present. Therefore, do not use this method for leachates of solid samples when 
acetic acid is used. Residual chlorine dioxide present in the sample will result in the formation of 
additional chlorite. If chlorine dioxide is suspected in the sample, purge the sample with an inert gas 
(argon or nitrogen) for about 5 min or until no chlorine dioxide remains. The water dip or negative 
peak that elutes near, and can interfere with, the fluoride peak can usually be eliminated by the addition 
of the equivalent of 1 mL of concentrated eluant to 100 mL of each standard and sample. 

Large amounts of an ion can interfere with the peak resolution of an adjacent ion. Sample dilution 
and/or fortification can be used to solve most interference problems associated with retention times. 
However, this method is not recommended for samples containing snowmelt runoff where chloride is 
used as a deicer. Samples that contain particles larger than 0.45 µm and reagent solutions that contain 
particles larger than 0.20 µm require filtration to prevent damage to instrument columns and flow systems. 
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Particle Size Measurements 

Knowing the settling velocity characteristics associated with stormwater particulates is neces
sary when designing numerous stormwater control devices. In addition, particle size can be critical 
when understanding the effects and sources of stormwater sediments. There is a wide range of 
methods for determining particle size based on different principles and assumptions. No one method 
is ideal for all applications. For a review of sediment grain size methods, see ASTM Standard E 
1391-94 (1994). 

Particle size is directly related to settling velocity (using Stokes law, for example, and using 
appropriate shape factors, specific gravity, and viscosity values) and is usually used in the design 
of detention facilities. Particle size can also be much more rapidly measured in the laboratory than 
settling velocities. Settling tests for stormwater particulates need to be conducted over a period of 
about 3 days in order to quantify the smallest particles that are of interest in stormwater. If designing 
rapid treatment systems (such as grit chambers or vortex separators for CSO treatment), then much 
more rapid settling tests can be conducted. Probably the earliest description of conventional particle 
settling tests for stormwater samples was made by Whipple and Hunter (1981). 

Randall et al. (1982), in settleability tests of urban runoff, found that nonfilterable residue 
(suspended solids) behaves liked a mixture of discrete and flocculant particles. The discrete particles 
settled rapidly, while the flocculent particles were very slow to settle. Therefore, simple particle 
size information may not be sufficient when flocculant particles are also present. Particle size 
analyses should include identification of the particle by microscopic examination to predict the 
extent of potential flocculation. 

Figure 6.98 shows approximate stormwater particle size distributions derived from several upper 
Midwest and Ontario analyses, from all of the U.S. EPA’s National Urban Runoff Program (NURP) 
data (Driscoll 1986), and for several eastern sites that reflect various residue concentrations (Griz
zard and Randall 1986). Pitt and McLean (1986) microscopically measured the particles in selected 
stormwater samples collected during the Humber River Pilot Watershed Study in Toronto. The 
upper Midwest data sources were two NURP projects: Terstriep et al. (1982), in Champaign/Urbana, 
IL, and Akeley (1980) in Washtenaw County, MI. Figure 6.99 also shows the particle size distri
butions of stormwater particulates from the Monroe St. detention pond study in Madison, WI. 

The Monroe St. project was a joint effort of the Wisconsin Department of Natural Resources and 
the U.S. Geological Survey. It obtained a number of stormwater particle size distributions for 46 
storms having a wide range of characteristics. Bedload samplers were also used to obtain measure
ments representing the larger particles that are commonly not sampled by most researchers. The 
observed median particle sizes ranged from about 2 to 26 µm, with a median size of about 9 µm. 
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These distributions included bedload material that was also sampled and analyzed during these 
tests. This distribution is generally comparable to the “all NURP” particle size distribution presented 
previously. The 50th and 90th percentile particle size values are as follows for the different data groups: 

P
er

ce
nt

 S
m

al
le

r 
T

ha
n 

S
iz

e 
In

di
ca

te
d 

90% 50% 

Monroe St. 0.8 9.1 µm 
All NURP 1 8 
Midwest 3.2 34 
Low solids concentration 1.4 4.4 
Medium solids concentration 3.1 21 
High solids concentration 8 66 

For many urban runoff conditions, the median stormwater particle size is estimated to be about 
30 µm (which can be much smaller than the median particle size of some source area particulates). 
Very few particles larger than 1000 µm are found in stormwater, but particles smaller than 10 µm 
are expected to make up more than 20% of the stormwater total residue weight. 

Specific conditions (such as source area type, rain conditions, and upstream controls) have been 
shown to have dramatic effects on particle size distributions. Randall et al. (1982) monitored particle 
size distributions in runoff from a shopping mall that was cleaned daily (by street cleaning). Their 
data (only collected during the rising limb of the hydrographs) showed that about 80% of the 
particles were smaller than 25 µm, in contrast to about 40% which were smaller than 25 µm during 
the outfall studies. They also only found about 2% of the runoff particles in sizes greater than 65 
µm, while the outfall studies found about 35% of the particles in sizes greater than 65 µm. 

Limited data are available concerning the particle size distribution of erosion runoff from 
construction sites. Hittman (1976) reported erosion runoff having about 70% of the particles (by 
weight) in the clay fraction (less than 4 µm), while the exposed soil being eroded had only about 
15 to 25% of the particles (by weight) in the clay fraction. When the available data are examined, 
it is apparent that many factors affect runoff particle sizes. Rain characteristics, soil type, and on
site erosion controls are all important. 

The particle size distributions of stormwater at different locations in an urban area greatly 
affect the ability of different source area and inlet controls to reduce the discharge of stormwater 
pollutants. A series of U.S. Environmental Protection Agency-funded research projects has 
examined the sources and treatability of urban stormwater pollutants (Pitt et al. 1995). This 
research included particle size analyses of 121 stormwater inlet samples from three states 
(southern New Jersey; Birmingham, AL; and at several cities in Wisconsin) that were not affected 
by stormwater controls. Particle sizes were measured using a Coulter® Multisizer™ IIe and 

RB-AR28687



ECOSYSTEM COMPONENT CHARACTERIZATION 453 

verified with microscopic, sieve, and settling column tests. In all cases, the New Jersey samples 
had the smallest particle sizes associated with specific occurrence frequencies (even though they 
were collected using manual “dipper” samplers and not automatic samplers, which might miss 
the largest particles), followed by Wisconsin, and then Birmingham, AL, which had the largest 
particles (which were collected using automatic samplers). The New Jersey samples were 
obtained from gutter flows in a residential neighborhood that was xeriscaped; the Wisconsin 
samples were obtained from several source areas, including parking areas and gutter flows mostly 
from residential, but from some commercial areas, while the Birmingham samples were collected 
from a long-term parking area on the UAB campus. 

The median particle sizes ranged from 0.6 to 38 µm and averaged 14 µm. The 90th percentile 
sizes ranged from 0.5 to 11 µm and averaged 3 µm. These particle sizes are all substantially smaller 
than have been typically assumed for stormwater. Stormwater particle size distributions typically 
do not include bedload components because automatic sampler intakes are usually located above 
the bottom of the pipe where the bedload occurs. During the Monroe St. (Madison, WI) detention 
pond monitoring, the USGS and WI DNR installed special bedload samplers that trapped the 
bedload material for analysis. This additional bedload comprised about 10% of the annual total 
solids loading. This is not a large fraction of the solids, but it represents the largest particle sizes 
flowing in the stormwater, and it can be easily trapped in most detention ponds or catchbasins. The 
bedload component in Madison was most significant during the early spring rains when much of 
the traction control sand that could be removed by rains was being washed from the streets. 

The settling velocities of discrete particles are shown in Figure 6.100, based on Stokes’ and 
Newton’s settling relationships. Probably more than 90% of all stormwater particulates are in the 
1 to 100 µm range, corresponding to laminar flow conditions. This figure also shows the effects 
of different specific gravities on the settling rates. In most cases, stormwater particulates have 
specific gravities in the range of 1.5 to 2.5. This corresponds to a relatively narrow range of settling 
rates for a specific particle size. 
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Methods to Measure Stormwater Particle Sizes and Settling Velocities 

Particle size is much easier to measure than settling rates. Automated (but expensive) particle sizing 
equipment is recommended because it enables very fast and accurate measurements, especially if 
supplemented with periodic settling column tests to determine deviations from standard settling theory. 
The following paragraphs briefly describe some of the particle settling options that have been used 
successfully for stormwater analyses. The most critical aspect of these analyses is obtaining an accurate 
sample, representing all particle sizes of interest. Automatic water samplers are suitable for obtaining 
samples having particles up to several hundred µm in size, but they cannot adequately sample particles 
much larger than about 1 mm in size. These large sizes are rare in stormwater, but they should be 
included in analyses in order to make suitable conclusions based on the data analyses. Automatic 
samplers can be supplemented using bedload samplers, as described in Chapter 5. However, the bedload 
samplers normally have to collect samples over an extended period of time to obtain sufficient samples 
for analysis. Manual sampling is usually easiest for rep
resentative sediment sampling, but is representative of 
only very short periods of time. Effective manual sam
pling must represent the complete water column, includ
ing bedload. This is easiest to accomplish if a “dipper” 
or “bucket” is used to collect flowing stormwater as it 
drops from an outfall or into an inlet. 

Sieve Analyses — This is probably the best proce
dure for laboratories that do not have access to expen
sive automated equipment, but have typical solids 
analysis balances, drying ovens, etc. (Figure 6.101). 
The basic procedure is as follows, using a 1- to 2-L 
well-mixed stormwater sample and a set of small 
sieves (usually about eight sieves, from 25 to 2000 
µm, each having about one half the sieve opening as 
the next largest sieve): Figure 6.101 Sieve analysis for stormwater 

particle determinations. 

1. 	 Remove 100 mL of the sample for standard TDS and suspended solids analysis. The TDS sample is 
obtained by filtering the 100 mL through a 0.45-µm glass fiber filter. The filtrate, after passing through 
the filter, is placed in a dried and preweighed crucible for evaporation and final weighing. The filter 
is placed in a clean and preweighed small aluminum foil dish for drying and final weighing for the 
suspended solids analysis. Another 100-mL sample is placed directly in a preweighed crucible for 
evaporation and final weighing for a total solids analysis (and to check for errors associated with the 
separate TDS and SS analyses). 

2. 	 The remaining complete sample is then poured through the largest-sized sieve (the 2000 µm), and 
collected in another beaker. The sieved water captured in the second beaker is then sampled for 
total solids. After another 100-mL sample is removed for analysis, the remaining water is poured 
through the next smallest sieve, and another sample for total solids is removed. This process is 
repeated until water has been poured through all of the sieves and appropriate samples have been 
obtained for total solids analysis for each fraction. 

3. 	 All of the total solids samples are then oven dried, placed in a desiccator for cooling, and then 
weighed. The total solids content of each size fraction is then calculated, using the amount of 
water sample evaporated. The TDS content of the sample is subtracted from each total solids value, 
resulting in the suspended solids concentration for each particle size. An accumulative particle 
size distribution can then be prepared for the sample. 

Unfortunately, this straightforward procedure requires a lot of time per sample and is limited 
as to the smallest particle size that can be measured, because the smallest sieve size available is 
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about 25 µm. There is therefore a large gap between this particle size and the 0.45-µm “TDS” size, 
and much of the sample may be in this size range. It is possible to obtain higher resolution data 
in this range by using a series of Teflon or nylon filters (mounted on a vacuum filtering setup, as 
for the TDS filtration) in this size range. These are relatively expensive filters. 

If the filtered water is to be analyzed for other pollutants (usually heavy metals, COD, and nutrients 
are the primary constituents of concern for particle size analysis of stormwater), stainless steel sieves 
and plastic or Teflon membrane filters should be used on a plastic filter stand. Standard glass fiber 
filters used for suspended solids analyses and glass filter stands cause zinc contamination from the 
glass, and standard brass sieves cause contamination of many heavy metals. In all cases, blank water 
should be subjected to the sampling processing apparatus and tested for contamination potential. 

Automated Particle Size Analyses — This is the fastest, easiest, but most expensive (in terms of 
equipment) procedure for determining particle sizes in stormwater. There are many instruments 
capable of automated particle size analyses, but most are designed for high concentration suspensions 
and slurries that are not suitable for stormwater analyses, unless extraordinary sample preparation 
significantly concentrates the sample. The most common methods used for stormwater samples are 
laser-based diffraction instruments and the “electrical sensing zone method” (the Coulter Multisizer, 

Figure 6.102). The following briefly describes the 
features of the Coulter method used in the UAB 
Environmental Engineering Laboratory. This 
method is intended to characterize particles and 
agglomerated state particles in water. This technique 
uses the Electrical Sensing Zone Method, which has 
been utilized and verified for many decades in the 
medical and health services industries. 

The Coulter Multisizer method determines the 

Figure 6.102 3Coulter Multisizer for stormwater par- number and size of particles suspended in a con
ticle size analyses. ductive liquid (a saline solution containing several 

mL of the sample) by monitoring the electrical 
current between two electrodes immersed in the conductive liquid (Isoton) on either side of a 
small aperture. The continuously stirred liquid containing the sample is forced to flow through 
the aperture by a pump in the unit. As a particle passes through the aperture, it changes the 
impedance between the electrodes and produces an electrical pulse of short duration having a 
magnitude proportional to the particle volume. The series of pulses is electronically scaled, 
counted, and accumulated in a number of size-related channels which, when their contents are 
displayed on an integral visual display, produces a size distribution curve. 

This method provides accurate particle size distribution curves within a 30:1 dynamic range 
by diameter from any one aperture. Size distributions from 0.4 to 1200 µm can be evaluated, 
depending on the orifice tube aperture size. Aperture sizes larger than 200 µm require a modification 
of sample viscosity using Karo corn syrup to prevent the particles from settling during the test. 
Each aperture allows the measurement of particles in the nominal diameter range of 2 to 60% of 
the aperture diameter. 

When more than one particle passes through the aperture at the same time, it is called coinci
dence. Coincidence is detected by the Multisizer II by the unique properties of coincident signals. 
The instrument reports the level of coincidence as the measurement is being made. Coincidence 
levels of 5 to 10% are normal and acceptable. The Multisizer II reports coincidence level, raw 
count, and coincidence corrected count as part of the size distribution report. If coincidence levels 
are too high, the sample must be diluted. If there is no coincidence, the sample is not concentrated 
enough and a larger aliquot of sample must be pipetted into the Isoton solution. 

We have found it most accurate to prefilter the sample before analyses with our Coulter Counter. 
We separate the sample into three size fractions: <0.45 µm, >120 µm, and 0.45 to 120 µm, with 
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the intermediate size fraction further analyzed on the Coulter Counter using both the 50- and 200
µm aperture tubes. This results in four particle size distributions for each sample. These are manually 
combined (based on particle mass values for each size increment) using a spreadsheet. The most 
size data (highest resolution) is obtained from the intermediate sample fraction, which represents 
the majority of the particles (by mass) found in normal stormwater samples. This multistep approach 
is needed to ensure that the sample portions outside the normal working range of the Coulter 
Counter are included in the final size distribution. The sample is prepared as follows (about 300 
to 500 mL of sample are needed for this analysis): 

1. 	 Remove 100 mL of the sample for standard TDS and SS analysis. The TDS sample is obtained 
by filtering 100 mL of sample through a 0.45-µm glass fiber filter (precleaned and preweighed). 
The filtrate (the sample after passing through the filter) is placed in a dried and preweighed crucible 
for evaporation, and final weighing (for the TDS determination). The filter is placed in a clean 
and preweighed small aluminum foil dish for drying and final weighing for the suspended solids 
analyses. 

2. 	Another 100-mL sample is placed directly in a preweighed crucible for evaporation and final 
weighing for a total solids analysis (to check for errors associated with the separate TDS and SS 
analyses.) 

3. 	 The remaining sample (several hundred mL) is then poured through a moderate-sized sieve (with 
about 120-µm openings), and collected in another beaker. The sieved water captured in the second 
beaker is then sampled for total solids by removing another 100 mL sample for evaporation in a 
clean and preweighed crucible. 

4. 	 Finally, a sample is removed from the sieved water for the Coulter Counter analysis. This sieved 
sample should contain only particles up to about 1 to 120 µm, the range for the 50- and 200-µm 
aperture tubes that we commonly use. 

The total solids fractions representing the three main sample portions are therefore known. The 
mid-fraction is further divided into very small increments using the data from the Coulter Counter 
tests. The final distribution of particle sizes is therefore well known over the entire range of 
particulates in the collected sample. 

Settling Column Tests for Settling Velocity — Small-scale settling columns (using 50-cm
diameter Teflon columns about 0.7 m long) can be used to directly measure settling rate distributions 
of particles using basic engineering test procedures described in most wastewater and water treat
ment texts. Type one (discrete) settling is the predominant settling process for discrete stormwater 
particulates, and a simple settling column can be used with only a single sample port near the 
bottom of the tube. If Type two (hindered) settling is expected (due to high concentrations of 
flocculant particulates near the settling zone), then multiple sampling ports are needed along the 
settling column. For a simple settling apparatus, extended settling periods are needed to obtain 
information for the small particles that may be of most interest in stormwater. The test typically 
lasts about 3 days, with frequent samples (for total solids analyses) taken near the beginning of 
the test, tapering off as the test progresses. This is therefore a time-consuming (and expensive) test, 
but it should be conducted in conjunction with more frequent simpler particle size tests to confirm 
the relationship between size and settling velocity. 

Much simpler hydrometer analyses of stormwater may not be effective because these procedures 
are intended for solutions having very high concentrations of particulates (Figure 6.103); however, 
they are useful for quantifying the clay size component of sediments (ASTM 1994). Some of the 
most polluted construction site runoff water (having suspended solids concentrations of several 
tens of thousands of mg/L) can be used with this method. Other settling rate monitoring methods, 
such as the Andreason pipette, are also rarely useful for the same reason (Figure 6.104). These are 
normally soil texture procedures where high concentrations of the soil particles can be mixed with 
water for the tests. 
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Figure 6.103 3Hydrometer analyses for particle size Figure 6.104 Andreason pipette for particle size 
determinations. determinations. 

Visual Observations of Particle Characteristics — Microscopic observations of stormwater and 
receiving water particulates can yield much information. Standard laboratory microscopes, especially 
if equipped with a CCD camera and connected to a computer having particle analysis software (such 
as SigmaScan Pro by SPSS Software) can be used to measure particle sizes, particle morphology, and 
even origin (Figure 6.105). The Particle Atlas, both in print and the software version, from McCrone 
Assoc., Chicago, has a wealth of information to enable identification of particles. Most particles in 
stormwater are of erosion (mineral) origin that have become contaminated. As shown in Figure 6.106 
(a typical microscopic view of stormwater particulates), relatively few particulates are from plants, and 
some are obviously from asphalt degradation and automobile exhaust. This photograph covers an area 
of about 600 by 800 µm, so the largest particles noted are about 100 µm in length. The polarized light 
images show asphalt particles dark, while minerals are generally much lighter. 

Figure 6.105 3Microscope, video camera, and com- Figure 6.106 Typical microscopic view of particles in 
puter analyses of stormwater particles. stormwater. 
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Figure 6.107 3Standard filtration setup used with dif- Figure 6.108 UV light digestion for controlled photo
ferent membrane filters. oxidation. 

Special Analytical Methods and Sample Preparation Procedures for Identifying 
Specific Forms of Metals 

Sequential extraction has been used to separate the metals in a sample into various forms, such 
as separating the fraction bound to organic material from the fraction bound to mineral particulates, 
and to identify the fraction of the metals that may accumulate in aquatic organisms (Florence and 
Batley 1980). Figures 6.107 through 6.109 show various equipment used in the UAB environmental 
labs for treating samples for sequential analyses. 

Several types of sequential extraction procedures were summarized by Bott (1995) to identify 
the form of heavy metals that may exist in a water sample (Figures 6.110 from Figura and McDuffie 
1980; 6.111 from Florence and Batley 1980; and 6.112 from Nurnberg 1985). These procedures 
are useful to supplement the Toxicity Identification Evaluation (TIE) scheme noted later if metals 
are found to be the causative agent for stormwater toxicity (highly likely). The TIE scheme resulted 
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Figure 6.110 3Figura and McDuffie scheme for chemical spe
ciation analyses of trace metals. (From Figura, 
P. and B. McDuffie. Anal. Chem., 52, 1433, 

Figure 6.109 3Solid phase extraction manifold 1980. Copyright 1980. American Chemical 
for resin exchange experiments. Society. Reprinted with permission.) 
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in sample components having specific toxicities. The most toxic sample components can then be 
subjected to further analyses to measure the toxicant concentrations. Organic analyses using 
GC/MSD or HPLC technology are very sensitive and can identify specific organic compounds 
present in the water. Unfortunately, the heavy metal analysis methods are only capable of measuring 
the total and filterable forms of each metal. However, heavy metals have greatly varying toxicities 
depending on their form. These sequential extraction procedures can result in a better understanding 
of the forms of the metals present in the sample and can identify the likely toxic forms present. 
These schemes typically separate the metals into functional categories, depending on the sample 
handling. As an example, Figure 6.111 shows a 0.45-µm filtration step to separate particulate from 
“soluble” forms. The soluble forms are further subjected to acetate buffer digestion (at pH 4.9) to 
identify labile forms of the metals, then to Chelex-100 extraction columns to identify forms that 
are sorbed onto inorganics or organics, and finally to UV digestion to identify the organic bound 
fraction. Anodic stripping voltammetric (ASV) methods are available to further identify the oxi
dation state of many of the metals of interest and can result in much more information than if 
graphite furnace atomic adsorption spectrophotometry is used for the metal analyses with these 
schemes. The sequential extraction procedures have been widely reported for studies of nutrient 
and metal availability in agricultural soils and for studies of sediments and dredged materials (for 
example see Tessier and Turner 1999). 

Use of Tracers to Identify Sources of Inappropriate Discharges to Storm Drainage 
and Receiving Waters 

Sources of Inappropriate Discharges into Storm Drainage 

The need to identify inappropriate sources of discharges to storm drainage is critical for all 
stormwater management activities and is required by the EPA’s stormwater discharge permits. Prior 
research (as summarized in EPA 1983a; Lalor 1993; Pitt et al. 1993) has shown that dry-weather 
flows from storm drainage may contribute a larger annual discharge mass for many pollutants than 
stormwater. These dry-weather sources may include direct connections to the storm drainage and 
sources that enter the drainage mainly through infiltration. Direct connections refer to physical 
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connections of sanitary, commercial, or industrial piping carrying untreated or partially treated 
wastewaters to a separate storm drainage system. These connections are usually unauthorized. They 
may be intentional, or may be accidental due to mistaken identification of sanitary sewer lines. 
They represent the most common source of entries to storm drains by industry. Direct connections 
can result in continuous or intermittent dry-weather entries of contaminants into the storm drain. 
Some common situations are: 

• Sanitary sewers that tie into a storm drain. 
• 	Foundation drains or residential sump-pump discharges that are frequently connected to storm 

drains. While this practice may be quite appropriate in many cases, it can be a source of contam
ination when the local groundwater is contaminated, as for example by septic tank failures. 

• 	Commercial laundries and car wash establishments that may route process wastewaters to storm 
drains rather than sanitary sewers. 

Continuous dry-weather flows may be caused by groundwater infiltration into storm drains 
when the storm sewers are located below the local groundwater table. These continuous discharges 
generally are not a pollution threat to surface waters, since most groundwaters which infiltrate into 
storm sewers are not contaminated, but these flows will have variable flow rates due to fluctuations 
in the level of the water table and percolation from rainfall events. Underground potable water 
main breaks are a potential clean source of releases to storm drains. While such occurrences are 
not a direct pollution source, they should obviously be corrected. However, when groundwater 
pollution does occur, such as from leaky underground storage tanks, storm drains may become a 
method of conveyance for these contaminants to the surface waters. Infiltration into storm drains 
most commonly occurs through leaking pipe joints and poor connections to catchbasins, but can 
also be due to other causes, such as damaged pipes and subsidence. Storm drains, as well as natural 
drainage channels, can therefore intercept and convey subsurface groundwater and percolating 
waters. Groundwater may be contaminated, either in localized areas or on a relatively widespread 
basis. In cases where infiltration into the storm drains occurs, it can be a source of excessive 
contaminant levels in the storm drains. Potential sources of groundwater contamination include, 
but are not limited to: 
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• Failing or nearby septic tank systems 
• Exfiltration from sanitary sewers in poor repair 
• Leaking underground storage tanks and pipes 
• Landfill seepage 
• Hazardous waste disposal sites 
• Naturally occurring toxicants and pollutants due to surrounding geological or natural environment 

Leaks from underground storage tanks and pipes are a common source of soil and groundwater 
pollution and may lead to continuously contaminated dry-weather entries. These situations are 
usually found in commercial operations, such as gasoline service stations, or industries involving 
the piped transfer of process liquids over long distances and the storage of large quantities of fuel, 
e.g., petroleum refineries. Pipes that are plugged or collapsed, as well as leaking storage tanks, 
may cause pollution when they release contaminants underground which can infiltrate through the 
soil into stormwater pipes. 

The most common potential nonstormwater entries, which have been identified by a review of 
documented case studies for commercial and residential areas by Lalor (1993) and Pitt et al. (1993) 
included: 

• Sanitary wastewater sources: 
– Raw sanitary wastewater from improper sewerage connections, exfiltration, or leakage 
– Effluent from improperly operating, designed, or nearby septic tanks 

• Automobile maintenance and operation sources: 
– Car wash wastewaters 
– Radiator flushing wastewater 
– Engine degreasing wastes 
– Improper oil disposal 
– Leaky underground storage tanks 

• Relatively clean sources: 
– Lawn runoff from over-watering 
– Direct spraying of impervious surfaces 
– Infiltrating groundwater 
– Water routed from preexisting springs or streams 
– Infiltrating potable water from leaking water mains 

• Other sources: 
– Laundry wastewaters 
– Noncontact cooling water 
– Metal plating baths 
– Dewatering of construction sites 
– Washing of concrete ready-mix trucks 
– Sump pump discharges 
– Improper disposal of household toxic substances 
– Spills from roadway and other accidents 

From the above list, sanitary wastewater is the most significant source of bacteria, while 
automobile maintenance and plating baths are the most significant sources of toxicants. Waste 
discharges associated with the improper disposal of oil and household toxicants tend to be inter
mittent and low volume. These wastes may therefore not reach the stormwater outfalls unless carried 
by higher flows from another source, or by stormwater during rains. 

Human Health Problems Caused by Inappropriate Discharges 

There are several mechanisms through which exposure to stormwater can cause potential human 
health problems. These include exposure to stormwater contaminants at swimming areas affected 
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by stormwater discharges, drinking water supplies contaminated by stormwater discharges, and the 
consumption of fish and shellfish that have been contaminated by stormwater pollutants. In receiving 
waters having only stormwater discharges, it is well known that inappropriate sanitary and other 
wastewaters are also discharging through the storm drainage system. The most serious problems 
appear to be associated with the presence of potential pathogens in problematic numbers. Contact 
recreation in pathogen-contaminated waters has been studied at many locations. The sources of the 
pathogens are typically assumed to be sanitary sewage effluent or periodic industrial discharges 
from certain food preparation industries (especially meat packing and fish and shellfish processing). 
However, several studies have investigated pathogen problems associated with stormwater dis
charges. It has generally been assumed that the source of the pathogens in the stormwater is 
inappropriate sanitary connections. However, stormwater unaffected by these inappropriate sources 
still contains high counts of pathogens that are also found in surface runoff samples from many 
urban surfaces. Needless to say, sewage contamination of urban streams is an important issue that 
needs attention during an urban water assessment investigation. Obviously, inappropriate discharges 
must be identified and corrected as part of any effort to clean up urban streams. If these sources 
are assumed to be nonexistent in an area and are therefore not considered in the stormwater 
management activities, incorrect and inefficient management decisions are likely, with disappointing 
improvements in the receiving waters. 

A number of issues emerged from the individual projects of the U.S. EPA’s NURP (EPA 1983a). 
One of these issues involved illicit connections to storm drainage systems and was summarized as 
follows in the Final Report of the NURP executive summary: “A number of the NURP projects 
identified what appeared to be illicit connections of sanitary discharges to stormwater sewer systems, 
resulting in high bacterial counts and dangers to public health. The costs and complications of 
locating and eliminating such connections may pose a substantial problem in urban areas, but the 
opportunities for dramatic improvement in the quality of urban stormwater discharges certainly 
exist where this can be accomplished. Although not emphasized in the NURP effort, other than to 
assure that the selected monitoring sites were free from sanitary sewage contamination, this BMP 
(best management practice) is clearly a desirable one to pursue.” The illicit discharges noted during 
NURP were especially surprising, because the monitored watersheds were carefully selected to 
minimize factors other than stormwater. Presumably, illicit discharge problems in typical watersheds 
would be much worse. Illicit entries into urban storm sewerage were identified by flow from storm 
sewer outfalls following substantial dry periods. Such flow could be the result of direct “illicit 
connections” as mentioned in the NURP final report, or could result from indirect connections 
(such as contributions from leaky sanitary sewerage through infiltration to the separate storm 
drainage). Many of these dry-weather flows are continuous and would therefore also occur during 
rain-induced runoff periods. Pollutant contributions from the dry-weather flows in some storm 
drains have been shown to be high enough to significantly degrade water quality because of their 
substantial contributions to the annual mass pollutant loadings to receiving waters. 

In many cases, sanitary sewage was an important component (although not necessarily the only 
component) of the dry-weather discharges from storm drainage systems that have been investigated. 
From a human health perspective (associated with pathogens), it may not require much raw or 
poorly treated sewage to cause a receiving water problem. However, at low discharge rates, the DO 
receiving water levels may be minimally affected. The effects these discharges have on the receiving 
waters is therefore highly dependent on many site-specific factors, including frequency and quantity 
of sewage discharges and the creek flows. In many urban areas, the receiving waters are small 
creeks in completely developed watersheds. These creeks are the most at risk from these discharges 
as dry baseflows may be predominantly dry-weather flows from the drainage systems. In Tokyo 
(Fujita 1998), for example, numerous instances were found where correcting inappropriate sanitary 
sewage discharges resulted in the urban streams losing all of their flow. In cities adjacent to large 
receiving waters, these discharges likely have little impact (such as DO impacts from Nashville 
CSO discharges on the Cumberland River; Cardozo et al. 1994). The presence of pathogens from 
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raw or poorly treated sewage in urban streams, however, obviously presents a potentially serious 
public health threat. Even if the receiving waters are not designated as water contact recreation, 
children often play in small city streams. 

Assessment Strategies for Identifying Inappropriate Discharges to Storm Drainage 

The following is a summary of the strategy developed by Lalor (1993) and Pitt et al. (1993) 
for the EPA to support the outfall screening activities required by the National Pollutant Discharge 
Elimination System (NPDES) Stormwater Permit Program to identify and correct inappropriate 
discharges to storm drainage systems. Those documents should be consulted for more detailed 
information. The methods summarized here require the use of multiple indicators used in combi
nation. The evaluation procedures outlined range from the most basic, requiring minimal informa
tion, to more complex, requiring additional analyses. 

The detection and identification of flow components require the quantification of specific 
characteristics of the observed combined flow. Lalor (1993) developed a simple test suite that tested 
very reliably in field verification trials. This method requires the analysis of detergents, fluoride, 
ammonia, and potassium, plus noting obvious indicators. The characteristics of most interest should 
be relatively unique for each potential flow source. This will enable the presence of each flow 
source to be indicated, based on the presence (or absence) of these unique characteristics. The 
selected characteristics are termed tracers, because they have been selected to enable the identifi
cation of the sources of these waters. These methods can be used in many areas, although the 
selection of the specific tracers might vary if the likely source flows are different. This section also 
discusses other methods used to indicate sources of contaminants, such as fingerprinting hydrocar
bon residuals and newly available analytical methods that are very specific to individual sources. 

Investigations designed to determine the contribution of urban stormwater runoff to receiving 
water quality problems have led to a continuing interest in inappropriate connections to storm 
drainage systems. Urban stormwater runoff is traditionally defined as that portion of precipitation 
which drains from city surfaces and flows via natural or man-made drainage systems into receiving 
waters. In fact, urban stormwater runoff also includes waters from many other sources which find 
their way into storm drainage systems. Sources of some of this water can be identified and accounted 
for by examining current NPDES permit records for permitted industrial wastewaters that can be 
legally discharged to the storm drainage system. However, most of the water comes from other 
sources, including illicit and/or inappropriate entries to the storm drainage system. These entries 
can account for a significant amount of the pollutants discharged from storm sewerage systems 
(Pitt and McLean 1986). 

In response to the early studies that indicated the importance of stormwater discharge effects 
on receiving waters, provisions of the Clean Water Act (1987) now require NPDES permits for 
stormwater discharges. Permits for municipal separate storm sewers include a requirement to 
effectively prohibit problematic nonstormwater discharges, thereby placing emphasis on the elim
ination of inappropriate connections to urban storm drains. Section 122.26 (d)(1)(iv)(D) of the rule 
specifically requires an initial screening program to provide means for detecting high levels of 
pollutants in dry-weather flows, which should serve as indicators of illicit connections to the storm 
sewers. To facilitate the application of this rule, the EPA’s Office of Research and Development’s 
Storm and Combined Sewer Pollution Control Program and the Environmental Engineering & 
Technology Demonstration Branch, along with the Office of Water’s Nonpoint Source Branch, 
supported research for the investigation of inappropriate entries to storm drainage systems (Pitt 
et al. 1993). This research was designed to provide information and guidance to local agencies by 
(1) identifying and describing the most common potential sources of nonstormwater pollutant 
entries into storm drainage systems; and (2) developing an investigative methodology that would 
allow a user to determine whether significant nonstormwater entries are present in a storm drain, 
and then to identify the type of source, as an aid to determining the location of the source. An 
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important premise for the development of this methodology was that the initial field screening 
effort would require minimal effort and expense, but would have little chance of missing a seriously 
contaminated outfall. This screening program would then be followed by a more in-depth analysis 
to more accurately determine the significance and source of the nonstormwater pollutant discharges. 

The approach presented in this research was based on the identification and quantification of 
clean baseflow and the contaminated components during dry weather. If the relative amounts of 
potential components are known, then the importance of the dry-weather discharge can be deter
mined. As an example, if a baseflow is mostly uncontaminated groundwater, but contains 5% raw 
sanitary wastewater, it is likely an important source of pathogenic bacteria. Typical raw sanitary 
wastewater parameters (such as BOD5 or suspended solids) would be in low concentrations and 
the sanitary wastewater source would be difficult to detect. Fecal coliform bacteria measurements 
would not help much because they originate from many possible sources, in addition to sanitary 
wastewater. Expensive unique microorganism or biochemical measurements would probably be 
needed to detect the presence of the wastewater directly. However, a tracer may be identified that 
can be used to identify relatively low concentrations of important source flows in storm drain dry
weather baseflows. 

The ideal tracer should have the following characteristics: 

• Significant difference in concentrations between possible pollutant sources 
• Small variations in concentrations within each likely pollutant source category 
• 	A conservative behavior (i.e., no significant concentration change due to physical, chemical, or 

biological processes) 
• Ease of measurement with adequate detection limits, good sensitivity, and repeatability 

In order to identify tracers meeting the above criteria, literature characterizing potential inap
propriate entries into storm drainage systems was examined. Several case studies which identified 
procedures used by individual municipalities or regional agencies were also examined. Though 
most of the investigations resorted to expensive and time-consuming smoke or dye testing to locate 
individual illicit pollutant entries, a few provided information regarding test parameters or tracers. 
These screening tests were proven useful in identifying drainage systems with problems before the 
smoke and dye tests were used. The case studies also revealed the types of illicit pollutant entries 
most commonly found in storm drainage systems. 

Selection of Parameters for Identifying Inappropriate Discharge Sources 

Table 6.33 is an assessment of the usefulness of candidate field survey parameters in identifying 
different potential nonstormwater flow sources. Natural and domestic waters should be uncontam
inated (except in the presence of contaminated groundwaters entering the drainage system, for 
example). Sanitary sewage, septage, and industrial waters can produce toxic or pathogenic condi
tions. The other source flows (wash and rinse waters and irrigation return flows) may cause nuisance 
conditions or degrade the ecosystem. The parameters marked with a plus sign can probably be used 
to identify the specific source flows by their presence. Negative signs indicate that the potential 
source flow probably does not contain the listed parameter in adverse or obvious amounts, and 
may help confirm the presence of the source by its absence. Parameters with both positive and 
negative signs for a specific source category would probably not be very helpful due to expected 
wide variations. 

Fecal Coliform Bacteria as Indicators of Inappropriate Discharges of Sanitary Sewage 

Several investigations have relied on fecal coliform measurements as indicators of sanitary 
sewage contamination of stormwater. However, the use of fecal coliforms has been shown to be 
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Table 6.33 Candidate Field Survey Parameters and Associated Non-Stormwater Flow Sources 

Natural Potable Sanitary Septage Indus. Wash Rinse Irrig. 
Parameter Water Water Sewage Water Water Water Water Water 

Fluoride – + + + +/– + + + 
Hardness change – +/– + + +/– + + – 
Surfactants – – + – – + + – 
Fluorescence – – + + – + + – 
Potassium – – + + – – – – 
Ammonia – – + + – – – +/– 
Odor – – + + + +/– – – 
Color – – – – + – – – 
Clarity – – + + + + +/– – 
Floatables – – + – + +/– +/– – 
Deposits and stains – – + – + +/– +/– – 
Vegetation change – – + + + +/– – + 
Structural damage – – – – + – – – 
Conductivity – – + + + +/– + + 
Temperature change – – +/– – + +/– +/– – 
pH – – – – + – – – 

Note: 	 – implies relatively low concentration; + implies relatively high concentration; +/– implies variable 
conditions. 

From Pitt et al. 1993. 

an inadequate indicator of sewage except in gross contamination situations (see also Chapter 3). 
Low fecal coliform levels may also cause false negative findings, as was indicated during the Inner 
Grays Harbor study where a storm drain outfall with a confirmed domestic sewage connection was 
not found to have elevated fecal coliform levels (Pelletier and Determan 1988). High fecal coliform 
bacteria populations were observed at storm sewer outfalls at all times in both industrial and 
residential/commercial areas during a study in Toronto (Pitt and McLean 1986). During the warm
weather storm sampling period, surface sheetflows were shown to be responsible for most of the 
observations of bacteria at the outfalls. However, during cold weather, very few detectable surface 
snowmelt sheetflow or snow pack fecal coliform observations were obtained, while the outfall 
observations were still quite high. High fecal coliform bacteria populations were also observed 
during dry-weather flow conditions at the storm sewer outfalls during both warm and cold weather. 
Leaking, or cross-connected, sanitary sewerage was therefore suspected at both study areas. Con
taminated sump-pump water (from poorly operating septic tank systems in medium-density resi
dential areas) in the Milwaukee area has been noted as a potentially significant source of bacteria 
to storm drainage systems (R. Bannerman, WI DNR, personal communication). 

The presence of bacteria in stormwater runoff, dry-weather flows, and in urban receiving waters 
has caused much concern, as described in Chapter 3. However, there are many potential sources 
of fecal coliforms in urban areas, besides sanitary sewage. Research projects conducted in Toronto, 
Ontario (Pitt and McLean 1986), and in Madison, WI (R. Bannerman, WI DNR, personal commu
nication) have investigated the abundance of common indicator bacteria, potential pathogenic 
bacteria, and bacterial types that may indicate the source of bacterial contamination. The monitoring 
efforts included sampling from residential, industrial, and commercial areas. As in many previous 
studies, fecal coliforms were commonly found to exceed water quality standards by large amounts 
during the Toronto investigations. Fecal coliform populations were very large at all land uses 
investigated during warm weather (typical median outfall values were 10,000 to 30,000 organisms 
per 100 mL). Dry-weather baseflow fecal coliform populations were found to be statistically similar 
to the stormwater runoff populations. The cold-weather fecal coliform populations were much lower 
(300 to 10,000 per 100 mL), but still exceeded the water quality standards. 

Samples were obtained from many potential sources, in addition to the outfall, during the 
Toronto study (Pitt and McLean 1986). Source area fecal coliform populations were very similar 
for different land uses for the same types of areas, but different source areas within the watersheds 
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varied significantly. Generally, roof runoff had the lowest fecal coliform populations, while roads 
and roadside ditches had the largest populations. 

The types and concentrations of different bacteria biotypes vary for different animal sources. 
Quresh and Dutka (1979) found that pathogenic bacteria biotypes are present in urban runoff and 
are probably from several different sources. The sources (nonhuman vs. human) of bacteria in urban 
runoff are difficult to determine. Geldreich and Kenner (1969) caution against using the ratio of 
fecal coliform to fecal streptococci as an indicator, unless the waste stream is known to be “fresh.” 
Unfortunately, urban runoff bacteria may have been exposed to the environment for some time before 
rain washed it into the runoff waters. Delays may also be associated with some dry-weather bacteria 
sources. This aging process can modify the fecal coliform to fecal streptococci ratio to make the 
bacteria appear to be of human origin. In fact, samples collected in runoff source areas usually have 
the lowest FC/FS ratio in a catchment, followed by urban runoff, and finally the receiving water 
(Pitt 1983). This transition probably indicates an aging process and not a change in bacteria source. 

Debbie Sargeant of the Washington State Department of Ecology has prepared a summary of 
different methods for fecal contamination source identification. Her report is available at 
www.ecy.wa.gov/biblio/99345.html. She concluded that there is no easy, low-cost method for dif
ferentiating between human and nonhuman sources of bacterial contamination. Genetic fingerprinting 
and newly emerging PCR methods, plus combinations of indicators, are some of the recommenda
tions made in this report to further investigate bacterial sources. 

Therefore, bacteria are usually poor indicators of the presence of sanitary sewage contamination. 
Past use of fecal strep to fecal coliform ratios to indicate human vs. nonhuman bacteria sources in 
mixed and old wastewaters (such as most nonpoint waters) has not been successful and should be 
used with extreme caution. There may be some value in investigating specific bacteria types, such 
as fecal strep biotypes, but much care should be taken in the analysis and interpretation of the 
results. A more likely indicator of human wastes may be the use of certain molecular markers, 
specifically the linear alkylbenzenes and fecal sterols, such as coprostanol and epicoprostanol 
(Eaganhouse et al. 1988), although these may also be discharged by other carnivores (especially 
dogs) in a drainage ditch. Recent discussions of specific tracers for indicating sanitary sewage 
contamination is presented later in this discussion. The following discussion presents a more 
generally useful approach for identifying inappropriate discharges to storm drainage, relying on 
easily evaluated chemical tracers and visual observations. 

Tracer Characteristics of Local Source Flows 

Table 6.34 is a summary of tracer parameter measurements for Birmingham, AL by Pitt et al. 
(1993). This table is a summary of the “library” that describes the tracer conditions for each potential 
source category. The important information shown on this table includes the median and coefficient 
of variation (COV) values for each tracer parameter for each source category. The COV is the ratio 
of the standard deviation to the mean. A low COV value indicates a much smaller spread of data 
compared to a data set having a large COV value. It is apparent that some of the generalized 
relationships shown in Table 6.33 did not exist during the demonstration project. This emphasizes 
the need for obtaining local data describing likely source flows. 

The fluorescence values shown in Table 6.34 are direct measurements from a fluorometer having 
general-purpose filters and lamps and at the least sensitive setting (number 1 aperture). The toxicity 
screening test results are expressed as the toxicity response noted after 25 minutes of exposure 
using an Azur Environmental Microtox unit which measures toxicity using the light output from 
phosfluorescent algae. The I25 values are the percentage light output decreases observed after 25 
minutes of exposure to the sample, compared to a reference. Fresh potable water has a relatively 
high toxicity response because of the chlorine levels present. Dechlorinated, potable water has 
much smaller toxicity responses. 
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Table 6.34 	 Tracer Concentrations Found in Birmingham, AL, Waters (Mean, Standard Deviation, and 
Coefficient of Variation, COV) 

Treated Septic Car Radiator 
Spring Potable Laundry Sanitary Tank Wash Flush 
Water Water Wastewater Wastewater Effluent Water Water 

Fluorescence 6.8 
(% scale) 2.9 

0.43 
Potassium (mg/L) 	 0.73 

0.070 
0.10 

Ammonia (mg/L) 	 0.009 
0.016 
1.7 

Ammonia/potassium 0.011 
(ratio) 0.022 

2.0 
Fluoride (mg/L) 	 0.031 

0.027 
0.87 

Toxicity <5 
(% light decrease n/a 
after 25 min, I25) n/a 

Surfactants <0.5 
(mg/L as MBAS) n/a 

n/a 
Hardness (mg/L) 	 240 

7.8 
0.03 

pH (pH units) 	 7.0 
0.05 
0.01 

Color (color units) 	 <1 
n/a 
n/a 

Chlorine (mg/L) 	 0.003 
0.005 
1.6 

Specific conductivity 300 
(µS/cm) 12 

0.04 
Number of samples 10 

4.6 1020 250 430 1200 22,000 
0.35 125 50 100 130 950 
0.08 0.12 0.20 0.23 0.11 0.04 
1.6 3.5 6.0 20 43 2800 
0.059 0.38 1.4 9.5 16 375 
0.04 0.11 0.23 0.47 0.37 0.13 
0.028 0.82 10 90 0.24 0.03 
0.006 0.12 3.3 40 0.066 0.01 
0.23 0.14 0.34 0.44 0.28 0.3 
0.018 0.24 1.7 5.2 0.006 0.011 
0.006 0.050 0.52 3.7 0.005 0.011 
0.35 0.21 0.31 0.71 0.86 1.0 
0.97 33 0.77 0.99 12 150 
0.014 13 0.17 0.33 2.4 24 
0.02 0.38 0.23 0.33 0.20 0.16 
47 99.9 43 99.9 99.9 99.9 
20 <1 26 <1 <1 <1 
0.44 n/a 0.59 n/a n/a n/a 
<0.5 27 1.5 3.1 49 15 
n/a 6.7 1.2 4.8 5.1 1.6 
n/a 0.25 0.82 1.5 0.11 0.11 
49 14 140 235 160 50 
1.4 8.0 15 150 9.2 1.5 
0.03 0.57 0.11 0.64 0.06 0.03 
6.9 9.1 7.1 6.8 6.7 7.0 
0.29 0.35 0.13 0.34 0.22 0.39 
0.04 0.04 0.02 0.05 0.03 0.06 
<1 47 38 59 220 3000 
n/a 12 21 25 78 44 
n/a 0.27 0.55 0.41 0.35 0.02 
0.88 0.40 0.014 0.013 0.070 0.03 
0.60 0.10 0.020 0.013 0.080 0.016 
0.68 0.26 1.4 1.0 1.1 0.52 
110 560 420 430 485 3300 
1.1 120 55 311 29 700 
0.01 0.21 0.13 0.72 0.06 0.22 
10 10 36 9 10 10 

From Pitt et al. 1993. 

Appropriate tracers are characterized by having significantly different concentrations in flow 
categories that need to be distinguished. In addition, effective tracers also need low COV values 
within each flow category. Table 6.33 shows the expected changes in concentrations per category, 
and Table 6.34 indicates how these expectations compared with the results of an extensive local 
sampling effort. The study indicated that the COV values were quite low for each category, with 
the exception of chlorine, which had much greater COV values. Chlorine is therefore not recom
mended as a quantitative tracer to estimate the flow components. Similar data should be collected 
in each community where these procedures are to be used. Recommended field observations include 
color, odor, clarity, presence of floatables and deposits, and rate of flow, in addition to chemical 
measurements for fluoride, potassium, ammonia, and detergents (or fluorescence). 

Collection of Samples and Field Analyses 

All outfalls should be evaluated, not just those larger than a certain size. Lalor (1994) found 
that the smallest outfalls were typically the most contaminated because they were likely to be 
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associated with creek-side small automotive businesses that improperly disposed of their wastes 
through small pipes. Figure 6.113 illustrates the simple sample collection methods used. The creeks 
are walked and all outfalls observed are evaluated. Generally, three-person crews are used, two 
walking the creek with waders, sampling equipment, and notebooks, while the third person drives 
the car to the next downstream meeting location (typically about 1/2 mile). It requires several 
(typically at least three) trips along a stream to find all the outfalls. Multiple sampling visits are 
also needed throughout the year to verify changing discharge conditions. Outfalls may be dry during 
some visits, but flowing during others. 

We have found it to be much more convenient and efficient to collect samples in the field and 
return them to the laboratory where groups of samples can be evaluated together. Some simple 
field analyses are appropriate. Figure 6.114 shows a portable gas analyzer that can indicate explosive 
conditions, lack of oxygen, and the presence of H2S. This is important from a safety standpoint in 
areas having little ventilation, and the H2S can also be used to indicate sewage problems. Most of 
the field test kits examined during this research (and as summarized earlier in this chapter) would 
take much too long to conduct correctly and safely in the field. 

Simple Data Evaluation Methods to Indicate Sources of Contamination 

Negative Indicators Implying Contamination 

Indicators of contamination (negative indicators) are clearly apparent visual or physical param
eters indicating obvious problems and are readily observable at the outfall during the field screening 
activities. Relying only on these indicators can lead to an unacceptably high rate of false negatives 
and false positives and must therefore be supplemented with additional confirmatory methods. 
However, these indicators are easy to measure, are useful for indicating gross contamination, are 
easy to describe to nontechnical decision makers, and are therefore highly recommended as an 
important part of a field screening effort. 

These observations are very important during the field survey because they are the simplest 
method of identifying grossly contaminated dry-weather outfall flows. The direct examination of 
outfall characteristics for unusual conditions of flow, odor, color, turbidity, floatables, depos
its/stains, vegetation conditions, and damage to drainage structures is therefore an important part 
of these investigations. Table 6.35 presents a summary of these indicators, along with narratives 
of the descriptors to be selected in the field. 

Figure 6.113 	 Collecting outfall samples for inappro- Figure 6.114 Portable gas analyzer for H2S and 
priate discharge evaluations. explosive conditions. 
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Table 6.35 Interpretations of Physical Observation Parameters and Possible Associated Flow Sources 

Odor — Most strong odors, especially gasoline, oils, and solvents, are likely associated with high responses on 
the toxicity screening test. Typical obvious odors include gasoline, oil, sanitary wastewater, industrial chemicals, 
decomposing organic wastes, etc. 

sewage: smell associated with stale sanitary wastewater, especially in pools near outfall or septic system 
drainage. 

sulfur (“rotten eggs”): industries that discharge sulfide compounds or organics (meat packers, canneries, 
dairies, etc.). 

oil and gas: petroleum refineries or many facilities associated with vehicle maintenance or petroleum product 
storage. 

rancid-sour: food preparation facilities (restaurants, hotels, etc.). 

Color — Important indicator of inappropriate industrial sources. Industrial dry-weather discharges may be of 
any color, but dark colors, such as brown, gray, or black, are most common. 

yellow: chemical plants, textile and tanning plants. 
brown: meat packers, printing plants, metal works, stone and concrete, fertilizers, and petroleum refining 
facilities. 

green: chemical plants, textile facilities. 
red: meat packers or iron oxide from groundwater seeps, e.g., acid mine drainage. 
gray: dairies, sewage. 

Turbidity — Often affected by the degree of gross contamination. Dry-weather industrial flows with moderate 
turbidity can be cloudy, while highly turbid flows can be opaque. High turbidity is often a characteristic of 
undiluted dry-weather industrial discharges or soil erosion. 

cloudy: sanitary wastewater, concrete or stone operations, fertilizer facilities, automotive dealers. 
opaque: food processors, lumber mills, metal operations, pigment plants. 

Floatable Matter — A contaminated flow may contain floating solids or liquids directly related to industrial, 
sanitary wastewater pollution, or agricultural feed lots. Floatables of industrial origin may include animal fats, 
spoiled food, oils, solvents, sawdust, foams, packing materials, or fuel. 

oil sheen: petroleum refineries or storage facilities and vehicle service facilities. 
sewage: sanitary wastewater. 

Deposits and Stains — Refers to any type of coating near the outfall and are usually of a dark color. Deposits 
and stains often will contain fragments of floatable substances. These situations are illustrated by the grayish
black deposits that contain fragments of animal flesh and hair which often are produced by leather tanneries, 
or the white crystalline powder which commonly coats outfalls due to nitrogenous fertilizer wastes. 

sediment: construction site or agricultural soil erosion. 
oily: petroleum refineries or storage facilities, vehicle service facilities, and large parking lot runoff. 

Vegetation — Vegetation surrounding an outfall may show the effects of industrial pollutants. Decaying organic 
materials coming from various food product wastes would cause an increase in plant life, while the discharge 
of chemical dyes and inorganic pigments from textile mills could noticeably decrease vegetation. It is important 
not to confuse the adverse effects of high stormwater flows on vegetation with highly toxic dry-weather 
intermittent flows. 

excessive growth: food product facilities, sewage, or agricultural operations. 
inhibited growth: high stormwater flows, beverage facilities, printing plants, metal product facilities, drug 
manufacturing, petroleum facilities, vehicle service facilities and automobile dealers, pesticide spraying. 

Damage to Outfall Structures — Another readily visible indication of industrial contamination. Cracking, 
deterioration, and spalling of concrete or peeling of surface paint, occurring at an outfall are usually caused by 
severely contaminated discharges, usually of industrial origin. These contaminants are usually very acidic or 
basic in nature. Primary metal industries have a strong potential for causing outfall structural damage because 
their batch dumps are highly acidic. Poor construction, hydraulic scour, and old age may also adversely affect 
the condition of the outfall structure. 

concrete cracking: industrial flows. 
concrete spalling: industrial flows. 
peeling paint: industrial flows. 
metal corrosion: industrial flows. 

From Pitt et al. 1993. 
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This method does not allow quantifiable estimates of the flow components, and it will very 
likely result in many incorrect negative determinations (missing outfalls that have important levels 
of contamination). These simple characteristics are most useful for identifying gross contamination. 
Only the most significant outfalls and drainage areas would therefore be recognized from this 
method. The other methods, requiring chemical determinations, can be used to quantify the flow 
contributions and to identify the less obviously contaminated outfalls. 

Indications of intermittent flows (especially stains or damage to the structure of the outfall) 
could indicate serious illegal toxic pollutant entries into the storm drainage system that will be very 
difficult to detect and correct. Highly irregular dry-weather outfall flow rates or chemical charac
teristics could indicate industrial or commercial inappropriate entries into the storm drain system. 

Correlation tests were conducted to identify relationships between outfalls that were known to 
have severe contamination problems and the negative indicators (Lalor 1994). Pearson correlation 
tests indicated that high turbidity (lack of clarity) and odors appeared to be the most useful physical 
indicators of contamination when contamination was defined by toxicity and the presence of 
detergents. Lack of clarity best indicated the presence of detergents, with an 80% correlation. As 
noted later, the detergent test was the single most useful of the chemical tests for distinguishing 
between contaminated and uncontaminated flows. The Pearson correlation tests also showed that 
noticeable odor was the best indicator of toxicity, with a 77% correlation. There is no theoretical 
connection between the physical indicators and these problems. High turbidity was noted in 74% 
of the contaminated source flow samples. This represented a 26% false negative rate (indication of 
no contamination when contamination actually exists), if one relied on turbidity alone as an indicator 
of contamination. High turbidity was noted in only 5% of the uncontaminated source flow samples. 
This represents the rate of false positives (indication of contamination when none actually exists) 
when relying on turbidity alone. Noticeable odor was indicated in 67% of flow samples from 
contaminated sources, but in none of the flow samples from uncontaminated sources. This translates 
to 37% false negatives, but no false positives. Obvious odors identified included gasoline, oil, 
sanitary wastewater, industrial chemicals or detergents, decomposing organic wastes, etc. A 65% 
correlation was also found to exist between color and Microtox toxicity. Color is an important 
indicator of inappropriate industrial sources, but it was also associated with some of the residential 
and commercial flow sources. Color was noted in 100% of the flow samples from contaminated 
sources, but it was also noted in 40% of the flow samples from uncontaminated sources. This 
represents 60% false positives, but no false negatives. Finally, a 63% correlation between the 
presence of sediments (assessed as settleable solids in the collection bottles of these source samples) 
and Microtox toxicity was also found. Sediments were noted in 34% of the samples from contam
inated sources and in none of the samples from uncontaminated sources. 

False negatives are more of a concern than a reasonable number of false positives when working 
with a screening methodology. Screening methodologies are used to direct further, more detailed 
investigations. False positives would be discarded after further investigation. However, a false 
negative during a screening investigation results in the dismissal of a problem outfall for at least 
the near future. Missed contributors to stream contamination may result in unsatisfactory in-stream 
results following the application of costly corrective measures elsewhere. 

The method of using physical characteristics to indicate contamination in outfall flows does 
not allow quantifiable estimates of the flow components and, if used alone, will likely result in 
many incorrect determinations, especially false negatives. However, these simple characteristics 
are most useful for identifying gross contamination: only the most significantly contaminated 
outfalls and drainage areas would therefore be recognized using this method. 

Detergents as Indicators of Contamination 

Results from Mann–Whitney U tests (at the α = 0.05 confidence level) indicated that samples 
from any of the dry-weather flow sources could be correctly classified as clean or contaminated 
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based only on the measured value of any one of the following parameters: detergents, color, or 
conductivity (Lalor 1994). Color and high conductivity were present in samples from clean sources 
as well as contaminated sources, but their levels of occurrence were significantly different between 
the two groups. If samples from only one source were expected to make up outfall flows, the 
level of color or conductivity could be used to distinguish contaminated outfalls from clean 
outfalls. However, since multisource flows occur, measured levels of color or conductivity could 
fall within acceptable levels because of dilution, even though a contaminating source was con
tributing to the flow. Detergents (anionic surfactants), on the other hand, can be used to distinguish 
between clean and contaminated outfalls simply by their presence or absence, using a detection 
limit of 0.06 mg/L. All samples analyzed from contaminated sources contained detergents in 
excess of this amount (with the exception of three septage samples collected from homes dis
charging only toilet flushing water). No clean source samples were found to contain detergents. 
Contaminated sources would be detected in mixtures with uncontaminated waters if they made 
up at least 10% of the mixture. 

The HACH detergents test was used during these analyses and was found to work very well. 
Unfortunately, this test uses a large amount of benzene for sample extractions and so great care is 
needed with the analysis and waste disposal. Only the most highly trained analysts, understanding 
the dangers of using benzene, should be allowed to use this test. An alternative method examined 
by CHEMetrics uses relatively small amounts of chloroform (well contained) for sample extractions 
and is therefore much safer, although care is also needed during the test and in disposal of waste. 
However, this method has a poorer detection limit (about 0.15 mg/L) than the HACH method, 
leading to less sensitivity (and possible false negatives). 

Because of the hazardous problems associated with using these simple detergent (anionic 
surfactant) tests, we have investigated numerous alternative, but related, tests. Standard tests for 
boron are relatively simple, safe, and sensitive. Historically, boron was an important component in 
laundry detergents and tests were conducted to see if this analysis would be a suitable substitute 
for the detergent tests. Unfortunately, boron appears to have been replaced in most U.S. detergents, 
as numerous tests of commercial laundry products found little boron. In addition, boron tests of 
sewage mixtures and from numerous mixed wastewaters from throughout the country also indicated 
little boron. Fluorescence of test waters, using an extremely sensitive, but expensive, fluorometer 
(Turner 10-AU), was also evaluated, but with mixed results. The analyses of sewage and detergents 
found highly variable fluorescence values because of the highly variable amounts of fabric whiteners 
found in detergents. However, it is possible to use fluorescence as a good presence/absence test, 
like the initial detergent evaluations. The previous discussion of optical brighteners (as a field test 
kit) indicated the potential usefulness of this method, but more work is needed to determine its 
sensitivity. As indicated later, more sophisticated tests for detergent components (LAS and per
fumes, especially) have been successfully used as sewage tracers in many waters, but these analyses 
require expensive and time-consuming HPLC analyses. 

Simple Checklist for Major Flow Component Identification 

Table 6.36 is a simplification of the analysis strategy to separate the major nonstormwater 
discharge sources for areas having no industrial activity. The first indicator is the presence or 
absence of flow. If no dry-weather flow exists at an outfall, then indications of intermittent flows 
must be investigated. Specifically, stains, deposits, odors, unusual stream-side vegetation conditions, 
and outfall structural damage can all indicate intermittent nonstormwater flows. However, multiple 
visits to outfalls over long time periods are needed to confirm that only stormwater flows occur. 
The following paragraphs summarize the rationale used to distinguish between treated potable 
water and sanitary wastewater, the two most common dry-weather flow sources in storm drainage 
systems in residential and commercial areas. 
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Table 6.36 Simplified Checklist to Identify Residential Area Non-Stormwater Flow Sources 

1. Flow? If yes, go to 2; if no, go to 3. 
2. Fluorides (or different hardness)? If yes, probably treated water (may be contaminated), go to 4; if no, then 

untreated natural water (probably uncontaminated), or untreated industrial water (may be toxic). 
3. Check for intermittent dry-weather flow signs (may be contaminated). If yes, recheck outfall at later date; if 

no, then not likely a significant non-stormwater source. 
4. Surfactants (or fluorescence)? If yes, may be sanitary wastewater, laundry water, or other wash water (may 

be pathogenic, or nuisance), go to 5; if no, then may be domestic water line leak, irrigation runoff, or rinse 
water (probably not a contaminated non-stormwater source, but may be a nuisance). 

5. Elevated potassium (or ammonia)? If yes, then likely sanitary wastewater source (pathogenic); if no, likely 
wash water (probably not a contaminated non-stormwater source, but may be a nuisance). 

From Pitt et al. 1993. 

Treated Potable Water — A number of tracer parameters may be useful for distinguishing treated 
potable water from natural waters: 

• 	 Major ions or other chemical/physical characteristics of the flow components can vary substantially, 
depending on whether the water supply sources are groundwater or surface water, and whether 
the sources are treated or not. Specific conductance may also serve as an indicator of the major 
water source. 

• 	Fluoride can often be used to separate treated potable water from untreated water sources. This 
latter group may include local springs, groundwater, regional surface flows, or nonpotable industrial 
waters. If the treated water has no fluoride added, or if the natural water has fluoride concentrations 
close to potable water fluoride concentrations, then fluoride may not be an appropriate indicator. 
Water from treated water supplies (that test positive for fluorides or other suitable tracers) can be 
relatively uncontaminated (domestic water line leakage or irrigation runoff), or it may be heavily 
contaminated. If the drainage area has industries that have their own water supplies (quite rare for 
most urban drainage areas), further investigations are needed to check for industrial nonstormwater 
discharges. Toxicity screening methods would be very useful in areas known to have commercial 
or industrial activity, or to check for intermittent residential area discharges of toxicants. Fluoride 
can be very high in some commercial wash waters and industrial wastewaters. 

• 	Hardness can also be used as an indicator if the potable water source and the baseflow are from 
different water sources. An example would be if the baseflow is from hard groundwater and the 
potable water is from softer surface supplies. 

• 	 If the concentration of chlorine is high, then a major leak of disinfected potable water is probably 
close to the outfall. Because of the rapid loss of chlorine in water (especially if some organic 
contamination is present), it is not a good parameter for quantifying the amount of treated potable 
water observed at the outfall. 

Water from potable water supplies (that test positive for fluorides, or other suitable tracers) can 
be relatively uncontaminated (domestic water line leakage or irrigation runoff) or heavily contam
inated (sanitary wastewater). 

Sanitary Wastewaters — In areas containing no industrial or commercial sources, sanitary waste
water is probably the most important dry-weather source of storm drain flows. In addition, septic 
systems often do not operate properly and might be a significant source of contamination in rural 
areas. The following parameters can be used for quantifying the sanitary wastewater components 
of the treated domestic water portion: 

• 	 Surfactant (detergent) analyses may be useful in determining the presence of sanitary wastewaters, 
as noted previously. However, surfactants present in water originating from potable water sources 
could indicate sanitary wastewaters, laundry wastewaters, car washing wastewater, or any other 
waters containing surfactants. If surfactants are not present, then the potable water could be 
relatively uncontaminated (domestic water line leaks or irrigation runoff). 
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• 	 The presence of fabric whiteners (as measured by fluorescence) can also be used in distinguishing 
laundry and sanitary wastewaters. 

• 	Sanitary wastewaters often exhibit predictable trends during the day in flow and quality. In order 
to maximize the ability to detect direct sanitary wastewater connections into the storm drainage 
system, it would be best to survey the outfalls during periods of highest sanitary wastewater flows 
(mid to late morning hours). 

• 	The ratio of surfactants to ammonia or potassium concentrations may be an effective indicator of 
the presence of sanitary wastewaters or septic tank effluents. If the surfactant concentrations are 
high, but the ammonia and potassium concentrations are low, the contaminated source may be 
laundry wastewaters. Conversely, if ammonia, potassium, and surfactant concentrations are all 
high, sanitary wastewater is the likely source. Some researchers have reported low surfactants in 
septic tank effluents. Therefore, if surfactants are low but potassium and ammonia are both high, 
septic tank effluent may be present. However, research in the Birmingham, AL, area found high 
surfactant concentrations in septic tank effluent, further stressing the need to obtain local charac
terization data for potential contaminating sources. 

• 	Obviously, odor and other physical appearances such as turbidity, coarse and floating “tell-tale” 
solids, foaming, color, and temperature would also be very useful in distinguishing sanitary 
wastewater from wash water or laundry wastewater sources, as noted previously. However, these 
indicators may not be very obvious for small levels of sanitary wastewater contamination. 

Flowchart for Most Significant Flow Component Identification 

A further refinement of the above checklist is the flowchart shown on Figure 6.115. This flow 
chart describes an analysis strategy that may be used to identify the major component of dry
weather flow samples in residential and commercial areas. This method does not attempt to 
distinguish among all potential sources of dry-weather flows identified earlier, but rather the 
following four major groups of flow are identified: (1) tap waters (including domestic tap water, 
irrigation water, and rinse water), (2) natural waters (spring water and shallow groundwater), 
(3) sanitary wastewaters (sanitary sewage and septic tank discharge), and (4) wash waters (com
mercial laundry waters, commercial car wash waters, radiator flushing wastes, and plating bath 
wastewaters). The use of this method would not only allow outfall flows to be categorized as 
contaminated or uncontaminated, but would also allow outfalls carrying sanitary wastewaters to be 
identified. These outfalls could then receive the highest priority for further investigation leading to 
source control. This flowchart was designed for use in residential and/or commercial areas only. 
Investigations in industrial or industrial/commercial land use areas must be approached in an entirely 
different manner. 

In residential and/or commercial areas, all outfalls should be located and examined. The first 
indicator is the presence or absence of dry-weather flow. If no dry-weather flow exists at an outfall, 
indications of intermittent flows must be investigated. Specifically, stains, deposits, odors, unusual 
stream-side vegetation conditions, and damage to outfall structures can all indicate intermittent 
nonstormwater flows. However, frequent visits to outfalls over long time periods, or the use of 
other monitoring techniques, may be needed to confirm that only stormwater flows occur. If 
intermittent flow is not indicated, the outfall probably does not have a contaminated nonstormwater 
source. The other points on the flowchart serve to indicate if a major contaminating source is 
present, or if the water is uncontaminated. Component contributions cannot be quantified using 
this method, and only the “most contaminated” type of source present will be identified. 

If dry-weather flow exists at an outfall, then the flow should be sampled and tested for detergents. 
If detergents are not present, the flow is probably from a noncontaminated nonstormwater source. 
The lower limit of detection for detergent should be about 0.06 mg/L. 

If detergents are not present, fluoride levels can be used to distinguish between flows with 
treated water sources and flows with natural sources in communities where water supplies are 
fluoridated and natural fluoride levels are low. In the absence of detergents, high fluoride levels 
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Figure 6.115	 Simple flowchart method to identify significant contaminating sources. (From Lalor, M. An Assess
ment of Non-Stormwater Discharges to Storm Drainage Systems in Residential and Commercial 
Land Use Areas. Ph.D. dissertation. Department of Civil and Environmental Engineering. Vander
bilt University. 1994. With permission.) 

would indicate a potable water line leak, irrigation water, or wash/rinse water. Low fluoride levels 
would indicate waters originating from springs or shallow groundwater. Based on the flow source 
samples tested in this research (Table 6.34), fluoride levels above 0.13 mg/L would most likely 
indicate that a tap water source was contributing to the dry-weather flow in the Birmingham, AL, 
study area. 

If detergents are present, the flow is probably from a contaminated nonstormwater source, as 
indicated on Table 6.34. The ratio of ammonia to potassium can be used to indicate whether or not 
the source is sanitary wastewater. Ammonia/potassium ratios greater than 0.60 would indicate likely 
sanitary wastewater contamination. Ammonia/potassium ratios were above 0.9 for all septage and 
sewage samples collected in Birmingham (values ranged from 0.97 to 15.37, averaging 2.55). 
Ammonia/potassium ratios for all other samples containing detergents were below 0.7, ranging from 
0.00 to 0.65, averaging 0.11. One radiator waste sample had an ammonia/potassium ratio of 0.65. 

Noncontaminated samples collected in Birmingham had ammonia/potassium ratios ranging 
from 0.00 to 0.41, with a mean value of 0.06 and a median value of 0.03. Using the mean values 
for noncontaminated samples (0.06) and sanitary wastewaters (2.55), flows comprised of mixtures 
containing at least 25% sanitary wastes with the remainder of the flow from uncontaminated sources 
would likely be identified as sanitary wastewaters using this method. Flows containing a smaller 
percentage of contributions from sanitary wastewaters might be identified as having a wash water 
source, but would not be identified as uncontaminated. 
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General Matrix Algebra Methods to Indicate Sources of Contamination 
through Fingerprinting 

Other approaches can also be used to calculate the source components of mixed outfall flows. 
One approach is the use of matrix algebra to simultaneously solve a series of chemical mass balance 
equations. This method can be used to predict the most likely flow source, or sources, making up 
an outfall sample. It is possible to estimate the outfall source flow components using a set of 
simultaneous equations. The number of unknowns should equal the number of equations available, 
resulting in a square matrix. If there are seven likely source categories, then there should be seven 
tracer parameters used. If there are only four possible sources, then only the four most efficient 
tracer parameters should be used. Only tracers that are linearly related to mixture components can 
be used. As an example, pH cannot be used in these equations, because it is not additive. 

Further site-specific statistical analyses may be needed to rank the usefulness of the tracers for 
distinguishing different flow sources. As an example, chlorine is generally not useful for these 
analyses because the concentration variability within many source categories is high (it is also not 
a conservative parameter). Chlorine may still be a useful parameter, but only to identify possible 
large potable water line leaks. Another parameter having problems for most situations is pH. The 
variation of pH between sources is very low (they are all very similar). pH may still be useful to 
identify industrial wastewater problems, but it cannot be used to quantify flow components. Toxicity 
is another parameter used during this research that was found not to be linearly additive. 

This method estimates flow contributions from various sources using a “receptor model,” based 
on a set of chemical mass balance equations. Such models, which assess the contributions from 
various sources based on observations at sampling sites (the receptors), have been applied to the 
investigation of air pollutant sources for many years (Lee et al. 1993; Cooper and Watson 1980). 
The characteristic “signatures” of the different types of sources, as identified in the library of source 
flow data, allow the development of a set of mass balance equations. These equations describe the 
measured concentrations in an outfall’s flow as a linear combination of the contributions from the 
different potential sources. A major requirement for this method is the physical and chemical 
characterization of waters collected directly from potential sources of dry-weather flows (the 
“library”). This allows concentration patterns (fingerprints) for the parameters of interest to be 
established for each type of source. Theoretically, if these patterns are different for each source, 
the observed concentrations at the outfall would be a linear combination of the concentration 
patterns from the different component sources, each weighted by a source strength term (mn ). This 
source strength term would indicate the fraction of outfall flow originating from each likely source. 
By measuring a number of parameters equal to, or greater than, the number of potential source 
types, the source strength term could be obtained by solving a set of chemical mass balance 
equations of the type: 

Cp = ∑mn xpn 

n 

where Cp is the concentration of parameter p in the outfall flow and xpn is the concentration of 
parameter p in source type n. 

As an example of this method, consider eight possible flow sources and eight parameters, as 
presented in Table 6.37. The number of parameters evaluated for each outfall must equal the number 
of probable dry-weather flow sources in the drainage area. Mathematical methods are available 
which provide for the solution of over-specified sets of equations (more equations than unknowns), 
but these are not addressed here. 

The selection of parameters for measurement should reflect evaluated parameter usefulness. 
Evaluation of the Mann–Whitney U Test results (Lalor 1994) suggested the following groupings 
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of parameters, ranked by their usefulness for distinguishing between all the types of flow sources 
sampled in Birmingham, AL: 

• First set (most useful): potassium and hardness 
• Second set: fluorescence, conductivity, fluoride, ammonia, detergents, and color 
• Third set (least useful): chlorine 

If parameter variations within the sources are not accounted for, the equations would take the 
form presented in Table 6.38. Here, the x terms, representing parameter concentrations within the 
specified source, have been replaced with the mean concentrations noted in the source library. After 
measured values are substituted into the equations for parameter concentrations in the outfall flow 
(Cp), this set of simultaneous equations can be solved using matrix algebra. The use of mean 
concentration values in the equation set was evaluated by entering the potential dry-weather flow 
source samples from Birmingham as unknowns (as if they were outfall samples) and solving for 
fractions of flow (the m terms in Table 6.38). This exercise resulted in four false negatives (6%) 
and 27 false positives (73%). The results of these simple preliminary tests indicated that there was 
too much variation of parameter concentrations within the various source types to allow them to 
be adequately characterized by simple use of the mean concentrations alone. Another method, 
recognizing variations in source flow characteristics in a Monte Carlo model, is presented by Lalor 
(1994). Both of these methods listed the likely multiple contaminating sources and estimated their 
relative contributions. Unfortunately, confirmation testing indicated inaccurate results much of the 
time, implying the greater usefulness of the simpler methods described previously. However, these 
matrix algebra methods may be very useful in other situations or locations and should be investigated 
as part of a local screening project to identify inappropriate discharges to storm drainage. 

There are numerous other statistical analysis methods suitable for identifying sources of flows. 
Salau et al. (1997) present a review of several advanced statistical methods also derived from air 
pollution source identification research (see Chapter 7 for illustrations from his paper). Principal 
component analysis and hierarchical cluster analysis are shown as tools that can identify common 
sources of contamination by examining a set of well-selected tracer compounds (in northwest 
Mediterranean marine sediments in their example). These are used to develop the alternating least 
squares approach, similar to Lalor’s (1994) use of these same techniques to identify the best 
parameters for the simultaneous equation solutions described above. 

Table 6.37 Set of Chemical Mass Balance Equations 

Source 1 Source 2 Source 3 Source 4 Source 5 Source 6 Source 7 Source 8 Outfall 

Parameter 1: (m1)(x11) + (m2)(x12) + (m3)(x13) + (m4)(x14) + (m5)(x15) + (m6)(x16) +(m7)(x17) + (m8)(x18) = C1 
Parameter 2: (m1)(x21) + (m2)(x22) + (m3)(x23) + (m4)(x24) + (m5)(x25) + (m6)(x26) +(m7)(x27) + (m8)(x28) = C2 
Parameter 3: (m1)(x31) + (m2)(x32) + (m3)(x33) + (m4)(x34) + (m5)(x35) + (m6)(x36) +(m7)(x37) + (m8)(x38) = C3 
Parameter 4: (m1)(x41) + (m2)(x42) + (m3)(x43) + (m4)(x44) + (m5)(x45) + (m6)(x46) +(m7)(x47) + (m8)(x48) = C4 
Parameter 5: (m1)(x51) + (m2)(x52) + (m3)(x53) + (m4)(x54) + (m5)(x55) + (m6)(x56) +(m7)(x57) + (m8)(x58) = C5 
Parameter 6: (m1)(x61) + (m2)(x62) + (m3)(x63) + (m4)(x64) + (m5)(x65) + (m6)(x66) +(m7)(x67) + (m8)(x68) = C6 
Parameter 7: (m1)(x71) + (m2)(x72) + (m3)(x73) + (m4)(x74) + (m5)(x75) + (m6)(x76) +(m7)(x77) + (m8)(x78) = C7 
Parameter 8: (m1)(x81) + (m2)(x82) + (m3)(x83) + (m4)(x84) + (m5)(x85) + (m6)(x86) +(m7)(x87) + (m8)(x88) = C8 

Equations of the form Cp = ∑mn x pn 

n 

where: Cp = the concentration of parameter p in the outfall flow 

mn = the fraction of flow from source type n 

xpn = the mean concentration of parameter p in source type n 

From Lalor, M. An Assessment of Non-Stormwater Discharges to Storm Drainage Systems in Residential and 
Commercial Land Use Areas. Ph.D. dissertation. Department of Civil and Environmental Engineering. Vanderbilt 
University. 1994. With permission. 
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Once sources are identified, it is important to confirm their source and to ensure that corrective 
action is undertaken. Figures 6.116 and 6.117 show TV surveying being conducted in Boston to 
confirm the likely source of inappropriate discharges. Normally, the TV camera is remotely operated 
and pulled through small pipes (Figure 6.116). However, in the coastal area and in large pipes, 
crews were required to conduct the surveys manually (Figure 6.117). 

Emerging Tools for Identifying Sources of Discharges 

Coprostanol and Other Fecal Sterol Compounds Utilized as Tracers of Contamination 
by Sanitary Sewage 

A more likely indicator of human wastes than fecal coliforms and other “indicator” bacteria 
may be the use of certain molecular markers, specifically the fecal sterols, such as coprostanol and 
epicoprostanol (Eaganhouse et al. 1988). However, these compounds are also discharged by other 
carnivores (especially dogs) in a drainage. A number of research projects have used these com
pounds to investigate the presence of sanitary sewage contamination. The most successful appli
cation may be associated with sediment analyses instead of water analyses. As an example, water 
analyses of coprostanol are difficult due to the typically very low concentrations found, although 
the concentrations in many sediments are quite high and much easier to quantify. Unfortunately, 
the long persistence of these compounds in the environment easily confuses recent contamination 
with historical or intermittent contamination. 

Particulates and sediments collected from coastal areas in Spain and Cuba receiving municipal 
sewage loads were analyzed by Grimalt et al. (1990) to determine the utility of coprostanol as a 
chemical marker of sewage contamination. Coprostanol cannot by itself be attributed to fecal matter 
inputs. However, relative contributions of steroid components can be useful indicators. When the 
relative concentrations of coprostanol and coprostanone are higher than their 5α epimers, or more 
realistically, other sterol components of background or natural occurrence, they can provide useful 
information. 

Sediment cores from Santa Monica Basin, CA, and effluent from two local municipal wastewater 
discharges were analyzed by Venkatesan and Kaplan (1990) for coprostanol to determine the degree 
of sewage addition to sediment. Coprostanols were distributed throughout the basin sediments in 
association with fine particles. Some stations contained elevated levels, either due to their proximity 
to outfalls or because of preferential advection of fine-grained sediments. A noted decline of copros
tanols relative to total sterols from outfalls seaward indicated dilution of sewage by biogenic sterols. 

Other chemical compounds have been utilized for sewage tracer work. Saturated hydrocarbons 
with 16 to 18 carbons, and saturated hydrocarbons with 16 to 21 carbons, in addition to coprostanol, 
were chosen as markers for sewage in water, particulate, and sediment samples near the Cocoa, 
FL, domestic wastewater treatment plant (Holm et al. 1990). The concentration of the markers was 
highest at points close to the outfall pipe and diminished with distance. However, the concentration 
of C16 to C21 compounds was high at a site 800 m from the outfall, indicating that these compounds 
were unsuitable markers for locating areas exposed to the sewage plume. The concentrations for 
the other markers were very low at this station. 

The range of concentrations of coprostanol found in sediments and mussels of Venice, Italy, 
were reported by Sherwin et al. (1993). Raw sewage is still discharged directly into the Venice 
lagoon. Coprostanol concentrations were determined in sediment and mussel samples from the 
lagoon using gas chromatography/mass spectroscopy. Samples were collected in interior canals and 
compared to open-bay concentrations. Sediment concentrations ranged from 0.2 to 41.0 µg/g (dry 
weight). Interior canal sediment samples averaged 16 µg/g compared to 2 µg/g found in open-bay 
sediment samples. Total coprostanol concentrations in mussels ranged from 80 to 620 ng/g (wet 
weight). No mussels were found in the four most polluted interior canal sites. 
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where: Cp = the concentration of parameter p in the outfall flow 

= the fraction of flow from source type nmn 

xpn = the mean concentration of parameter p in source type n 

From Lalor, M. An Assessment of Non-Stormwater Discharges to Storm Drainage Systems in Residential and Commercial Land Use Areas. Ph.D. dissertation. 
Department of Civil and Environmental Engineering. Vanderbilt University. 1994. With permission. 
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Table 6.38 
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Figure 6.116 	 Remotely operated TV camera sur- Figure 6.117 Manual surveys conducted in Boston 
veys of storm sewers in Boston to in large tidally influenced storm drains. 
locate inappropriate discharges. 

Nichols et al. (1996) also examined coprostanol in stormwater and the sea-surface microlayer 
to distinguish human vs. nonhuman sources of contamination. Other steroid compounds in sewage 
effluent were investigated by Routledge et al. (1998) and Desbrow et al. (1998), who both examined 
estrogenic chemicals. The most commonly found were 17β-estradiol and estrone, which were 
detected at concentrations in the tens of nanograms per liter range. These were identified as 
estrogenic through a toxicity identification and evaluation approach, where sequential separations 
and analyses identified the sample fractions causing estrogenic activity using a yeast-based estrogen 
screen. GC/MS was then used to identify the specific compounds. 

Estimating Potential Sanitary Sewage Discharges into Storm Drainage and Receiving 
Waters Using Detergent Tracer Compounds 

As described above, detergent measurements (using methylene blue active substance, MBAS, 
test methods) were the most successful individual tracers to indicate contaminated water in storm 
sewerage dry-weather flows. Unfortunately, the MBAS method uses hazardous chloroform for an 
extraction step. Different detergent components, especially linear alkylbenzene sulfonates (LAS) 
and linear alkylbenzenes (LAB), have also been tried to indicate sewage dispersal patterns in 
receiving waters. Boron, a major historical ingredient of laundry chemicals, can also potentially 
be used. Boron has the great advantage of being relatively easy to analyze using portable field test 
kits, while LAS requires chromatographic equipment. LAS can be measured using HPLC with 
fluorescent detection, after solid-phase extraction, to very low levels. Fujita et al. (1998) developed 
an efficient enzyme-linked immunosorbent assay (ELISA) for detecting LAS at levels from 20 to 
500 µg/L. 

LAS from synthetic surfactants (Terzic and Ahel 1993) which degrade rapidly, as well as 
nonionic detergents (Zoller et al. 1991) which do not degrade rapidly, have been utilized as sanitary 
sewage markers. LAS was quickly dispersed from wastewater outfalls except in areas where wind 
was calm. In these areas, LAS concentrations increased in fresh water but were unaffected in saline 
water. After time, the lower alkyl groups were mostly found, possibly as a result of degradation or 
settling of longer alkyl chain compounds with sediments. Chung et al. (1995) also describe the 
distribution and fate of LAS in an urban stream in Korea. They examined different LAS compounds 
having carbon ratios of C12 and C13 compared to C10 and C11, plus ratios of phosphates to MBAS 
and the internal to external isomer ratio (I/E) as part of their research. González-Mazo et al. (1998) 
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examined LAS in the Bay of Cádiz off the southwest coast of Spain. They found that LAS degrades 
rapidly. Fujita et al. (1998) found that complete biodegradation of LAS requires several days and 
is also strongly sorbed to particulates. In areas close to shore and near the untreated wastewater 
discharges, there was significant vertical stratification of LAS: the top 3 to 5 mm of water had LAS 
concentrations about 100 times greater than those found at 0.5 m. 

Zeng and Vista (1997) and Zeng et al. (1997) describe a study off San Diego where LAB was 
measured, along with polycyclic aromatic hydrocarbons (PAHs) and aliphatic hydrocarbons (AHs) 
to indicate the relative pollutant contributions of wastewater from sanitary sewage, nonpoint sources, 
and hydrocarbon combustion sources. They developed and tested several indicator ratios (alkyl 
homologue distributions and parent compound distributions) and examined the ratios of various 
PAHs (such as phenanthrene to anthracene, methylphenanthrene to phenanthrene, fluoranthene to 
pyrene, and benzo(a)anthracene to chrysene) as tools for distinguishing these sources. They con
cluded that LABs are useful tracers of domestic waste inputs to the environment due to their limited 
sources. They also describe the use of the internal to external isomer ratio (I/E) to indicate the 
amount of biodegradation that may have occurred to the LABs. They observed concentrations of 
total LABs in sewage effluent of about 3 µg/L, although previous researchers have seen concen
trations of about 150 µg/L in sewage effluent from the same area. 

The fluorescent properties of detergents have also been used as tracers by investigating the 
fluorescent whitening agents (FWAs), as described by Poiger et al. (1996) and Kramer et al. (1996). 
HPLC with fluorescence detection was used in these studies to quantify very low concentrations 
of FWAs. The two most frequently used FWAs in household detergents (DSBP and DAS 1) were 
found at 7 to 21 µg/L in primary sewage effluent and at 3 to 9 µg/L in secondary effluent. Raw 
sewage contains about 10 to 20 µg/L FWAs. The removal mechanisms in sewage treatment processes 
is by adsorption to activated sludge. The type of FWAs varies from laundry applications to textile 
finishing and paper production, making it possible to identify sewage sources. The FWAs were 
found in river water at 0.04 to 0.6 µg/L. The FWAs are not easily biodegradable, but they are 
readily photodegraded. Photodegradation rates have been reported to be about 7% for DSBP and 
71% for DAS 1 in river water exposed to natural sunlight, after 1-hour exposure. Subsequent 
photodegradation is quite slow. 

Other Compounds Found in Sanitary Sewage That May Be Used for Identifying 
Contamination by Sewage 

Halling-Sørensen et al. (1998) detected numerous pharmaceutical substances in sewage effluents 
and in receiving waters. Their work addressed human health concerns of these low-level compounds 
that can enter downstream drinking water supplies. However, the information might also be used 
to help identify sewage contamination. Most of the research has focused on clofibric acid, a chemical 
used in cholesterol-lowering drugs. It has been found in concentrations ranging from 10 to 165 ng/L 
in a Berlin drinking water sample. Other drugs commonly found include aspirin, caffeine, and 
ibuprofen. Current FDA guidance mandates that the maximum concentration of a substance or its 
active metabolites at the point of entry into the aquatic environment be less than 1 µg/L (Hun 1998). 

Caffeine has been used as an indicator of sewage contamination by several investigators 
(Shuman and Strand 1996). The King County, WA, Water Quality Assessment Project is examining 
the impacts of CSOs on the Duwamish River and Elliott Bay. They are using both caffeine 
(representing dissolved CSO constituents) and coprostanol (representing particulate-bound CSO 
constituents), in conjunction with heavy metals and conventional analyses, to help determine the 
contribution of CSOs to the river. The caffeine is unique to sewage, while coprostanol is from both 
humans and carnivorous animals and is therefore also in stormwater. They sampled upstream of 
all CSOs, but with some stormwater influences, 100 m upstream of the primary CSO discharge 
(but downstream of other CSOs), within the primary CSO discharge line, and 100 m downriver of 
the CSO discharge location. The relationship between caffeine and coprostanol was fairly consistent 
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for the four sites (coprostanol was about 0.5 to 1.5 µg/L higher than caffeine). Similar patterns 
were found between the three metals, chromium was always the lowest and zinc was the highest. 
King County is also using clean transported mussels placed in the Duwamish River to measure the 
bioconcentration potential of metal and organic toxicants and the effects of the CSOs on mussel 
growth rates (after 6-week exposure periods). Paired reference locations are available near the areas 
of deployment, but outside the areas of immediate CSO influence. U.S. Water News (1998) also 
described a study in Boston Harbor that found caffeine at levels of about 7 µg/L in the harbor 
water. The caffeine content of regular coffee is about 700 mg/L, in contrast. 

DNA Profiling to Measure Impacts on receiving water Organisms and to Identify Sources 
of Microorganisms in Stormwater 

This rapidly emerging technique seems to have great promise in addressing a number of 
nonpoint source water pollution issues. Kratch (1997) summarized several investigations on 
cataloging the DNA of E. coli to identify their source in water. The procedure, developed at the 
Virginia Polytechnic Institute and State University, has been used in Chesapeake Bay. In one 
example, it was possible to identify a large wild animal population as the source of fecal coliform 
contamination of a shellfish bed, instead of suspected failing septic tanks. DNA patterns in fecal 
coliforms vary among animals and birds, and it is relatively easy to distinguish between human 
and nonhuman sources of the bacteria. However, some wild animals have DNA patterns that are 
not easily distinguishable. Some researchers question the value of E. coli DNA fingerprinting, 
believing that there is little direct relationship between E. coli and human pathogens. However, 
this method should be useful to identify the presence of sewage contamination in stormwater or 
in a receiving water. 

One application of the technique, as described by Krane et al. (1999) of Wright State University, 
used randomly amplified polymorphic DNA polymerase chain reaction (RAPD-PCR) generated 
profiles of naturally occurring crayfish. They found that changes in the underlying genetic diversity 
of these populations were significantly correlated with the extent to which they have been exposed 
to anthropogenic stressors. They concluded that this rapid and relatively simple technique can be 
used to develop a sensitive means of directly assessing the impact of stressors on ecosystems. These 
Wright State University researchers have also used the RAPD-PCR techniques on populations of 
snails, pill bugs, violets, spiders, earthworms, herring, and some benthic macroinvertebrates, finding 
relatively few obstacles in its use for different organisms. As noted above, other researchers have 
used DNA profiling techniques to identify sources of E. coli bacteria found in coastal waterways. 
It is possible that these techniques can be expanded to enable rapid detection of many different 
types of pathogens in receiving waters, and the most likely sources of these pathogens. 

Stable Isotope Methods for Identifying Sources of Water 

Stable isotopes had been recommended as an efficient method to identify illicit connections to 
storm sewerage. A demonstration was conducted in Detroit as part of the Rouge River project to 
identify sources of dry-weather flows in storm sewerage (Sangal et al. 1996). Naturally occurring 
stable isotopes of oxygen and hydrogen can be used to identify waters originating from different 
geographical sources (especially along a north–south gradient). Ma and Spalding (1996) discuss 
this approach by using stable isotopes to investigate recharge of groundwaters by surface waters. 
During water vapor transport from equatorial source regions to higher latitudes, depletion of heavy 
isotopes occurs with rain. Deviation from a standard relationship between deuterium and 18O for 
a specific area indicates that the water has undergone additional evaporation. The ratio is also 
affected by seasonal changes. As discussed by Ma and Spalding (1996), the Platte River water is 
normally derived in part from snowmelt from the Rocky Mountains, while the groundwater in parts 
of Nebraska is mainly contributed from the Gulf air stream. The origins of these waters are 
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sufficiently different and allow good measurements of the recharge rate of the surface water to the 
groundwater. In Detroit, Sangal et al. (1996) used differences in origin between the domestic water 
supply, local surface waters, and the local groundwater to identify potential sanitary sewage 
contributions to the separate storm sewerage. Rieley et al. (1997) used stable isotopes of carbon 
in marine organisms to distinguish the primary source of carbon being consumed (sewage sludge 
vs. natural carbon sources) in two deep sea sewage sludge disposal areas. 

Stable isotope analyses would not be able to distinguish between sanitary sewage, industrial 
discharges, wash waters, and domestic water, as they all have the same origin. Nor would it be 
possible to distinguish sewage from local groundwaters if the domestic water supply was from the 
same local aquifer. This method works best for situations where the water supply is from a distant 
source and where separation of waters into separate flow components is not needed. It may be an 
excellent tool to study the effects of deep well injection of stormwater on deep aquifers having 
distant recharge sources (such as in the Phoenix area). Few laboratories can analyze for these stable 
isotopes, requiring shipping the samples and a long wait for the analytical results. Sangal et al. 
(1996) used Geochron Laboratories, in Cambridge, MA. 

Dating of sediments using 137Cs was described by Davis et al. (1997). Arsenic-contaminated 
sediments in the Hylebos Waterway in Tacoma, WA, could have originated from numerous sources, 
including a pesticide manufacturing facility, a rock-wool plant, steel slags, powdered metal plant, 
shipbuilding facilities, marinas and arsenic-based boat paints, and the Tacoma Smelter. Dating the 
sediments, combined with knowing the history of potential discharges and conducting optical and 
electron microscopic studies of the sediments, was found to be a powerful tool to differentiate the 
metal sources to the sediments. 

Comparison of Parameters That Can Be Used for Identifying Inappropriate 
Discharges to Storm Drainage 

In almost all cases, a suite of analyses is most suitable for effective identification of inappropriate 
discharges. An example was reported by Standley et al. (2000), where fecal steroids (including 
coprostanol), caffeine, consumer product fragrance materials, and petroleum and combustion by
products were used to identify wastewater treatment plant effluent, agricultural and feedlot runoff, 
urban runoff, and wildlife sources. They studied numerous individual sources of these wastes from 
throughout the United States. A research-grade mass spectrophotometer was used for the majority 
of the analyses in order to achieve the needed sensitivities, although much variability was found 
when using the methods in actual receiving waters affected by wastewater effluent. This sophisti
cated suite of analyses did yield much useful information, but the analyses are difficult to conduct 
and costly and may be suitable for special situations, but not for routine survey work. 

Another series of tests examined several of these potential emerging tracer parameters, in 
conjunction with the previously identified parameters, during a project characterizing stormwater 
that had collected in telecommunication manholes, funded by Tecordia (previously Bellcore), 
AT&T, and eight regional telephone companies throughout the country (Pitt and Clark 1999). 
Numerous conventional constituents, plus major ions, and toxicants were measured, along with 
candidate tracers to indicate sewage contamination of this water. Boron, caffeine, coprostanol, E. 
coli, enterococci, fluorescence (using specific wavelengths for detergents), and a simpler test for 
detergents were evaluated, along with the use of fluoride, ammonia, potassium, and obvious odors 
and color. About 700 water samples were evaluated for all of these parameters, with the exception 
of bacteria and boron (about 250 samples), and only infrequent samples were analyzed for fluo
rescence. Coprostanol was found in about 25% of the water samples (and in about 75% of the 350 
sediment samples analyzed). Caffeine was found in very few samples, while elevated E. coli and 
enterococci (using IDEXX tests) were observed in about 10% of the samples. Strong sewage odors 
in water and sediment samples were also detected in about 10% of the samples. Detergents and 
fluoride (at >0.3 mg/L) were found in about 40% of the samples and are expected to have been 
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contaminated by industrial activities (lubricants and cleansers) and not sewerage. Overall, about 
10% of the samples were therefore expected to have been contaminated with sanitary sewage, about 
the same rate previously estimated for stormwater systems. 

Additional related laboratory tests, funded by the University of New Orleans and the EPA 
(Barbé et al. 2000), were conducted using many sewage and laundry detergent samples, and it was 
found that the boron test was a poor indicator of sewage, possibly due to changes in formulations 
in modern laundry detergents. Laboratory tests did find that fluorescence was an excellent indicator 
of sewage, especially when using specialized “detergent whitener” filter sets, but this was not very 
repeatable. Researchers also examined several UV absorbance wavelengths as sewage indicators 
and found excellent correlations with 228 nm, a wavelength having very little background absor
bance in local spring waters, but with a strong response factor with increasing strengths of sewage. 

Table 6.39 summarizes the different measurement parameters discussed above. We recommend 
that our originally developed and tested protocol (including measurement of obvious indicators, 
detergents, fluoride, ammonia, and potassium) still be used as the most efficient routine indicator 
of sewage contamination of stormwater drainage systems, with the possible addition of specific 
E. coli and enterococci measurements and UV absorbance at 228 nm. The numerous exotic tests 
requiring specialized instrumentation and expertise do not appear to warrant their expense and long 
analytical turn-around times, except in specialized research situations, or when special confirmation 
is economically justified (such as when examining sewer replacement or major repair options). 

Hydrocarbon Fingerprinting for Investigating Sources of Hydrocarbons 

Fingerprinting to identify the likely source of hydrocarbon contamination is a unique process 
that recognizes degradation of the material by examining a wide variety of parameters, usually by 
sophisticated chromatography methods. There are numerous experts who have developed and 
refined the necessary techniques. The following is a list of some of these expert groups, from 
recommendations from the Internet environmental engineering list serve group, enveng-L: 

• Friedman & Bruya, Seattle, WA 
• Arthur D. Little, Inc., Cambridge, MA 
• GW/S Environmental Consulting, Tulsa, OK 
• Public & Environmental Affairs, Indiana University, Bloomington, IN 
• Graduate School of Oceanography, University of Rhode Island, Narragansett, RI 
• Louisiana State University, Baton Rouge, LA 
• Geological and Environmental Research Group, Texas A&M University, College Station, TX 
• Trillium, Inc., Coatesville, PA 
• McLaren/Hart, Inc., Albany, NY 
• Phoenix Laboratories, Chicago, IL 
• Golder Assoc., Mississauga, Ontario, Canada 
• Daniel B. Stephens & Assoc., Albuquerque, NM 
• Global Geochemistry Corp., Canoga Park, CA 
• Fluor Daniel GTI, Kent, WA 
• Battelle, Inc., Duxbury, MA 

In addition, the University of Wisconsin, Madison, Department of Engineering Professional 
Development (608-262-1299) periodically offers extension classes specifically on hydrocarbon 
pattern recognition and dating, led by experts in the field. The IBC Group (Southborough, MA, 
508-481-6400) also offers an executive forum on environmental forensics, also led by many of the 
above experts, that addresses many issues pertaining to the legal implications of hydrocarbon tracing. 

Stout et al. (1998) prepared an overview of environmental forensics, describing how systematic 
investigation of a contaminated site or an event can make it possible to determine the true origin and 
nature of complex chemical conditions. Chemical fingerprinting, generally using high-resolution gas 
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Table 6.39 	 Comparison of Measurement Parameters Used for Identifying Inappropriate Discharges into 
Storm Drainage 

Parameter Group Comments Recommendation 

Fecal coliform bacteria Commonly used to indi- Not very useful as many other sources of fecal coliforms 
and/or use of fecal coli- cate presence of sani- are present, and ratio not accurate for old or mixed 
form to fecal strepto- tary sewage. wastes. 
cocci ratio 

Physical observations Commonly used to indi- Recommended due to easy public understanding and 
(odor, color, turbidity, cate presence of sani- easy to evaluate, but only indicative of gross contam-
floatables, deposits, tary and industrial ination, with excessive false negatives (and some false 
stains, vegetation wastewater. positives). Use in conjunction with chemical tracers for 
changes, damage to greater sensitivity and accuracy. 
outfalls) 

Detergents presence Used to indicate pres- Recommended, but care needed during hazardous 
(anionic surfactant ence of wash waters analyses (only for well-trained personnel). Accurate 
extractions) and sanitary sewage. indicator of contamination during field tests. 

Fluoride, ammonia and Used to identify and dis- Recommended, especially in conjunction with detergent 
potassium measure- tinguish between wash analyses. Accurate indicator of major contamination 
ments waters and sanitary sources and their relative contributions. 

sewage. 
TV surveys and source Used to identify specific Recommended after outfall surveys indicate contamina-
investigations locations of inappropri- tion in drainage system. 

ate discharges, espe-
cially in industrial areas. 

Coprostanol and other Used to indicate pres- Possibly useful. Expensive analysis with GC/MSD. Not 
fecal sterol compounds ence of sanitary sew- specific to human wastes or recent contamination. 

age. Most useful when analyzing particulate fractions of 
wastewaters or sediments. 

Specific detergent Used to indicate pres- Possibly useful. Expensive analyses with HPLC. A good 
compounds (LAS, ence of sanitary sew- and sensitive confirmatory method. 
fabric whiteners, and age. 
perfumes) 

Fluorescence Used to indicate pres- Likely useful, but expensive instrumentation. Rapid and 
ence of sanitary sew- easy analysis. Very sensitive. 
age and wash waters. 

Boron Used to indicate pres- Not very useful. Easy and inexpensive analysis, but 
ence of sanitary sew- recent laundry formulations in U.S. have minimal boron 
age and wash waters. components. 

Pharmaceuticals (colf- Used to indicate pres- Possibly useful. Expensive analyses with HPLC. A good 
ibric acid, aspirin, ence of sanitary sew- and sensitive confirmatory method. 
ibuprofen, steroids, age. 
illegal drugs, etc.) 

Caffeine Used to indicate pres- Not very useful. Expensive analyses with GC/MSD. 
ence of sanitary sew- Numerous false negatives, as typical analytical meth-
age. ods not suitably sensitive. 

DNA profiling of micro- Used to identify sources Likely useful, but currently requires extensive back-
organisms of microorganisms ground information on likely sources in drainage. Could 

be very useful if method can be simplified, but with 
less specific results. 

UV absorbance at Used to identify pres- Possibly useful, if UV spectrophotometer available. Sim-
228 nm ence of sanitary sew- ple and direct analyses. Sensitive to varying levels of 

age. sanitary sewage, but may not be useful with dilute 
solutions. Further testing needed to investigate sensi-
tivity in field trials. 

Stable isotopes of Used to identify major May be useful in area having distant domestic water 
oxygen sources of water. sources and distant groundwater recharge areas. 

Expensive and time consuming procedure. Cannot dis-
tinguish between wastewaters if all have common 
source. 

E. coli and enterococci More specific indicators Recommended in conjunction with chemical tests. Rel-
bacteria of sanitary sewage than atively inexpensive and easy analyses, especially if 

coliform tests. using the simple IDEXX methods. 

RB-AR28719



ECOSYSTEM COMPONENT CHARACTERIZATION 485 

chromatography coupled with mass spectroscopy, is usually supplemented with site information on 
soils and groundwater conditions. The presentation of masses of data is usually highly visually oriented 
to make complex patterns and associations easier to comprehend. In addition to GC/MS, stable isotope 
analyses may be conducted to identify origins of very similar materials. Historical records also need 
to be reviewed to understand the changes that a site has undergone over the years (“corporate 
archaeology”). Sanborn Fire Insurance Maps (Geography and Map Division, Library of Congress) 
are commonly used to identify site activities during the second half of the 19th century, for example. 
This type of approach can be used to identify sources of contaminated sediments in urban streams, 
especially in areas having historical industrial activities. 

Other techniques can be used to date deposits and to indicate the extent of the weathering of 
petroleum (Whittaker and Pollard 1997). The weathered state of spilled (or discharged) hydrocar- 
bons can be determined using biomarkers (pristane, phthane, hopanes, and steranes) which are 
quite resistant to weathering processes (biotransformations and evaporation). These are therefore 
relatively conservative materials and can be compared to less stable oil components to indicate the 
extent of weathering that has occurred, and hence the approximate time since the petroleum was 
deposited. Other biomarkers can also be used as unique fingerprints to identify the likely source 
of the oil. Hurst et al. (1996) also describe how lead isotopes (206Pb/207Pb ratio) can be used to age 
spilled gasoline, based on changes in gasoline additives with time. 

MICROORGANISMS IN STORMWATER AND URBAN RECEIVING WATERS 

As discussed in Chapter 3, microorganisms frequently interfere with beneficial uses in urban 
receiving waters. The use of conventional indicator organisms may be helpful, but investigations 
of specific pathogens is also becoming possible with new analytical technologies. The following 
discussion contains some background on the development of water quality standards for indicator 
organisms, describes some new analytical procedures, and presents an approach that measures 
organism die-off in situ, which is important for assessing the public health risk associated with 
water contact in urban receiving waters. 

Pathogens in stormwater and urban receiving waters are a significant concern potentially 
affecting human health. The use of indicator bacteria is controversial for stormwater, as is the 
assumed time of typical exposure of swimmers to contaminated receiving waters. However, recent 
epidemiological studies have shown significant health effects associated with stormwater-contam- 
inated marine swimming areas. Protozoan pathogens, especially those associated with likely sew- 
age-contaminated stormwater, is also a public health concern. 

Human health standards for body contact recreation (and for fish and water consumption) are 
based on indicator organism monitoring. Monitoring for the actual pathogens, with few exceptions, 
requires an extended laboratory effort, is very costly, and not very accurate. Therefore, the use of 
indicator organisms has become established. Dufour (1984a) presents an excellent overview of the 
history of indicator bacterial standards and water contact recreation. 

Total coliforms were initially used as indicators for monitoring outdoor bathing waters, based 
on a classification scheme presented by W.J. Scott in 1934. Total coliform bacteria, refers to a 
number of bacteria including Escherichia, Klebsiella, Citrobacter, and Enterobacter. They are able 
to grow at 35°C and ferment lactose. They are all Gram-negative asporogenous rods and have been 
associated with feces of warm-blooded animals. They are also present in soil. 

The fecal coliform test is not specific for any one coliform type, or groups of types, but instead 
has an excellent positive correlation for coliform bacteria derived from the intestinal tract of 
warm-blooded animals (Geldreich et al. 1968). The fecal coliform test measures Escherichia coli 
as well as all other coliforms that can ferment lactose at 44.5°C and are found in warm-blooded 
fecal discharges. Geldreich (1976) found that the fecal coliform test represents over 96% of the 
coliforms derived from human feces and from 93 to 98% of those discharged in feces from other 
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warm-blooded animals, including livestock, poultry, cats, dogs, and rodents. In many urban runoff 
studies, all of the fecal coliforms were E. coli (Quresh and Dutka 1979). E. coli, a member of 
the fecal coliform group, has been used as a better indicator of fresh fecal contamination, compared 
to fecal coliforms. Table 6.40 indicates the species and subspecies of the Streptococcus and 
Enterococcus groups of bacteria that are used as indicators of fecal contamination. 

Table 6.40 Streptococcus Species Used as Indicators of Fecal Contamination 

Indicator Organism Enterococcus Group Streptococcus Group 

Group D antigen 
Streptococcus faecalis X X 

S. faecealis subsp. liquifaciens X X 
S. faecalis subsp. zymogenes X X 
S. faecium X X 
S. bovis X 
S. equinus X 

Group Q antigen 
S. avium X 

Fecal streptococci bacteria are all of the intestinal streptococci bacteria from warm-blooded 
animal feces (Geldreich and Kenner 1969). The types and concentrations of different bacteria 
biotypes vary for different animal sources. Fecal streptococci bacteria are indicators of fecal 
contamination. The enterococci group is a subgroup that is considered a better indication of human 
fecal contamination. S. bovis and S. equinus are considered related to feces from nonhuman warm- 
blooded animals (such as from meat processing facilities, dairy wastes, and feedlot and other 
agricultural runoff), indicating that enterococcus may be a better indication of human feces con- 
tamination. However, S. faecalis subsp. liquifaciens is also associated with vegetation sources, 
insects, and some soils. 

The EPA’s evaluation of the bacteriological data indicated that using the fecal coliform indicator 
group at the maximum geometric mean of 200 organisms per 100 mL, as recommended in Quality 
Criteria for Water would cause an estimated eight illnesses per 1000 swimmers at freshwater 
beaches. Additional criteria, using E. coli and enterococci bacteria analyses, were developed using 
these currently accepted illness rates. See Appendix G for specific details of these criteria. These 
bacteria are assumed to be more specifically related to poorly treated human sewage than the fecal 
coliform bacteria indicator. It should be noted that these indicators only relate to gastrointestinal 
illness, and not other problems associated with waters contaminated with bacterial or viral patho- 
gens. Common swimming beach problems associated with contamination by stormwater include 
skin and ear infections caused by Pseudomonas aeruginosa and Shigella. 

Viruses may also be important pathogens in urban runoff. Very small amounts of a virus are 
capable of producing infections or diseases, especially when compared to the large numbers of 
bacterial organisms required for infection (Berg 1965). The quantity of enteroviruses which must 
be ingested to produce infections is usually not known (Olivieri et al. 1977b). Viruses are usually 
detected at low levels in urban receiving waters and storm runoff. Researchers have stated that even 
though the minimum infective doses may be small, the information available indicates that storm- 
water virus threats to human health are small. Because of the low levels of virus necessary for 
infection, dilution of viruses does not significantly reduce their hazard. 

States et al. (1997) examined Cryptosporidium and Giardia in river water serving as Pittsburgh’s 
water supply. They collected monthly samples from the Allegheny and Youghiogheny Rivers for 
2 years. They also sampled a small stream flowing through a dairy farm, treated sanitary sewage 
effluent, and CSOs. The CSO samples had much greater numbers of the protozoa than any of the 
other samples. No raw sewage samples were obtained, but they were assumed to be very high 
because of the high CSO sample values. The effluent from the sewage treatment plant was the next 
highest, at less than half the CSO values. The dairy farm stream was not significantly different 
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from either of the two large rivers. The water treatment process appeared to effectively remove 
Giardia, but some Cryptosporidium was found in the filtered water. Settling the river water seemed 
to remove some of the protozoa, but the removal would not be adequate by itself. States et al. 
(1997) also reviewed Giardia and Cryptosporidium monitoring data. Raw drinking water supplies 
were shown to have highly variable levels of these protozoa, typically up to several hundred Giardia 
cysts and Cryptosporidium oocysts per 100 L, and were found in 5 to 50% of the samples evaluated. 
Conventional water treatment appeared to remove about 90% of the protozoa. 

A microorganism monitoring program for stormwater-impacted urban receiving waters could 
therefore be very complex and expensive if all the above organisms were to be evaluated. The 
bacteria (especially total coliforms, fecal coliforms, E. coli, enterococci, and hopefully Pseudomo 
nas aeruginosa) should probably all be adequately covered in a monitoring program. Total coliforms 
are of most interest in marine environments based on epidemiological studies conducted in Santa 
Monica Bay (see case study in Chapter 4). In most cases, total coliform data could be misleading 
because of its ubiquitous nature (see Chapter 8). Protozoa, and especially viruses, require highly 
specialized analytical skills and are therefore not likely to be routinely investigated. However, 
protozoa are being more commonly monitored, especially with new federal regulations to protect 
drinking water supplies. 

Sampling for microorganism evaluations is more challenging than for most constituents, requir- 
ing sterile sample containers and tools, plus rapid shipment of the samples to the laboratory and 
immediate initiation of analyses. Bacteriological analyses are becoming much more simplified with 
special procedures and methods developed by HACH, Millipore, and IDEXX Corp., for example. 
Available methods require little more than mixing a freeze-dried “reagent” with a measured amount 
of sample, pouring the mixture into special incubation trays and sealing them, and finally placing 
them into incubators for the designated time (usually 18 to 48 hours). 

The IDEXX method for E. coli, Colilert-18 (see Figures 6.71 through 6.74), is used by many 
state agencies for EPA reporting purposes. It is used for the simultaneous detection, specific 
identification, and confirmation of total coliforms and E. coli in water. It is based on IDEXX’s 
patented Defined Substrate Technology (DST™). It is a most probable number (MPN) method. 
Colilert-18 utilizes nutrient indicators that produce color and/or fluorescence when metabolized by 
total coliforms and E. coli. When the Colilert-18 reagent is added to a sample and incubated, it 
can detect these bacteria at 1 cfu in 100 mL within 18 hours with as many as 2 million heterotrophic 
bacteria per 100 mL present. The required apparatus includes the Quanti-tray sealer, an incubator, 
a 6-watt 365-nm UV light, and a fluorescence comparator. This procedure requires 100 mL of 
sample, which should be analyzed ASAP after sampling. Marine water samples must be diluted at 
least tenfold with sterile fresh water to reduce the salinity. Quality control includes testing with 
cultures of E. coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa. 

The Enterolert procedure, also from IDEXX, is very similar to the Colilert method outlined 
above. Enterolert is used for the detection of enterococci such as Enterococcus faecium or E. 
faecalis in fresh and marine water. When the Enterolert reagent is added to a sample and incubated, 
bacteria down to 1 CFU in a 100 mL sample can be detected within 24 hours. This method also 
has a quality control procedure that should be conducted on each lot of Enterolert, using test cultures 
of E. faecium, Serratia marcescens (Gram-negative), and Aerococcus viridans (Gram-positive). 

Determination of Survival Rates for Selected Bacterial and Protozoan Pathogens 

The following discussion was prepared by John Easton while he was a Ph.D. student at the 
University of Alabama at Birmingham and describes some of the experiments he has conducted 
concerning the survival of wet-weather flow bacteria and pathogens after being discharged to urban 
receiving waters (Easton 2000). This section is not intended to be a comprehensive review of 
survival of microorganisms in the environment, but is intended to illustrate how actual site-specific 
survival rates can be determined, especially for unusual conditions (affected by water temperature, 
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turbidity, natural predation, local sources and receptors, etc.). This information is necessary for 
human health assessments when predicting resulting downstream pathogen conditions. Much of 
the literature on microorganism survival is based on laboratory investigations that might not be 
applicable to actual field conditions. The simple tests described in this section allow more accurate 
in-stream predictions. 

Pathogenic organisms found in sewage can adversely impact public health when the sewage is 
discharged to waters that humans come in contact with when wading, swimming, fishing, drinking, 
etc. UAB is conducting research to develop a risk assessment methodology for evaluating varying 
degrees of risk related to human contact with pathogenic microorganisms found in sewage-con- 
taminated waters, especially those caused by separate sanitary sewer overflows (SSOs). One com- 
ponent of this research is to study the fate and transport of these microorganisms in the environment. 
The survivability, or die-off, rates for these organisms are critical to understanding their fate in the 
environment, e.g., from an SSO discharge through a receiving water. 

Microorganisms have varying degrees of stability within the environment. Their numbers are 
dependent upon population dynamics, which is controlled by several criteria (McKinney 1992): 
(1) competition for food (limited food sources limit microbial numbers), (2) predator–prey rela- 
tionships (some organisms consume others for food sources), (3) nature of organic matter (carbo- 
hydrates, organic acids, and proteins all stimulate different organisms), and (4) environmental 
conditions (oxygen concentration, nutrient levels, temperature, pH, etc.). Since there are a multitude 
of factors that contribute to microorganism survivability, the use of an in situ method to characterize 
the rates of growth and death is necessary to account for variable environmental conditions. 

Several experiments were conducted to evaluate the rate of die-off, or decay, for the study 
microorganisms. These in situ experiments were conducted in specially designed chambers (Figure 
6.118). These were designed to allow passage of water and nutrients between the inside of the 
chamber and the outside environment (Five-Mile Creek in Jefferson County, AL), while sequestering 
the microorganisms inside to allow enumeration at various times during the experiment. 

These experiments included exposures over a 21-day period. A polyethersulfone (Supor, 
Gelman Sciences) membrane filter, which is not susceptible to biological degradation, was used. 
This membrane material was clamped onto either end of a piece of acrylic tubing in a design 
devised by researchers at UAB (Figure 6.119). The membrane pore size is 0.22 µm, allowing 
exchange of ions with the surrounding water while sequestering the microorganisms inside the 
test chamber. 

Multiple chambers containing sewage samples were placed in the creek and removed after 0, 
1, 3, 7, 10, 14, and 21 days. For each time point, three separate chambers were removed and 
composited for analysis. Once the samples were composited, they were blended (Waring blender 
for 2 min) to minimize agglomeration of the microorganisms. 

Figure 6.118 Acrylic components of in 
situ chamber. (From Easton, J. The 
Development of Pathogen Fate and 
Transport Parameters for Use in Assess
ing Health Risks Associated with Sew
age Contamination. Ph.D. dissertation, 
the Department of Civil and Environmen
tal Engineering, University of Alabama 
at Birmingham. 2000. With permission.) 
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The experiments conducted to evaluate degradation of G. lamblia were conducted in situ. The 
sewage matrix was spiked with approximately 10,000 cysts per liter to enable detection after 
significant die-off. These cysts were formalinized in order not to risk releasing a potentially 
infectious pathogen into the environment. Since these organisms are in cyst form, i.e., relatively 
inert, it was hypothesized that the mechanism of die-off would be predation by other organisms 
and formalinized organisms would be a suitable surrogate for “live” ones. 

The results of these experiments show that the microorganisms die off at a constant, rapid rate 
(assumed in most receiving models) only for an initial short period. As time progressed, the die- 
off rate slows. Figure 6.120 is a plot of the levels of Giardia cysts vs. time. The method used to 
enumerate these organisms (EPA method 1623) requires a presumptive test followed by a confirmed 
test. The presumptive test consists of identifying objects of the correct size and shape which are 
stained by a Giardia-specific antibody bound to a fluorescent probe. Next, the organisms are 
confirmed by identification of internal structures stained by the nuclear stain DAPI (4′,6-diamindino- 
2-phenylindole). Unfortunately, problems were encountered with the confirmation test in these 

Figure 6.119 End-plate of in situ chamber show
ing the location of membrane filter. (From Easton, 
J.H. et al. The use of a multi-parameter water qual
ity monitoring instrument to continuously monitor 
and evaluate runoff events. Presented at Annual 
Water Resources Conference of the AWRA, Point 
Clear, AL. 1998. With permission.) 

Figure 6.120 Degradation plot of 
Giardia cysts. (From Easton, J.H. 
et al. The use of a multi-parameter 
water quality monitoring instrument 
to continuously monitor and evaluate 
runoff events. Presented at Annual 
Water Resources Conference of the 
AWRA, Point Clear, AL. 1998. With 
permission.) 
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experiments (the DAPI stain of the background was too intense to enable identification of internal 
structures). However, using the presumptive stain, which binds to the cyst cell wall, it was possible 
to detect differences in these presumptive Giardia cysts. Some cysts were intact (i.e., the stain 
covered the cell wall continuously), and some cysts were present but degraded (i.e., the staining 
of the cell wall was less intense and not continuous). The levels of the former, “intact cysts,” are 
plotted along with the levels of the latter, “degraded cysts,” in Figure 6.120. 

Since the microorganisms’ rate of die-off seems to decrease over time, the regression model 
was applied stepwise, starting with the first three data points and adding one additional point until 
the entire 21-day, or 7-point, data set was used. In general, the die-off rates decreased, and Tx 

values correspondingly increased as data over longer time periods are included in the regression 
analyses. The T90 values (time needed for 90% die-off) for the indicator bacteria, total coliforms 
and E. coli, are in accordance with conventional wisdom. Many studies have shown T90 values for 
these organisms to be in the range of several hours to a few days (Droste and Gupgupoglu 1982; 
Geldreich et al. 1968; Geldreich and Kenner 1969). The initial, rapid die-off occurred, generally, 
within the first 7 days of the experiment. Table 6.41 gives a first-order die-off constant, k (days–1), 
and its associated 95% confidence interval, for each of the microorganisms. In addition, the results 
of the Mann–Kendall Test (a nonparametric test for trend) are given. All of the die-off constants 
(slope of the regression line) are statistically significant except for enterococci. 

Table 6.41 Die-off Rates Determined Using Day 0 to Day 7 Data 

Die-off Rate 
Organism (day–1) 95% CI Mann–Kendall Trenda 

Total coliforms –0.310 ± 0.152 p = 0.042 
E. coli –0.331 ± 0.049 p = 0.042 
Enterococci –0.078 ± 0.189 p = 0.375b 

Giardia –0.171 ± 0.074 p = 0.042 

a p < 0.05 indicates significant downward trend. 
b Not significant, no trend (die-off). 

From Easton, J. The Development of Pathogen Fate and Transport 
Parameters for Use in Assessing Health Risks Associated with Sew
age Contamination. Ph.D. dissertation, the Dept. of Civil and Environ
mental Engineering, University of Alabama at Birmingham. 2000. With 
permission. 

The data generated by this study suggest that if one were using die-off constants from indicator 
bacteria studies, then one may tend to underpredict the length of time or distance downstream in 
which adverse health effects due to pathogens in sewage are present. In addition, these data indicate 
that assumptions regarding the constancy of die-off rates may be invalid. There seems to be a 
modulation of the rate of die-off with increased time, as all of the test organisms showed a pattern 
of leveling off toward some equilibrium level with increasing time. 

The Enterococcus results are quite different from the others, with no rapid initial die-off, as 
generally reported in the literature (Facklam and Sahm 1995). This persistence is due to the 
enterococci being Gram-positive and is therefore a better indicator of virus survival. For these 
reasons, the EPA has selected enterococci as an indicator organism in their new guidance documents. 

The Giardia results were not as expected. The descriptions of this organism found in the 
literature seem to predict that Giardia will persist much longer than observed in these tests. This 
study seems to show that Giardia, and perhaps other protozoan pathogens, exhibits die-off char- 
acteristics similar to the bacteria included in this study. However, these cysts were treated with 
formalin and therefore may have been less resistant to degradation in the environment. 

There are many stormwater microorganisms of interest when conducting a receiving water 
study. However, besides characterizing microorganism conditions, it is also necessary to understand 
population dynamics when predicting fate and exposures. This section briefly described some of 
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the currently used analytical methodologies for measuring microorganism counts, along with an 
example in situ die-off experiment. 

BENTHOS SAMPLING AND EVALUATION IN URBAN STREAMS 

Ecosystem degradation via water, sediment, and habitat alteration affects food resources, 
reproduction, growth, and survival of aquatic biota, thereby altering the structure and functioning 
of the system. Structural indicators include the number and kinds of individuals, species, popula- 
tion, and communities as measured by a variety of metrics. The structural alterations may impact 
ecosystem functions such as productivity, respiration, organic matter degradation, nutrient cycling, 
and energy flow, which, unfortunately, are often difficult to quantify and are resource-demanding. 
A useful way to measure functional changes is an indirect method whereby organisms are placed 
into trophic categories (e.g., predators/consumers, producers, omnivores, detritivores), which 
allows production and consumption dynamics to be measured. This concept has been described 
by Cummins (1974, 1975) and Vannote et al. (1980) in stream ecosystems as a predictable and 
continuous gradient of interrelated physical, structural, and functional characteristics (Table 6.42). 
When conditions deviate from those in reference streams of a similar stream order for that 
ecoregion, then impacts may be occurring. 

Bottom-dwelling organisms comprise all the major trophic levels including decomposers, pho- 
tosynthetic organisms (algae and macrophytes), and herbivorous and carnivorous animals. These 
communities live on or in the sediment or other solid surfaces (e.g., roots, decaying wood, rocks) 
for significant parts of their life cycle. The fauna and flora studied in environmental quality 
assessments have ranged from small to large, using bacteria, phytoplankton, macrophytes, protozoa, 
worms, crustaceans, molluscs, insects, and fish (Burton 1991). Fish will be discussed in a following 
subsection. The major component of benthic fauna is often the bacteria, segmented worms (e.g., 
oligochaetes), microcrustacea (e.g., ostracods), macrocrustacea (e.g., isopods, decapods, amphi- 
pods), and immature insects (e.g., chironomids, plecoptera, trichoptera, and ephemeroptera). Of 
these major groups, the immature insects have received the greatest amount of study. Consequently, 
there is a large database concerning life history information and relative pollution sensitivity. The 
major aquatic insect groups are Odonata (dragonflies), Ephemeroptera (mayflies), Plecoptera (stone- 
flies), Trichoptera (caddisflies), Coleoptera (beetles), and Diptera (flies, midges, mosquitoes). Each 
group varies in its pollution sensitivity. Each goes through multiple life stages and molts, often 
emerging from the water as adults. Life cycles range from a few weeks to 2 years. See Pennak 
(1989) and Merritt and Cummins (1984) for more information on life histories. The sedentary 
(nontransitory) nature of most benthic species makes them ideal chronic, long-term pollution 
indicators, as compared to migratory fish or other species, such as zooplankton. 

The micro-, meiofauna and flora may play a major role in the aquatic ecosystem’s functioning, 
such as photosynthetic production by periphyton, and organic matter and nutrient process- 
ing–cycling by a variety of microbial populations and communities. These groups have temporal 
spatial dynamics and microhabitat requirements that are much different from the macrofauna and 
flora, and in many respects are more difficult to study (Burton 1991). For holistic, integrative 
ecosystem assessments of stormwater impacts, it is necessary to define effects on the benthic 
microbial communities, which will require additional expertise and resources. Further information 
is available from Burton et al. (2000) and the annual review issue of Water Environment Research. 
Most studies, however, whose objectives are to assess stormwater effects on receiving waters, will 
focus on the macroinvertebrate component of the benthos. This is not because they are more 
important than the meio- or microbenthos, but rather because they are more effectively used in 
pollution assessments. The following discussions highlight some of the important benthic groups 
and the characteristics one should consider in their sampling and evaluation. 
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* Streams are typically subdivided into three size classes based on the stream order classifi cation system of Kuehne (1962). 

Modified from Cummins, K.W. Ecology of running waters: theory and practice, in Proc. Sandusky River Basin Symposium. Edited by D.B. Baker. Heidelburg 
College, Tiffin, OH. 1975. 

Planktivores 

Invertivores 

Invertivores 

Piscivores 

Fishof Dominant Insects 

Scrapers (grazers) 

Trophic Status 

Shredders 

Planktonic 

Collectors 

Collectors 

Collectors 

Light and Temperature 

High daily temperature 

Stable temperatures 

Stable temperatures 

Regime 

General Characteristics of Running Water Ecosystems According to Size of Stream 

Heavily shaded 

Little shading 

Little shading 

variation 

(trophic) State 
Production 

Heterotrophic 

Heterotrophic 

Autotrophic 

P/R < 1 

P/R < 1 

P/R < 1 

Considerable primary production 

Coarse particular organic matter 

Fine particulate organic matter 

Primary Energy Source 

(CPOM) from the terrestrial 

Little primary production 

FPOM from upstream 

(FPOM),mostly 

environmental 

*Small headwater streams 

*Medium-sized streams 

(stream order 1–3) 

Stream Size 

Large rivers (7–12) 

Table 6.42 

(4–6) 

RB-AR28727



ECOSYSTEM COMPONENT CHARACTERIZATION 493 

Periphyton Sampling 

Periphyton is a general descriptor which can encompass epipelic (sediment surface), epilithic 
(stone surface), and epiphytic (plant surface) algae and other benthic meio-, microorganisms. Most 
periphyton studies have focused on the diatom group, which frequently dominates. Green algae, 
blue-green algae (cyanobacteria), and flagellates are also dominant species in some sediments, with 
diatoms favoring calcareous sediments (Wetzel 1975). The animal communities which may be 
present include protozoa, rotifers, nematodes, and bryozoans. A major controlling factor is light. 
In turbid, eutrophic, shaded, or deep waters, the low light levels may restrict photosynthetic activity 
(Wetzel 1975). Some epipelic algae appear to have a diurnal migration pattern through the top few 
centimeters of sediment in response to light availability. Their photosynthetic activity causes a 
diurnal change in oxygen concentrations with the upper few millimeters of sediment (Carlton and 
Klug 1990), which may affect metal bioavailability. They serve as an important transformation link 
for nitrogen, assimilating pore water ammonia and excreting organic nitrogen to overlying waters, 
and may be the primary productivity source (Wetzel 1975). These communities have less temporal 
fluctuation in a lake than planktonic algae and may have one to two biomass peaks per year (Wetzel 
1975). Some algae present on sediment surfaces may have settled from the water column and can 
resuspend to overlying waters. 

The algal community is not only extremely important in aquatic ecosystems, but has several 
attributes as a monitoring tool. Algae have short life cycles. Therefore, they indicate recent-to-present 
water quality conditions. They are directly affected by physical and chemical conditions since they 
are primary producers. Sampling of indigenous algae is nondestructive, easy, and inexpensive, and 
traditional assessment methods exist. Finally, they represent a unique level of biological organization 
and are sensitive to contaminants which may not be detected with nonalgal surrogates. 

Periphyton is difficult to study in a quantita- 
tive manner when collecting from natural sub- 
strates, as small particle size-surface area differ- 
ences between samples or sites can have 
significant effects. Often-used taxonomic refer- 
ences for algae and diatoms include Smith (1950), 
Prescott (1962, 1970), and Patrick and Reimer 
(1966). The use of artificial substrates for periph- 
yton and other benthic communities removes the 
substrate variable. Natural substrates may be sam- 
pled using the methods of Stevenson and Lowe 
(1986) or Hamala et al. (1981). A commonly used 
artificial sampler (diatometer) consists of multiple 
glass slides suspended from a floating holding 
frame (APHA 1985; Figure 6.121; also see 
Figure 4.11 illustrating the use of a diatometer in 
Coyote Creek, San Jose, CA). Not all species will Figure 6.121 Diatometer for artificial substrate pe 

phyton sampling.
colonize the glass slides, but the advantages of /
efficient and precise evaluations outweigh this /
disadvantage in most cases. Valid station comparisons are only possible when the key variables /
affecting periphyton communities are similar; these include flow, turbidity, temperature, dissolved /
oxygen, alkalinity, hardness, conductivity, nutrients (APHA 1985), and photosynthetically active/
radiation (LiCor 1979). /

The periphyton community can be evaluated for stormwater effects using several endpoints. 
When using a diatometer, slides should be left in situ for 6 to 14 days, then placed in formalin 
upon collection. Evaluation endpoints may include: number, richness, relative abundance, diversity, 
chlorophyll a, and other community or productivity indices (APHA 1985; Crossey and LaPoint 
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1988). Stevenson and Lowe (1986) recommend counting 200 cells for dominant, 500 for uncom- 
mon, and 1000 cells for rare species, or an additional 100 cells for each new species encountered 
(EPA 1989a,b,c, 1999). 

Periphyton community analyses may be of a structural and functional nature. Structural mea- 
sures include diversity indices, taxa richness, indicator species, and biomass (Rodgers et al. 1979; 
Wetzel 1979; Palmer 1977; Patrick 1973). Functional measures which have been used are primary 
productivity (e.g., chlorophyll a), or respiration (Rodgers 1979). Integrating the structural and 
functional characteristic provides the best means of evaluating ecosystem health, as demonstrated 
in the macroinvertebrate and fish approaches below. 

Protozoan Sampling 

Protozoans, like algae, exist in the planktonic and benthic communities. Because their biomass 
is relatively low compared to that of other aquatic communities, their contribution as a food source 
to higher trophic levels is probably limited; however, their function as predators or decomposers 
may fill important ecosystem niches and assist in maintaining–stabilizing decomposition and cycling 
processes. When protozoan cropping of bacteria is removed, the sediments can function as a carbon 
sink and microbial community structure–function relationships could alter, affecting nutrient avail- 
ability to higher trophic levels (Griffiths 1983; Porter et al. 1987). 

Several studies have shown the effective use of artificial (polyurethane) substrates in water and 
sediment pollution studies (Pontasch et al. 1989; Henebry and Ross 1989). This approach allows 
the foam substrates to colonize at reference sites for several days. Then they are exposed to toxicants 
either in the laboratory or in situ to test sample waters and compared to reference responses. The 
test endpoints of this multispecies assay include decolonization, protozoan abundance, taxa number, 
phototroph and heterotroph abundance, respiration, and island-epicenter colonization rates. Both 
stimulatory and inhibitory results are observed, and careful interpretation is required (Henebry and 
Ross 1989). 

Macroinvertebrate Sampling 

This group is operationally defined as those invertebrates retained on sieve mesh sizes greater 
than 0.2 mm (Hynes, 1970); however, the larger size of 0.5 or 0.95 mm (U.S. Standard No. 30) is 
used routinely (EPA 1989c). More representative benthos samples may be collected using smaller 
mesh sizes, such as 0.25 mm (U.S. Standard No. 60), which collect early life stages, chironomids, 
and nadid and tubificid oligochaetes (EPA 1990b). The major freshwater taxonomic groups may 
be separated into the trophic levels — functional feeding group descriptors of herbivores, omnivores, 
carnivores; or deposit and detritus feeders, collectors, shredders, grazers; or scrapers, parasites, 
scavengers, and predators (EPA 1990b). In most studies of high-to-medium-quality waters, species 
level identification will be necessary, with tolerant species only dominating in polluted systems. 
Each taxonomic group may contain a variety of functional feeding groups (Table 6.43). Some 
common pollution indicators are shown in Figure 6.122. 

The benthic macroinvertebrate community has been used for many years to qualitatively and, 
more recently, to quantitatively assess water quality and pollution effects. There are advantages 
and disadvantages in using macrobenthos in water quality assessments (Table 6.44). However, 
except in cases of extreme and obvious pollution, they should always be a component of a 
stormwater effect assessment. 

There is a wealth of reference information available to assist in the use of macroinvertebrates as 
monitoring tools, including Armitage (1978), Benke et al. (1984), Brinkhurst (1974), Cairns (1979), 
Cummins et al. (1984), Cummins and Wilzbach (1985), Edmondson and Winberg (1971), Goodnight 
and Whitley (1960), Hart and Fuller (1974), Hellawell (1978, 1986), Hilsenhoff (1977), Howmiller 
and Scott (1977), Hynes (1960, 1970), Holme and McIntyre (1971), Hulings and Gray (1971), 
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Table 6.43 Trophic Mechanisms and Food Types of Aquatic Insects 

General Category General Particle 
Based on Feeding Size Range of Subdivision Based on Subdivision Based on 

Mechanism Food (µm) Feeding Mechanisms Dominant Food Aquatic Insect Taxa Containing Predominant Examples 

Shredders >103 Chewers and miners Herbivores: living vascular plant Trichoptera (Phryganeidae, Leptoceridae) 
tissue 	Lepidoptera 

Coleoptera (Chrysomelidae) 
Diptera (Tipulidae, Chironomidae) 

Chewer and miners Detritivores (large particle Plecoptera (Filipalpia) 
detritivores): decomposing Trichoptera (Limnephilidae, Lepidostomatidae) 
vascular plant tissue Diptera (Tipulidae, Chironomidae) 

Collectors <103 Filter or suspension Herbivores-detritivores: living Ephemeroptera (Siphionuridae) 
feeders algal cells, decomposing Trichoptera (Philopotamidae, Psychomyidae, Hydropsychidae, 

vascular plant tissue Brachycentridae) 
Lepidoptera 
Diptera (Simuliidae, Chironomidae, Culicidae) 

Sediment or deposit Detritivores (fine particle Ephemeroptera (Caenidae, Ephemendae, Leptophlebiidae, 
(surface) feeders detritivores): decomposing Baetidae, Ephemerellidae, Heptageniidae) 

organic particulate matter 	 Hemiptera (Gerridae) 
Coleoptera (Hydrophilidae) 
Diptera (Chironomidae, Ceratopogonidae) 

Scrapers <103 Mineral scrapers Herbivores: algae and associated Ephemeroptera (Heptageniidae, Baetidae, Ephemerellidae) 
microflora attached to living and Triochoptera (Glossosomatidae, Helicopsychidae, Molannidae, 
nonliving substrates Odontoceridae, Goreridae) 

Lepidoptera 

Coleoptera (Elmidae, Psephenidae) 

Diptera (Chironomidae, Tabanidae) 


Organic scrapers Herbivores: algae and associated Ephemeroptera (Caenidae, Leptophlebiidae, Heptageniidae, 
attached microfl ora Baetidae) 

Hemiptera (Corixidae) 
Trichoptera (Leptoceidae) 
Diptera (Chironomidae) 

Predators >103 Swallowers Carnivores: whole animals (or Odonata 
parts) 	Plecoptera (Setipalpia) 

Megaloptera 
Trichoptera (Rhyacophilidae, Polycentropidae, Hydropsychidae) 
Coleoptera (Dytiscidae, Gyrinnidae) 
Diptera (Chironomidae) 

Piercers Carnivores: cell and tissue fl uids 	 Hemiptera (Belastomatidae, Nepidae, Notonectidae, Naucoridae ) 
Diptera (Chironomidae) 
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Lenat (1983), Lind (1985), Merritt and Cummins (1984), Mason (1981), Metcalfe (1989), Milbrink 
(1983), Meyer (1990), Neuswanger et al. (1982), Pennak (1989), Posey (1990), Resh (1979), Resh 
and Roseberg (1984), Resh and Unzicker (1975), Reynoldson et al. (1989), Ward and Stanford 
(1979), Warren (1971), Waters (1977), Welch (1948), Welch (1980), Winner et al. (1975), EPA 
(1989a,c, 1990a,c, 1999), and OEPA (1989). Previous discussions highlighted the importance of 
attempting to control habitat (e.g., substrate), flow dynamics, and seasonal variables when moni- 
toring — particularly the benthic macroinvertebrate community. Other, obviously critical issues, 
include the sampling procedure’s precision and accuracy, taxonomic identification, and data 
evaluation. 

Substrates can be sampled with nets, grab (dredge), core, and vegetation collection devices 
(Table 6.45). The Hess and Surber samples are often used to sample stream riffle habitats, whereby 
the substrates within a confined 0.1 m2 area are vigorously disrupted and scrubbed down to a depth 
of approximately 10 cm. A flow velocity of at least 0.5 m/s is required for effective use of these 
net samplers. See also ASTM (1987) for additional information. 

Sampling is frequently of a qualitative to semiquantitative nature that is relatively easy to 
conduct. The objective here is to determine differences between sites. Semiquantitative methods 
incorporate a level-of-effort constant or use quantitative methods in a nonrandom manner (EPA 
1990b). Quantitative methods sample unit areas or volumes of habitat in a random manner. The 
approach chosen should depend on the data quality objectives (DQOs). 

Semi- and quantitative sampling may use grab samplers (see Chapter 5 and Table 6-45), stream 
net samplers (Figure 6.123 and Table 6.46), and artificial substrates (Figures 6.124 through 6.127 
and Table 6.47). 

In large streams, deep waters, and areas of slow current velocities, it is necessary to use core 
or dredge samplers, which are also used for sediment sampling as discussed previously (Chapter 
5). See also ASTM (1987, 1991), Lind (1979), APHA (1985), Downing (1984), and Wetzel and 
Likens (1991), for additional sampler information. The Ekman and Ponar grab samplers are com- 
monly used in relatively soft sediments of clay to gravel size, with relatively good efficiency (Elliott 
and Drake 1981). The hand and gravity corers are preferred in soft sediments because pressure 
waves and loss of surficial fines are reduced, variance can be determined horizontally and vertically, 
sieving volume is reduced, precision is increased, and sediment structure-integrity is maintained to 

Figure 6.122 	 Representatives of stream bed animals commonly associated with various degrees of organic 
pollution. (a) The clean water (sensitive) group (from left): stonefly nymph, mayfly naiad, caddisfly 
larvae, hellgrammite, unionid clam. (b) The intermediately tolerant group (from left): scud, sowbug, 
blackfly larvae, fingernail clam, snail, dragonfly nymph, leech, damselfly nymph. (c) The very 
tolerant group (from left): bloodworm or midge larvae, sludgeworm, rattailed maggot, sewage fly 
larvae, sewage fly pupae. (From The Practice of Water Pollution Biology. U.S. Department of the 
Interior. Washington, D.C. 1969.) 
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Table 6.44 	 Advantages and Disadvantages of Using Macroinvertebrates and Fish in Evaluation 
of the Biotic Integrity of Freshwater Aquatic Communities 

Advantages Disadvantages 

Macroinvertebrates 

Fish, highly valued by humans, are dependent on 
benthic invertebrates as a food source. 

Many species are sensitive to pollution 
Bottom fauna often have a complex life cycle of a year 
or more, and, therefore, represent long-term exposure 
periods to water and sediment conditions. 

Many have an attached or sessile mode of life and are 
not subject to rapid migrations, therefore serve as 
resident monitors of test site quality. 

They require taxonomic expertise for identification, 
which is also time-consuming. 

Background life-history information is lacking for some 
species and groups. 

Results are difficult to translate into values meaningful 
to the general public. 

May not detect short-term or recent chronic pollution 
events. 

Not as sensitive a pollution indicator in large rivers, 
bays, lakes, and marine systems. 

Natural levels of spatial and temporal variation may 
make detection of significant effects difficult. 

Fish 

Life history information is extensive for most species. 
Fish communities generally include a range of species 
that represent a variety of trophic levels (omnivores, 
herbivores, insectivores, planktivores, piscivores) and 
utilize foods of both aquatic and terrestrial origin.Their 
position at the top of the aquatic food web also helps 
provide an integrated view of the watershed 
environment. 

Fish are highly valued by the public. 
Fish are relatively easy to identify. Most samples can 
be sorted and identified in the field, and then released. 

Both lethality and stress effects (depressed growth, 
lesions, abnormalities, and reproductive success) can 
be evaluated. Careful examination of recruitment and 
growth dynamics among ages of fish can help 
pinpoint periods of unusual stress. 

Sampling fish communities is selective in nature. 
Fish are highly mobile. This can cause sampling 
difficulties and also creates situations of preference 
and avoidance. Fish also undergo movements on 
diurnal and seasonal time scales. This increases 
spatial and temporal variability, which makes 
detection of significant effects or trends difficult. 

There is a high requirement for manpower and 
equipment for field sampling. 

Modified from Cairns, J., Jr. and K.L. Dickson. A simple method for the biological assessment of the effects of 
waste discharges on aquatic bottom-dwelling organisms. J. Water Pollut. Control Fed., 43: 755–772. 1971; Karr, 
J.R. and D.R. Dudley. Ecological perspective on water quality goals. Ecological perspective on water quality 
goals. Environ. Manage., 5: 55–68. 1981. With permission. 

Table 6.45 Sampling Methods for Macroinvertebrates 

Effort Requireda 

Method Habitat Substrate Type Persons Time (hr) Ref. 

Hess, Surber Stream riffle Sand, gravel, 1 0.50 ASTM (1987) 
(<0.5 m deep) cobble 

Ponar grab Rivers, lakes, Mud, silt, sand, 2 0.50 ASTM (1987) 
estuaries fine gravels 

Ekman grab Stream pools, Mud, silt, sand 1 0.25 ASTM (1987) 
shallow lakes 

Corers Rivers, lakes Mud, silts 1–2 0.25 Downing (1984) 
Sweep net Littoral Vegetation 1 0.25 Downing (1984) 
Macan McCauley Littoral Vegetation 1 0.50 Downing (1984) 
Minto Wilding 

Standardized All All 1 0.25–1.0b APHA (1985) 
substrates 

a 	Effort includes time spent in field to collect, sieve, and isolate one sample. Laboratory time required 
to remove and identify organisms ranges from 1 to 5 per sample, depending on expertise level, and 
taxonomic resolution sought. 

b Two- to six-week colonization time ended before sample is removed. 

Modified from EPA. Ecological Assessment of Hazardous Waste Sites. Environmental Research Labo
ratory. U.S. Environmental Protection Agency, Corvallis, OR. EPA 600/3-89/013. 1989a. 
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a much higher degree than in dredge samples. The principal disadvantages, however, are their 
ineffective sampling of coarse, large-grained sediments and the small volumes that are collected. 

The efficiency of benthic collection samplers has been compared, and, in general, the grab 
samplers are less efficient than the corers (ASTM 1991a). The Ekman dredge is the most commonly 
used sampler for benthic investigations (Downing 1984). The Ekman is limited to less compacted, 
fine-grained sediments, as are the corer samplers. However, these are usually the sediments of 
greatest concern in toxicity assessments. The most commonly used corer is the Kajak–Brinkhurst, 
or hand corer. In more resistant sediments, the Petersen, Ponar, Van Veen, and Smith–McIntyre 
dredges are used most often (Downing 1984). Based on studies of benthic macroinvertebrate 
populations, the sediment corers are the most accurate samplers, followed by the Ekman dredge, 
in most cases (Downing 1984). For consolidated sediments, the Ponar dredge was identified as the 
most accurate, while the Petersen was the least effective (Downing 1984). 

Quantitative benthic macroinvertebrate sampling of small streams may be improved by also using 
small to large emergence traps. These samplers trap the dominant stream insects as they leave the 
water as flying adults. In this way, effects from habitat heterogeneity are reduced, time-consuming 
“bug” picking from substrate samples is avoided, and most adult stages can be identified to the species 
level. See also Wetzel and Likens (1991), Illies (1971), Hall et al. (1980), and Peckarsky (1984). 

Semiquantitative methods also include the traveling kick method (Horning and Pollard 1978) 
and the Rapid Bioassessment Protocols II and III (kicknets) (EPA 1990b). Readers should note 
that the EPA Rapid Bioassessment Protocol manual has been revised (EPA 1999) and no longer 
differentiates Protocols I through III (EPA 1989c). As with other sediment-associated components, 
quantitative evaluations are complicated by often high degrees of variability. By using multimetric 
(indice) assessment endpoints, the impact of population variability can be reduced (EPA 1990b). 
Nevertheless, it is essential that replicate sampling of each habitat niche be conducted at each site, 
allowing measures of precision. Precision may also be increased by collecting larger samples, thus 
the influence of reducing small patches. Three to five replicates are a minimum requirement. Use 
of a transect to select replicate sites may result in different habitats being selected. 

A number of artificial substrate samplers have been used to assess benthic macroinvertebrate 
conditions, i.e., flow, depth, light, and temperature. These samplers remove the substrate variable 
and provide known sampling areas and exposure times. Unfortunately, there are some disadvantages 
which may be significant, including some taxa may not utilize the substrate; proportional relation
ships may be altered; substrates are colonized primarily by upstream “drift” organisms, and effects 
from contact with possibly contaminated bed sediments is reduced or eliminated; they require 4- to 
8-week exposures and two sampling trips; and they may be lost due to high flow or vandalism (see 
Figures 6.123 to 6.127). As with the periphyton samplers, care must be taken to ensure uniformity. 

For most studies, semiquantitative approaches using the EPA’s Rapid Bioassessment Protocols II 
or III (RBP) and the Ohio EPA Hester–Dendy samplers (Figure 6.127) are preferred, with habitat 
evaluations. The RBP II method samples 1 m2 riffle areas, and 100 organisms are randomly picked 
and identified to the family level (EPA 1989c). The Ohio EPA method uses 10 metrics (nine based 
on Hester–Dendy results and one based on dip net sampling) to compute an Invertebrate Community 
Index in wadeable streams (Ohio 1989). In streams where rocks are the dominant habitat, it may be 
useful to use a basket sampler (Figure 6.124) containing approximately 30 rocks of equal size or a 
particle size distribution similar to the test or reference site. This approach is used by the State of 
Maine and by other investigators (e.g., Clements et al. 1996). It is the most realistic artificial substrate 
method. When high quantities of biomass are needed, such as for tissue residue analyses, the grill
basket sampler containing 3M polyethylene mesh is useful (Stauffer et al. 1974). All of the artificial 
substrates are set out in triplicate and secured to concrete blocks in shallow waters for 4 to 8 weeks. 
The metrics vary in their ability to detect organic material or toxicant-related impacts. They overlap 
in ranges of sensitivity and thereby reinforce final conclusions regarding the condition of the system’s 
biological communities (EPA 1989c). The RBP II methods, organism pollution tolerance levels, and 
indices calculated in the RBP and Ohio EPA methods are described in detail in Appendix B. Note 
that in many states, special collection permits are required to collect macroinvertebrates. 
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From EPA. Macroinvertebrate Field and Laboratory Methods for Evaluating the Biological Integrity of Surface Waters. Office of Research and Development, U.S. Environmental 
Protection Agency, Washington, D.C., EPA 600/4-90/030. 1990. 

Difficult to set in some substrate 

sample in summer and periods 

come from; terrestrial species 
may make up a large part of 

collect nondrifting organisms 

cannot be used effi ciently in 
types, that is, large rubble; 

of wind and rain; does not 

Unknown where organisms 

still slow-moving streams 

Limitations 

Same as Surber 

stable platform; can be used in 

Encloses area sampled; easily 

Low sampling error; less time, 

macroinvertebrates from all 

transported or constructed; 

substrates, usually collects 

completely enclosed with 
Same as above except 

money, effort; collects 

Advantages 

samples a unit area 

weed beds 

more taxa 

which drift in the water column; 

used by experienced biologist; 

current velocity and sampling 

effective in collecting all taxa 

Effectiveness of Device 

Relatively quantitative when 

performance depends on 

Relatively quantitative and 

performance depends on 

current and substrate 
Same as Surber 

period 

current; rubble substrate, mud, 
than 32 cm in depth with good 

Flowing rivers and streams; all 

Shallow, flowing streams, less 

Habitats and Substrates 
Sampled 

Comparison of Stream-Net Samplers 

Same as Surber 

substrate types 

sand, gravel 

sampler, Hess stream bottom 
sampler, and stream-bed 

Portable invertebrate box 

Type 

Surber sampler 

fauna sampler 

Table 6.46 

Drift nets 
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Table 6.47 Comparison of Substrate Samplers 

Type of Substrate Advantages Limitations 

Artificial 

General characteristics Reduce habitat substrate variability 
influence 

Eliminate subjectivity in collection 
process 

Patchiness reduced 
Skill level required is less 
Long exposure periods (6–8 weeks) 
Discriminate between sediment and 
water toxicity 

Modified Reduces compounding effects of 
substrate differences, multiplate 
sampler 

Fullner Wider variety of organisms 
Basket Type Comparable date, limited extra material 

for quick lab processing. Large amount 
of biomass. 

Periphyton Floats on surface, easily anchored, glass 
slides exposed just below surface 

Natural 

Any bottom or sunken Indicate effects of pollution, gives 
material indication of long-term pollution 

Habitats may be different, thus promotes 
growth of different species, not 
representative of site. 

Two trips needed 
Long exposure periods (6–8 wks) 
Sediment substrate effects, including 
toxicity, reduced 

Sampler loss through vandalism or 
sedimentation 

Long exposure time, difficult to anchor, 
easily vandalized 

Same as modified Hester–Dendy 
No measure of pollution on strata, only 
community formed in sampling period, 
long exposure time, difficult to anchor, 
easily vandalized 

May be damaged by craft or flows, easily 
vandalized 

May be difficult to quantitate; possible 
lack of growth, not knowing previous 
location or duration of exposure 

Modified from EPA. Handbook for Sampling and Sample Preservation of Water and Wastewater. Environmental 
Monitoring and Support Lab, U.S. Environmental Protection Agency, Cincinnati, OH, EPA 600/4-82/029. 1982; 
EPA. Ecological Assessment of Hazardous Waste Sites. Environmental Research Laboratory, U.S. Environmental 
Protection Agency, Corvallis, OR. EPA 600/3-89/013. 1989a. 

Figure 6.123 Stream net sampler. Figure 6.124 	 Artificial substrates (polyethylene 
mesh) in BBQ baskets secured to 
cinder blocks. 
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Figure 6.125 	 Colonization trays buried to stream sediment surface and secured with iron rods. Baskets are 
filled with cleaned substrates representative of the reference or test site. 

Figure 6.126 	 Periphyton sampler, two styrofoam Figure 6.127 Periphyton sampler in place, plus 
floats with eight glass microscope Hester–Dendy samplers. 
slides in rack. 

Table 6.48 Comparison of Net Sampling Devices 

Devices Application Advantages Disadvantages 

Wisconsin net Zooplankton Efficient shape concentrates 
samples 

Qualitative 

Clarke-Bumpus Zooplankton Quantitative No point sampling, difficult 
to measure depth of sample 
accurately 

From EPA. Handbook for Sampling and Sample Preservation of Water and Wastewater. Environ
mental Monitoring and Support Lab, U.S. Environmental Protection Agency, Cincinnati, OH, EPA 
600/4-82/029. 1982. 
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ZOOPLANKTON SAMPLING 

The zooplankton community plays a major role in 
the food web and aquatic ecosystem dynamics. Its use 
as an indicator of pollution in lotic systems has been 
limited. Studies are more common in lentic systems; 
however, they are complicated by a high degree of spa
tial and temporal variability, and less knowledge of pol
lution tolerances as compared to the benthos. The cla
docerans, Daphnia magna, Daphnia pulex, and 
Ceriodaphnia dubia, have been useful as sensitive tox
icity surrogate species. If an intensive lake–reservoir 
ecosystem effect study is to be conducted, they should 
be included. Commonly used sampling nets are listed 
in Table 6.48 and Figure 6.128. 

STORMWATER EFFECTS HANDBOOK 

Figure 6.128 Net sampler for plankton. 

FISH SAMPLING 

The fish community is perhaps the most important component of the ecosystem as viewed by 
public opinion, commercial interests, and regulatory requirements. In reality, however, it is no 
more important than any other major level of biological organization and is not as useful as other 
groups when evaluating stormwater effects. Fish, by nature, are in general a more transitory species 
than other aquatic organisms and, therefore, produce more variable results in biosurveys. Because 
they are mobile, they are often able to avoid polluted waters. This avoidance behavior makes 
evaluations of site-specific sources and problems more difficult. Sampling methods vary in their 
degree of efficiency and selectivity and compound data variance problems (EPA 1989c). They do, 
however, possess many advantages in the assessment process: 

• Beneficial uses of stream segments characterized in terms of fisheries 
• Many endangered species exist 
• Effective collection methods exist 
• 	Effective quality assessments are possible using community structure and functional metrics to 

form an index of integrity 
• 	Used as regulatory and monitoring tools for decades; an extensive database exists on life history, 

distribution, and effects 
• Indicators of long-term exposures and watershed conditions 
• Comprise multiple trophic levels 
• 	Drive ecosystem dynamics in the “top-down” approach theory and may integrate effects from 

lower trophic levels (“bottom-up” approach) 
• Contaminant source to humans 
• Useful for sublethal, chronic pollutant exposure effect studies 

Many fish communities contain multiple trophic levels, such as invertivores, planktivores, 
herbivores, omnivores, and piscivores (Table 6.49; Karr et al. 1983). Trophic guild information is 
useful for evaluating system alterations at a functional and structural level. The omnivore component 
typically increases as water quality declines. Streams with fewer than 20% omnivores are often of 
good quality, and poor if greater than 45% are true omnivores (Karr 1981). There is also often a 
strong inverse correlation between the abundance of insectivorous cyprinids (minnows) and water 
quality (more abundant minnow populations indicate worse water quality). Another generality of 
feeding type and water quality is the presence/absence of top carnivores, which are at the top of 
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the aquatic food chain and thereby integrate lower trophic level effects. They are most likely to 
show biomagnified toxicants in their tissue, but might not necessarily show effects from those 
toxicants. The validity of these generalizations has been well documented in the agricultural 
Midwest. However, there are exceptions nationwide. Tissue residues are good indicators of exposure 
for some nonpolar organics and methyl mercury; however, many metals and organics that can be 
metabolized cannot be assessed well with tissue information. 

Sampling of fish communities is relatively labor intensive, often requiring special equipment 
and expertise. But, given the importance of fish in ecosystem structure and functioning, sport and 
commercial fishing, and public perceptions, they should be monitored. 

Generally, the preferred sampling season is mid to late summer, when stream and river flows are 
moderate to low, and less variable than during other seasons (EPA 1990b). Although some fish species 
are capable of extensive migration, fish populations and individual fish may remain in the same area 
during summer (Funk 1957; Gerking 1959; Cairns and Kaesler 1971). However, large river, lake, 
and harbor habitats promote greater migration ranges. Ross et al. (1985) and Matthews (1986) found 
that stream fish assemblages were stable and persistent for 10 years, recovering rapidly from droughts 
and floods, indicating that large population fluctuations are unlikely to occur in response to purely 
natural environmental phenomena. However, comparison of data collected during different seasons 
is discouraged, as are data collected during or immediately after major flow changes (EPA 1989a). 

Although various collection methods are routinely used to sample fish; electrofishing (Figures 
6.129 through 6.131), seines (Figure 6.132), and rotenone (a poison) are the most commonly used 
methods in freshwater habitats (Tables 6.50 and 6.51). Each method has advantages and disadvan
tages (Nielsen and Johnson 1983; Hendricks et al. 1980). However, electrofishing is recommended 
for most fish field surveys because of its greater applicability and efficiency, and the good recov
erability of stunned fish that are returned to the water (EPA 1989a,c). 

Table 6.49 Trophic Guilds Used by Schlosser (1981, 1982a, 1982b) to Categorize Fish Species 

Herbivore–Detritivores (HD) 
Omnivores (OMN) 

Generalized insectivores (GI) 

Surface and water column insectivores 
(SWI) 

Benthic insectivores (BI) 
Insectivore–Piscivores (IP) 

HD species feed almost entirely on diatoms or detritus. 
OMN species consume plant and animal material. They differ from GI 
species in that, subjectively, greater than 25% of their diet is 
composed of plant or detritus material. 

GI species feed on a range of animal and plant material including 
terrestrial and aquatic insects, algae, and small fish. Subjectively, less 
than 25% of their diet is plant material. 

WSI species feed on water column drift or terrestrial insects at the 
water surface. 

BI species feed predominantly on immature forms of benthic insects. 
IP species feed on aquatic invertebrates and small fish. Their diets 
range from predominantly fish to predominantly invertebrates. 

Figure 6.129 	 Electrofishing with backpack unit in Figure 6.130 Electrofishing with backpack unit in 
main stream reach (notice nearby near-shore areas. 
seine to capture stunned fish). 
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Figure 6.131 Boat electrofishing unit. (Courtesy of Figure 6.132 Fish seining. 
Wisconsin Department of Natural 
Resources.) 

Figure 6.133 

Indices of Fish Populations 

Range of sensitivities of Rapid 
Bioassessment Protocol V fish 
metrics in assessing biological 
condition. (Modified from EPA. 
Ecological Assessment of Haz
ardous Waste Sites. Environ
mental Research Laboratory. 
U.S. Environmental Protection 
Agency, Corvallis, OR. EPA 
600/3-89/013. 1989a.) 

Perhaps the most popular index is the IBI. A slightly modified version is used in the EPA Rapid 
Bioassessment Protocols for fish. The IBI is weighted on the basis of individual species’ tolerances 
to water and habitat quality. The IBI is comprised of 12 metrics, as follows: 

A. Species richness and composition 
1. Species number 
2. Darter species number 
3. Sucker species number 
4. Sunfish species number 
5. Intolerant species number 
6. Green sunfish proportion 

B. Abundance and condition 
1. Individual numbers 
2. Hybrid proportion 
3. Proportion with disease anomalies 

C. Trophic composition 
1. Omnivore proportion 
2. Insectivorous cyprinid proportion 
3. Piscivore proportions 
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Table 6.50 Fish Sampling Methods 

Methods Advantages Disadvantages 

Electrofishing Greater standardization of catch per unit of 
effort 

Less time and manpower than some 
sampling methods 

Less selective than seining (although it is 
selective toward size and species) 

Adverse effects on fish are minimized 
Appropriate in a variety of habitats 

Reformed seining Relatively inexpensive 
Lightweight and are easily transported and 
stored 

Repair and maintenance are minimal and 
can be accomplished on-site 

Restricted water quality parameters 
Effects on the fish population are minimal 
because fish are collected alive and are 
generally unharmed 

Rotenoning Effective use independent of habitat 
complexity 

Greater standardization of unit of effort than 
seining 

Provides more complete censusing of the 
fish population than seining or 
electrofishing 

Sampling efficiency is affected by turbidity 
and conductivity. Initial cost of equipment 

Although less elective than seining, 
electrofishing is size and species selective. 
Effects of electrofishing increase with body 
size. Species specific behavioral and 
anatomical differences also determine 
vulnerability to electroshocking 

A hazardous operation that can injure field 
personnel if proper safety procedures are 
ignored 

Previous experience and skill, knowledge of 
fish habitats and behavior, and sampling 
effort are probably more important in 
seining than in the use of any other gear 

Sample effort and results are more variable 
than sampling with electrofishing or 
rotenoning 

Generally restricted to slower water with 
smooth bottoms, and is most effective in 
small streams or pools with little cover 

Standardization of unit of effort to ensure 
data comparability is difficult 

Kills all fish and possibly nontarget species, 
should only be used if other methods are 
not appropriate and if the data are 
essential 

Prohibited in many states 
Application and detoxification can be time 
and manpower intensive 

Effective use affected by temperature, light, 
dissolved oxygen, alkalinity, and turbidity 

High environmental impact; concentration 
miscalculations can produce substantial 
fish kills downstream of the study site 

From EPA. Ecological Assessment of Hazardous Waste Sites. Environmental Research Laboratory, U.S. Envi
ronmental Protection Agency, Corvallis, OR. EPA 600/3-89/013. 1989a. 

Table 6.51 Sampling Methods for Fisha 

Method Habitat Persons Time (hr) 

Electrofishing Small streams 2 0.25–1 
Large streams, rivers, lakes 2 0.25–1 

Seining Small streams or impoundments 2–3 0.50–1 
Hoop net Streams or rivers 2–3 2b 

Gill, trammel nets Lakesd 2–3 2–4c 

Fyke net Lakesd 2–3 2c 

a 	Taken from Lagler (1978); Hendricks et al. (1980); Hubert (1983); Nielsen and Johnson 
(1985). 

b 	Time for obtaining fish sample; time for stationary netting techniques includes time 
spent setting and receiving nets. It does not include time required to process sample 
(weighing, measuring, or taxonomic identification), which can range from 1 to 4 hours 
depending on taxonomic resolution and number of fish obtained. 

c 	Time for hoop, gill, trammel, and fyke nets does not include 24 hours or period for 
which net is left in water to obtain sample. 

d 	Gill, trammel, and fyke nets can also be used in some cases in flowing water if properly 
anchored; however, debris usually makes these applications troublesome. 

From EPA. Protocols for Short-Term Toxicity Screening of Hazardous Waste Sites. 
Environmental Research Laboratory, U.S. Environmental Protection Agency, Corvallis, 
OR. EPA 600.3-88/029. 1989b. 
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Each metric is scored as 1 (worst), 3 (moderate), or 5 (best) as compared to the reference site or 
other data (see Fausch et al. 1984) showing regional norms (Table 6.52). Therefore, the index may 
range from 12 to 60 after all metric scores are totaled. Regional modifications have been developed 
by Hughes and Gammon (1987), Leonard and Orth (1986), Steedman (1988), and Wade and Stalaup 
(1987). The IBI is shown generally in Figure 6.134 and described in detail in Appendix C. 

The Index of Well-Being (IWB), developed by Gammon (1976), was also developed in the 
midwestern United States to evaluate environmental stress effects on riverine fish. It is simpler than 
the IBI, using four measures: numbers of individuals, biomass, and the Shannon diversity index 
based on numbers and weight. Unfortunately, in some systems, high numbers and biomass of 
pollution-tolerant species produce a high index value, yet quality is reduced. To deal with this 
problem the Ohio EPA (1989) and Gammon (1989) developed a modified IWB which eliminates 
highly tolerant species, exotic species, or hybrids from the numbers and biomass components of 
the IWB, but retained in the Shannon index calculations. This modification has proven to be an 
effective assessment tool, which is consistent and sensitive to a wide range of environmental stresses. 
These equations are listed below: 

Index of Well-Being: 

IWB = 0.5 ln N + 0.5 ln B + H (no.) + H (wt.) 

where 	 N = relative number of all species 
B = relative weight of all species 
H (no.) = Shannon index based on relative numbers 
H (wt.) = Shannon index based on relative weight 

Shannon Diversity Index: 

H = −∑ 
 n

N
i 
 ln

 
 

n

N
i  
 

where ni = relative numbers or weight of the ith species 
N = total number or weight of the sample 

The IBI and mIWB require that indigenous fish species be classified in terms of environ
mental tolerance (to both natural and anthropogenic stressors). Tolerance levels (Appendix C) 
vary with each species, between ecoregions, seasonally, at different life stages, and they depend 
on the presence of other stressors, organism health, and the type of stressor. This group of 
critical variables makes any “tolerance” classification crude and tenuous. Nonetheless, the use 
of these classifications has been effective in evaluating ecosystem impairment. For many 
systems, shifts in dominant species and trophic classification away from sensitive, nonomnivores 
(e.g., trout, walleye) to tolerant omnivores (e.g., carps), clearly and easily show impairment 
exists. In other areas, where impairment is just beginning, as in a stream reach downstream of 
acute effects (“gray” zone), and where ecosystem recovery is beginning, the species tolerance 
levels will be uncertain. 
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TOXICITY AND BIOACCUMULATION 

Why Evaluate Toxicity? 

Toxicity and bioaccumulation evaluations are important and often essential components of storm
water impact assessments. They produce information that cannot be accurately determined or extrap
olated from other assessment components. Toxicity tests have strengths and weaknesses that must be 
recognized (Table 6.53). If there is a clear understanding of the test responses and associated assump
tions, and if proper QA/QC is followed, toxicity testing will allow for sensitive, meaningful, and 
efficient assessments of ecosystem quality and will identify stressor magnitude frequency, and dura
tion. The science of aquatic toxicology has progressed rapidly in recent years and is now an integral 
component of many EPA regulatory programs. Toxicity testing may evaluate effects and address a 
wide variety of study objectives, using any of several general and specific monitoring approaches 
(Table 6.54). This variety of approaches allows for a high number of different component combina
tions, with each possibly providing unique information and having different assumptions associated 
with them. Many different approaches and organisms have been used for toxicity testing, and these 
will be discussed in the following section. Figures 6.135 through 6.138 show several test setups used 
in the Environmental Health Sciences laboratories at Wright State University, while Figures 6.139 
and 6.140 are two of the Azur Environmental procedures, using phosphorescent phytoplankton, used 
in the environmental engineering labs at the University of Alabama at Birmingham. 

Odum (1992) stated that stress is usually first detected in sensitive species at the population level. 
Natural population and community responses are not measured directly with whole effluent toxicity 
(WET) tests (La Point et al. 1996, 2000). The traditional surrogates (P. promelas and C. dubia) may 
not be as sensitive as indigenous species (Cherry et al. 1991). Indirect effects of toxicity on species, 
population, and community interactions can be important (Clements et al. 1989; Clements and Kiffney, 
1996; Day et al. 1995; Fairchild et al. 1992; Giesey et al. 1979; Gonzalez and Frost 1994; Hulbert 
1975; La Point et al. 2000; Schindler 1987; Wipfli and Merritt 1994), and may not be detected by 
WET testing. A huge ecological database exists showing the importance of species interactions in 
structuring communities (e.g., Dayton 1971; Power et al. 1988; Pratt et al. 1981). 

It is less likely that strong relationships will exist between WET test responses and indigenous 
communities at sites where there are other pollutant sources, where effluent toxicity is low to 
moderate, or where dilution is high. Based on fish and benthic invertebrate responses, several studies 
suggest that WET tests are not always predictive of receiving water impacts (Clements and Kiffney 
1994; Cook et al. 1999; Dickson et al. 1992, 1996; Niederlehner et al. 1985; Ohio EPA 1987); 
however, many studies have shown WET tests to be predictive of aquatic impacts (e.g., Birge et 
al. 1989; Diamond et al. 1997; Dickson et al. 1992, 1996; Eagleson et al. 1990; Schimmel and 
Thursby 1996; Waller et al. 1996). These differences should not be surprising however, as it is 
likely a result of WET test organisms and field populations experiencing different exposures (Burton 
et al. 2000; EPA 1991e). In an effluent-dominated system, the in-stream exposure is very similar 
to a WET test. A less degraded watershed, or one that is not dominated by point sources, may have 
sensitive indigenous populations that are exposed to “toxic” effluents at nontoxic concentrations. 
Conversely, if sensitive species have already been lost from a watershed, a toxic effluent may be 
inhibiting their return. In highly degraded sites, virtually any traditional assessment tool (acute 
toxicity testing, chemical concentrations, indigenous communities) will show effects and strong 
correlations with other tools. The WET tests were not developed to evaluate all natural and 
anthropogenic stressors nor to show all biological responses (such as mutagenicity, carcinogenicity, 
teratogenicity, endocrine disruption, or other important subcellular responses). In addition, highly 
nonpolar compounds may elicit an effect in short-term exposures. These issues dictate that addi
tional assessment tools be utilized in order to protect aquatic ecosystems (Waller et al. 1996). 
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Table 6.52 Regional Variations of IBI Metrics 

New Central Colorado Front Western Sacramento 
Midwest England Ontario Appalachia Range Oregon San JoaquinVariations in IBI Metrics 

1. Total Number of Species X X X X X 
# native fi sh species X X 
# salmonid age classes X X 

2. Number of Darter Species 
# sculpin species X 
# benthic insectivore species X 
# darter and sculpin species X 
# salmonid yearlings (individuals) X X 
% round-bodied suckers X 
# sculpins (individuals) X 

3. Number of Sunfi sh Species X X 
# cyprinid species X 
# water column species X 
# sunfish and trout species X 
# salmonid species X 
# headwater species X 

4. Number of Sucker Species X X X 
# adult trout species X X 
# minnow species X X 
# sucker and catfish species X 

5. Number of Intolerant Species X X X X 
# sensitive species X 
# amphibian species X 
Presence of brook trout X X 

6. % Green Sunfish 
% common carp X 
% white sucker X X 
% tolerant species X 
% creek chub X 
% dace species X 
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7. % Omnivores X X X X X X 
% yearling salmonids X X 

8. % insectivorous Cyprinids X 
% insectivores X X 
% specialized insectivores X X 
# juvenile trout X 
% insectivorous species X 

9. % Top Carnivores X X X 
% catchable salmonids X 
% catchable wild trout X 
% pioneering species X 
Density catchable wild trout X 

10. Number of Individuals X X X X X X 
Density of individuals X 

11. % Hybrids X X 
% introduced species X X 
# simple lithophils X 
% simple lithophilic species X 
% native species X 
% native wild individuals X 

12. % Diseased Individuals X X X X X X 

13. Total Fish Biomass X 

Note: X = metric used in region. Many of these variations are applicable elsewhere. 

From EPA. Rapid Bioassessment Protocols for Use in Streams and Rivers: Benthic Macroinvertebrates and Fish. Office of Water, U.S. 
Environmental Protection Agency, Washington, D.C. EPA 444/4-89/001. 1989c. 
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Select a Site 

Identify Regional Fish Fauna 

Assign Species to Trophic, Tolerance, and Origin Guilds 

Assess Available Data for Metric Suitability and Stream 
Size Patterns 

Develop Scoring Criteria from Reference Sites 

Quantitatively Sample Fish 

List Abundances of Species, Hybrids, and Anomalies 

Calculate and Score Metric Values 

Recommendations 

1.  Number of native fish species 

2.  Number of darter or benthic species 

3.  Number of sunfish or pool species 

4.  Number of sucker or long-lived species 

5.  Number of intolerant species 

6.  Proportion of green sunfish or tolerant 
individuals 

7.  Proportion omnivorous individuals 

8.  Proportion insectivores 

9.  Proportion top carnivores 

10. Total number of individuals 

11.  Proportion hybrids or exotics 

12.  Proportion with disease/anomalies 

>67% 

>67% 

>67% 

>67% 

>67% 

<10% >25% 

>45% 

<20% 

<1% 

>1% 

>5% 

<33% 

<20% 

>67% 

>45% 

>5% 

<1% 

0% 

33-67% <33% 

<33% 

<33% 

<33% 

<33% 

33-67% 

33-67% 

33-67% 

33-67% 

10-25% 

20-45% 

20-45% 

1-5% 

1-5% 

0-1% 

33-67% 

5Metric 

IBI Integrity Class Characteristics 

INDEX SCORE INTERPRETATION(a) 

3 

METRIC SCORES (IBI) 
Scoring Criteria(a) 

(a)Metrics 1-5 are scored relative to the maximum species richness line. 

(a)From Karr et al.  1986; Ohio EPA 1987. 

Metric 10 is drawn from reference site data. 

58-60 

48-52 

40-44 

28-34 

12-22 

Excellent 

Good 

Fair 

Poor 

Very  Poor 

Comparable to pristine conditions, 
exceptional assemblage of species 

Decreased species richness, 
intolerant species in particular; 
sensitive species present 

Intolerant and sensitive species 
absent; skewed trophic structure 

Top carnivores and many expected 
species absent or rare; omnivores and 
tolerant species dominant 

Few species and individuals present; 
tolerant species dominant; diseased 
fish frequent 

1 

Figure 6.134 	 Flowchart of bioassessment approach advocated for Rapid Bioassessment Protocol V. (From 
EPA. Rapid Bioassessment Protocols for Use in Streams and Rivers: Benthic Macroinvertebrates 
and Fish. Office of Water, U.S. Environmental Protection Agency, Washington, D.C. EPA 444/4
89/001. 1989c.) 
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Table 6.53 Strengths and Weaknesses of Toxicity Tests in Stormwater Assessments 

Strengths Weaknesses 

Toxicity can be quantified and linked to the presence 
of specific or multiple contaminants, sources, or 
affected media (i.e., soil, water, sediment, vegetation, 
aquatic biota); an important assessment component 
needed to establish causality. 

Response is an integrated index of bioavailable 
contamination, whereas chemical analyses measure 
only total concentrations of specific compounds. 

More sensitive than biosurvey methods. 
Sensitive in all types of aquatic ecosystems. 
Results are specific to the location at which the sample 
was collected; thus they can be used to develop maps 
of the extent and distribution of bioavailable 
contamination and toxic conditions. 

Temporal toxicity dynamics of stormwater events can 
be quantified and correlated with flow and other 
physicochemical characteristics. 

Indigenous species may be tested in the laboratory or 
in situ. 

Approach effectively used by the EPA and many states 
to regulate point source pollution. 

Multiple species, multiple trophic levels, and multiple 
levels of biological organization (e.g., plant, bacteria 
to fish) may be evaluated. 

Results are easily interpreted and amenable to QA/QC; 
within- and among-laboratory precision estimates are 
already available for several tests. 

May be tested in situ, thus reducing laboratory-sample 
handling related artifacts. 

Acute toxicity tests are relatively quick, easy, and 
inexpensive to conduct; results from acute tests are 
used as a guide in the design of chronic toxicity tests. 

Chronic and short-term chronic toxicity tests are 
generally more sensitive than are acute tests, and can 
be used to define “no effect” levels; in addition, chronic 
tests provide a better index of field population 
responses and more closely mimic actual exposures 
in the field. 

In situ and laboratory exposures may be used to 
assess bioaccumulation. 

May reveal recent short-term toxicity events that are 
not detected in biosurveys. 

Have a long regulatory use in the NPDES program 

Measure of potential toxic effects on resident biota at 
the test site; however, cannot always be directly 
translated into an expected magnitude of effects on 
populations in the field. 

Results are dependent on specific techniques, e.g., 
test species, collection method, water or sediment 
quality, test duration, etc. 

If surrogate species used, there is a question of their 
response relationship to indigenous species. 

Single species test responses may not relate to 
community structure and ecosystem function impacts. 

May not detect long-term toxicity, bioaccumulation, 
sublethal effects, or persistent, hydrophobic 
contaminants. 

Laboratory exposure conditions in toxicity tests are not 
directly comparable to field exposures; additional 
confounding variables and other stresses are 
important in the field. 
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Table 6.54 Problem Definition: Toxicity Test Approaches 

Assessment 
Component Monitoring Approach 

Test media 

Test organism 

Effect level 

Test environment 

Effluent (e.g., point source discharges of wastewater or runoff) 
Ambient water 
Sediment 
Interstitial water 
Extractable fraction (e.g., elutriate) 
Soil 
Sludge 
Sample fractionation (e.g., the EPA’s Toxicity Identification Evaluation 
procedures) 

Surrogate 
Indigenous to ecoregion 
Resident 
Single species 
Multiples of single species 
Communities or populations 
Multitrophic and/or multiple levels of biological organization 
Acute (lethality endpoint) 
Short-term chronic (e.g., growth or reproduction during partial life cycle 
Chronic (sublethal endpoint during full life cycle) 
Biomarker (sublethal endpoint in short-term exposure) 
Concentration response defined (e.g., LC50, NOELa) vs. exposure to 
undiluted (100%) sample 

Laboratory: 
Static, static-renewal, recirculating, or flow-through 
Water only 
Water (reconstituted or site water)b and sediment (suspendedc or 
beddedd) 

In situ: 
Effluent mixing zone 
Ambient water only 
Sediment only 
Water and sediment 
Artificial substrate 

Measured endpoints 	 Functional 
Population-community structure 
Organism 
Cellular or molecular 

a Sample concentration with 50% lethality, no observable effect level. 

b Allows separation of water and sediment toxicity. 

c Suspended solids concentration physically maintained or fluctuates. 

d Mixed, sieved, or intact core. 


Figure 6.135 	 Fathead minnow rearing tanks at Envi- Figure 6.136 Adult fathead minnow rearing tank at 
ronmental Health Sciences laborato- Wright State. 
ries at Wright State University. 
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Figure 6.137 	 Ceriodaphnia dubia used for toxicity Figure 6.138 Sediment toxicity tests at Wright State. 
tests at Wright State. 

Figure 6.139 	 Microtox screening toxicity test at envi- Figure 6.140 Deltatox screening toxicity test at envi
ronmental engineering labs at UAB. ronmental engineering labs at UAB. 

Stormwater Toxicity 

The water quality of stormwater, or of ambient waters immediately following high flow events, 
has been shown to be degraded in many studies with chemical concentrations which may exceed 
toxicity thresholds (e.g., Horner et al. 1994; Makepeace et al. 1995; Morrison et al. 1993; Waller 
et al. 1995a). Stormwater toxicants are primarily associated with particulate fractions and are 
typically assumed to be “unavailable.” Toxicity tests with sediment removed have found reduced 
levels of toxicity in stormwater, compared to stormwater that has not undergone sediment removal 
(Crunkilton et al. 1996), as described in Chapter 3. 

Also confusing is that typically short and intermittent runoff events cannot be easily compared 
to the criteria or standards developed and tested for traditional “long” duration point source 
discharges. Chemical analyses, without biological analyses, typically underestimate the severity of 
the problems because the water column quality varies rapidly, while the major problems were 
associated with sediment quality and effects on macroinvertebrates (Lenat and Eagleson 1981; 
Lenat et al. 1981). 

Standardized toxicity tests have been used for many years in the United States to evaluate 
effluents in the National Pollutant Discharge Elimination System (NPDES) (EPA 1991e). These 
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whole-effluent toxicity (WET) tests have been shown to be useful for evaluating stormwaters. The 
use of toxicity tests on stormwater and receiving waters, especially in situ and side-stream tests 
that also reflect changing conditions for extended periods, has added greatly to our knowledge of 
toxicant problems associated with stormwater. While some stormwaters may not be toxic, there is 
a large body of evidence that suggests many are. Laboratory testing of runoff samples has shown 
acute and chronic toxicity to a variety of species (Connor 1995; Cooke et al. 1995; Dickerson et 
al. 1996; Hatch and Burton 1999; Ireland et al. 1996; Katznelson et al. 1995; Kuivila and Foe 1995; 
McCahon and Pascoe 1990, 1991; McCahon et al., 1990, 1991; Medeiros and Coler 1982; Medeiros 
et al. 1984; Mote Marine Laboratory 1984; Tucker and Burton 1999; Werner et al. 2000; Vlaming 
et al. 2000; Bailey et al. 2000). Pesticide pulses have been followed through watersheds, remaining 
toxic for days to weeks from runoff (Kuivila and Foe 1995; Werner et al. 2000). Samples from 
urban streams in southern California showed 85% exceeded diazinon criteria and 80% exceeded 
chlorpyrifos criteria. Of these samples, 76.6% produced 100% C. dubia mortality within 72 hours 
of exposure. Toxicity Identification Evaluations (TIE) confirmed the toxicity was due to the pesti
cides. Diazinon has been implicated as the primary toxicant in runoff causing acute toxicity to C. 
dubia, P. promelas, and in situ Corbicula fluminea assays (Kuivila and Foe 1995; Connor 1995; 
Waller et al. 1995a,b; Cooke et al. 1995). Organophosphate (chlorpyrifos, diazinon, malathion) and 
carbamate (carbofuran, carbaryl) pesticides in a delta draining urban and agricultural areas were 
the primary toxicants causing acute toxicity in 9.8 to 19.6% of water samples sampled between 
1993 and 1995 (Werner et al. 2000). C. dubia reproduction and growth of C. fluminea in situ closely 
paralleled the health of the indigenous communities (Dickson et al. 1992; Waller et al. 1995b). A 
simulation of farm waste effluent (increased ammonia and reduced dissolved oxygen) found amphi
pod precopula disruption to be the most sensitive indicator of stress (McCahon et al. 1991). Mortality 
occurred only when D.O. fell to 1 to 2 mg/L and feeding rates recovered after exposure to ammonia 
(5 to 7 mg/L) ended. Elevations of major ion concentrations were toxic to C. dubia and P. promelas 
in some irrigation drainage waters (Dickerson et al. 1996). 

Toxicity may also be reduced in runoff. When turbidity increased during high flow, photoinduced 
toxicity of PAHs was reduced in situ, as compared to baseflow conditions (Ireland et al. 1996). A 
recent study of the chronic toxicity of fenoxycarb to Daphnia magna showed a realistic single
pulse exposure resulted in an MATC of 26 µg/L, as compared to 0.0016 µg/L from a standard, 
constant-exposure study (Hosmer et al. 1998). 

WET tests have also been used to evaluate the toxicity of effluents from stormwater runoff 
treatment systems. An evaluation of an urban runoff treatment marsh found strong relationships 
between C. dubia time-to-death, conductivity, and storm size, and time from storm flow initiation 
(Katznelson et al. 1995). Airport runoff containing glycol-based deicer/anti-icer mixtures was toxic 
to P. promelas and D. magna during high-use winter months; however, during summer months 
runoff toxicity only coincided with fuel spills (Fisher et al. 1995). Anti-icer was more toxic to P. 
promelas, D. magna, D. pulex, and C. dubia than deicer. Additives were more toxic than glycols 
(Hartwell et al. 1995). Stormwater detention ponds reduced P. promelas and Microtox toxicity 50 
to 90% when particles greater than 5 µm were removed (Crunkilton et al. 1996; Pitt et al. 1999a). 

Pulse Exposures 

Some have suggested that relatively short periods of exposure to the toxicant concentrations in 
stormwater are not sufficient to produce the receiving water effects that are evident in urban 
receiving waters, especially considering the relatively large portion of the toxicants that are asso
ciated with particulates (Lee and Jones-Lee 1995a,b). Lee and Jones-Lee (1995b) suggest that the 
biological problems evident in urban receiving waters are mostly associated with illegal discharges 
and that the sediment-bound toxicants are of little risk. Mancini and Plummer (1986) have long 
been advocates of numeric water quality standards for stormwater that reflect the partitioning of 
the toxicants and the short periods of exposure during rains. Unfortunately, this approach attempts 
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to isolate individual runoff events and does not consider the cumulative adverse effects caused by 
the frequent exposures of receiving water organisms to stormwater (Davies 1986, 1991, 1995; 
Herricks 1995; Herricks et al. 1996). 

A growing preponderance of data, however, is showing that toxicity is commonly observed 
during stormwater runoff and that short-term, pulse exposures can be more toxic than long-term, 
continuous exposures (e.g., Brent and Herricks 1998; Crunkilton et al. 1996; Curtis et al. 1985). 
Short pulse exposures in stormwater produced lethality several days to weeks later (Abel 1980; 
Bascombe 1988; Bascombe et al. 1989; Brent and Herricks 1998; Ellis et al. 1992). Some of this 
apparent response delay may be a result of uptake and accumulation kinetics (Bascombe et al. 1989, 
1990; Borgmann and Norwood 1995; Borgmann et al. 1993). Recent investigations have identified 
acute toxicity problems and the importance of an adequate post-exposure observation period in side
stream studies with P. promelas in urban streams (Crunkilton et al. 1996), and in laboratory spiking 
studies (Cd, Zn, phenol) with Ceriodaphnia dubia, Pimephales promelas, and Hyalella azteca (Brent 
and Herricks 1998; Van Der Hoeven and Gerritsen 1997). Other laboratory studies have also shown 
acute and chronic toxicity of short-term exposures using fish and amphipods exposed to chloroam
ines, metals, and pesticides (Abel 1980; Abel and Gardner 1986; Holdway et al. 1994; Jarvinen 
et al. 1988a,b; McCahon and Pascoe 1991; Meyer et al. 1995; Parsons and Surgeoneer 1991a,b; 
Pascoe and Shazili 1986). In general, it appears that exposure to higher concentrations of toxicants 
for brief periods is more important that exposure to lower concentrations for longer periods (Brent 
and Herricks 1998; McCahon and Pascoe 1990; Meyer et al. 1995). However, increased amphipod 
depuration or metallothionein induction in the presence of Zn allowed greater tolerance (Borgmann 
and Norwood 1995; Brent and Herricks 1998). 

Not all pulsed exposures are more toxic. If there is adequate time for organism recovery between 
pulsed exposures to toxicants, the effects of the pulsed exposure of some toxicants are diminished 
(Brent and Herricks 1998; Kallander et al. 1997; Mancini 1983; Wang and Hanson 1985). This 
difference may be attributed to the mechanism of toxicity. For example, organophosphates are 
relatively irreversible inhibitors of acetylcholinesterase (AChE), while carbamate inhibition may 
be reversible (Kuhr and Dorough 1976; Matsumura 1985). So little difference is observed between 
continual exposures and pulsed exposures (Kallander et al. 1997). Trout were observed to acclimate 
to ammonia if pulsed exposures were below their toxicity threshold (Thurston et al. 1981). Fenox
ycarb was four orders of magnitude less toxic in a single pulsed exposure to Daphnia magna 
compared to a standard WET exposure (Hosmer et al. 1998). Complicating predictions of effects 
are synergistic interactions that occur between some contaminants such as pesticides and metals 
(Forget et al. 1999) and between herbicides and insecticides (Pape-Lindstrom and Lydy 1997). 
Organisms recovered to varying degrees given adequate time in clean water following pulsed 
exposures to phenol, permethrin, fenitothion, and carbamates (Brent and Herricks 1998; Green 
et al. 1988; Kallander et al. 1997; Kuhr and Dorough 1976; Parsons and Surgeoner 1991a,b). 

Measuring Effects of Toxicant Mixtures in Organisms 

Toxicant exposure is dependent on toxicant, organism, and habitat characteristics, such as 
toxicant partitioning (fugacity), the organisms’ direct contact with substrates, and their feeding 
mechanisms. The toxicant target site and effect within the organism will be toxicant, species, and 
life stage dependent. The mixed function oxygenase (MFO) system and metallothionein production 
are well-known metabolic processes which often detoxify compounds, converting them to excretable 
metabolites (Rand and Petrocelli 1985). These metabolic systems vary dramatically among aquatic 
species, so it is difficult to predict aquatic toxicity to multiple species without actual testing each 
species. All of the above uncertainties associated with toxicant differences and interactions, exposure 
pathways, and organism responses support the use of multiple species in stormwater assessments. 

There are mixtures of chemicals in stormwaters. Since chemical water quality criteria and 
standards only consider effects from one chemical, the question arises as to what effects may result 
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to organisms when they are exposed to a mixture of potentially toxic chemicals. Mixture effects 
have been studied for decades. Sprague and Ramsay (1965) proposed a toxic unit (TU) that defined 
the strength of a toxicant. One toxic unit is equal to the incipient LC50 (the level of a toxicant that 
is lethal to 50% of the individuals exposed for a period of time where acute lethal effects have 
ceased). The strength of a toxicant, or the TU, is calculated as actual toxicant concentration in 
solution divided by the LC50. If the calculated sum of toxic units in a mixture of chemicals is one 
or larger, the mixture is said to be lethal. 

The EPA (1991e) assumes that chemical toxicants act in an additive fashion, as opposed to 
being antagonistic (less toxicity than predicted) or synergistic (greater toxicity than predicted). A 
great deal of experimentation has been completed in this area, and some general principles have 
emerged. Overall, it appears that joint toxicity often occurs among chemicals with a similar mode 
of action. Within similar modes of action, the concentration-addition model (often called the TU 
concept) often describes the interaction 

n 

TU mixture = ∑TUi 

i=1 

Additivity or near additivity has been demonstrated for many groups of chemicals, such as 
narcotics, organophosphate pesticides, pyrethroid pesticides, polynuclear aromatic hydrocarbons, 
major ions, and metals (Sprague 1968; Sprague and Ramsay 1965; Broderius and Kahl 1985; Carder 
and Hoagland 1998; Deneer et al. 1988a; Hermens and Leewangh 1982; Hermens et al. 1984a,b,c; 
Konemann 1981; Muska and Weber 1977). 

In contrast to mixtures of chemicals with similar modes of action, chemicals with dissimilar 
modes of action (e.g., zinc and diazinon) show antagonistic, little, or no interaction, such that the 
toxicity of a binary mixture shows toxicity equal to or less than that of the most toxic component 
(Howell 1985; Herbes and Beauchamp 1977; Schultz and Allison 1979; Deneer et al. 1988b; Spehar 
and Fiandt 1986; Alabaster and Loyd 1982). 

Extreme interactions of chemical mixtures, such as synergy (TU mixture >> ∑TUi) have also 
been frequently reported (Sprague and Ramsay 1965; Spehar and Fiandt 1986; Sharma et al. 1999; 
Christensen 1984; Vasseur et al. 1988; Marking 1977; Christen 1999; Marking and Dawson 1975; 
Anderson and Weber 1977; Doudoroff 1952; Wink 1990; Pape-Linstrom and Lydy 1997; Forget 
et al. 1999). One mechanism for synergism is where one chemical has a potentiating effect on the 
physiological pathway that is the target of a second toxicant. The classic example is piperonyl 
butoxide and pyrethroid pesticides; piperonyl butoxide blocks the detoxification pathway for pyre
throids, thereby greatly exacerbating their toxicity. In fact, this interaction is used intentionally in 
pyrethroid pesticide formulations. 

While laboratory experiments have demonstrated approaches for mixture assessment, the test 
of the approach lies in its effectiveness when applied to mixtures occurring in the field, and 
experience suggests that the approach of assuming addition within modes of action and indepen
dence between different modes of action is adequate in many cases. For example, in studies of over 
80 municipal and industrial effluents, toxicity identification studies showed no instances where 
observed toxicity was greater than would be predicted by this approach (D.R. Mount and J.R. 
Hockett, unpublished data). 

The finding that mixture models are necessary to account for the potency of PAHs and dioxin
like compounds in the field provides excellent insights into the circumstances necessary for the 
expression of interactive toxicity in the environment. In addition to sharing a common mode of 
action (narcosis for PAHs; Ah-receptor agonism for dioxins/furans/PCBs), the sources for these 
contaminants and their environmental fate are such that they occur in mixture compositions where 
multiple components contribute meaningfully to the toxicity. The absence of the latter attribute 
greatly simplifies the assessment of many mixtures. In cases where one component of the mixture 
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dominates, ignoring toxic interactions within the mixture adds little uncertainty to the overall 
assessment. Metals provide an excellent example. In practice, many metal mixtures are dominated 
by a particular metal. Hence, assessing the potency of the mixture on the basis of its most potent 
component is often effective. In the case of PAHs, however, multiple individual PAHs contribute 
substantially to toxicity, and the additive toxicity must be taken into account to adequately assess 
the mixture. 

Unfortunately, the many studies cited above suggest that toxicity resulting from stressor mixtures 
cannot be accurately predicted simply based on additivity or chemical type. A number of studies 
have shown that interactions of chemical mixtures can change from antagonistic to synergistic 
based on the life stage of the organisms, concentrations or levels of the contaminants, or length of 
exposures (Sprague and Ramsay 1965; Eaton 1973; Spehar and Fiandt 1986; Marking and Dawson 
1975; Munawar et al. 1987; Sharma et al. 1999; Cairns et al. 1978). This suggests that site-specific 
in situ assessments of toxicity and biological communities, as discussed later in this section, are 
necessary for establishing the effects of stormwater runoff. 

Standard Testing Protocols: Waters 

As with any of the preceding assessment methods and approaches, it is usually important that 
standard methods and proper QA/QC practices be followed. This helps ensure the production of 
valid data that are comparable to other similar study results, are reproducible, and may be usable 
in enforcement actions. For many of the toxicity test applications, standard methods exist, either 
as EPA, state, APHA, or ASTM methods. However, the absence of a standard method, such as for 
in situ or multispecies assays, does not preclude their use. These “nonstandard” assays should be 
based on methods published in peer-reviewed scientific periodicals that have been demonstrated 
as valid and useful. Since this science is relatively young, the standardization process is also young 
and ongoing. Standard test species have been shown to represent the sensitive range of ecosystems 
analyzed (EPA 1991e). In addition, resident species testing is more difficult and subject to variability 
than standardized testing, and many important quality assurance–quality control requirements (e.g., 
same life stage, sensitive life stage, reference toxicant testing, interlaboratory variation, acclimation) 
cannot be met (EPA 1991e). 

The preferred assessment design is to have toxicity tests as a screening and definitive tool, 
using acute and short-term chronic toxicity measures from multiple levels of biological organization. 
This approach has been the foundation of chemical-specific water quality criteria development and 
modification. Most toxicity test requirements in NPDES permits require the use of the fathead 
minnow (Pimephales promelas) and cladoceran Ceriodaphnia dubia (Figures 6.141 through 6.143). 
However, the EPA recommends that three species be tested in whole-effluent toxicity (WET) 
calculations including a fish, an invertebrate, and an algae (EPA 1991e). EPA guidance on hazardous 
waste site evaluations suggested the fish, Daphnia, and green algal (Selenastrum capricornutum) 
assays (Figure 6.144), along with terrestrial testing of seed germination and root elongation, 

Daphnia, Ceriodaphnia 
Cladocera 

Hvlella azteca 

Lumbrieulus variegatus 
Oligochaete Worm 

Pimephales promelas 
Fathead Minnow (Male) 

Chironomus tentas 
Midge 

Figure 6.141 	 Common freshwater toxicity test Figure 6.142 Ceriodaphnia dubia, the water flea. 
organisms in the United States. 
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Figure 6.143 	 Test setup for the C. dubia short-term Figure 6.144 Culturing Selenastrum capricornutum. 
chronic toxicity test. 

earthworm survival, and soil respiration (Table 6.55; EPA 1989a,b; Porcella 1983). The ASTM and 
EPA now have standardized methods for sediment toxicity and bioaccumulation evaluations using 
benthic macroinvertebrates (EPA 2000c; ASTM 2000). They recommend a multispecies approach 
that is essential, as no one organism can serve as a surrogate for all species. An analysis of species 
sensitivity ranges observed in the National Water Quality Criteria documents found that when four 
or more species were tested, the LC50 of all was within one order of magnitude for 71 of the 73 
pollutants tested (EPA 1991e). No one species was consistently the most sensitive (EPA 1991e). 

A wide variety of useful and sensitive assays exists for toxicity evaluations of waters (Table 
6.56) and sediments (Table 6.57). The optimal assay(s) is dependent on several issues, which will 
vary with the geographic area, study objectives, and pollutant problem (Table 6.58). For typical 
stormwater assessments, a tiered assessment approach is warranted, where the initial runoff is tested 
using a toxicity screening technique using the water flea (D. magna, D. pulex, or C. dubia) in 24
to 48-hour exposures. Additionally, if depositional (clay-silt) sediments exist downstream of storm
water outfalls, they should be evaluated for toxicity using EPA 10-day whole-sediment methods. 
If no toxicity is detected, however, the community indices of the benthic macroinvertebrate or fish 
communities indicate impairment, additional toxicity testing should be conducted, such as short
term chronic toxicity (EPA 7-day assays) and/or in situ toxicity exposures (described below and 
Appendix D). If toxicity problems are identified in the stormwater samples from the screening 
tests, definitive testing is conducted that may consist of acute to chronic laboratory, on-site, and/or 
in situ exposures; testing whole sediment, ambient water, or effluent; testing additional species 
such as bacteria (e.g., Microtox), photosynthetic organisms (e.g., duckweed, green algae), and fish 
(e.g., fathead minnow); and/or TIE evaluations to identify specific toxicants. 

Defining stormwater toxicity at both a spatial and temporal scale may require large numbers 
of samples, which would surpass the resource capabilities of most projects if attempting to run 
conventional EPA-approved surrogate species (e.g., P. promelas and C. dubia). Stressor variability, 
as discussed previously, will be substantial through the course of a storm event and the return to 
baseflow conditions. The EPA recommends that for sampling of effluents and for annual monitoring 
of effluents using grab sampling, a minimum of four to six samples be collected in 1 day, once per 
month, to better define short-term variation. Sewage treatment plant effluents typically have shown 
coefficients of variation (COV) for acute toxicity of 20 to 42% and 0 to 88% for chronic toxicity. 
Among oil refinery effluents, the COVs ranged from 19 to 54% for acute and 30 to 60% for chronic 
data. Other manufacturing facility effluents had acute toxicity COVs of 20 to 100% (EPA 1991e). 
It may be useful to split definitive samples and run Microtox in tandem with the macrofaunal 
assays. If a consistent relationship is observed, i.e., few false positive or false negatives using 
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Table 6.55 Toxicity Evaluation Categories for Hazardous Waste Sites 

Response Levels for LC50 or EC50 
Concentrationsc 

Low or Not 
Assay Activity Measured Sample Typea MADb Units High Moderate Detectable 

Freshwater fish 96-hr LC50 (lethality) 	 S 1 g/L <0.01 0.01–0.1 0.1–1 
L 100 % <20 20–75 75–100 

Freshwater invertebrate 46-hr EC50 (immobilization) 	 S 1 g/L <0.01 0.01–0.1 0.1–1 
L 100 % <20 20.75 75–100 

Freshwater algae 96-hr EC50 (growth inhibition) 	 S 1 g/L <0.01 0.1–01 0.1–1 
L 100 % <20 20–72 75–100 

Seed germination and 115-hr EC50 (inhibited root L 100 % <20 20–75 75–100 
root elongation elongation) 

Earthworm test 336-hr LC50 S 500 g/kg <50 50–500 500 
Soil respiration test 336-hr EC50 	 S 500 g/kg <50 50–500 500 

L 100 % <50 20–75 75–100 

a S = solid, L = aqueous liquid, includes water samples and elutriate or leachate. Nonaqueous liquids are evaluated on an individual basis because 
of variations in samples, such as vehicle, percent organic vehicle, and percent solids. 

b MAD = Maximum applicable dose. 
C LC50 = Calculated concentration expected to kill 50% of population within the specifi ed time interval. EC50 = Calculated concentration expected 

to produce effect in 50% of population within the specifi ed time interval. 

From Porcella, D.B. Protocol for Bioassessment of Hazardous Waste Sites, prepared for Environmental Research Laboratory, U.S. Environmental 
Protection Agency, Corvallis, OR, EPA 600/2-83/054, NTIS Publ. No. PB83-241737. 1983. 
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Table 6.56 Useful Species and Life Stages for Aqueous Phase Testing 

Species Life Stage 

Fish 

Cold Water 
Brook trout Salvelinus fontinalis 30 to 90 days 
Coho salmon Oncorhynchus kisutch 30 to 90 days 
Rainbow trout Salmo gairdneri 30 to 90 days 

Warm Water 
Bluegill Lepomis macrochirus 1 to 90 days 
Channel catfish Ictalurus punctatus 1 to 90 days 
Fathead minnow Pimephales promelas Embryo to 90 days 

Benthic Invertebrates 

Cold Water 
Stoneflies Pteronarcys spp. Larvae 
Crayfish Pacifastacus leniusculus Juveniles 
Mayflies Baetis spp. or Ephemerella spp. Nymphs 

Warm Water 
Amphipods Hyalella azteca Juveniles (<.250 mm) 

Gammarus lacustris, G. fasciatus, Juveniles 
or G. pseudolimnaeus Juveniles 

Cladocera Daphnia magna or D. pulex, 1 to 24 hours 
Ceriodaphnia spp. 1 to 24 hours 

Crayfish Orconectes spp., Cambarus spp., Juveniles 
Procambarus spp. Juveniles 

Mayflies Hexagenia limbata or H. bilineata Nymphs 
Midges Chironomus tentans or C. riparius Larvae (1st or 2nd instar) 

Algae 

Green algae Selenastrum capricornutum Log-phase growth 

Bacteria 

Microtox Photobacterium phosphoreum Log-phase growth 
(freeze-dried culture) 

Modified from EPA. A Compendium of Superfund Field Operations Methods. Office of 
Emergency and Remedial Response, U.S. Environmental Protection Agency, Washing
ton, D.C., EPA 540/P-87/001. 1987. 

Microtox, then the assumption may be made that Microtox responses are related (noting statistical 
confidence) to the other surrogate responses. This will allow for the analysis of many more samples, 
because Microtox requires a few hours rather than days to complete, and many samples can 
conveniently be evaluated at one time. 

When conducting ecotoxicity evaluations, it is important that one understand what effects 
sample collection, processing manipulation, and exposure design have on the observed toxicity 
response. Is this response similar to what is occurring in the field or is it simply an artifact of the 
method? A thorough discussion of this critical issue is beyond the scope of this book. See ASTM 
(1991) and Burton (1991) for additional information. For sediment testing, these effects are par
ticularly significant, as sample integrity is easily disrupted, altering bioavailability and partitioning 
of toxicants. Sediment test phases include whole sediments, interstitial water, elutriate, or other 
extractable phases. Each has associated strengths and weaknesses (Table 6.57) (Burton 1991). 
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Unique endpoints component of test 

Reprinted with permission from Burton, G.A., Jr. Assessing freshwater sediment toxicity. Environ. Toxicol. Chem., 10: 1585–1267, 1991. © SETAC, Pensacola, FL, U.S.A. 

Endpoints not possible with WS 

Endpoints not possible with WS 

Intensive system monitoring 

Routine Uses 

Resuspension effects 

Dredging evaluations 

Sediment criteria 

Sediment criteria 

Sediment criteria 

Chronic studies 

Initial surveys 

Initial surveys 

Rapid screen 

Rapid screen 

Rapid screen 

Rapid screen 

battery 

• 
• 

• 
• 
• 

• 
• 
• 
• 

• 
• 
• 
• 

• 
• 
• 

uncertain: burrowers, epibenthic, water column 
species, fi lter feeders, selective fi ltering, life 
cycle vs. pore water exposure 

Relationship to and between some organisms 

Testing more difficult with some species and 

Ecosystem realism: Bioavailability unknown, 

Flux between overlying water and sediment 

Filtration affects response, sometimes used 

Limited volumes can be collected effi ciently 

Indigenous biota may be present in sample 

exposure for extended period of one-phase 
condition that never occurs in situ or never 

condition used; only one solid: water ratio; 

Cannot collect IW from some sediments 

Extract conditions vary with investigator 

Exposure phase altered chemically and 

Some physical/chemical/microbiological 

Ecosystem realism: Only one oxidizing 

Not as rapid as some assay systems 

Optimal collection method unknown, 
constituents altered by all methods 

Dose–response methods tentative 

physically when isolated from WS 

Predation by indigenous biota 

alteration from field collection 

Weaknesses 

Fee methods and endpoints 

occurs in equilibrium in situ 

Few standard methods 

Mesocosms variable 

chemical alteration 

some sediments 

Organism exposed in situ in natural systems, pond/stream mesocosms, or lake limnocorrals. 

unknown 

• 

• 

• 
• 
• 
• 
• 

• 

• 

• 

• 

• 
• 

• 
• 
• 
• 
• 
• 

Semi-direct exposure phase for some species 

Real measure integrating all key components, 

Use site or reconstituted water to isolate WS 

Sediment quality criteria may be determined 

Methods of exposure relatively standardized 

Greater variety of available assay endpoints 

Mimics anoxic toxic environmental process 

Holistic (whole) versus reductionist toxicity 

Large variety of available assay endpoints 

Large variety of available assay endpoints 

Sequentially extract different degrees of 

Direct route of uptake for some species 

Resuspension/suspended solids effects 

approach (water, IW, EP, and XP) 

eliminating extraneous influences 

Methods relatively standardized 

Use with all sediment types 

Use with all sediment types 

Strengths 

Sediment Phases Used in Toxicity Tests 

Determine dose response 

Determine dose response 

Determine dose response 

Determine dose response 

Readily available fraction 

Sediment quality criteria 

Use with all sediment 
Relative realism high 

bioavailable fractions 

assessed. 

toxicity 

• 
• 

• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 

• 
• 
• 
• 

• 

• 

• 
• 

Extractable phase (XP) 

Whole sediment (WS) 

Interstitial water (IW) 

Elutriate phase (EP) 
(water extractable) 

Phase 

(solutes vary) 

(NS) 

Table 6.57 

In situ a 

a 

RB-AR28756



522 STORMWATER EFFECTS HANDBOOK 

Table 6.58 Optimal Toxicity Assay Considerations 

1. Verification components 
Ecosystem relevance 
Species sensitivity patterns 
Appropriate test phase 
Short or long exposure period 
Definitive response dynamics 

2. Resource components 
Organism availability 
Laboratory availability 
Expertise required 
Expense and time required 

3. Standardization components 
Approved standard methods 
Reference database 
Interlaboratory validation 
Quality assurance and quality control criteria 

Reprinted with permission from Burton, G.A., Jr. Assessing 
freshwater sediment toxicity. Environ. Toxicol. Chem., 10: 
1585–1627, 1991. © SETAC, Pensacola, FL, U.S.A. 

Case Study: Example Use of Microtox to Identify Sources and Controllability 
of Stormwater Toxicants 

A series of projects were sponsored by the EPA to investigate sources and treatability of toxicants 
in stormwater (Pitt et al. 1995, 1999). The first project phase investigated typical toxicant concen
trations in stormwater, the origins of these toxicants, and storm and land-use factors that influenced 
these toxicant concentrations. The second project phase investigated the control of stormwater 
toxicants using a variety of conventional bench-scale treatment processes. The Microtox 100% 
sample toxicity screening test by Azur Environmental (was Microbics, Inc.) was selected for this 
research because of its unique capabilities: it is a rapid procedure (requiring about 1 hour) and 
only requires small (<40 mL) sample quantities. The Microtox toxicity test uses marine biolumi
nescence bacteria and monitors the light output for different sample concentrations. About 1 million 
bacteria organisms are used per sample, resulting in highly repeatable results. The more toxic 
samples produce greater stress on the bacteria test organisms, which results in a greater light 
attenuation compared to the control sample. It must be stressed that the Microtox toxicity screening 
test was not used to indicate the absolute toxicities of the samples nor to predict the toxic effects 
of the stormwater runoff on receiving waters during this research. It was used as a control parameter 
to indicate relative toxicities of different source flows and to measure relative benefits of different 
control options. The precision and bias of the Microtox test were easy to measure and control 
during these tests, which also strongly favored its use for our purposes. The following paragraphs 
describe the results of these tests and indicate the types of information that can be obtained using 
a toxicity screening procedure, such as the Microtox test. 

Phase 1 — Sources of Stormwater Toxicants 

The first project phase included the collection and analysis of 87 urban stormwater runoff 
samples from a variety of source areas under different rain conditions. All of the samples were 
analyzed in filtered (0.45-µm filter) and nonfiltered forms to enable partitioning of the toxicants 
into particulate and filterable forms. The samples were all obtained from the Birmingham, AL, 
area. Samples were obtained from shallow flows originating from homogeneous sources. These 
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data were used to evaluate the effects of different land uses and source areas, plus the effects of 
rain characteristics, on sample toxicant concentrations and toxicity. Organic pollutants were ana
lyzed using two gas chromatographs, one with a mass selective detector (GC/MSD) and another 
with an electron capture detector (GC/ECD). The pesticides were analyzed according to EPA 
method 505, while the base neutral compounds were analyzed according to EPA method 625 (but 
using only 100-mL samples). The pesticides were analyzed on a Perkin Elmer Sigma 300 GC/ECD 
using a J&W DB-1 capillary column (30 m by 0.32 mm ID with a 1-µm film thickness). The base 
neutrals were analyzed on a Hewlett Packard 5890 GC with a 5970 MSD using a Supelco DB-5 
capillary column (30 m by 0.25 mm ID with a 0.2-µm film thickness). 

Metallic toxicants were analyzed using a graphite furnace-equipped atomic absorption spectro
photometer (GFAA). EPA methods 202.2 (Al), 213.2 (Cd), 218.2 (Cr), 220.2 (Cu), 239.2 (Pb), 
249.2 (Ni), and 289.2 (Zn) were followed in these analyses. A Perkin Elmer 3030B atomic 
absorption spectrophotometer was used after nitric acid digestion of the samples. Previous research 
(Pitt and McLean 1986; EPA 1983a) indicated that low detection limits were necessary in order to 
measure the filtered sample concentrations of the metals, which would not be achieved by use of 
a standard flame atomic absorption spectrophotometer. Low detection limits would enable parti
tioning of the metals between the solid and liquid phases to be investigated, an important factor in 
assessing the fates of the metals in receiving waters and in treatment processes. 

Comparison of Microtox with Other Toxicity Tests — The Microtox procedure was compared 
with about 20 different laboratory bioassay tests using 20 stormwater and CSO samples. Conven
tional bioassay tests were conducted using freshwater organisms at the EPA’s Duluth, MN, labo
ratory and using marine organisms at the EPA’s Narragansett Bay, RI, laboratory. In addition, other 
toxicity tests were also conducted at the Environmental Health Sciences Laboratory at Wright State 
University, Dayton, OH. The comparison tests were all short-term tests. However, some of the tests 
were indicative of chronic toxicity (life cycle tests and the marine organism sexual reproduction 
tests, for example), whereas the others are classically considered as indicative of acute toxicity 
(Microtox and the fathead minnow tests, for example). The following list shows the major tests 
that were conducted by each participating laboratory: 

• 	University of Alabama at Birmingham, Environmental Engineering Laboratory 
Microtox bacterial luminescence tests (10-, 20-, and 35-min exposures) using the marine 

Photobacterium phosphoreum 
• Wright State University, Biological Sciences Department 

Macrofaunal toxicity tests: 
Daphnia magna (water flea) survival 
Lemma minor (duckweed) growth 
Selenastrum capricornutum (green alga) growth 

Microbial activity tests (bacterial respiration): 
Indigenous microbial electron transport activity 
Indigenous microbial inhibition of β-galactosidase activity 
Alkaline phosphatase for indigenous microbial activity 
Inhibition of β-galactosidase for indigenous microbial activity 
Bacterial surrogate assay using O-nitrophenol-β-D-galactopyranside activity and Escheri

chia coli 
• 	EPA Environmental Research Laboratory, Duluth, MN 

Ceriodaphnia dubia (water flea) 48-hour survival 
Pimephales promelas (fathead minnow) 96-hour survival 

• EPA Environmental Research Laboratory, Narraganset Bay, RI 
Champia parvula (marine red alga) sexual reproduction (formation of cystocarps after 5 to 7 

days exposure) 
Arbacua punctulata (sea urchin) fertilization by sperm cells 
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Therefore, the tests represented a range of organisms that included fish, invertebrates, plants, and 
microorganisms. 

Table 6.59 summarizes the results of the toxicity tests. The C. dubia. P. promelas, and C. parvula 
tests experienced problems with the control samples, and those results are therefore uncertain. The 
A. pustulata tests on the stormwater samples also had a potential problem with the control samples. 
The CSO test results (excluding the fathead minnow tests) indicated that from 50 to 100% of the 
samples were toxic, with most tests identifying the same few samples as the most toxic. The toxicity 
tests for the stormwater samples indicated that 0 to 40% of the samples were toxic. The Microtox 
screening procedure gave rankings similar to those of the other toxicity tests. 

All of the Birmingham samples represented separate stormwater. However, as part of the 
Microtox evaluation, several CSO samples from New York City were also tested to compare the 
different toxicity tests. 

Table 6.59 Fraction of Samples Rated as Toxic 

Combined Sewer Overflows, Stormwater, 
Sample Series % % 

Microtox marine bacteria 100 20 
C. dubia 60 0a 

P. promelas 0a 0a 

C. parvula 100 0a 

A. punctulata 100 0a 

D. magna 63 40 
L. minor 50a 0 

a Results uncertain, see text. 

Source Area Sampling Results — Thirteen organic compounds, out of more than 35 targeted 
compounds analyzed, were detected in over 10% of all samples. The greatest detection frequencies 
were for 1,3-dichlorobenzene and fluoranthene, which were each detected in 23% of the samples. 
The organics most frequently found in these source area samples (i.e., PAHs, especially fluoranthene 
and pyrene) were similar to the organics most frequently detected at outfalls in prior studies (EPA 
1983a). Roof runoff, parking area, and vehicle service area samples had the greatest detection 
frequencies for the organic toxicants. Vehicle service areas and urban creeks had several of the 
observed maximum organic compound concentrations. Most of the organics were associated with 
the nonfiltered sample portions, indicating an association with the particulate sample fractions. The 
compound 1,3-dichlorobenzene was an exception, having a significant dissolved fraction. 

In contrast to the organics, the heavy metals analyzed were detected in almost all samples, 
including the filtered sample portions. The nonfiltered samples generally had much higher concen
trations, with the exception of zinc, which was associated mostly with the dissolved sample portion 
(i.e., not associated with the suspended solids). Roof runoff generally had the highest concentrations 
of zinc, probably from galvanized roof drainage components, as previously reported by Bannerman 
et al. (1983). Parking and storage areas had the highest nickel concentrations, while vehicle service 
areas and street runoff had the highest concentrations of cadmium and lead. 

Replicate samples were collected from several source areas at three land uses during four 
different storm events to statistically examine toxicity and pollutant concentration differences due 
to storm and site conditions. These data indicated that variations in Microtox toxicities and organic 
toxicant concentrations may be better explained by rain characteristics than by differences in 
sampling locations. As an example, high concentrations of many of the PAHs were more likely 
associated with long antecedent dry periods and large rains, than by any other storm or sampling 
location parameter. 
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Phase 2 — Laboratory-Scale Toxicant Reduction Tests 

The Phase 2 tests examined toxicant treatability for a variety of conventional bench-scale 
treatment processes. The data from Phase 1 identified the critical source areas (storage/parking and 
vehicle service areas, which generally had the highest toxicant concentrations) for study during the 
second research phase. 

The objective of the second research phase was to obtain relative measurements of sample 
toxicity improvements for different stages of each bench-scale treatment method to indicate the 
relative effectiveness of different treatment efforts and processes. To meet this objective and 
considering resource restraints on cost and time, the Microtox screening toxicity test was chosen 
to indicate relative changes in toxicity. 

The selected source area runoff samples all had elevated toxicant concentrations compared to 
other urban source areas, allowing a wide range of laboratory partitioning and treatability analyses 
to be conducted. The treatability tests conducted were: 

1. Settling column (37 mm × 0.8 m Teflon column) 
2. Flotation (series of eight glass, narrow-neck, 100-mL volumetric flasks) 
3. 	Screening and filtering (series of 11 stainless steel sieves, from 20 to 106 µm, and a 0.45-µm 

membrane filter). 
4. 	 Photodegradation (2-L glass beaker with a 60-watt, broad-band, incandescent light placed 25 cm 

above the water, stirred with a magnetic stirrer with water temperature and evaporation rate also 
monitored) 

5. 	 Aeration (the same beaker arrangement as above, without the light, but with filtered compressed 
air keeping the test solution supersaturated and well mixed) 

6. 	 Photodegradation and aeration combined (the same beaker arrangement as above, with compressed 
air, light, and stirrer) 

7. Undisturbed control sample (a sealed and covered glass jar at room temperature) 

Each test (except for filtration, which was an “instantaneous” test) was conducted over a duration 
of 3 days. Plots of the toxicity reductions observed during each treatment procedure examined, 
including the control measurements, were prepared. The plots were grouped according to source 
area sampling location and the treatment type. Figures 6.145 through 6.147 are plots of toxicity 
reductions associated with filtering selected samples through different sized screens. Significant 
and important toxicity reductions are associated with screening using the smaller apertures. 

The highest toxicant reductions were obtained by settling for at least 24 hours (providing at 
least 50% reductions for all but two samples), screening through at least a 40-µm screen (20 to 
70% reductions), and aeration and/or photodegradation for at least 24 hours (up to 80% reductions). 
Increased settling, aeration or photodegradation times, and screening through finer meshes, all 
reduced sample toxicities further. The flotation tests produced floating sample layers that generally 
increased in toxicity with time and lower sample layers that generally decreased in toxicity with 
time, as expected; however, the benefits were quite small (less than 30% reduction). 

These tests indicate the wide-ranging behavior of these related samples for the different treat
ment tests. Some samples responded poorly to some tests, while other samples responded well to 
all of the treatment tests. Any practical application of these treatment unit processes would therefore 
require a treatment train approach, subjecting critical source area runoff to a combination of 
processes in order to obtain relatively consistent overall toxicant removal benefits. 

Phase 3 – Pilot-Scale Demonstration of the Multichambered Treatment Train (MCTT) 

The last research phase included a pilot-scale test of the most promising treatment processes 
suitable for small critical source areas. This device consists of a series of chambers, including an 
initial grit and aeration chamber, an intermediate tube settler with oil sorbents, and a final mixed 
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sand/peat filter. Extensive testing of PAHs, phthalate esters, phenols, pesticides, metals, toxicity 
screening, chemical oxygen demand, pH, conductivity, turbidity, hardness, sodium adsorption ratio, 
major ions, particle sizes, solids, and nutrients was performed on filtered and unfiltered samples 
during 12 rains at the inlets and outlets of each component of the treatment train. The results from 
this pilot-scale test were confirmed by full-scale installations in Wisconsin constructed and moni
tored by the WI DNR. The MCTT units have been shown to be extremely effective, with >90% 

Figure 6.145 Toxicity reductions during siev
ing of industrial loading and parking area runoff 
samples. (From Pitt, R., B. Robertson, P. Bar
ron, A. Ayyoubi, and S. Clark. Stormwater Treat
ment at Critical Areas: The Multi-Chambered 
Treatment Train (MCTT). U.S. Environmental 
Protection Agency, Wet Weather Flow Manage
ment Program, National Risk Management 
Research Laboratory. EPA/600/R-99/017. Cin
cinnati, OH. 505 pp. March 1999b.) 

Figure 6.146 Toxicity reductions during siev
ing of automobile service facility runoff sam
ples. (From Pitt, R., B. Robertson, P. Barron, 
A. Ayyoubi, and S. Clark. Stormwater Treat
ment at Critical Areas: The Multi-Chambered 
Treatment Train (MCTT). U.S. Environmental 
Protection Agency, Wet Weather Flow Manage
ment Program, National Risk Management 
Research Laboratory. EPA/600/R-99/017. Cin
cinnati, OH. 505 pp. March 1999b.) 

Figure 6.147 Toxicity reductions during siev
ing of automobile salvage yard runoff samples. 
(From Pitt, R., B. Robertson, P. Barron, A. Ayy
oubi, and S. Clark. Stormwater Treatment at 
Critical Areas: The Multi-Chambered Treatment 
Train (MCTT). U.S. Environmental Protection 
Agency, Wet Weather Flow Management Pro
gram, National Risk Management Research 
Laboratory. EPA/600/R-99/017. Cincinnati, OH. 
505 pp. March 1999b.) 
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removal of heavy metals and most organic toxicants. Caltrans (California Department of Transpor
tation) is currently constructing and monitoring three MCTT units for treatment of runoff from a 
maintenance area and from parking lots in Los Angeles. 

This research showed the usefulness of a toxicity screening test in evaluating sources of 
stormwater toxicants and in developing and testing control technologies. It would have been 
prohibitively expensive to base this research solely on chemical analyses of specific metallic and 
organic toxicants, although toxicants were specifically monitored as part of the demonstration 
projects to show applicability of results. 

Standard Testing Protocols: Sediments 

The release of the EPA Contaminated Sediment Management Strategy and Sediment Quality 
Inventory compiled the limited sediment data (only 4% of monitored sites had toxicity data) and 
documented that adverse effects are probable from sediments at 26% (>5000) of sites surveyed 
(EPA 1998). A recent random survey of sediments in North Carolina’s estuaries found from 19 to 
36% had contaminant levels known to cause toxicity and 13% had few to no living organisms 
(Pelly 1999). These areas are dominated by agricultural watershed inputs. The paucity of sediment 
toxicity information and the focus of past sediment surveys on industrialized waterways raises the 
question of whether the extent of sediment contamination is actually much greater than envisioned. 
Since chemicals, nutrients, and pathogens readily sorb to sediments, sediment contamination is 
likely in depositional areas of urban and agricultural watersheds (Burton 1992a,b; Burton et al. 
1987). Contaminated sediments have been shown to severely impact aquatic ecosystems (e.g., 
Burton 1992a,b; EPA 1998) and are the source of fish contamination and advisories in many parts 
of the nation (EPA 1998). For this reason, it is essential that their contribution to use impairment 
be determined. 

By the mid-1990s, standardized methods for whole-sediment toxicity testing occurred within 
the EPA, American Society for Testing and Materials (ASTM), and Environment Canada. These 
tests measured acute (short-term ≤ 10 days) toxicity in benthic macroinvertebrates such as the 
amphipods Hyalella azteca, Rhepoxynius abronius, Ampelisca abdita, Eohaustorius estuarius, and 
Leptocheirus plumulosus, and the midges Chironomus tentans and Chironomus riparius (EPA 
2000c). The primary response measured was mortality, but in the case of the midge, growth was 
included and reburial was an additional endpoint for the Rhepoynmius abronius. These whole
sediment tests have been useful at testing sediment contamination (Figure 6.148) and provide 
information on chemical bioavailability. A large number of other species have been used for 
determining the toxicity of sediments, ranging from bacteria to fish and amphibians (Burton 1991). 
Comparisons of their sensitivities have shown a wide range of responses to different types of 
sediment contamination, with an equally wide range of discriminatory power (ability to detect 
differences between samples) (Burton et al. 1996a). This reality suggests that more than one or 
two species may be necessary to determine with certainty whether or not sediment contamination 
is ecologically significant (EPA 1994c). 

Unfortunately, most of the test methods are focused on acute and not chronic toxicity. The 
measures of acute toxicity are often not adequate to detect the impacts on benthic communities. 
For instance, the 10-day test with Rhepoxynius abronius was not sensitive enough to describe the 
loss of amphipods from the Lauritizen Channel in San Francisco Bay (Swartz et al. 1994). In 
reality, chronic toxicity is the more pervasive problem, and it is the chronic responses, such as 
changes in reproduction, that lead to population level responses. Late in 1999, the EPA released 
its first standardized methods for determining chronic toxicity, specifically focused on growth and 
reproduction in Hyalella azteca and Chironomus tentans (as described in Benoit et al. 1997; 
Ingersoll et al. 1998). While these methods greatly aid our ability to determine if sediments are 
chronically toxic, their long duration and increased costs may impede their widespread adoption 
by state agencies. 
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Figure 6.148 � Chironomus tentans response in sediments from the DuPage River below Chicago in 10-day 
EPA exposures. Significant relationships with ammonia and fluorene sediment concentrations. 

Beyond the standard tests, there have been a large number of tests with a wide range of marine 
benthos that may lead to better, or at least more effective, measures of chronic toxic response. For 
example, tests with marine amphipods have already been described in the literature to optimize the 
conditions for a 28-day test to examine growth and reproduction with Leptochierius plumolosus 
(Gray et al. 1998). Additional tests make use of organisms with shorter life spans, such as marine 
copepods, and can sort out differential response to different life stages (Green et al. 1996). These 
copepods are also useful in more community structure-based assessments, such as in the use of 
microcosms (Chandler et al. 1997). These meiobenthos may well be useful for developing stan
dardized chronic tests since life cycle tests can be completed in 15 to 25 days and the organisms 
have been found to be sensitive to sediment-associated toxicants under laboratory and field condi
tions (Coull and Chandler 1992). Tests with organisms having shorter life spans and methods that 
include mixed assemblages in microcosms linked with single species tests provide insight into the 
functioning of communities. These new methods will help bridge the gap between our field 
observations and the cause–effect links that can be established in the laboratory. 

There are several reasons the “water column” species used in WET tests are useful for assess
ments of sediments. Aquatic organisms rarely exclusively inhabit one media during their life cycle. 
Many “pelagic” organisms may graze on surficial sediments and even encounter pore waters. For 
example, the often-used “water column” surrogate, the fathead minnow (Pimephales promelas) is 
an omnivore, ingesting a mixture of detritus and invertebrates (Lemke and Bowan 1998) and 
frequently feeding on sediment surfaces. The zooplankton, Daphnia magna, grazes on surficial 
sediments in whole-sediment toxicity assays. The responses of WET tests have been highly pre
dictive of indigenous benthic community responses at many sites (Dickson et al. 1996; Eagleson 
et al. 1990). Many vertebrate and invertebrate species have some link to sediments and have been 
shown to be adversely affected by sediment contamination through toxicity and effects of bioac
cumulation (e.g., Baumann and Harshbarger 1995; Benson and Di Giulio 1992; Burgess and Scott 
1992; Burton 1989, 1991, 1992a,b, 1999; Burton and Scott 1992; Burton and Stemmer 1988; Burton 
et al. 1989, 1996a,b,c; Chapman et al. 1992; Lamberson et al. 1992; Lester and McIntosh 1994; 
Ludwig et al. 1993; Mac and Schmitt 1992; Maruya and Lee 1998). 

For most stormwater effect evaluations, sediment toxicity determinations should focus on 
sampling surficial sediments (approximately to 2 cm) during low flow conditions and use whole
sediment exposures. During high flow conditions, suspended-sediment assays can be conducted in 
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the laboratory or in situ. The EPA and ASTM has developed standard guides for whole-sediment 
toxicity and bioaccumulation testing using invertebrates (ASTM 2000; EPA 2000c). Specific species 
guidance exists for H. azteca, C. tentans, and C. riparius (Figures 6.149 through 6.151). ASTM 
methods are also available for Daphnia and Ceriodaphnia spp. and resuspension testing. For 
additional test method references, see Burton (1991). Appendix D includes summaries of toxicity 
test methods for aqueous samples, using fish, cladocerans, algae, benthic invertebrates, and Micro
tox, which may be modified for sediment testing (Burton 1991). Testing suspended-sediment 
toxicity in the laboratory presents a logistical challenge. It is difficult to maintain a constant 
suspended solids concentration yet keep flow velocity and mixing turbulence reduced so as not to 
overly stress the test species, such as Daphnia sp. or P. promelas larvae. Relatively simple recir
culation systems have been described by Hall (1986), Schuytema et al. (1984), and Schrap and 
Opperhuizen (1990). A preferred method of testing suspended solids is either with on-site mobile 
laboratories (using a flow-through pump system) or with in situ exposure chambers (Sasson and 
Burton 1991; Ireland et al. 1996; Burton and Moore 1999). 

Standardized test methods have been developed for chronic toxicity testing of freshwater 
sediments. The EPA and ASTM have nearly identical methods (EPA 2000c; ASTM 2000). These 
methods are for H. azteca and C. tentans and extend for 42 to 60 days. 

Hyalella azteca are routinely used to assess the toxicity of chemicals in sediments (e.g., Burton 
et al. 1989, 1996c; Burton 1991). Test duration and endpoints recommended in previously developed 
standard methods for sediment testing with H. azteca include 10-day survival and 10- to 28-d 
survival and growth. Short-term exposures, which only measure effects on survival, can be used 
to identify high levels of contamination, but may not be able to identify moderately contaminated 
sediments. 

This method can be used to evaluate potential effects of contaminated sediment on survival, 
growth, and reproduction of H. azteca in a 42-day test. The sediment exposure starts with 6- to 
8-day-old amphipods. On Day 28, amphipods are isolated from the sediment and placed in water
only chambers where reproduction is measured on Day 35 and 42. Typically, amphipods are first 
in amplexus at about Day 21 to 28 with release of the first brood between Day 28 to 42. Endpoints 
measured include survival (Day 28, 35, and 42), growth (dry weight measured on Day 28 and 42), 
and reproduction (number of young/female produced from Day 28 to 42). The EPA and ASTM 
state that a subset of endpoints may be measured with minor method modifications. 

Reproduction in amphipods is measured by exposing them in sediment until a few days before 
the release of the first brood. The amphipods are then sieved from the sediment and held in water 
to determine the number of young produced. This test design allows a quantitative measure of 
reproduction. One limitation to this design is that amphipods might recover from effects of sediment 
exposure during this holding period in clean water; however, amphipods are exposed to sediment 
during critical developmental stages before release of the first brood in clean water. 

Figure 6.149 � EPA whole sediment, overlying water Figure 6.150 The amphipod Hyalella azteca, also 
renewal design. known as the scud. 
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The midge Chironomus tentans has been 
used extensively in the short-term assessment 
of chemicals in sediments (e.g., Burton 1991; 
Burton et al. 1996c), and standard methods 
have been developed for testing with this 
midge using 10-day exposures (EPA 2000c). 
Chironomus tentans is a good candidate for 
long-term toxicity testing because it normally 
completes its life cycle in a relatively short 
period of time (25 to 30 days at 23°C), and a 
variety of developmental (growth, survivor
ship) and reproductive (fecundity) endpoints 
can be monitored. In addition, emergent adults Figure 6.151 The midge Chironomus tentans. 
can be readily collected, so it is possible to 
transfer organisms from the sediment test system to clean, overlying water for direct quantification 
of reproductive success. In Europe and Canada, the chronic midge method ends after emergence. 

The long-term sediment toxicity test with the midge, Chironomus tentans, is a life-cycle test 
in which the effects of sediment exposure on survival, growth, and emergence are measured. In 
addition, reproduction endpoints may be assessed. Survival is determined at 20 days and at the end 
of the test (about 50 to 65 days). Growth is determined at 20 days, which corresponds to the 10
day endpoint in the 10-day C. tentans growth test started with 10-day-old larvae. From Day 23 to 
the end of the test, emergence is monitored daily. Each treatment of the life-cycle test is ended 
separately when no additional emergence has been recorded for 7 consecutive days (the 7-day 
criterion). When no emergence is recorded from a treatment, ending of that treatment should be 
based on the control sediment using this 7-day criterion. EPA and ASTM state that minor modifi
cations to the basic methods and a subset of endpoints may be used. 

In Situ Toxicity Testing 

An effective and accurate way to determine stormwater effects is through in situ toxicity testing. 
This may be done by placement of either artificial substrates (e.g., Hester–Dendy [OEPA 1989], 
rock- or mesh-filled baskets [EPA 1990b], foam [Henebry and Ross 1989], glass slides [APHA 
1985]), side-stream chambers, or placing chambers-cages containing the test species into the stream 
or lake. The substrates or chambers must be secured to the stream bottom and be able to withstand 
high flow conditions. Some form of protective barrier might be necessary which might complicate 
flow-related effects on colonization. 

In situ assessments of toxicity using confined organisms, while not new, have not been used 
traditionally in contaminant assessments (Burton et al. 1996b). A limited number of in situ exposures 
have been conducted to assess water or effluent toxicity. These assays have utilized adult fish, 
phytoplankton, amphipods, oligochaetes, and protozoans. Recent studies have shown the usefulness 
of in situ toxicity testing (Burton et al. 1996b; Chappie and Burton 1997; Crane et al. 1995; Monson 
et al. 1995; Sasson-Brickson and Burton 1991; Ireland et al. 1996; Bascombe et al. 1990; Ellis et 
al. 1995; Maltby et al. 1995; Sarda and Burton 1995; Schulz 1996; Nichols et al. 1999; Pereira et 
al. 1999; Maltby et al. 2000; Schulz and Liess 1999; Sibley et al. 1999). Determining the significance 
of sediment-associated contaminants requires an assessment of overlying water toxicity as organisms 
are exposed to both. This water-column exposure includes low and high flow conditions, in which 
water quality can vary markedly (Figure 6.152). Laboratory testing of wet-weather runoff samples 
has shown acute and chronic toxicity to a variety of species (e.g., Portele et al. 1982; Medeiros and 
Coler 1982; Medeiros et al. 1984; Ireland et al. 1996; Tucker and Burton 1999; Bailey et al. 2000). 
However, it is difficult to extrapolate results of these constant exposures with actual time-scale events 
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in the field (Burton et al. 1996b; Tucker and Burton 1999; Burton and Moore 1999). Other in situ 
studies which have been used successfully in runoff studies include exposure of fish eggs (Pitt and 
Bissonnette 1984), artificial substrates for benthic invertebrate colonization and protozoa (e.g., Sayre 
et al. 1986), and use of transplants (Cherry 1996; Malley 1996). 

There are several advantages to in situ testing. This approach removes sampling and laboratory
related errors from the assessment process, negating laboratory-to-field extrapolation uncertainties. 
Field conditions which may affect organism response and toxicity (and which are difficult to 
simulate in the laboratory) include sunlight, diurnal effects of temperature and oxygen, suspended 
solids, stressor(s) magnitude, frequency and duration, sediment integrity, spatial and temporal 
variation of physicochemical constituents, resident meio–microfaunal interactions, and other 
unknowns. Significant differences have been observed between laboratory and field testing. For 
example, acute toxicity to C. dubia in 48-hour exposures (Figure 6.153) was increased and overlying 
water reduced in the laboratory as compared to simultaneous in situ exposures (Figures 6.154 and 
6.155) (Sasson-Brickson and Burton 1991). Ellis et al. (1992) observed acute and chronic toxicity 
to the amphipod, Gammarus sp., following storm event exposures in an urban stream. Death 
occurred up to 3 weeks following the storm and was related to elevated zinc concentrations in high
flow waters. Effects could also be correlated with Gammarus tissue levels of Zn. Kocan and Landolt 
(1990) exposed herring embryos both in the laboratory and in situ by placing 20 to 25 eggs on five 
glass slides, covering the slide holder with mesh and placing in situ. This system was not tested 
in fresh waters or in flowing waters. 

Artifacts associated with sampling and manipulation (e.g., sieving and mixing of sediments) 
of the test samples are reduced in in situ assays. Such manipulations may disrupt sediment vertical 
contaminant gradients, thereby altering the contaminant exposure regime that organisms face in 

Figure 6.152 Decreased sur
vival in urban and agricultural 
waters following a rain event. 

Figure 6.153 Sediment exposure chamber for inver
tebrates. (Reprinted with permission 
from Sasson-Brickson, G. and Burton, 
G.A., Jr. In situ and laboratory toxicity 
testing with Ceriodaphnia dubia. Envi
ron. Toxicol. Chem., 10: 201–207, 
1991. © SETAC, Pensacola, FL, U.S.A. 
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the field (Sasson-Brickson and Burton 1991). In situ collection of interstitial water by deploying 
“peeper” devices has shown chemistry differences when compared to traditional collection methods 
using grab or core sampling (e.g., Adams 1991; Sarda and Burton 1995) and also when used for 
organism exposures (Fisher 1992; Figure 6.156). 

In situ toxicity tests are more realistic than laboratory tests at integrating stressors (both 
measured and unmeasured), and can be used to study a variety of effects, such as photoinduced 
toxicity of PAHs (interactions with sunlight, solids, and contaminants), stormwater runoff (inter
actions of contaminants, suspended and dissolved solids, flow, and food), sediment-associated 
contaminants and physicochemical stressors, point source effluents, and contaminant gradients 
(Sasson-Brickson and Burton 1991; Ireland et al. 1996; Jones et al. 1995; Absil et al. 1996; Postma 
et al. 1994; Dickson et al. 1992; Roper and Hickey 1995; Hickey et al. 1995). Worms, bivalves, 
and fish have all been used in situ in bioaccumulation studies (e.g., Monson et al. 1995; Warren et 
al. 1995) with a need for linking critical body burdens to biological responses (Borgman 1996). 
Multiple stressors in the field usually occur in nonlinear, nonorthogonal combinations, challenging 

Support Rod 

Mesh Cover 

Support Line 

Figure 6.154 � Sediment exposure chamber units secured in stream bed. (Reprinted with permission from 
Sasson-Brickson, G. and Burton, G.A., Jr. In situ and laboratory toxicity testing with Ceriodaphnia 
dubia. Environ. Toxicol. Chem., 10: 201–207, 1991. © SETAC, Pensacola, FL, U.S.A.) 

Figure 6.155 Ceriodaphnia dubia survival in laboratory (static and flow-through) whole sediment and site water 
(W) exposures; as compared to in situ exposures (whole sediment and overlying water, and 
overlying water (W) only). 
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biological systems in ways that are difficult at best to reproduce in the laboratory. So methods for 
teasing out the relative contributions of each stressor are often best conducted using a combination 
of in situ and laboratory-based experiments. 

The integration of time-varying stressors (such as those related to wet-weather flow, pesticide 
runoff, or tidal inundation) is best conducted with field-deployed tests allowing continual exposure, 
as opposed to the grab sampling, static-type exposures of the laboratory. The first-flush of storm
water or pesticide runoff produces acute to sublethal responses to organisms exposed in situ (e.g., 
Herricks et al. 1994; Maltby et al. 1995; Crane et al. 1995; Waller et al. 1995b). Bivalve gape 
monitoring appears to be useful as an early warning indicator of effluent or stormwater toxicity 
(Waller et al. 1995a). 

In situ methodologies can be extended to examine toxicological responses at the community 
level, for which they are much more cost effective than mesocosm studies (i.e., the laboratory 
analog). Typically, these experiments have been carried out by placing dosed sediments into the 
field (Berge 1990; Watzin et al. 1994) or by carrying out contaminant dosing in situ (Pridmore et 
al. 1991; Morrisey et al. 1996). 

At the same time, the limitations of in situ toxicity tests should be recognized. Laboratory tests 
control variability of nontreatment factors much better than their in situ analogs. Deployment of 
caged organisms introduces the possibility of acclimation and transportation stress. If this is not 
monitored, data interpretation could be flawed. The in situ tests incorporate spatial and temporal 
variation, so the appropriate sampling design and analytical methods must be adapted to ensure 
there is adequate sensitivity and discriminatory power. The ease and practicality of in situ testing 
is site dependent. Deployment in intertidal or shallow water systems is easier than in deeper waters. 
Shallow subtidal deployment has the advantages of its inaccessibility to the public and reduced 
disturbance of sediment, especially in the case of very soft muds where trampling of intertidal sites 
can be a major problem. However, subtidal studies may be impacted by fishing trawls (e.g., Morrisey 
et al. 1996). In some areas, destruction of cages by vandals is problematic. 

Primary considerations in the design and analysis of in situ testing approaches are the availability 
of food and potential starvation associated with exposures. The bioaccumulation and toxicity of 
contaminants is strongly influenced by food or feeding (Absil et al. 1996; Postma et al. 1994). 
Laboratory feeding often cannot duplicate either the quality or quantity of food present in the field. 
Stimulatory or inhibitory effects in these situations will likely be most marked for filter- or deposit
feeding organisms (Roper and Hickey 1995; Hickey et al. 1995). 

Stressor exposures may be altered due to caging effects. Primary among these would be reduced 
flow, altered suspended solids or food, and interactions with predators, communities, or the food 
web. Depending on the organisms and the flow dynamics, cage design restricts flow to varying 

Figure 6.156 Differences in 
ammonia concentrations associ
ated with various water collec
tion methods. 
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degrees associated with flow-through screens (Nowell and Jumars 1984). It is essential in stormwater 
evaluations to reduce flow velocity to protect cages and organisms. This, however, increases the 
uncertainty concerning flow-related interactions in the receiving water (Vogel 1994). Predator–prey 
effects, suspended solids concentration, and settling within the cage may be increased or reduced 
depending on the mesh size. Artifacts associated with in situ experiments are further discussed by 
DeWitt et al. (1996). 

Other important issues with in situ toxicity testing are the controls and reference sites. Selection 
of the appropriate controls and references is partially dictated by the questions being addressed in 
the study. In order to ascertain where stressors exist, site controls may be needed as well as reference 
sites. A priori impressions of what constitutes a “good” reference site may be incorrect. Multiple 
reference sites may be desirable to adequately interpret the impact data and accommodate unex
pected loss of in situ devices. Artificial (formulated) sediments are also useful tools for investigating 
effects of food and bioavailability controls in conjunction with in situ deployments. 

In situ testing provides unique information that may not be provided by laboratory testing or 
community surveys. The laboratory environment is superior for mechanistic and single-stressor 
effect delineation. However, complex exposure dynamics and stressor interactions are difficult or 
impossible to reproduce in the laboratory and may best be studied in situ. Significant advancements 
in understanding ecotoxicological processes and in conducting site assessments will come from 
the creative use of laboratory and in situ testing, and community survey approaches. When properly 
used in an integrated weight-of-evidence approach, in situ testing should help reduce the uncer
tainties associated with evaluating contaminant and natural stressor effects in complex ecosystems. 

Bioaccumulation 

Why Evaluate Bioaccumulation? 

Aquatic organisms are exposed to chemicals through their contact with water and sediment 
and ingestion of food. Many inorganic and organic chemicals have been found to accumulate in 
organisms. These chemicals may accumulate to levels that cause chronic toxicity or even death. 
One of the most common sources of tissue contamination is sediment-associated contaminants. 
This contamination has been linked via food web transfer to impacts on upper trophic levels. Such 
transfer occurs with mercury and some organochlorines, such as PCBs and DDT, that are not well 
biotransformed and are hydrophobic; however, with other chemicals, these connections are more 
difficult to establish. Some organics such as PAHs are metabolized by many organisms, so detection 
in tissues may indicate recent exposures. Metals are difficult to evaluate in tissues since many are 
essential and can be regulated by organisms. Bioconcentration factors cannot be used with metals 
(with the exception of methyl mercury) because they can be high or low depending on the organism, 
their surrounding media, the metals, and their adaptation — most of which are not clearly defined 
in a study. From modeling exercises, food web transfer of persistent contaminants is important 
for maintaining the chemical concentrations observed in upper tropic levels, and the benthic 
component is essential in accounting for the observed concentrations (Thomann et al. 1992; 
Morrison et al. 1996; see Chapter 8). Further, trophic transfer of sediment-associated contaminants 
has been documented in both freshwater systems (e.g., Lester and McIntosh 1994) and marine 
systems (e.g., Maruya and Lee 1998). This food web transfer does not have to be limited to the 
aquatic environment and connections have been made to terrestrial species, particularly birds 
(Froese et al. 1998). In Saginaw Bay, Lake Huron, tree swallows were found to accumulate PCBs 
from sediments. In some areas of the Great Lakes and in the Hudson River, NY, system repro
ductive damage has been observed for this species directly linked to PCBs (Bishop et al. 1999; 
McCarty and Secord 1999). 
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Determining Bioaccumulation 

A useful way to establish a link between beneficial use impairment and contamination is by 
showing that exposure to sediment or stormwater runoff contaminants results in tissue residue and 
adverse effects in organisms. Because many factors appear to alter the bioavailability of contami
nants in sediments and stormwaters, approaches to establish links between the body-residue con
centrations and effects in aquatic organisms provide the insight to better link the toxic response 
directly to contaminants. The concept is based on the understanding that it is the dose at the receptor 
that is responsible for the toxic response and that the receptor concentration is proportional to the 
contaminant concentration in the organism. This leads to development of a database of the con
centrations of contaminants responsible for toxic responses in organisms (McCarty and Mackay 
1993). Data have been amassed over the course of the past several years that allow the direct 
comparison of some residue levels with acute and chronic effects (McCarty and Mackay 1993; 
Jarvinen and Ankley 1999; www.wes.army.mil/el/ered). However, the database is very limited at 
this time, and there is still need to establish a weight-of-evidence approach for developing the link 
between the observed response and the presence of contaminants in sediments. Currently, there is 
only one standardized EPA test for sediment bioaccumulation. It is a 28-day test with the oligochaete 
Lumbriculus variegatus (Figure 6.157). 

Bioaccumulation has often been assessed 
with in situ studies to determine site-specific 
effects. These studies have primarily used 
caged mussels (marine) or fish (EPA 1987; Mac 
et al. 1990). In one approach, adult fish (P. 
promelas) are placed in mesh cages (10 fish per 
compartment, 4 compartments per cage) and 
exposed for 10 days in situ. This may also be 
done with benthic invertebrates (e.g., mussels, 
amphipods, and oligochaetes (e.g., Lumbricu
lus variegatus), providing there is adequate bio- Figure 6.157 Lumbriculus variegatus 28-day bioac
mass for chemical analyses. Caution should be cumulation test. 
exercised when formulating conclusions from 
these studies because the organisms are not exposed for extended periods, they may not be able to 
ingest foods and surficial sediments due to their mesh-cage barrier, and they may be stressed due 
to caging. These factors alter toxicokinetics. These weaknesses can be addressed by also collecting 
resident target species (Table 6.60) and analyzing tissues (EPA 2000a,b). Target species should be 
large adults that are upper trophic level (top predator) and/or bottom feeders, and they should be 
collected prior to winter yet well after spawning. Nonmigratory species are preferred, and their 
commercial or sport fishing importance should be considered. Samples should be processed as 
described in Appendix D. The decision of whether to analyze whole fish or select target organs 
(e.g., gills, liver, kidneys) depends on the study objective and concerns over food chain or human 
health effects. 

Residue information should be interpreted with caution (as discussed above with metals); 
however, guidance exists for calculating fish consumption advisories (EPA 2000a). There is little 
information available on what constitutes a significant tissue concentration, and correlations with 
adverse effects are usually lacking. Many contaminants are present for days or less (e.g., synthetic 
pyrethroids), rapidly metabolized (e.g., synthetic pyrethroids, organophosphates), biotransformed 
(e.g., polycyclic aromatic hydrocarbons), or only present in the environment seasonally (e.g., 
herbicides, insecticides). The U.S. Food and Drug Administration and the U.S. Fish and Wildlife 
Service have some effect-level information for a few common contaminants. For further informa
tion, see EPA (1982, 2000a), Carlton and Klug (1990), and Mac and Schmidt (1992). 
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Table 6.60 Target Fish Species for Use in Tissue Analysis 

I. Target Species (East of Appalachian Mountains) 

***Brook trout (Salvelinus fontinalis) **Bluegill (Lepomis macrochirus) 

***Small mouth bass (Micropterus dolomieui) **Pumpkinseed (Lepomis gibbosus) 

***Large mouth bass (Micropterus salmoides) **Black crappie (Pomoxis nigromaculatus) 

***Channel catfish (Ictalurus punctatus) **Striped bass (Morone saxatilis) 

**Brown trout (Salmo trutta) *Carp (Cyprinus carpio) 

**Rainbow trout (Salmo gairdnerii) 


II. Target Species (West of Appalachian Mountains and East of Rocky Mountains) 

***Rainbow trout (Salmo gairdnerii) **Yellow perch (Perca flavescens) 
***Brook trout (Salvelinus fontinalis) **Walleye (Stizostedion vitreum) 
***Small mouth bass (Micropterus dolomieui) **Bluegill (Lepomis macrochirus) 
***Large mouth bass (Micropterus salmoides) **Brown trout (Salmo trutta) 
***Channel catfish (Ictalurus punctatus) *Carp (Cyprinus carpio) 
**Striped bass (Morone saxatilis) 

III. Target Species (West of and including Rocky Mountains) 

***Rainbow trout (Salmo gairdnerii) **Bluegill (Lepomis macrochirus) 
***Brook trout (Salvelinus fontinalis) **Striped bass (Morone saxatilis) 
***Small mouth bass (Micropterus dolomieui) *Cutthroat trout (Salmo clarki) 
***Large mouth bass (Micropterus salmoides) *Brown trout (Salmo trutta) 
***Channel catfish (Ictalurus punctatus) *Carp (Cyprinus carpio) 

*** Preferred target species. 
** Good target species. 
* Acceptable target species. 

From Freed, J. et al. Sampling Protocol for Analysis of Toxic Pollutants in Ambient Water, Bed 
Sediments, and Fish, Interim Final Report. Office of Water Planning and Standards, U.S. 
Environmental Protection Agency, Washington, D.C. 1980. 

Emerging Tools for Toxicity Testing 

Semipermeable Membrane Devices (SPMDs) 

While no standard methods exist, SPMDs have been reported widely in recent years as an 
excellent passive, in situ sampling device for organic contaminants in water and in air (Huckins 
et al. 1999; Axelman et al. 1999; Peterson et al. 1995; Sabaliunas et al. 1998; Petty et al. 1998; 
Woolgar and Jones 1999; Zabik et al. 1992; Prest et al. 1995, 1992). Granmo et al. (2000) recently 
conducted tests in marine waters in Sweden using SPMDs for comparison with bioaccumulation 
of organochlorine compounds (chlorobenzenes, chlorophenols, and PCBs) in feral and caged 
mussels and the concentrations found in sediment and the associated water column. Short-term 
exposures (30-day) of SPMDs and caged mussels were used to find whether the high pollutant 
concentrations found in the sediments were associated with recent or older industrial discharges. 
Feral mussels were also analyzed after longer exposure periods. They found that the test approach 
using the combination of SPMDs and mussels allowed the detection of short-term changes of 
discharges of these organochlorine compounds, especially considering that the SPMDs were found 
to be more effective at concentrating some of the target compounds. 

The devices are generally polymeric (such as low-density polyethylene) tube bags containing 
a neutral lipid (such as triolein, iso-octane, 2,2,4-trimethylpentane). These bags are placed in 
receiving waters for a period of days and then recovered and the contents analyzed using gas 
chromatography/mass spectrometry, or high-pressure liquid chromatography for target compounds. 
The concentrations accumulated in the bags have been found to be relatively similar to what is 
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accumulated in resident fish and shellfish. However, the concentrations may be higher or lower by 
several-fold and vary in their relationship to each other. This method has the advantage of being 
easy to deploy and retrieve, and can sample compounds found at a specific site that are in the water 
column during a specified period of time (unlike fish, which migrate to different areas). In addition, 
biological organisms are not sacrificed for the analyses. Extended exposures may result in biofouling 
of the bag and care must be taken to ensure adequate field blanks are used to assess that no water
related contamination has occurred. 

DNA Fingerprinting 

Another novel assessment tool to measure stress is genetic markers (as discussed above). 
Randomly amplified polymorphic DNA (RAPD) markers have proven promising for determining 
differences in genetic variability in populations (Williams et al. 1990, 1991). Other studies (Stern
berg et al. 1996; Ellis et al. 1997) showed highly significant differences in DNA profiles between 
benthic invertebrates from stressed and nonstressed sites. This inexpensive and quick assay shows 
the number and size of distinctive DNA profiles of genomic DNA from each organism. Because 
RAPD-PCR primers are not designed to amplify specific target sequences, the amplified loci are 
anonymous, scattered throughout the genome, and are not associated with stressor adaptation 
(neutral markers) (Williams et al. 1990). RAPD-PCR products are often highly polymorphic within 
naturally occurring populations and have proven to be excellent indicators of genetic diversity 
(Clark and Lanigan 1993). 

Biological Toxicity Fractionations 

After toxicity is identified in receiving waters, researchers commonly attempt to identify the 
toxicants responsible for the observed effects through toxicity identification evaluation (TIE) stud
ies. Numerous TIE protocols have been used. Figure 6.158, from Lopes et al. (1995), is one example 
that was used in association with a stormwater toxicity study conducted in Phoenix, AZ. Acute 
toxicity of stormwater was found to occur, especially to fathead minnows, and was likely to degrade 
the quality of the receiving water (the Salt River). 

This test protocol involved first conducting toxicity tests to identify stormwater that was toxic 
(>20% mortality after 24 hours). The toxic stormwater was then subjected to different extractions 
to selectively remove various pollutants from the stormwater, after which additional toxicity tests 
were conducted. The first extractions were with activated carbon to remove oil and grease. The 
water was then split by filtering through 0.45- and 0.7-µm filters and further treated to remove 
metals (by chelation extraction) and organics (by solid-phase extraction). This procedure enabled 
the pollutant phase causing the toxicity to be identified: particulate bound pollutants, filterable 
metals, or filterable organics. 

The EPA TIE protocols consist of three levels of confirmation (EPA 1991a). These methods 
were designed for analyzing wastewater effluents; however, they have been used for stormwaters, 
sediment pore waters, and whole sediments (e.g., EPA 1991d; Bailey et al. 2000; Werner et al. 
2000; Vlaming et al. 2000; USGS 1999; Burgess et al. 1997; Ho et al. 1999; Kosian et al. 1999; 
Boucher and Watzin 1999). Usually, only Phase I is conducted due to the time and expense required. 
The TIE Phase I is a physical and chemical fractionation process that separates chemical groups 
by their properties. The principal groups of contaminants include pH-sensitive and volatile com
pounds (such as ammonia), metals, and nonpolar organics. This consists of exposing Ceriodaphnia 
dubia neonates and/or P. promelas larvae to water fractions for 48-hour periods. If toxicity is 
removed in any fraction, subsequent chemical analyses can be used to confirm the removal of 
compounds which may be contributing to toxicity. These methods are relatively complex and should 
be conducted by an experienced laboratory. 
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Figure 6.158	 Toxicity identification evaluation (TIE) protocol. (From Lopes, T.J. et al. Statistical Summary of 
Selected Physical, Chemical, and Microbial Characteristics, and Estimates of Constituent Loads 
in Urban Stormwater, Maricopa County, Arizona. U.S. Geological Survey Water-Resources Inves
tigations Report 94-4240. Tucson, AZ. 1995.) 

Examples of Identifying Stressors 

Diazinon was shown to be the primary toxicant in stormwater samples using C. dubia (Ohio 
EPA 1987). Anderson et al. (1991) compared numerous stormwater outfalls in the lower San 
Francisco Bay, CA. They found that nonpolar compounds in the most toxic stormwater (from a 
small, heavily industrialized drainage area) were the most important components of the toxicity, 
with lesser effects associated with suspended solids, metal chelates, and cationic metals. In another 
toxic stormwater study (from large parking areas surrounding an airport and industry), toxicity 
was most strongly influenced by cationic metals. Diazinon and chlorpyrifos in urban stormwater 
showed additive toxicity to C. dubia in a TIE (Bailey et al. 1997). TIE evaluations in the Sacra
mento–San Joaquin River basins confirmed that several organophosphate and carbamate pesticides 
were responsible for acute toxicity to C. dubia in water samples (Werner et al. 2000; Vlaming et 
al. 2000; Bailey et al. 2000). A TIE of pore water from a stormwater detention pond using C. dubia 
48-hour exposures showed ammonia to be the primary toxicant, with some effects from metals 
(Zn, Fe, and Cu). The high level of ammonia may have obscured the metal toxicity (Wenholz and 
Crunkilton 1995). 

Jirik et al. (1998) also used selected Phase 1 TIE studies to identify the toxicants most 
responsible for stormwater toxicity in the Santa Monica Bay area. Sea urchin fertilization tests 
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indicated EC50 values of stormwater of about 12 to 20%. Santa Monica Bay receiving waters were 
also found to be toxic, with the level of toxicity generally corresponding to the amount of stormwater 
in the receiving water. EDTA addition removed virtually all of the toxicity, implying that divalent 
metals were the likely toxicant component. Spiking studies showed that zinc, and sometimes copper, 
were the most likely metallic toxicants. Further studies, using EDTA vs. sodium thiosulfate for 
toxicity removal, also strongly implicated zinc as the likely cause of toxicity. 

In situ tests also provide an excellent means for identifying the source and nature of the stressor 
by simply altering the exposure via chamber design and placement. It is essential to relate organism 
responses (e.g., mortality) with their correct, realistic exposure, such as overlying water, surficial 
sediment, or deeper sediments and pore waters (Figure 6.159). Useful in situ approaches to 
separating media effects and characterizing contaminant sources, pathways, and effects include 
characterization of benthic communities, in situ toxicity testing, and groundwater/surface water 
interactions (Greenberg et al. 2000; Figure 6.160). In a simplistic TIE approach, stressors can be 
partitioned out: overlying water, bulk sediment, interstitial water, light, suspended solids, flow 
velocity, and predator effects (Burton and Moore 1999) (see also Chapter 5). Strategic placement 
of chambers at reference and potentially impacted sites can identify both natural and anthropogenic 
stressors. Placement along known or suspected contamination gradients can provide an expo
sure–response relationship when combined with physicochemical measurements. For example, 
utilization of naturally occurring gradients (e.g., within and beyond a mixing zone) may facilitate 
an exposure–response characterization and regression analysis rather than a paired comparison 
(e.g., ANOVA) (Liber et al. 1992). 

Useful in situ chambers for assessing stormwaters and surficial sediments are shown in Figures 
6.161 through 6.164. Chambers are also buried in surficial sediments to assess sediment and 
groundwater associated contamination (Figures 6.165, 6.166, and 6.168) where chamber mesh 
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Figure 6.160	 Integrated assessments of sur
face waters, sediments, and 
groundwater/pore waters. 
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windows contact surficial sediments (bottom tray) or overlying water (top tray). Test organisms are 
placed within the chambers during low flow (Figure 6.169). Following organism addition, high 
flow guards (aluminum sheet metal) are attached to stakes to protect the chambers (Figures 6.163 
and 6.164). 

Assessments of PAH-contaminated sediments have demonstrated why both laboratory and field 
toxicity exposures were essential to adequately identify key stressors and characterize exposure 
dynamics (Ireland et al. 1996; Sasson-Brickson and Burton 1991; Stemmer et al. 1990). Sediment
associated toxicity increased in the laboratory exposure of P. promelas, C. dubia, D. magna, and H. 
azteca as compared to in situ exposures, whereas toxicity decreased in overlying waters (Figure 
6.156). Photoinduced toxicity from PAH and UV interactions and sampling-induced artifacts 
accounted for these laboratory-to-field differences. Toxicity was also reduced significantly in the 
presence of UV light when the organic fraction of the stormwater was removed. Photoinduced 
toxicity occurred frequently during low flow conditions, but was reduced during high turbidity 
associated with high flow conditions. Toxicity was also higher in overlying waters near the contam
inated sediment surface as opposed to waters several centimeters above the sediment–water interface. 

An elevation in temperature of Des Plaines River water accentuated the toxicity of the water 
and of sediments, using both water column and benthic species (Brooker and Burton 1998; Burton 
and Rowland 1999; Lavoie and Burton 1998). Responses were replicated in laboratory, in situ, and 

Figure 6.161 In situ chambers optimized 
for surface water exposures 
on top of chambers opti
mized for surficial sediment 
exposures. 

Figure 6.162 In situ chamber design components. 

Figure 6.163 In situ chambers with water or sediment 
exposures with high-flow deflector. 

Figure 6.164 In situ chambers with water or sediment 
exposures with high-flow deflector. 
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Figure 6.165	 In situ chamber used as a “peeper” 
(buried for pore water exposure) or 
sediment–water interface (half-bur
ied) exposure. 

Figure 6.166 In situ sediment–water interface cham- Figure 6.167 In situ chambers optimized for surface 
bers buried. water and photoinduced toxicity 

effects from PAHs and UV light. 

Figure 6.169 Loading in situ chambers that are 
Figure 6.168 Chambers for conducting sediment peepers for sediment–water interface 

bioaccumulation studies. exposures. 
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artificial, side-stream exposures. The laboratory exposures helped define exact threshold tempera
tures, critical exposure times, and interactions with ammonia (Figure 6.170). Field exposures, on 
the other hand, better defined real-world exposures and interactions with other stressors, such as 
suspended solids and fluctuating temperatures. Conclusions based on laboratory exposures would 
have underestimated stream effects. 

An urban site receiving large loadings of residential, commercial, and industrial stormwater 
runoff was assessed using an integrated low and high flow assessment (Moore and Burton 1999). 
The effects of turbidity and flow were shown by reducing the mesh size in the in situ chambers 
(Figures 6.171 and 6.172). A survey of sediment quality during baseflow conditions found one 
depositional area where sediments were acutely toxic and contained elevated levels of contami
nants. An in situ toxicity assessment found that low flow water was not toxic, but high flows were 
toxic, and suspended solids and flow contributed significantly to overall stress. However, indige
nous communities appeared to be affected more strongly by contaminated sediments than high 
flow conditions. 

Newer TIE methods include whole-sediment manipulations, exposure to UV (Kosian et al. 
1998), or in situ exposures with various stressor partitioning methods and substrates (Burton et al. 
1998; Greenberg et al. 1998; Moore and Burton 1999), and may reduce the likelihood of artifacts. 
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Toxicant Sampling and In-Stream Modeling Considerations 

When sampling for, or predicting the fate of, toxicants, it is helpful to consider whether the 
likely contaminants tend to sorb to particulates, such as suspended solids or bedded sediments, or 
whether they tend to remain dissolved. Though metals will sorb to sediments in most waterways, 
if the water pH is acidic or if suspended colloids and solids concentrations are low, metals may 
remain in the water column. Dissolved metals do not necessarily equate with toxicity, as they may 
be complexed (e.g., carbonates, hydroxides) in less toxic forms. Many organics can be transported 
in dissolved forms at low suspended solid concentrations (EPA 1986). Adsorption can be predicted 
by knowing the octanol-water coefficient (Kow), the organic carbon content of the suspended 
sediment, and then calculating the partition coefficient (Kp) (EPA 1986), as shown in Figure 6.173 
(Novotny and Olem 1994). The Kp, however, is a site-specific value which varies at the site spatially 
and temporally during storm events and should thus be used with caution. 

Sediment resuspension (scour) is an important mechanism affecting water column concentrations 
of many problematic constituents that tend to accumulate in stream sediments (especially pathogens, 
toxicants, and nutrients). Scouring of sediments can also be an important factor influencing water 

Figure 6.172 Relationship between turbidity 
and Daphnia magna toxicity in 
peeper exposures. 
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turbidity in some cases. Methods for measuring sediment scour were discussed previously in this 
chapter in the general habitat discussion. In that case, the significant role that scour has on habitat 
was stressed. The measurement methods described there (used in conjunction with sediment quality 
information) can also be used to measure the resuspension of contaminated sediments. Modeling of 
sediment resuspension can only be crudely predicted because site-specific details are rarely available 
in sufficient detail and local scour “hot spots” (small areas where the flowing water has excessive 
shear stress) are extremely difficult to predict. However, scour around bridge piers has been inves
tigated for several thousand years, and there are methods to reduce sediment losses in those situations. 
In most cases, it is only possible to grossly predict average sediment resuspension based on average 
stream bed conditions. Therefore, careful scour measurements should be conducted to indicate likely 
sediment resuspension rates for different flows for specific streams. 

Many organic toxicants move in and through an ecosystem being controlled primarily by one 
fate process. Volatilization controls the fate of compounds such as trichloroethylene, toluene, xylene, 
acetone, and benzene. Adsorption dominates the fate of polychlorinated biphenyls, dioxins, and 
furans. For many common contaminants, such as the metals, metalloids, polycyclic aromatic 
hydrocarbons, and nutrients, multiple processes (e.g., biodegradation, methylation, photolysis, 
hydrolysis) dominate at different stages in different microenvironments. 

A number of stream models exist for predicting pollutant fates, ranging from simple to complex, 
which may in limited cases be useful tools for stormwater effect studies. A summary of screening 
approach data requirements for metals and organics are listed in Tables 6.61 and 6.62, respectively. 

Contaminants may move from their source through the receiving system, (e.g., stream, lake, 
wetland), in a conservative or nonconservative manner depending on the fate processes that dom
inate in that system and are characteristics of that particular toxicant. Generalized toxicant concen
tration profiles shown in Figure 6.174a reflect stream dilution and toxicant decay. This profile is 
not representative of reactive (nonconservative) constituents, such as highly volatile compounds, 
nutrients, species, or dissolved oxygen concentrations. Effects from these stressors must always be 
considered when toxicant fate and effects are being assessed. As shown in Figure 6.174b, during 
high flow conditions, contaminated sediment scour may increase concentrations in some stream 
segments before dilution and first-order decay profiles return. By constructing suspended solids 
profiles at low and high flow conditions, both sources and erosion- and scour-related stressors (e.g., 
sorbed toxicants and nutrients, oxygen demand, solids-related filter/gill clogging, or suffocation) 
can be better defined (see Figure 6.175). 

Table 6.61 Summary of Data Requirements for Screening Approach for Metals in Rivers 

Calculation 
Methodology Where 

Data Are Used*Data Remarks 

Hydraulic Data 

1. Rivers: 
River flow rate, Q D, R, S, L An accurate estimation of flow rate is very 

important because of dilution considerations. 
Measure or obtain from USGS gauge. 

Cross-sectional area, A D, R, S 
Water depth, h D, R, S, L The average water depth is cross-sectional area 

divided by surface width. 
Reach lengths, x R, S 
Stream velocity, U R, S The required velocity is distance divided by travel 

time. It can be approximated by Q/A only when 
A is representative of the reach being studied. 

2. Lakes: 
Hydraulic residence time, T L Hydraulic residence times of lakes can vary 

seasonally as the flow rates through the lakes 
change. 

Mean depth, H L Lake residence times and depths are used to 
predict settling of absorbed metals in lakes. 
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Table 6.61 Summary of Data Requirements for Screening Approach for Metals in Rivers (Continued) 

Calculation 
Methodology Where 

Data Data Are Used* Remarks 

1. Background 
Metal concentrations, CT 

Boundary flow rates, QU 

Boundary suspended solids, SU 

Silt, clay fraction of suspended 
solids 

Locations 

2. Point Sources 
Locations 
Flow rate, Qw 

Metal concentration, CTw 

Suspended solids, Sw 

Depth of contamination 

Porosity of sediments, n 
Density of solids in sediments (e.g., 
2.7 for sand), :s 

Metal concentration in bed during 
prolonged scour period, CT2 

Partition coefficient, Kp 

Settling velocity, ws 

Resuspension velocity, Wrs 

Water quality characterization of 
river: 

pH 

Suspended solids 

Conductivity 

Temperature 

Hardness 


Total organic carbon 

Other major cations and anions 


Source Data 

D, R, S, L Background concentrations should generally not 
be set to zero without justification. 

D, R, S, L 
D, R, S, L One important reason for determining 

suspended solids concentrations is to 
determine the dissolved concentration, C, of 
metals, based on CT, S, and Kp. However, if C 
is known along with CT and S, this information 
can be used to find Kp. 

L 

D, R, S, L 

D, R, S, L 
D, R, S, L 
D, R, S, L 
D, R, S, L 

Bed Data 

For the screening analysis, the depth of 
contamination is most useful during a period of 
prolonged scour when metal is being input into 
the water column from the bed. 

Derived Parameters 

All The partition coefficient is a very important 
parameter. Site-specific determination is 
preferable. 

S, L This parameter is derived based on suspended 
solids vs. distance profile. 

R This parameter is derived based on suspended 
solids vs. distance profile. 

Equilibrium Modeling 

E Equilibrium modeling is required only if 
predominant metal species and estimated 
solubility controls are needed. 

Water quality criteria for many metals are keyed 
to hardness, and allowable concentrations 
increase with increasing hardness. 

* D = dilution (includes total dissolved and adsorbed phase concentration predictions); R = dilution and resus
pension; S = dilution and settling; L = lake; E = equilibrium modeling. 

From EPA. Handbook — Stream Sampling for Waste Load Allocation Applications. U.S. Environmental Protection 
Agency. Office of Research and Development. Washington, D.C. EPA/625/6-86/013. 1986. 
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Table 6.62 Summary of Data Requirements for Screening Approach for Toxic Organics in Rivers 

Methodology Where 
Data Are UsedData Remarks 

River Hydraulic Data 
Flow rate, Q D, DA, DAK An accurate estimate of flow rate is very important 

because of dilution, which for many organics is 
the most important process that influences their 
fate. Measure or obtain from USGS gauge. 

Cross-sectional area, A D, DA, DAK 
Water depth, h DAK Water depth can influence rate processes such 

as volatilization and photolysis. 
Reach lengths, x DAK 
Stream velocity, U DAK U = Q/A should be used only where A is 

representative of the reach being analyzed. 
Otherwise dye tracers, measured from centroid 
to centroid of the dispersing dye, are a better 
method of finding velocity (indirectly as distance 
divided by travel time). 

Source Data 
1. Background 

Toxicant concentrations D, DA, DAK Concentrations of organic toxicants may be 
negligible in areas not influenced by man. 

Boundary flow rates D, DA, DAK 
Boundary suspended solids DA, DAK Suspended solids are used to help determine the 

dissolved and adsorbed phase concentrations. 
2. Point Source 

Locations D, DA, DAK 
Flow rates, Qw D, DA, DAK 
Total toxicant concentration, CT D, DA, DAK 
Suspended solids, Sw DA, DAK 

Partition Coefficient and Rate Difficult to calculate accurately. 
Constant Data 

From EPA. Handbook — Stream Sampling for Waste Load Allocation Applications. U.S. Environmental Protection 
Agency. Office of Research and Development. Washington, D.C. EPA/625/6-86/013. 1986. 

Dye studies (as discussed earlier) are recommended in waste load allocation (WLA), or total 
maximum daily load (TMDL) studies to study point source mixing, movement of conservative 
pollutants, and to construct ambient toxicity profiles (EPA 1986; Figure 6.176). Multiple samples 
on a transect are necessary immediately downstream of sources or in wide streams (Figure 6.177). 
Samples of effluent from point sources (e.g., sewer overflow, culverts, tributaries [months], and 
stormwater) should be collected prior to dye studies, and both acute and chronic toxicity should 
be measured using EPA-recommended species (i.e., Pimephales promelas, Ceriodaphnia dubia), 
key surrogates (e.g., Hyalella azteca, Selenastrum capricornutum), and/or important resident spe
cies (e.g., trout). The dilution required to reach the no-observable-effects level (NOEL) in the 
toxicity tests should be the final sample points for constructing the dye isopleth (Figure 6.178; EPA 
1986). These data may then be used to guide station location selection for ambient toxicity sample 
collection. In this manner, toxicity decay or persistence can be defined for various flow conditions. 

SUMMARY 

As indicated in many discussions in this book, multiple approaches are needed to effectively 
evaluate receiving water impacts in urban areas. This chapter presents details in collecting infor
mation pertaining to different ecosystem components and specific beneficial use impairments, 
including rainfall and flow monitoring; soil characteristics; aesthetics, litter, and safety; habitat 
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Key 
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Flow Direction 
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Flow Direction 

Distance, km 

(a) Toxicant Profile That Reflects 
Settling Or Decay 

Distance, km 

(b) Toxicant Profile That Reflects 
Scouring Of Contaminated Sediments 

Figure 6.174	 Typical concentration profiles of toxi
cants in rivers. (From EPA. Handbook 
— Stream Sampling for Waste Load 
Allocation Applications. U.S. Environ
mental Protection Agency. Office of 
Research and Development. Wash
ington, D.C. EPA/625/6-96/013. 1986.) 
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Figure 6.175	 Typical suspended solids concentra
tions during (a) low flow and (b) high 
flow periods. (From EPA. Handbook — 
Stream Sampling for Waste Load Allo
cation Applications. U.S. Environmen
tal Protection Agency. Office of 
Research and Development. Wash
ington, D.C. EPA/625/6-96/013. 1986.) 
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conditions; water and sediment chemical analyses; microorganism evaluations; benthos, zooplank
ton, and fish collecting; and tests for toxicity and bioaccumulation. This information supplements 
the information provided in Chapter 5 concerning collecting samples and selecting an experimental 
design. Chapter 7 briefly presents some statistical analyses tools, while Chapter 8 presents data 
interpretation for the complete study. 

V = Stream Velocity 
V = 0.3 fps 

V = 1.0 fps 

V = 2.0 fps 
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It is essential that there be an accurate description of the system’s hydrodynamics when assessing
the effects of stormwater runoff on receiving waters. Flow represents the pollutant loading mech-
anism, and its power and frequency of occurrence can degrade the physical habitat. Instantaneous
flow can be measured using traditional current meters, while long-term flow monitoring is usually
conducted using stage recorders. Tracer methods are also useful, especially where the flows are
quite shallow and the stream channel very rough. Tracers can also be used to effectively indicate
diffusion and transport of pollutant discharges into small streams. Flow is also of primary consid-
eration in supporting aquatic life, as minimum depths and velocities are needed for their survival.
With urbanization, flow changes can be dramatic, with excessive flows occurring during wet periods
and significantly reduced flows occurring during dry months.

The role that different rains have on wet weather-related receiving water effects is also important
to understand through evaluation of local data. As an example, small rains (less than about 0.5 in
in the upper Midwest) are important because they are associated with the majority of runoff events
and they frequently exceed heavy metal and bacteria objectives, although they only account for a
small fraction of the annual pollutant discharges. Intermediate-sized rains (from about 0.5 to 1.5 in
in the upper Midwest) account for the majority of the pollutant discharges and subject the receiving
waters to frequent high pollutant loads and moderate-to-high flow rates. Larger rains (from about
1.5 to 3 in in the upper Midwest) produce relatively small amounts of the annual pollutant dis-
charges, but produce the most damaging flows from a habitat destruction standpoint. The largest
rains are critical from a drainage aspect and must be controlled to provide safe conditions for
inhabitants of the watershed. These rains must be controlled in the primary drainage systems, while
excessive flows that exceed the capacities of these systems must be safely controlled in secondary

Figure 6.177 Example of sampling locations in wide
and narrow rivers. (From EPA. Hand-
book — Stream Sampling for Waste
Load Allocation Applications. U.S. Envi-
ronmental Protection Agency. Office of
Research and Development. Washing-
ton, D.C. EPA/625/6-96/013. 1986.)

Figure 6.178 Regions of observable toxicity in wide
and narrow rivers. (From EPA. Hand-
book — Stream Sampling for Waste
Load Allocation Applications. U.S. Envi-
ronmental Protection Agency. Office of
Research and Development. Washing-
ton, D.C. EPA/625/6-96/013. 1986.)
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drainages (such as temporary flooding of some roads, parking areas, vacant fields, etc.). Therefore, 
the type of receiving water problem being addressed is likely associated with a specific set of rain 
conditions, typically much smaller than the rains used in the design of storm drainage. 

Soils can play a significant role in watershed and receiving water assessments. Most of the 
particulates being transported in stormwater originate as local soil, and their texture can have 
dramatic effects on stream turbidity levels and the amounts of erosion from nonpaved areas. In 
addition, soils in urban areas undergo significant modifications and are generally greatly compacted 
compared to natural soil profiles. The compacted soils provide much less infiltration for the rain 
water, increasing the runoff flow rates. Soil surveys can describe the soil types, textures, depths, 
chemical quality, and amounts of compaction, which are all useful measures. Soil modifications to 
enhance infiltration, to capture pollutants during percolation above the groundwater, and improve 
the fertility of the soil to enhance plant growth with minimal fertilization can therefore be important 
stormwater control practices. 

Aesthetics, litter, and safety are all critical receiving water attributes that need to be quantified 
to indicate if basic beneficial uses (such as noncontact recreation) are being met. Many municipalities 
currently suffer large litter accumulations along public streams that significantly detract from their 
use and respect. Habitat problems are probably some of the most important impairments to aquatic 
life beneficial uses. Unfortunately, “standards” for habitat goals are not likely to become possible, 
requiring local investigations to compare receiving waters to local reference conditions. The role 
that highly fluctuating flows have on habitat is beginning to be understood. The amount of large 
woody debris, and other channel-forming materials, can be directly measured in streams, along with 
the rate of channel enlargement. Stormwater controls can possibly be designed to overcome habitat 
problems if the role of the causative impairment factors in local waters is better understood. 

Water quality measurements also need to be made in a comprehensive receiving water assess
ment. Historically, most studies overly relied on expensive water quality measurements, with little 
supportive information. Currently, many areas are almost totally eliminating water quality analyses 
in stream assessments and only examining several basic stream biological conditions. As noted in 
this book, it is important that a balanced set of parameters be included in an effective program, 
requiring a basic set of traditional, plus specialized water quality measurements. The specific water 
quality parameters to be monitored should be selected based on the beneficial uses of the stream, 
along with additional indicator parameters that can identify the presence of inappropriate discharges 
and other unusual conditions. This chapter describes different field monitoring options, along with 
modifications that may be needed for conventional laboratory methods to be most effective for 
stormwater samples. Needed detection limits, along with safety and complexity, are presented as 
the most important factors that determine the most appropriate analytical methods that should be 
used for the selected parameters. 

Microorganism measurements are needed in most receiving water assessments, especially in 
areas having water-contact recreation and consumption of aquatic life beneficial uses. Newly 
available microorganism measurement methods and changes in guidance on target organisms 
require a reexamination of traditional approaches in the assessment of these important parameters 
in receiving waters. 

Benthos sampling is one of the most important measurements in receiving water assessments 
(along with habitat evaluations). Much guidance is now available on obtaining and evaluating 
appropriate samples. Fish sampling, although more complex to conduct and evaluate, is an important 
assessment tool, especially when relating to beneficial uses that are easier for the interested public 
to understand. Currently accepted methods for benthos and fish sampling are described in detail 
in this chapter and in related appendices. 

Toxicity and bioaccumulation measurements can be important tools, especially when trying to 
identify cause-and-effect relationships between different stressors and receiving water impacts. 
Recently developed in situ toxicity test methods are especially useful tools because they subject 
the test organisms to natural conditions, such as fluctuations in receiving water conditions, and to 
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the toxicity effects of in-place sediments. Traditional and newly developed methods for toxicity 
testing is presented in this chapter. 

Chapter 6 presents a wide range of tools for characterizing many different components of 
ecosystems. Case studies also illustrate these procedures and show how they can be effectively 
utilized. Summaries of the advantages and disadvantages of the different methods are also fre
quently presented. Several appendices also present supportive information for the techniques given 
in this chapter. 
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CHAPTER 7 

Statistical Analyses of Receiving Water Data 

“Get your facts first, then you can distort them as much as you please.” 

Mark Twain 
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SELECTION OF APPROPRIATE STATISTICAL 
ANALYSIS TOOLS AND PROCEDURES 

The appropriate selection of statistical analyses must be an integral aspect of the experimental 
design activities for an effective data collection effort. Chapter 5 examined various sampling 
strategies and presented methods that can be used to estimate the sampling effort. This chapter 
reviews some typically used statistical analysis procedures that have been very effective in receiving 
water studies. 

Statistical software packages have become an indispensable tool for research, but their selection 
and use can be frustrating. There are numerous comprehensive statistical software programs avail
able that contain both conventional and specialized tools of interest to environmental researchers. 
The number of choices is almost overwhelming and covers a wide range of cost (from freeware to 
several thousand dollars). The selection process can therefore become difficult without some 
guidance. It is highly recommended that the selection of a software program be made based on 
consultation with a colleague who has experience with these tools, especially if that colleague can 
be relied on for assistance later. 

575 
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When computerized statistical packages were first made available to typical users, it was very 
easy to rely too much on the wealth of available options, to produce copious piles of irrelevant 
printouts, and then to become dismayed at the prospect of sorting through the material to find what 
was important. This was exacerbated if there was also no appropriate experimental design developed 
at the onset of the data collection effort, or if one needed to rely solely on existing data that were 
not collected for the objectives at hand. However, examining existing data is an important initial 
step in experimental design activities, as described in Chapter 5. “Data mining” to identify trends 
and relationships hidden in large amounts of retrospective data that can be exploited has now 
become a common household term, even showing up in Dilbert® comic strips. Obviously, collecting 
haphazard data and relying on powerful computer programs to ferret out conclusions is not a very 
efficient experimental design for ongoing research. The need for carefully stated project objectives, 
an appropriate experimental design, and an understanding of the likely statistical tools that will be 
used for data analysis are all important initial steps in any research activity. 

In addition to having access to appropriate software tools, it is imperative that the researcher 
have some knowledge of applied statistics. Most professionals involved in environmental research 
have been required to take some type of introductory statistical course for their degree. Few, 
however, have likely been exposed to the broad range of options that should be examined to select 
the few procedures that may be most efficient for the specific project objectives. Luckily, well
written articles are available in many technical journals that do an excellent job of describing the 
statistical tests that were used. In addition, statistical consultants are available through most uni
versity statistics and biostatistics departments, in addition to private statistical consultants and 
experienced colleagues, who are readily available to consult on environmental research projects 
examining receiving water impacts. Obviously, self-study by the researcher is also necessary, as 
the person involved in the specific study must take an active role and be ultimately responsible for 
the experimental design and data evaluation. This chapter therefore lists several applied statistics 
texts that the authors have found to be extremely valuable and that are well written and at a level 
understandable to those who are not experts in the statistics field. 

Computer Software and Recommended Statistical References 
to Assist in Data Analysis 

The following sections present brief information for useful print and software resources that 
the receiving water impact investigator may find useful. 

Statistical Reference Books 

The following books comprise a basic library in applied statistics and have proven very useful 
in environmental research. These are especially helpful in that they contain many example applica
tions in the environmental sciences and engineering. The use of these books, along with consultation 
with statistical experts as needed, will enable more efficient experimental designs and data analyses. 

• Exploratory data analysis 
Exploratory Data Analysis. John W. Tukey. Addison-Wesley Publishing Co. 1977. This is a 

basic book with many simple ways to examine data to find patterns and relationships. 

The Visual Display of Quantitative Information. Edward R. Tufte. Graphics Press, Box 430, 
Cheshire, CT 06410. 1983. This is a beautiful book with many examples of how to and how not 
to present graphical information. Tufte has two other books that are sequels: Envisioning Infor
mation, 1990, and Visual Explanations: Images and Quantities, Evidence and Narrative, 1997. 

Visualizing Data. William S. Cleveland. Hobart Press, P.O. Box 1473, Summit, NJ 07902, 1993, 
and The Elements of Graphing Data, 1994, are both continuations of the concept of beautiful 
and informative books on elements of style for elegant graphical presentations of data. 
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• Experimental design (and some basic methods) 
Statistics for Experimenters. George E. P. Box, William G. Hunter, and J. Stuart Hunter. John 

Wiley & Sons, 1978. This book contains detailed descriptions of basic statistical methods for 
comparing experimental conditions and model building. 

Statistical Methods for Environmental Pollution Monitoring. Richard O. Gilbert. Van Nostrand 
Company, 1987. This book contains a good summary of sampling designs and methods to 
identify trends, unusual conditions, etc. 

• General statistics 
Statistics for Environmental Engineers. Paul Mac Berthouex and Linfield C. Brown. Lewis. 

1994. This excellent book reviews the shortcomings and benefits of many common statistical 
procedures, enabling much more thoughtful evaluation of environmental data. 

Biostatistical Analysis. Jerrold H. Zar. Prentice-Hall. 1996. A highly recommended basic statis
tics text for the environmental sciences, especially with its many biological science examples. 

Primer on Biostatistics. Stanton A. Glantz. McGraw-Hill. 1992. This is one of the easiest to read 
and understand introductory texts on applied statistics available. 

• Specialized statistical methods 
Nonparametrics: Statistical Methods Based on Ranks. E.L. Lehman and H.J.M. D’Abrera. 

Holden-Day and McGraw-Hill. 1975. This is a good discussion, with many examples of non
parametric methods for the analysis and planning of comparative studies. 

Applied Regression Analysis. Norman Draper and Harry Smith. John Wiley & Sons. 1981. 
Thorough treatment of one the most commonly used (and misused) statistical tools. 

Statistical Software Programs 

There are several tiers of software available for statistical analyses, although the distinctions in 
their capabilities are becoming blurred. Freeware and shareware (or otherwise inexpensive) software 
packages have traditionally been developed and made available by private individuals, or are 
“obsolete” versions of enhanced commercial products. The individually developed packages were 
typically created to solve a specific problem, or for cost-effective or straightforward use in class
rooms. Many of these products are very good, but documentation is likely minimal. 

Modern spreadsheet programs also contain many built-in statistical routines (at least regression 
analyses and simple comparison tests) and graphing options. Spreadsheets are now ubiquitous on 
all microcomputers, are familiar to users, and the available statistical capabilities should therefore 
be considered before purchasing additional software. Spreadsheets are extremely helpful for pre
liminary analyses and for concurrent data evaluation as the data observations are being collected 
and organized in the spreadsheet (especially critical for laboratory QA/QC control plots as described 
in Chapter 5). Relatively inexpensive spreadsheet add-ons are also available for decision analysis 
and Monte Carlo sampling routines, plus some contain rather complete sets of sophisticated 
statistical routines and graphing templates. Spreadsheets can also be programmed by the user with 
macros for “customized” statistical routines. 

There are also many very elegant and easy-to-use commercial software packages that contain 
almost all that one would likely need. There is a wide range in price for these products, and some 
offer specialized capabilities. For comprehensive research, it is common for several different 
software products to be used for specific data evaluation objectives. Reviews of statistical software 
packages are commonly available in technical journals and should be consulted. In addition, much 
information is also available on the Internet. One outstanding example is the “Statistics on the 
Web” Internet page, created by Clay Helberg, which presents links to many statistical resources. 
The URL for this page is http://www.execpc.com/~helberg/statistics.html. 
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The following is a list of groupings of links available on Helberg’s Web page: 

• Professional organizations 
• Institutes and consulting groups 
• Educational resources (web courses and online textbooks) 
• Publications and publishers 
• Statistics book list 
• Software-oriented pages 
• Mailing lists and discussion groups 
• Other lists of links 
• Statisticians and other statistical people 

Of special interest is his list of software-oriented pages where short reviews and descriptions are 
given for numerous freeware, shareware, and commercial statistical software. In addition, links are 
given to the sources of this software, enabling the user to download freeware and shareware packages, 
and in many cases, trial versions of the commercial packages. Another comprehensive listing of 
freeware, shareware, and commercial statistical software (for Windows, UNIX, DOS, and Macintosh 
computers) is available from St@tServ — Statistical Software, whose URL is http://www.statserv.com/. 

The following programs are briefly mentioned here because of the authors’ experience with 
them, and to indicate some of their major features. There are obviously many other suitable 
programs, including highly specialized programs emphasizing specific methods. 

SYSTAT 

SYSTAT (now available through SPSS, Inc., Chicago, IL) has been available to users of small 
computers for many years and is available for both Windows and Macintosh. It was one of the first 
comprehensive software packages that was competitive with the early mainframe statistical software 
packages. Not only did it offer a cost-effective alternative to other programs, but it was also 
noticeably easier to use and contained several areas of strength not readily available to many 
(especially nonlinear and multivariate analyses). Many of the examples in this book were prepared 
using various versions of SYSTAT. Recent versions of SYSTAT include many tools including cluster 
analysis, correlations and distance measures, factor analysis, multidimensional scaling, regression, 
analysis of variance, multivariate models, nonlinear models, nonparametric statistics, time series, 
and basic statistics. Numerous graphical options are also available, often integrated with the 
statistical methods. Three-dimensional graphing and multiminiatures are especially valuable. SYS-
TAT graphing is usually easy to use, such as when repeating many basic graphs for numerous 
parameters (e.g., automatically preparing probability plots for all constituents measured). However, 
fine-tuning the graphs was not straightforward in the earlier versions of SYSTAT. All data are 
entered (or imported) in spreadsheet-like tables, making large-scale analyses using very large data 
matrices easy. Numerous data transformations are also available. A very large number of options 
are usually available for each statistical tool, but basic setups are typically suitable for most analyses. 
The comprehensive documentation contains a great deal of information and some guidance, but 
the user should be reasonably knowledgeable about the techniques selected (as in all computer
based statistical programs). 

SigmaStat and SigmaPlot 

These programs were originally developed and distributed by Jandel Scientific, but are now 
owned and updated by SPSS, Inc., Chicago, IL. Probably the most important feature of these 
programs is their ease of use, especially the built-in guidance and evaluation of data pertaining to 
the selection of the most appropriate statistical procedure. In addition, it is easy to produce final 
publication-quality graphs. Exploratory data analysis is especially well covered by these programs. 
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Although not as comprehensive as some of the other available statistical programs (such as 
SYSTAT), SigmaStat and SigmaPlot offer complementary strengths. Recent versions include tests 
for comparing two or more groups (parametric and nonparametric tools), comparing reseated 
measures of the same individuals, comparing frequencies, rates, and proportions, prediction and 
correlation, computing power and sample size, and nonlinear regressions. Numerous data transfor
mations are also available, and the data are also imported and managed in a spreadsheet-like table. 
SigmaPlot is a standalone program that can also be integrated with SigmaStat, offering a powerful 
data analysis package. The numerous graphing display options make for a very powerful and flexible 
tool, but also make it somewhat more difficult to prepare routine plots. However, they also offer 
several graphing templates for exploratory data analysis based on Tufte’s excellent book (The Visual 
Display of Quantitative Information, Graphics Press, Cheshire, CT. 1983). 

SAS 

This statistical program is available from SAS Institute and covers a wide variety of statistical 
procedures. Although it is generally considered to emphasize business applications (such as database 
marketing, customer relationship management, clinical trials, quality improvement, fraud detection, 
etc.), it is also commonly used by researchers from all technical areas. This is one of the best 
supported statistical software packages, backed by many independent reference books covering 
SAS programming language for custom applications to specific statistical topics. It does require 
some training for most users. Because of its long history in academic computer centers, most users 
will be able to find assistance from experienced SAS users on most university campuses. 

SPSS 

SPSS, from SPSS, Inc., Chicago, IL, has also long been popular in the academic world and 
enjoys wide support. It also has numerous independently written books available for reference. 
The basic module contains the data management utilities, numerous basic statistical tools and 
graphs, and demographic analyses. Several add-on options are also available: advanced models 
for complex relationships, regression models, tables, and trends for forecasting. Again, a user 
should have little trouble finding assistance with this comprehensive program from university
based statistical consultants. 

Statistica 

Statistica, from StatSoft, of Tulsa, OK, is quickly gaining favor among environmental scientists 
for its ease of use, comprehensive set of tools, and intensive graphically based options. There are 
several levels of the program — student versions, a “quick” version, and the “full” version and 
associated optional add-on packages, including one for designs of experiments and another for 
quality control charts. Statistica’s background was in basic statistical software written specifically 
for and by social science researchers using microcomputers. The ease of use and ease of interpre
tation objectives of the early programs are still very much evident in the current Windows- and 
Macintosh-based versions. 

A great public service from StatSoft is the Downloadable Electronic Statistics Textbook (Stat-
Soft, Inc. Tulsa, OK, 1999). This text can be used on-line through their web page, or downloaded 
to a local hard drive. According to StatSoft, this textbook offers training in the understanding and 
application of statistics. The material was developed at the StatSoft R&D department based on 
many years of teaching undergraduate and graduate statistics courses and covers a wide variety of 
applications, including laboratory research (biomedical, agricultural, etc.), business statistics and 
forecasting, social science statistics and survey research, data mining, engineering, and quality 
control applications. The Electronic Textbook begins with an overview of relevant elementary 
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concepts and continues with more in-depth explorations of specific areas of statistics representing 
classes of analytical techniques. A glossary of statistical terms and a list of references for further 
study are also included. The text requires about 30 min to download at 28.8 Kbps from 
http://www.statsoftinc.com/textbook/stathome.html. The textbook is lengthy and covers many sub
jects, and it is very well written for novice statistical software users. Surprisingly, however, it has 
few numeric examples, although it contains numerous graphical outputs from Statistica. 

Selection of Statistical Procedures 

Most of the objectives of receiving water studies can be examined through the use of relatively 
few statistical evaluation tools. The following briefly outlines some simple experimental objec
tives and a selected number of statistical tests (and their data requirements) that can be used for 
data evaluation. 

Statistical Power 

Type 1 and Type 2 errors (along with statistical confidence and power) are discussed in Chapter 5 
in the experimental design section. Errors in decision making are usually divided into Type 1 (α: 
alpha) and Type 2 (β: beta) errors: 

α (alpha) (Type 1 error) — a false positive, or assuming something is true when it is actually 
false. An example would be concluding that a tested water was adversely contaminated, when it 
was actually clean. The most common value of α is 0.05 (accepting a 5% risk of having a Type 1 
error). Confidence is 1 – α, or the confidence of not having a false positive. 

β (beta) (Type 2 error) — a false negative, or assuming something is false when it is actually 
true. An example would be concluding that a tested water was clean when it was actually contam
inated. If the sample was an effluent, it would therefore be an illegal discharge with the possible 
imposition of severe penalties from a regulatory agency. In most statistical tests, β is usually ignored 
(if ignored, β is 0.5). If it is considered, a typical value is 0.2, implying accepting a 20% risk of 
having a Type 2 error. Power is 1 – β, or the certainty of not having a false negative. 

When evaluating data using a statistical test, power is the sensitivity of the test for rejecting 
the hypothesis. For an ANOVA test, it is the probability that the test will detect a difference among 
the groups if a difference really exists. 

Comparison Tests 

Probably the most common situation is to compare data collected from different locations, or 
seasons. Comparison of test with reference sites, of influent with effluent, of upstream with 
downstream locations, for different seasons of sample collection, of different methods of sample 
collection can all be made with comparison tests. If only two groups are to be compared 
(above/below; in/out; test/reference), then the two group tests can be used effectively, such as the 
simple Student’s t-test or nonparametric equivalent. If the data are collected in “pairs,” such as 
concurrent influent and effluent samples, or concurrent above and below samples, then the more 
powerful and preferred paired tests can be used. If the samples cannot be collected to represent 
similar conditions (such as large physical separation in sampling location, or different time frames), 
then the independent tests must be used. 

If multiple groupings are used, such as from numerous locations along a stream, but with 
several observations from each location; or from one location, but for each season, then a one
way ANOVA is needed. If one has seasonal data from each of the several stream locations for 
multiple seasons, a two-way ANOVA can be used to investigate the effects of location, season, 
and the interaction of location and season together. Three-way ANOVA tests can be used to 
investigate another dimension of the data (such as contrasting sampling methods or weather for 
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the different seasons at each of the sampling locations), but that would obviously require 
substantially more data to represent each condition. (See the discussion on stratified random 
sampling in Chapter 5, for example.) 

There are various data characteristics that influence which specific statistical test can be used 
for comparison tests. The parametric tests require the data to be normally distributed and that 
the different data groupings have the same variance, or standard deviation (checked with prob
ability plots and appropriate test statistics for normality, such as the Kolmogorov–Smirnov one
sample test, the chi-square goodness of fit test, or the Lilliefors test). If the data do not meet the 
requirements for the parametric tests, the data may be transformed to better meet the test 
conditions (such as taking the log10 of each observation and conducting the test on the transformed 
values). The nonparametric tests are less restrictive, but are not free of certain requirements. 
Even though the parametric tests have more statistical power than the associated nonparametric 
tests, they lose any advantage if inappropriately applied. If uncertain, nonparametric tests should 
be used. 

A few example statistical tests (as available in SigmaStat, SPSS, Inc.) are indicated below for 
different comparison test situations: 

• Two groups 
Paired observations 

Parametric tests (data require normality and equal variance) 
– Paired Student’s t-test (more power than nonparametric tests) 

Nonparametric tests 
– Sign test (no data distribution requirements, some missing data accommodated) 
– 	Friedman’s test (can accommodate a moderate number of “nondetectable” values, but 

no missing values are allowed 
– 	Wilcoxon signed rank test (more power than sign test, but requires symmetrical data 

distributions) 
Independent observations 

Parametric tests (data require normality and equal variance) 
– Independent Student’s t-test (more power than nonparametric tests) 

Nonparametric tests 
– 	Mann–Whitney rank sum test (probability distributions of the two data sets must be the 

same and have the same variances, but do not have to be symmetrical; a moderate num
ber of “nondetectable” values can be accommodated) 

• 	 Many groups (use multiple comparison tests, such as the Bonferroni t-test, to identify which groups 
are different from the others if the group test results are significant). 

Parametric tests (data require normality and equal variance) 
One-way ANOVA for single factor, but for >2 “locations” (if 2 locations, use Student’s t-test) 
Two-way ANOVA for two factors simultaneously at multiple “locations” 
Three-way ANOVA for three factors simultaneously at multiple “locations” 
One factor repeated measures ANOVA (same as paired t-test, except that there can be mul

tiple treatments on the same group) 
Two factor repeated measures ANOVA (can be multiple treatments on two groups) 

Nonparametric test 
Kurskal–Wallis ANOVA on ranks (use when samples are from non-normal populations or 

the samples do not have equal variances) 
Friedman repeated measures ANOVA on ranks (use when paired observations are available 

in many groups) 
Nominal observations of frequencies (used when counts are recorded in contingency tables) 

Chi-square (χ2) test (use if more than two groups or categories, or if the number of observa
tions per cell in a 2 × 2 table are > 5) 

Fisher Exact test (use when the expected number of observations is <5 in any cell of a 2 × 2 table) 
McNamar’s test (use for a “paired” contingency table, such as when the same individual or 

site is examined both before and after treatment) 
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Data Associations and Model Building 

These activities are an important component of the “weight-of-evidence” approach used to 
identify likely cause-and-effect relationships. The following list illustrates some of the statistical 
tools (as available in SigmaStat and/or SYSTAT, SPSS, Inc.) that can be used for evaluating data 
associations and subsequent model building: 

• Data Associations 
Simple 

Pearson Correlation (residuals, the distances of the data points from the regression line, must 
be normally distributed. Calculates correlation coefficients between all possible data vari
ables. Must be supplemented with scatterplots, or scatterplot matrix, to illustrate these 
correlations. Also identifies redundant independent variables for simplifying models) 

Spearman Rank Order Correlation (a nonparametric equivalent to the Pearson test) 
Complex (typically only available in advanced software packages) 

Hierarchical Cluster Analyses (graphical presentation of simple and complex interrelation
ships. Data should be standardized to reduce scaling influence. Supplements simple 
correlation analyses) 

Principal Component Analyses (identifies groupings of parameters by factors so that vari
ables within each factor are more highly correlated with variables in that factor than with 
variables in other factors. Useful to identify similar sites or parameters). 

• Model building/equation fitting (these are parametric tests and the data must satisfy various 
assumptions regarding behavior of the residuals) 

Linear equation fitting (statistically-based models) 
Simple linear regression (y = b0 + b1x, with a single independent variable, the slope term, and 

an intercept. It is possible to simplify even further if the intercept term is not significant) 
Multiple linear regression (y = b0 + b1x1 + b2x2 + b3x3 + … + bkxk, having k independent vari

ables. The equation is a multidimensional plane describing the data) 
Stepwise regression (a method generally used with multiple linear regression to assist in 

identifying the significant terms to use in the model) 
Polynomial regression (y = b0 + b1x1 + b2x2 + b3x3 + … + bkxk, having one independent 

variable describing a curve through the data) 
Nonlinear equation fitting (generally developed from theoretical considerations) 

Nonlinear regression (a nonlinear equation in the form: y = bx, where x is the independent 
variable. Solved by iteration to minimize the residual sum of squares) 

• Data trends 
Graphical methods (simple plots of concentrations vs. time of data collection) 
Regression methods (perform a least-squares linear regression on the above data plot and exam

ine ANOVA for the regression to determine if the slope term is significant. Can be mislead
ing due to cyclic data, correlated data, and data that are not normally distributed) 

Mann–Kendall test (a nonparametric test that can handle missing data and trends at multiple 
stations. Short-term cycles and other data relationships affect this test and must be corrected) 

Sen’s estimator of slope (a nonparametric test based on ranks closely related to the Mann–Kendall 
test. It is not sensitive to extreme values and can tolerate missing data). 

Seasonal Kendall test (preferred over regression methods if the data are skewed, serially corre
lated, or cyclic. Can be used for data sets having missing values, tied values, censored values, 
or single or multiple data observations in each time period. Data correlations and dependence 
also affect this test and must be considered in the analysis) 

COMMENTS ON SELECTED STATISTICAL ANALYSES 
FREQUENTLY APPLIED TO RECEIVING WATER DATA 

Determination of Outliers 

Outliers in data collection can be recognized in the tails of the probability distributions. 
Observations that do not perfectly fit the probability distributions in the tails are commonly 
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considered outliers. They can be either very low or very high values. These values always attract 
considerable attention because they don’t fit the mathematical probability distributions exactly and 
are usually assumed to be flawed and are then discarded. Certainly, these values (like any other 
suspect values) require additional evaluation to confirm that simple correctable errors (transcription, 
math, etc.) are not responsible. If no errors are found, then these values should be included in the 
data analyses because they represent rare conditions that may be very informative. 

Analytical results less than the practical quantification limit (PQL) or the method detection limit 
(MDL) need to be flagged, but the result (if greater than the instrument detection limit, or IDL) 
should still be used in most of the statistical calculations. In some cases, the statistical test procedures 
can handle some undetected values with minimal modifications. In most cases, however, commonly 
used statistical procedures behave badly with undetected values. In these cases, results less than the 
IDL should be treated according to Berthouex and Brown (1994). Generally, the statistical procedures 
should be used twice, once with the less than detection values (LDV) equal to zero, and again with 
the LDV equal to the IDL. This procedure will determine if a significant difference in conclusions 
would occur with handling the data in a specific manner. In all cases of substituting a single value 
for LDV, the variability is artificially reduced, which can significantly affect comparison tests. It 
may therefore be best to use the actual instrument reported value for many statistical tests, even if 
it is below the IDL or MDL. This value may be considered a random value, but it is probably closer 
to the true value than a zero or other arbitrary value, plus it retains some aspects of the variability 
of the data sets. Of course, these values should not be “reported” in the project report, or to a 
regulatory agency, as they obviously do not meet the project QA/QC requirements. 

Similarly, unusually high values need to be examined critically to identify possible errors. In 
most cases, the sample should be reanalyzed. This is a good reason to retain any “left over” sample 
until satisfied with the results. Of course, long-stored samples may not be very representative of 
actual conditions for many constituents, so care will have to be taken when using these reanalyzed 
values if they exceeded the recommended storage periods. It is difficult to reject wet-weather 
constituent observations solely because they are unusually high, as wet weather flows can easily 
have wide-ranging constituent observations. High values should not automatically be considered 
as outliers and therefore worthy of rejection, but as rare and unusual observations that may shed 
some light on the problem. 

Exploratory Data Analyses 

Exploratory data analysis (EDA) is an important tool to quickly review available data before a 
specific data collection effort is initiated. It is also an important first step in summarizing collected 
data to supplement the specific data analyses associated with the selected experimental designs. 
A summary of the data’s variation is most important and can be presented using several simple 
graphical tools. The Visual Display of Quantitative Information (Tufte 1983) is a book with many 
examples of how to and how not to present graphical information. Envisioning Information, also 
by Tufte (1990), supplements his earlier book. Another important reference for basic analyses is 
Exploratory Data Analysis (Tukey 1977), which is the classic on this subject and presents many 
simple ways to examine data to find patterns and relationships. Cleveland (1993 and 1994) has 
also published two books related to exploratory data analyses: Visualizing Data and The Elements 
of Graphing Data. The basic plots described below can obviously be supplemented by many others 
presented in these books. Besides plotting the data, exploratory data analyses should always include 
corresponding statistical test results, if available. 

Basic Data Plots 

There are several basic data plots that need to be prepared as data are being collected and when 
all of the data are available. These plots are basically for QA/QC purposes and to demonstrate basic 
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data behavior. These basic plots include: time series plots (data observations as a function of time), 
control plots (generally the same as time series plots, but using control samples and with standard 
deviation bands, as described in Chapter 5), probability plots (described below), scatterplots (described 
below), and residual plots (needed for model building activity, especially for regression analyses, also 
described below). 

Probability Plots 

The most basic exploratory data analysis method is to prepare a probability plot of the available 
data. The plots indicate the possible range of the values expected, their likely probability distribution 
type, and the data variation. It is difficult to recommend another method that results in so much 
information using the available data. Histograms, for example, cannot accurately indicate the 
probability distribution type very accurately, but they more clearly indicate multimodal distributions. 
The observations are ranked in ascending order and probability values are calculated for each 
observation using the following formula: 

P = (i – 0.5)/n 

where i = the rank position 
n = the total number of observations. 

If 11 observations are available, the 6th ranked value would have a probability of 0.50 (50%), using 
the above formula. The values and corresponding probability positions are plotted on special normal
probability paper. This paper has a y-axis whose values are spread out for the extreme small and large 
probability values. When plotted on this paper, the values form a straight line if they are normally 
distributed (Gaussian). If the points do not form an acceptably straight line, they can then be plotted 
on log-normal probability paper (or the data observations can be log transformed and plotted on normal 
probability paper). If they form a straight line on the log-normal plot, then the data are log-normally 
distributed. Other data transformations are also possible for plotting on normal-probability paper, 
but these two (normal and log-normal) are usually sufficient for most receiving water analyses. 

Figure 7.1	 Log-normal probability distribution for 
1976 Birmingham, AL, average rain 
intensities. (From Pitt, R. and S.R. 
Durrans. Drainage of Water from Pave- 
ment Structures. Alabama Department 
of Transportation. Research Project 
930-275. Montgomery, AL. Sept. 1995.) 

Figure 7.1 is an example of a probability plot 
of average rain intensity for Birmingham, AL, 
for 1976 (Pitt and Durrans 1995). This is a log
normal probability plot, as the rain intensity val
ues are plotted on a log scale. These intensities 
plot along a reasonably straight line, indicating 
that they are generally log-normally distributed. 
Figure 7.2 shows three types of results that can 
be observed when plotting pollutant reduction 
observations on probability plots, using data col
lected at the Monroe St. wet detention pond in 
Madison, WI, by the USGS and the WI DNR. 
Figure 7.2a for suspended solids (particulate res
idue) shows that SS are effectively removed over 
a wide range of influent concentrations, ranging 
from 20 to over 1000 mg/L. A simple calculation 
of percentage reduction would not show this con
sistent removal over the wide range. In contrast, 
Figure 7.2b for total dissolved solids (filtered 
residue) shows poor removals of TDS for all 
concentration conditions, as expected for this 
wet detention pond. The average percentage 
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a 

removal for TDS would be close to zero and no 
additional surprises are indicated on this plot. 
Figure 7.2c, however, shows a wealth of infor
mation that would not be available from simple 
numerical statistical summaries. In this plot, fil
tered COD is seen to be poorly removed for low 
concentrations (less than about 20 mg/L, but the 
removal increases substantially for higher con
centrations. In addition, the COV of the effluent 
concentrations is much smaller than for the influ
ent concentrations. Although not indicated on 
these plots, the rank order of concentrations was 
similar for both influent and effluent distributions 
for all three pollutants. 

Generally, water quality observations do not 
form a straight line on normal probability paper, 
but do (at least from about the 10 to 90 percentile 
points) on log-normal probability paper. This 
indicates that the samples generally have a log
normal distribution, and many parametric statis
tical tests can probably be used, but only after 
the data are log-transformed. These plots indi

b 

c 

Figure 7.2	 Influent and effluent observations for 
suspended solids, dissolved solids, and 
filtered COD at the Monroe St., Madison, 
WI, stormwater detention pond. 

cate the central tendency (median) of the data, along with their possible distribution type and 
variance (the steeper the plot, the smaller the COV, and the flatter the slope of the plot, the larger 
the COV for the data). Multiple data sets can also be plotted on the same plot (such as for different 
sites, different seasons, different habitats, etc.) to indicate obvious similarities (or differences) in 
the data sets. Most statistical methods used to compare different data sets require that the sets have 
the same variances, and many require normal distributions. Similar variances would be indicated 
by generally parallel plots of the data on the probability paper, while normal distributions would 
be reflected by straight line plots on normal probability paper. 

RB-AR28820



586 STORMWATER EFFECTS HANDBOOK 

Probability plots should be supplemented with standard statistical tests that determine if the 
data are normally distributed. These tests (at least some are usually available in most software 
packages) include the Kolmogorov–Smirnov one-sample test, the chi-square goodness of fit test, 
and the Lilliefors variation of the Kolmogorov–Smirnov test. They basically are paired tests 
comparing data points from the best-fitted normal curve to the observed data. The statistical tests 
may be visualized by comparing the best-fitted normal curve data and the observed data plotted 
on normal probability paper. If the observed data cross the fitted curve data numerous times, it is 
much more likely to be normally distributed than if it only crossed the fitted curve a few times. 

Digidot Plot 

Berthouex and Brown (1994) point out that since the best way to display data is with a plot, 
it makes little sense to present the data in a table. They highly recommend a digidot plot, developed 
by Hunter (1988) based on Tukey (1977), as a basic presentation of characterization data. This plot 
indicates the basic distribution of the data, shows changes with time, and presents the actual values, 
all in one plot. A data table is therefore not needed in addition to the digidot plot. A stem and leaf 
plot of the data is presented as the y-axis, and the data are presented in a time series (in the order 
of collection) along the x-axis. Figure 7.3 is an example of a digidot plot, as presented by Berthouex 
and Brown (1994). The stem and leaf plot is constructed by placing the last digit of the value on 
the y-axis between the appropriate tic marks. In this example, the value 47 is represented with a 
7 placed in the division between 45 and 50. Similarly, 33 is represented with a 3 placed in the 
division between 30 and 35. Values from 30 to 34 are placed between the 30 and 35 tic marks, 
while values from 35 to 39 are placed between the 35 and 40 tic marks. Simultaneously, the values 
are plotted in a time series in the order of collection. This plot can therefore be constructed in real 
time as the data are collected, and obvious trends can be noted with time. This plot also presents 
the actual numerical data that can also be used in later statistical analyses. 

Scatterplots 

According to Berthouex and Brown (1994), the majority of the graphs used in science are 
scatterplots. They stated that these plots should be made before any other analyses of the data are 
performed. Scatterplots are typically made by plotting the primary variable (such as a water quality 
constituent) against a factor that may influence its value (such as time, season, flow, another 
constituent like suspended solids, etc.). Figure 7.4 is a scatterplot showing COD values plotted 
against rain depth to investigate the possibility of a “first-flush,” where higher concentrations are 
assumed to be associated with small runoff events (Pitt 1985). In this example, the smallest rains 
appear to have the highest COD concentrations associated with them, but the distribution of values 
is very wide. This may simply be a result of the much greater number of events having small rains 
and an increased likelihood of events having unusual observations when more observations are 
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Figure 7.4 Scatterplot for Bellevue, WA, COD 
stormwater concentrations, by rain 
depth. (From Pitt, R. Characterizing 
and Controlling Urban Runoff 
through Street and Sewerage Clean
ing. U.S. Environmental Protection 
Agency, Storm and Combined Sewer 
Program, Risk Reduction Engineer
ing Laboratory. EPA/600/S2-85/038. 
PB 85-186500. Cincinnati, OH. 
467 pp. June 1985.) 

Figure 7.5 Grouped scatterplot for ozone, 
solar radiation, temperature, and 
wind speed. (From Cleveland, 
W.S. The Elements of Graphing 
Data. Hobart Press, Summit, NJ. 
1994. With permission.) 
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made. When many data are observed for many sites, generally smaller rains do seem to be associated 
with the highest concentrations observed, but it is not a consistent pattern. 

Grouped scatterplots (miniatures) of all possible combinations of constituents can be organized 
as in a correlation matrix (Figure 7.5; Cleveland 1994). This arrangement allows obvious relation
ships to be seen easily, and even indicates if the relationships are straight-lined or curvilinear. In 
this example, the highest ozone values occur on days having the highest temperatures, and the 
lowest ozone concentrations occur on days having brisk winds and low temperatures, for example. 

Grouped Box and Whisker Plots 

Another primary exploratory data analysis tool, especially when differences between sample 
groups are of interest, is the use of grouped box and whisker plots. Examples of their use include 
examining different sampling locations (such as above and below a discharge), influent and effluent 
of a treatment process, different seasons, etc. These plots indicate the range and major percentile 
locations of the data, as shown on Figure 7.6 (Pitt 1985). In this example, seasonal groupings of 
stormwater quality observations for COD (chemical oxygen demand) from Bellevue, WA, were 
plotted to indicate obvious differences in the values. If the 75 and 25 percentile lines of the boxes 
are higher or lower than the medians of other box and whisker plots, then the data groupings are 
likely significantly different (at least at the 95% level). When large numbers of data sets are plotted 
using box and whisker plots, the relative overlapping (or separation) of the plots can be used to 
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Figure 7.6	 Grouped box and whisker plot for 
Bellevue, WA, COD stormwater 
concentrations, by season. (From 
Pitt, R. Characterizing and Control
ling Urban Runoff through Street 
and Sewerage Cleaning. U.S. Envi
ronmental Protection Agency, 
Storm and Combined Sewer Pro
gram, Risk Reduction Engineering 
Laboratory. EPA/600/S2-85/038. 
PB 85-186500. Cincinnati, OH. 467 
pp. June 1985.) 

identify possible groupings of the separate sets. In this case, the winter has lower concentrations 
than the summer. 

To supplement the visual presentation with the grouped box and whisker plots, a one-way ANOVA 
test (or the Kurskal–Wallis ANOVA on ranks test) should be conducted to determine if there are any 
statistically significant differences between the different boxes on the plot. ANOVA doesn’t specifically 
identify which sets of data are different from others, however. A multiple comparison procedure (such 
as the Bonferroni t-test) can be used to identify significant differences between all cells if the ANOVA 
finds that a significant difference exists. Both of these tests (ANOVA and Bonferroni t-test) are 
parametric tests and require that the data be normally distributed. It may therefore be necessary to 
perform a log-transformation on the raw data. These tests will identify differences in sample groupings, 
but similarities (to combine data) are probably also important to know. 

Comparing Multiple Sets of Data with Group Comparison Tests 

Making comparisons of data sets is a fundamental objective of many receiving water investi
gations. Different habitats and seasons can produce significant affects on the observations. The 
presence of influencing factors, such as pollutant discharges or control practices, also affects the 
data observations. Berthouex and Brown (1994) and Gilbert (1987) present excellent summaries 
of the most common statistical tests that are used for these comparisons in environmental investi
gations. The significance of the test results (the α value, the confidence factor, along with the β 
value, the power factor, both discussed in Chapter 5) will indicate the level of confidence and power 
that the two sets of observations are the same. In most cases, an α level of less than 0.05 has been 
traditionally used to signify significant differences between two sets of observations, although this 
is an arbitrary criterion. In most cases, β is ignored (resulting in a default value of 1 – β of 0.5), 
although some use a 1 – β value of 0.8. An α value of 0.05 implies that the interpretation will be 
in error an average of 1 in 20 times. In some cases, this may be too conservative, while in others 
(such as where health and welfare implications are involved), it may be too liberal. The selection 
of the critical α value should be decided beforehand, while the calculated values for α should 
always be presented in the data evaluation (not simply stating that the results were significant or 
not significant at the 0.05 level, as is common). Even if the α level is significant, the magnitude 
of the difference, such as the pollutant reduction, may not be very important. The importance of 
the level of pollutant reductions should also be graphically presented using grouped box plots 
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indicating the range and variations of the concentrations at each of the sampling locations, as 
described previously. 

Comparison tests are divided into simple tests between two groups (such as Student’s t-test) 
and tests that examine larger numbers of groups and interactions (such as analysis of variance tests, 
or ANOVA). 

Simple Comparison Tests with Two Groups 

The main types of simple comparison tests are separated into independent and paired tests. 
These can be further separated into tests that require specific probability distribution characteristics 
(parametric tests) and tests that do not have as many restrictions based on probability distribution 
characteristics of the data (nonparametric data). If the parametric test requirements can be met, 
they should be used because they have more statistical power. However, if information concerning 
the probability distributions is not available, or if the distributions do not behave correctly, then 
the somewhat less powerful nonparametric tests should be used. Similarly, if the data gathering 
activity can allow for paired observations, they should be used preferentially over independent tests. 

In many cases, observations cannot be related to each other, such as a series of observations at 
two locations during all of the rains during a season. Unless the sites are very close together, the 
rains are likely to vary considerably at the two locations, disallowing a paired analysis. However, 
if data can be collected simultaneously, such as at influent and effluent locations for a (rapid) 
treatment process, paired tests can be used to control all factors that may influence the outcome, 
resulting in a more efficient statistical analysis. Paired experimental designs ensure that uncontrolled 
factors basically influence both sets of data observations equally (Berthouex and Brown 1994). 

The parametric tests used for comparisons are the Student’s t-tests (both independent and paired 
t-tests). All statistical analysis software and most spreadsheet programs contain both of these basic 
tests. These tests require that the variances of the sample sets be the same and constant over the 
range of the values. These tests also require that the probability distributions be Gaussian (normal). 
Transformations can be used to modify the data sets to these conditions. Log-transformations can 
be used to produce Gaussian distributions of most water quality data. Square root transformations 
are also commonly used to make the variance constant over the data range, especially for biological 
observations (Sokal and Rohlf 1969). In all cases, it is necessary to confirm these requirements 
before the standard t-tests are used. 

Nonparametrics: Statistical Methods Based on Ranks by Lehman and D’Abrera (1975) is a 
comprehensive general reference on nonparametric statistical analyses. Gilbert (1987) presents an 
excellent review of nonparametric alternatives to the Student’s t-tests, especially for environmental 
investigations from which the following discussion is summarized. Even though the nonparametric 
tests remove many of the restrictions associated with the t-tests, the t-tests should be used if 
justifiable. Unfortunately, seldom are the Student’s t-test requirements easily met with environmen
tal data, and the slight loss of power associated with using the nonparametric tests is much more 
acceptable than misusing the Student’s t-tests. Besides having few data distribution restrictions, 
many of the nonparametric tests can also accommodate a few missing data, or observations below 
the detection limits. The following paragraphs briefly describe the features of the nonparametric 
tests used to compare data sets. 

Nonparametric Tests for Paired Data Observations 

The sign test is the basic nonparametric test for paired data. It is simple to compute and has no 
requirements pertaining to data distributions. A few “not detected” observations can also be accom
modated. Two sets of data are compared and the differences are used to assign a positive sign if the 
value in data set #1 is greater than the corresponding value in data set #2, or a negative sign is 
assigned if opposite. The number of positive signs are added and a statistical table (such as in Lehman 

RB-AR28824



590 STORMWATER EFFECTS HANDBOOK 

and D’Abrera 1975) is used to determine if the number of positive signs found is unusual for the 
number of data pairs examined. 

The Mann–Whitney signed rank test has more power than the sign test, but it requires that the data 
distributions be symmetrical (but with no specific distribution type). Without transformations, this 
requirement may be difficult to justify for water quality data. This test requires that the differences 
between the data pairs in the two data sets be calculated and ranked before checking with a special 
statistical table (as in Lehman and D’Abrera 1975). In the simplest case for monitoring the effectiveness 
of treatment alternatives, comparisons can be made of inlet and outlet conditions to determine the level 
of pollutant removal and the statistical significance of the concentration differences. StatXact-Turbo 
(CYTEL, Cambridge, MA) is a microcomputer program that computes exact nonparametric levels of 
significance, without resorting to normal approximations. This is especially important for the relatively 
small data sets that will typically be evaluated during most environmental research activities. 

Friedman’s test is an extension of the sign test for several related data groups. There are no 
data distribution requirements and the test can accommodate a moderate number of “nondetectable” 
values, but no missing values are allowed. 

Nonparametric Tests for Independent Data Observations 

As for the t-tests, paired test experimental designs are superior to independent designs for 
nonparametric tests because of their ability to cancel out confusing properties. However, paired 
experiments are not always possible, requiring the use of independent tests. The Wilcoxon rank 
sum test is the basic nonparametric test for independent observations. The test statistic is also easy 
to compute and compare to the appropriate statistical table (as in Lehman and D’Abrera 1975). 
The Wilcoxon rank sum test requires that the probability distributions of the two data sets be the 
same (and therefore have the same variances). There are no other restrictions on the data distribu
tions (they do not have to be symmetrical, for example). A moderate number of “nondetectable” 
values can be accommodated by treating them as ties. 

The Kruskal–Wallis test is an extension of the Mann–Whitney rank sum test and allows 
evaluations of several independent data sets, instead of just two. Again, the distributions of the data 
sets must all be the same, but they can have any shape. A moderate number of ties and nondetectable 
values can also be accommodated. 

Comparisons of Many Groups 

If there are more than two groups of data to be compared (such as in-stream concentrations at several 
locations along a river, each with multiple observations), one of the analysis of variance, or ANOVA, 
tests should be used. The commonly available one-way, two-way, and three-way ANOVA tests are 
parametric tests and require that the data in each grouping be normally distributed and that the variances 
be the same in each group. This can be visually examined by preparing a probability plot for the data 
in each group displayed on the same chart. The probability plots would need to be parallel and straight. 
Obviously, log transformations of the data can be used if assumptions are met when the data is plotted 
using log-normal probability axes. In Figure 7.2a, the influent and effluent probability plots for suspended 
solids at the Monroe St. wet detention pond site in Madison, WI, the probability plots are reasonably 
parallel and straight when plotted as log-normal plots. However, Figure 7.2c, a similar plot for dissolved 
COD, indicates that the plots are not parallel. Of course, these figures contain only two groupings of 
data (influent and effluent), and one of the previous two-group tests would be more efficient for this data. 

If data from multiple stations along a river were collected during different seasons, it would 
be possible to use the two-way ANOVA test to examine the effects of different seasons and different 
locations, along with the interaction of these parameters. Three-way ANOVA tests can be used to 
evaluate the results of similar field sampling data (different locations, different seasons) and another 
factor, such as natural vs. artificial substrate samplers for benthic macroinvertebrates (or seining 
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vs. electroshocking for fish sampling). These tests would then indicate if the results from these 
different sampling procedures varied significantly by season, or sampling location. These analyses 
are more flexible than the factorial tests described earlier in Chapter 5, as the factorial tests are 
most commonly only used for two levels (such as winter vs. summer; pools vs. riffles; and artificial 
substrate vs. natural substrate samplers). Factorial tests are more complicated when intermediate, 
or more than 2 levels, are being considered. However, the ANOVA tests are parametric tests and 
require multiple observations in each group, while the factorial tests are not and can be used with 
single observations per group (although that may not be a good idea considering the expected high 
variability in most environmental sampling). 

A nonparametric test, usually included in statistical programs for comparing many groups, is 
the Kruskal–Wallis ANOVA on ranks test. This is only a one-way ANOVA test and is only suitable 
for comparing data from different sampling sites alone, for example. This would be a good test to 
supplement grouped box and whisker plots. 

Grouped comparison tests indicate only that at least one of the groups is significantly 
different from at least one other, they do not indicate which ones. For that reason, some statistical 
programs also conduct multiple comparison tests. SigmaStat, for example, offers: the Tukey test, 
Student–Newman–Keuls test, Bonferroni t-test, Fisher’s LDS, Dunner’s test, and Duncan’s 
multiple range test. These tests basically conduct comparisons of each group against each other 
group and identify which are different. 

Data Associations 

Identifying patterns and associations in data may be considered a part of exploratory data 
analyses, but many of the tools (especially cluster, principal component, and factor analyses) may 
require specialized procedures having multiple data handling options that are not available in all 
statistical software packages, while some (such as correlation matrices discussed here) are com
monly available. 

Identifying data associations, and possible subsequent model building, is another area of interest 
to many investigators examining receiving water conditions. This is a critical component of the 
“weight-of-evidence” approach for identifying possible cause and effect relationships. The follow
ing are possible steps for investigating data associations: 

1. 	 Reexamine the hypothesis of cause and effect (an original component of the experimental design 
previously conducted and the basis for the selected sampling activities). 

2. 	 Prepare preliminary examinations of the data, as described previously (most significantly, prepare 
scatterplots and grouped box/whisker plots). 

3. 	Conduct comparison tests to identify significant groupings of data. As an example, if seasonal 
factors are significant, then cause and effect may vary for different times of the year. 

4. 	 Conduct correlation matrix analyses to identify simple relationships between parameters. Again, 
if significant groupings were identified, the data should be separated into these groupings for 
separate analyses, in addition to an overall analysis. 

5. 	 Further examine complex interrelationships between parameters by possibly using combinations 
of hierarchical cluster analyses, principal component analyses (PCA), and factor analyses. 

6. 	 Compare the apparent relationships observed with the hypothesized relationships and with infor
mation from the literature. Potential theoretical relationships should be emphasized. 

7. 	Develop initial models containing the significant factors affecting the parameter outcomes. 
Simple apparent relationships between dependent and independent parameters should lead to 
reasonably simple models, while complex relationships will likely require further work and more 
complex models. 

The following sections briefly describe these tools and present some interesting examples of 
their use. 
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Correlation Matrices 

Knowledge of the correlations between data elements is very important in many environmental 
data analysis efforts. They are especially important when model building, such as with regression 
analysis. When constructing a model, it is important to include the important factors in the model, 
but the factors should be independent. Correlation analyses can assist by identifying the basic 
structure of the model. 

Table 7.1 (Pitt 1987) is a standard correlation matrix that shows the relationships between 
measured rain and measured runoff parameters. This is a common Pearson correlation matrix, 
constructed using the microcomputer program SYSTAT (SPSS, Inc., Chicago, IL). It measures the 
strength of association between the variables. The Pearson correlation coefficients vary from –1 to 
+1. A coefficient of 0 indicates that neither of the two variables can be predicted from the other 
using a linear equation, while values of –1 or +1 indicate that perfect predictions can be made of 
one variable by only using the other variable. This example shows several very high correlations 
between pairs of parameters (>0.9). The paired parameters having high correlations are the same 
for both sites, possibly indicating the same basic processes for rainfall-runoff. High correlations 
are seen between total runoff depth (RUNTOT) and rain depth (RAINTOT) and between runoff 
duration (RUNDUR) and rain duration (RAINDUR). 

It is very important not to confuse correlation with causation. Box et al. (1978) presents a 
historical example of a plot (Figure 7.7) of the population of Oldenburg, Germany, against the 
number of storks observed in each year. In this example, few would conclude that the high 
correlation between the increased number of storks observed and the simultaneous increase in 
population is a cause and effect relationship. The two variables observed are most likely related to 
another factor (such as time in this example, as both sets of populations increased over the years 
from 1930 to 1936). However, many investigators make similar improper assumptions of cause and 
effect from their observations, especially if high correlations are found. It is extremely important 
that theoretical knowledge of the system being modeled be considered. If this knowledge is meager, 
then specific tests to directly investigate cause and effect relationships must be conducted. 

Hierarchical Cluster Analyses 

Another method to examine correlations between measured parameters is by using hierarchical 
cluster analyses. Figure 7.8 (Pitt 1987) is a tree diagram (dendogram) produced by SYSTAT using 
the same data as presented in the correlation matrix. A tree diagram illustrates simple and complex 
correlations between parameters. Parameters with short branches linking them are more closely 
correlated than parameters linked by longer branches. In addition, the branches can encompass 
more than just two parameters. The length of the short branches linking only two parameters is 
indirectly comparable to the correlation coefficients (short branches signify correlation coefficients 
close to 1). The main advantage of a cluster analyses is the ability to identify complex correlations 
that cannot be observed using a simple correlation matrix. In this example, the rain total — runoff 
total and runoff duration — rain duration high correlation coefficients found previously are also 
seen to have simple relationships. In contrast, predicting peak runoff rates (PEAKDIS) requires 
more complex information. Therefore, the model used to predict peak runoff would have to be 
more complex, requiring additional information than required to merely predict total runoff. 

Principal Component Analyses (PCA) and Factor Analyses 

Another important tool to identify relationships and natural groupings of samples or locations 
is with principal component analyses (PCA). Normally, data are autoscaled before PCA in order 
to remove the artificially large influence of constituents having large values compared to constituents 
having small values. PCA is a sophisticated procedure where information is sorted to determine 
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Table 7.1 Pearson Correlation Matrix 

RAINTOT RAINDUR AVEINT PEAKINT DRYPER RUNTOT RUNDUR AVEDIS PEAKDIS LAG 

Emery (Industrial) 

RAINTOT 1.000

RAINDUR 0.533 1.000

AVEINT 0.138 –0.387 1.000

PEAKINT 0.512 –0.039 0.675 1.000

DRYPER 0.169 0.273 –0.096 –0.132 1.000

RUNTOT 0.906 0.562 0.007 0.405 0.075 1.000

RUNDUR 0.501 0.965 –0.348 0.035 0.184 0.556 1.000

AVEDIS 0.709 –0.013 0.480 0.654 –0.095 0.680 –0.026 1.000

PEAKDIS 0.729 0.129 0.372 0.748 0.041 0.699 0.150 0.849 1.000

LAG 0.135 0.220 –0.217 –0.217 0.052 0.205 0.134 0.098 0.107 1.000


Thistledowns (Residential/Commercial) 

RAINTOT 1.000

RAINDUR 0.553 1.000

AVEINT 0.321 –0.295 1.000

PEAKINT 0.564 –0.104 0.827 1.000

DRYPER 0.281 0.308 –0.190 –0.122 1.000

RUNTOT 0.903 0.448 0.187 0.551 0.283 1.000

RUNDUR 0.508 0.989 –0.322 –0.148 0.337 0.402 1.000

AVEDIS 0.398 –0.178 0.593 0.817 –0.037 0.585 –0.227 1.000

PEAKDIS 0.600 –0.051 0.659 0.917 0.009 0.702 –0.106 0.946 1.00

LAG –0.192 –0.037 –0.114 –0.202 –0.122 –0.184 –0.094 –0.138 –0.173 1.000


From Pitt, R. Small Storm Urban Flow and Particulate Washoff Contributions to Outfall Discharges. Ph.D. dissertation submitted to the 

Department of Civil and Environmental Engineering, University of Wisconsin, Madison. 1987. 
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Figure 7.7	 Possible cause and effect confu
sion from correlation tests. (From 
Box, G.E.P., W.G. Hunter, and 
J.S. Hunter. Statistics for Experi 
menters. John Wiley & Sons. 
New York. Copyright © 1978. 
John Wiley & Sons. This material 
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Figure 7.8 Tree diagram from cluster analyses of Toronto rainfall and runoff parameters. (From Pitt, R. Small 
Storm Urban Flow and Particulate Washoff Contributions to Outfall Discharges. Ph.D. dissertation 
submitted to the Department of Civil and Environmental Engineering, University of Wisconsin, 
Madison. 1987. With permission.) 
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% cum % cum 

PC1 75.4 75.4 PC3 5.2 89.4 
PC2 8.8 84.2 PC4 3.8 93.2 

%, percent of variance; cum, cumulative variance. 
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Figure 7.9A	 Loadings of principal components. (Reprinted with permission from Salau, J.S., R. Tauler, J.M. 
Bayona, and I. Tolosa. Input characterization of sedimentary organic contaminants and molecular 
markers in the northwestern Mediterranean Sea by exploratory data analysis. Environ. Sci.Technol., 
Vol. 31, No. 12, pp. 3482. 1997. Copyright 1997. American Chemical Society.) 
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Figure 7.9B	 Score plots of principal components. (Reprinted with permission from Salau, J.S., R. Tauler, J.M. 
Bayona, and I. Tolosa. Input characterization of sedimentary organic contaminants and molecular 
markers in the northwestern Mediterranean Sea by exploratory data analysis. Environ. Sci.Technol., 
Vol. 31, No. 12, pp. 3482. 1997. Copyright 1997. American Chemical Society.) 

the components (usually constituents) needed to explain the variance of the data. Typically, very 
large numbers of constituents are available for PCA analyses and a relatively small number of 
sample groups are to be identified. Salau et al. (1997) used PCA (and then cluster analyses) to 
identify characteristics of sediment off Spain. Figure 7.9A shows the first two component loadings 
(collectively comprising most of the information) for 59 constituents. The first principal component 
(PC1) is seen to be a near reversed image of the second principal component (PC2) (if a constituent 
is very important in one PC, it should be much less important in the other). Figure 7.9B shows a 
scatterplot of PC1 vs. PC2 values for different sample locations, showing how there are three main 
groups of samples, which generally correspond to two sampling areas, plus a third group. The third 
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Figure 7.10	 Dendogram of data, without two major 
groupings. (Reprinted with permission from 
Salau, J.S., R. Tauler, J.M. Bayona, and I. 
Tolosa. Input characterization of sedimen
tary organic contaminants and molecular 
markers in the northwestern Mediterranean 
Sea by exploratory data analysis. Environ. 
Sci. Technol., Vol. 31, No. 12, pp. 3482. 
1997. Copyright 1997. American Chemical 
Society.) 

group was then further analyzed using cluster analysis to examine more complex groupings and 
sampling subareas, as shown in the dendogram of Figure 7.10. 

Regression Analyses 

Requirements for the Use of Regression Analyses 

Regression analyses are a very popular, but commonly misused, statistical analysis tool. All 
statistical packages and most spreadsheets contain regression analysis routines. An excellent ref
erence for regression analysis is Applied Regression Analysis by Draper and Smith (1981), while 
Berthouex and Brown (1994) have extensive discussions concerning misapplications and sugges
tions for proper use of regression analysis. 

Regression analyses are best used to fit data to a theoretically derived equation that has some 
physical meaning. Theoretically derived equations often result in a nonlinear equation that cannot be 
evaluated using standard regression procedures, and many of the statistical programs available do not 
have any, or have only limited, nonlinear regression capabilities. Nonlinear regression analyses require 
assumptions and analyses steps similar to the more conventional regression analyses. Statistically 
based models (such as are common with stepwise regression or multiparameter polynomial regression 
equations) are very important and useful for many applications, but they are more limited in their 
transferability to other conditions and do not result in as useful understandings of the processes. 

Regression models are most commonly misused when used to establish cause and effect, as 
illustrated in Figure 7.7, which showed an excellent correlation between stork and human 
populations. As described in Chapter 8, a weight-of-evidence approach (independent evaluations 
with a preponderance of supporting data) is typically needed to establish confidence in a proposed 
cause and effect relationship. Regression analyses are important components of most weight-of
evidence approaches, but they should not be overly relied upon. Besides these basic problems 
in objectives for conducting the test and in interpretation of regression analyses, many apply 
regression analyses improperly. 

The following steps should be followed when conducting a regression (curve-fitting or model 
building) analysis: 

1. 	 Formulate the objectives of the curve-fitting exercise (a subset of the experimental design previ
ously conducted). 

2. 	 Prepare preliminary examinations of the data, as described previously. (Most significantly, prepare 
scatterplots and probability plots of the data, plus correlation evaluations to examine independence 
between multiple parameters that may be included in the models.) 
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3. 	Identify alternative models from the literature that have been successfully applied for similar 
problems (part of the previously conducted experimental design activities in order to identify which 
parameters to measure, or to modify or control). 

4. Evaluate the data to ensure that regression is applicable and make suitable data transformations. 
5. Apply regression procedures to the selected alternative models. 
6. 	 Evaluate the regression results by examining the coefficient of determination (R2) and the results 

of the analysis of variance of the model (standard error analyses and probability values for 
individual equation parameters and overall model). 

7. Conduct an analysis of the residuals (as described below). 
8. Evaluate the results and select the most appropriate model(s). 
9. 	 If not satisfied, it may be necessary to examine alternative models, especially those based on data 

patterns (through cluster analyses and principal component analyses) and to reexamine and modify 
the theoretical basis of existing models. Statistically based models can be developed using step
wise regression routines. 

The following discussion presents the necessary assumptions and proper verification steps 
needed when using regression analyses. Draper and Smith (1981) list the following requirements 
for proper use of regression analyses: 

• The residuals are independent 
• The residuals have zero mean 
• The residuals have a constant variance (σ2) 
• The residuals have a normal distribution (required for making F-tests) 

Residuals are the unexplained variation of a model and are calculated as the differences between 
what is actually observed and what is predicted by the model (equation). Examination of the 
residuals should confirm if the fitted model is correct. The easiest method to confirm residual 
behavior is through graphical analyses, as described below. The examination of residuals applies 
to any model situation, not just regression models. 

The Need for Graphical Analyses of Residuals 

In all cases, graphical analysis of model residuals is necessary to confirm most of these 
requirements and to verify the use of the model. Berthouex and Brown (1994) list the following 
required residual graphical analyses for a regression model: 

• 	Check for normality of the residuals (preferably by constructing a probability plot on normal 
probability paper and having the residuals form a straight line, or at least use an overall plot, as 
in Figure 7.11a). 

• Plot the residuals against the predicted values (Figure 7.11b). 
• Plot the residuals against the predictor variables (similar to Figure 7.11b). 
• Plot the residuals against time in the order the measurements were made (Figure 7.11c). 

Examples of these plots are shown in Figure 7.11 (Draper and Smith 1981) and in Figure 7.12 
(Pitt 1987). The residuals need to be random and have the same variance for all these plots, as 
indicated in Figure 7.12a. If the residuals spread out (as in Figure 7.12b), then data transformations 
or a weighted least-squares analysis may be needed. If a trend is evident (as in Figure 7.12c), then 
a linear term should have been added to the model. If the residuals are curved (as in Figure 7.12d), 
then a higher level model (if a polynomial) may be needed. 

Figure 7.13 shows a fitted regression model relating runoff volume to rain depth for 60 
observations (Pitt 1987). Figure 7.13a shows the predicted and the observed runoff volumes, while 
Figure 7.13b is a probability plot of the model residuals. All of the 60 residuals fit the normal 
distribution, except for one low value and three high values. Figures 7.13c and 7.13d are plots of 
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the residuals with time and against the predicted runoff volume. All observations, except for 5, fall 
within one standard deviation of the mean residual (zero) (as expected, since ±1 standard deviation 
contains about 2/3 of the data). The trends appear to be random, although there are many more 
observations associated with the smaller runoff volumes. 

Simple lag plots should also be constructed to identify serial correlations of the residuals. 
Figure 7.14 (Draper and Smith 1981) shows two lag-1 serial correlation plots. To make lag-1 plots, 
the residuals are plotted against the preceding residual value. A lag-2 plot is prepared in a similar 
manner, by plotting a value against a preceding value skipping one. Different lag plots are normally 
prepared, although the lag-1 plot is usually the most informative. However, if daily samples are 
collected, sometimes lag-7 plots can be interesting by indicating some repeatable feature (such as 
associated with an industrial wastewater discharge), or if monthly samples are taken, lag-12 plots 
indicate seasonal changes. If these patterns are evident, then the model should be expanded to 
consider these possibly significant effects. If the resulting plot has a negative slope (as in 
Figure 7.14a), then the residuals are negatively serially correlated. If the resulting plot has a positive 
slope (as in Figure 7.14b), then the residuals are positively correlated. Both of these behaviors are 
undesirable for residuals because they indicate that the measurements are not independent. Serial 
correlation plots should be supplemented with a statistical procedure, such as the Durbin–Watson 
test for independence. 
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Figure 7.13 	Example residual analysis for simple rainfall-runoff model. (From Pitt, R. Small Storm Urban Flow and 
Particulate Washoff Contributions to Outfall Discharges. Ph.D. dissertation submitted to the Department 
of Civil and Environmental Engineering, University of Wisconsin, Madison. 1987. With permission.) 

Problems with Interpreting Regression Analysis Results 

Berthouex and Brown (1994) present a fascinating discussion on the coefficient of determination 
(R2) commonly used to “verify” a regression model. The following is a brief summary of that 
discussion. The coefficient of determination is the proportion of the total variability in the dependent 
variables that the regression equation accounts for. An R2 of 1.0 indicates that the equation accounts 
for all of the variability of the dependent variables. Unfortunately, a high R2 value, even if the 
model is statistically significant, doesn’t guarantee that the model has any predictive value. 
Figure 7.15 shows plots of four data sets (from Anscombe 1973) having identical predicted regres
sion equations with significant coefficients, the same R2 values (0.67), and the same standard error 
values. However, the plots show that the relationships are vastly different from each other, stressing 
the need to always prepare basic scatterplots of the data and to perform residual analyses for the 
fitted equation (as described earlier). 

Berthouex and Brown (1994) also show that having a low R2 doesn’t mean that the regression 
model is useless. The significance of the regression coefficients (presented in an ANOVA test of 
the regression equation) is highly dependent on the number of data observations. Highly significant 
equation coefficients are possible with a concurrent very low R2 value if the number of data 
observations is large. The opposite is also true: a high R2 value can occur with insignificant equation 
coefficients if only a few data observations are available. This leads to their comment that practical 
significance and statistical significance are not equivalent: a modest and unimportant true relation
ship may be established as statistically significant if a large number of observations are available. 
Conversely, a strong and important relationship may not be shown to be significant if only a few 
data are available. They therefore stress that great care needs to be exercised if a regression equation 
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is to be used for predictions because it is not possible to determine how accurate predictions will 
be based on the value of R2. They strongly suggest that the model (such as a regression equation) 
be evaluated by: (1) examining the data and resultant model residuals graphically (as described 
previously), and (2) by using the standard error of the estimate (as in an ANOVA evaluation) as a 
more useful measure of the prediction capability of the model instead of relying only on R2. The 
standard error of the estimate is computed from the variance of the predicted values using the 
model, so it is a more accurate indicator of the ability of the model to predict dependent variables. 
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Analysis of Trends in Receiving Water Investigations 

The statistical identification of trends is very demanding. Several publications have excellent 
descriptions of statistical trend analyses for water quality data (as summarized by Pitt 1995). In 
addition to containing detailed descriptions and examples of experimental design methods to 
determine a required sampling effort, Gilbert (1987) devotes a large portion of his book to detecting 
trends in environmental data and includes the code for a comprehensive computer program for 
trend analysis. Reckhow and Stow (1990) present a comprehensive assessment of the effectiveness 
of different water quality monitoring programs in detecting water quality trends using EPA STORET 
data for several rivers and lakes in North Carolina. They found that most of the data (monthly 
phosphorus, nitrogen, and specific conductance values were examined) exhibited seasonal trends 
and inverse relations with flow. In many cases, large numbers of samples would be needed to detect 
changes of 25% or less (typical for stormwater retrofitting activities). 

Spooner and Line (1993) present recommendations for monitoring requirements in order to 
detect trends in receiving water quality associated with nonpoint source pollution control programs, 
based on many years’ experience with the Rural Clean Water Program. These recommendations, 
even though derived from rural experience, should also be applicable to urban receiving water trend 
analyses. The following is a general list of their recommended data needs for associating water 
quality trends with land use/treatment trends: 

•	 Appropriate and sufficient control practices must be implemented. A high level of participation/con
trol implementation is needed in the watershed to result in substantial and more easily observed 
water quality improvement. Controls need to be used in areas of greatest benefit (critical source 
areas, or in drainages below major sources), and most of the area must be treated. 

•	 Control practice and land use monitoring is needed to separate and quantify the effects of changes 
in water quality due to the implemented controls by reducing the statistical confusion from other 
major factors. Monitor changes in land use and other activity on a frequent basis to observe 
temporal changes in the watershed. Seasonal variations in runoff quality can be great, along with 
seasonal variations in pollutant sources (monitor during all flow phases, such as during dry weather, 
wet weather, cold weather, warm weather, for example). Collect monitoring data and implement 
controls on a watershed basis. 

•	 Monitor the pollutants affecting the beneficial uses of the receiving waters. Conduct the trend 
analyses for pollutants of concern, not just for easy, convenient parameters. 

•	 Monitor for multiple years (at least 2 to 3 years for both pre- and post-control implementation) to 
account for year-to-year variability. Utilize a good experimental design, with preferable use of 
parallel watersheds (one must be a control and the other undergoing treatment). 

Preliminary Evaluations before Trend Analyses Are Used 

Gilbert (1987) illustrates several sequences of water quality data that can confuse trend analyses. 
It is obviously easiest to detect a trend when the trend is large and the random variation is very 
small. Cyclic data (such as seasonal changes) are often perceived as trends when no trends exist 
(Type 1 error), or they can mask trends that do exist (Type 2 error) (Reckhow and Stow 1990; 
Reckhow 1992). Three data characteristics need to be addressed before the data can be analyzed 
for trends because of confusing factors. These include: 

•	 Measure data correlations, as most statistical tests require uncorrelated data. If data are taken close 
together (in time or in location), they are likely partially correlated. As an example, it is likely 
that a high value is closely surrounded by other relatively high values. Close data can therefore 
influence each other and do not provide unique information. This is especially important when 
determining confidence limits of predicted values or when determining the amount of data needed 
for a trend analyses (Reckhow and Stow 1990). Test statistics developed by Sen can use dependent 
data, but they may require several hundred data observations to be valid (Gilbert 1987). 
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•	 Remove any seasonal (or daily) effects or select a data analysis procedure that is unaffected by 
data cycles. The nonparametric Sen test can be used when no cycles are present or if cyclic effects 
are removed, while the seasonal Kendall test is not affected by cyclic data (Gilbert 1987). 

•	 Identify any other likely predictable effects on concentrations and remove their influence. Normally 
occurring large variations in water quality data easily mask commonly occurring subtle trends. 
Typical relations between water quality and flow rate (for flowing water) can be detected by fitting 
a regression equation to a concentration vs. flow plot. The residuals from subtracting the regression 
from the data are then tested for trends using the seasonal Kendall test (Gilbert 1987). 

Reckhow (1992) presents a chart listing specific steps that need to be taken to address the above 
problems. These steps are as follows: 

1. 	 Check the data for deterministic patterns of variability (such as concentration vs. flow by using 
graphical and statistical methods). If deterministic patterns exist, subtract the modeled pattern from 
the original data, leaving the residuals for subsequent seasonality analyses. 

2. 	 Examine the remaining residuals (or data, if no deterministic patterns exist) for seasonal (can be 
a short period, such as daily) variations. Again use graphical and statistical methods. If “seasonality” 
exists, subtract the modeled seasonality from the data (residuals from #1 above), leaving the 
remaining residuals for subsequent trend analyses. 

3. 	 Conduct the trend analysis on the residuals from #2 above, using the standard seasonal Kendall 
test. If a trend exists, subtract the trend, leaving the remaining residuals for subsequent autocor
relation analyses. 

4. 	 Test the remaining residuals from #3 above (or the raw data, if no deterministic or cyclic patterns 
or trends were found) for autocorrelation. If the autocorrelation is significant, reevaluate the trends 
using an autocorrelated-corrected version of the seasonal Kendall (or regular Kendall) test. If no 
autocorrelation was found, use the standard seasonal Kendall test if seasonality was identified, or 
the standard Kendall test if no seasonality was identified. The final residual variation is then used 
(after correcting for autocorrelation) in calculating the required number of samples needed to detect 
trends for similar situations. 

Statistical Methods Available for Detecting Trends 

Graphical Methods 

Several sophisticated graphical methods are available for trend analyses that use special smooth
ing routines to reduce short-term variations so the long-term trends can be seen (Gilbert 1987). In 
all cases, simple plots of concentrations vs. time of data collection should be made. This will enable 
obvious data gaps, potential short-term variations, and distinct long-term trends to be possibly seen. 

Regression Methods 

A time-honored approach in trend analysis is to perform a least-squares linear regression on 
the quality vs. time plot and to conduct a t-test to determine if the true slope is not different from 
zero (Gilbert 1987). However, Gilbert (1987) points out that the t-test can be misleading due to 
cyclic data, correlated data, and data that are not normally distributed. 

Mann–Kendall Test 

This test is useful when missing data occur (due to gaps in monitoring, such as if waters freeze 
during the winters, equipment fails, or when data are reported as below the limit of detection). 
Besides missing data, this test can also consider multiple data observations per time period. This 
test also examines trends at multiple stations (such as surface waters and deep waters, etc.) and 
enables comparisons of any trends between the stations. This method also is not sensitive to the data 
distribution type. This test can be considered a nonparametric test for zero slope of water quality 
vs. time of sample collection (Gilbert 1987). Short-term (such as seasonal changes) cycles and other 
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data relationships (such as flow vs. concentration) affect this test and must be corrected. If data are 
highly correlated, then this test can be applied to median values in each discrete time grouping. 

Sen’s Nonparametric Estimator of Slope 

Being a nonparametric test based on ranks, this method is not sensitive to extreme values 
(or gross data errors) when calculating slope (Gilbert 1987). This test can also be used when missing 
data occur in the set of observations. It is closely related to the Mann–Kendall test. 

Seasonal Kendall Test 

This method is preferred to most regression methods if the data are skewed, serially correlated, 
or cyclic (Gilbert 1987). This test can be used for data sets having missing values, tied values, 
censored values (less than detection limits), or single or multiple data observations in each time 
period. The testing of homogeneity of trend direction enables one to determine if the slopes at 
different locations are the same when seasonality is present. Data correlations (such as flow vs. 
concentration) and dependence also affect this test and must be considered in the analysis. 

The code for the computer program contained in Gilbert (1987) computes Sen’s estimator of 
slope for each station–season combination, along with the seasonal Kendall test, Sen’s aligned test 
for trends, the seasonal Kendall slope estimator for each station, the equivalent slope estimator for 
each season, and confidence limits on the slope. 

Chapter 4 contains a case study of receiving water improvements with time for a Swedish urban 
lake after the implementation of watershed controls. The above steps were used to identify and 
measure nutrient and transparency improvements after stormwater control to remove phosphates 
was installed. 

Specific Methods Commonly Used for Evaluation of Biological Data 

Many of the above examples reflect water quality data analyses. However, in many areas of 
science, specialized tests are often used to great advantage based on specific conditions that are 
commonly encountered. Biological data analysis is certainly one field where some of these spe
cialized tests are worth noting. The following discussion specifically considers toxicity data and 
some of the unique statistical approaches that are useful. 

Typically, there are a few differences between analyzing laboratory and field (in situ) toxicity 
data. Regardless of where an evaluation takes place, the focus of any toxicity test design is to 
determine if environmental stressors are affecting a biological system and to what degree they are 
doing so. Once a test design is chosen, relevant chemical (e.g., pH, conductivity, ammonia, and 
turbidity, etc.) and physical (e.g., temperature, flow rate, stage, rainfall, etc.) data should always 
be collected throughout testing. For in situ biomonitoring, physical and chemical characteristics 
should generally be monitored each day the exposure takes place. It is recommended that initial 
(i.e., Day 0 or exposure commencement) and final (i.e., the final day of exposure or end of the 
bioassay) measurements be made at a minimum. The same approach should be made for any 
laboratory testing. The field conditions at the time of environmental sample (e.g., sediments, 
effluents, or receiving waters) collection must be monitored. Once any effluent or receiving water 
bioassay commences in the laboratory, daily physical and chemical measurements should be 
compiled. Following an exposure, for either laboratory or in situ experiments, routine descriptive 
statistics are always calculated. At a minimum, means (e.g., survival, reproduction, or growth), 
standard deviations, and coefficients of variation should be calculated from resulting test data. In 
many situations, these descriptive statistics are sufficient for making an assessment of environmental 
impact, especially for a short-term, one-time-only exposure. However, in most cases further statis
tical analysis is needed to better explain the status of a biological community. These supplemental 
data and descriptive statistics are usually very useful in supporting statistical analysis or conclusions. 
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For most laboratory-derived toxicity data, it is recommended in the USEPA chronic (1993) 
and acute (1995) freshwater laboratory test methods that either hypothesis testing or point 
estimate approaches be used for analyzing resulting endpoints (e.g., survival, growth, and repro
duction). Hypothesis testing is most frequently used to determine whether one or more biological 
responses resulting from exposure to a particular treatment differs as compared to the control 
response. These statistical tests can be done when effluents, receiving waters, or sediments are 
tested in the laboratory, and when field sites are evaluated in situ. Intuitively, the control response 
for any exposure should be representative of the condition being evaluated. Some hypothesis 
testing procedures require that the experiment yield a dose response or be conducted using a 
dilution series (e.g., effluent and receiving water tests). For experiments with a dilution series, 
hypothesis tests are used to yield specific effect levels, or concentrations at which either no effect 
or the first detection of an effect in the testing population appears. Therefore, the effect levels 
are either a No Observed Effect Concentration (NOEC) or a Lowest Observed Effect Concen
tration (LOEC). Prior to assigning NOEC and LOEC values, an analysis of variance (ANOVA) 
must be conducted on test data. An ANOVA allows the investigator to determine whether 
treatments differ from one another statistically; however, it does not identify which group(s) are 
different, only that there is at least one group that is statistically different from at least one other 
group. If statistical significance is detected after an ANOVA, the NOEC and LOEC values can 
be identified using a Student’s t-test, or an equivalent nonparametric test. The NOEC is the 
highest concentration not significantly different from the control and the LOEC is the first 
concentration that is significantly different from the control. If the data are parametric (i.e., 
normally distributed and homogeneous) and test replicate numbers are equal, Dunnett’s test is 
the appropriate choice. If test replicates are unequal, a t-test with Bonferroni adjustment is 
appropriate. Nonparametric data with an equal number of replicates require Steel’s Many-One 
Rank test, and Wilcoxon Rank Sum test if they are not. 

In situ toxicity tests may represent a natural, more “realistic,” exposure period but never provide 
the luxury of the controlled laboratory bioassay. Dose–response restrictions are rarely possible 
during in situ evaluations, and toxicity (i.e., contaminant concentrations) at field sites usually varies 
greatly in no particular order. Currently, no EPA guidance exists for statistical analysis of in situ 
toxicity data, but hypothesis testing can be implemented quite easily. For most in situ biomonitoring 
studies, a weight-of-evidence approach utilizing a suite of established statistical tools and scientific 
judgment is the general process. In many cases, it is very useful to use ANOVAs in conjunction 
with various post hoc tests for a simple and useful means to detect significant differences between 
sample treatments. The post hoc multiple comparison tests are then required to differentiate those 
treatments. Opinion varies widely on which post hoc tests are best in certain situations. However, 
Tukey’s honest significant difference (HSD) test or Duncan’s multiple range test is sufficient in 
most cases for defining where significance lies in the data. Both Tukey’s and Duncan’s compare 
all treatments (i.e., control and contaminated treatments) against one another and can allow one to 
show all significant difference for all the data. Dunnett’s can also be used again as a useful post hoc 
test to detect significant differences between all the treatments and only the control. Furthermore, 
it is sometimes recommended that to better meet the ANOVA assumptions of homogeneity of 
variance and normality, transforming binomial data (i.e., survival data) is sometimes needed. 
Typically, the square root, log, and arcsin-square root transformation are utilized most. 

Almost all point estimate data analysis is conducted on data from laboratory effluent, receiving 
water, or reference toxicant testing. Data used to calculate point estimates are required to have a 
continuous, dose-response relationship, usually a function of a dilution series. Traditionally, they 
allow the investigator to describe the relationship between two variables (e.g., a sample concentra
tion and biological response), in order to relate any adverse effects of known or suspected toxicants 
to a concentration or dose. Point estimation results are recorded as a lethal concentration (LC) for 
acute toxicity tests, and effective or inhibition concentration (EC or IC) for chronic tests. An LC 
is usually expressed as the concentration at which there is 50% mortality in the testing population 
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(i.e., an LC50 value). The EC and IC values are generally expressed as the concentration at which 
there is a 25% effect in a response, such as growth or reproduction (i.e., EC25 and IC25 values). 
Probit analysis is the only parametric, point estimate model where it is assumed the data are binomial 
(e.g., dead or alive, deformed or not) and normally distributed. For probit analysis, it is also required 
that there be at least two partial responses (i.e., no “all or nothing” responses). Probit effect levels 
are also reported as LC50 or EC50 values. A chi-square test (χ2) for heterogeneity can be used to 
determine whether or not data will fit the probit model. The Spearman–Karber model is the preferred 
nonparametric model and yields an LC50 or EC50 value. However, no mathematical relationship 
for the concentration response is assumed for Spearman–Karber. A symmetrical distribution around 
the mean, including no response in the lowest concentration and 100% response in the highest 
concentration, is required for the untrimmed model, but the trimmed model is employed when the 
zero and/or 100% response is not met. 

When a response variable or endpoint is dependent upon another variable(s), linear regression 
analysis may be useful. For example, for an in situ biomonitoring study where turbidity caused 
from suspended sediment is suspected of degrading water quality following storm events, numerous 
measurements must be taken to adequately assess impacts. After representative field sites are chosen, 
multiple measures of turbidity, flow, and particulate-associated contaminants throughout the expo
sure period would be needed. Trends can be detected by correlating the response of surrogate 
organisms (e.g., Pimephales promelas, Hyalella azteca, or Chironomus tentans) and physical or 
chemical measurements to strengthen a judgment of water quality and biological health of the 
waterway. A linear regression may be drawn between an endpoint and a single predictor variable 
(e.g., pH, temperature, or concentration of contaminant) in order to identify which independent 
variable is most closely related to the response. Multiple regression can be used to assess how an 
endpoint is related to multiple factors in a complex system. Linear regressions can be derived using 
many different functions (e.g., simple linear, exponential, hyperbolic). Least-squares estimates are 
used to determine the equation for the best fit line through the data, and this procedure is followed 
by computing the sum of squares (measures of the amount of variation in the response variable) 
and an ANOVA table. The ANOVA table partitions the variability of the responses and thus 
distinguishes what can be explained by regression and what remains unexplained (i.e., error). A 
large F value resulting from an ANOVA suggests that there is a significant linear relationship 
between the response (endpoint) and the predictor variable. However, a significant F value is not 
an indication that the regression equation used is the “best fit” model. Calculation of the Pearson’s 
correlation (r), the coefficient of determination (R2), and the coefficient of multiple correlation 
(in the case of multiple regression) indicate the fitness or strength of the regression. The SAS package 
offers a MAXR procedure for determining the best regression equation for a response variable and 
many predictor variables by optimizing R2 while maintaining parsimony (i.e., yielding an equation 
with the fewest predictor variables). Further evaluation of the adequacy of the regression relationship 
is always needed through hypothesis testing (t-tests) of the equation constants (e.g., slope and 
intercept values), determination of confidence intervals for the response variables, and inspection of 
the plot of residuals. It should be noted that the above regression approach assumes only a single, 
or simple, interaction between expected causes and the observed effect. As described earlier, several 
tests that consider complex interactions (such as hierarchical cluster analyses or principal component 
analyses and factor analyses) may be necessary supplements to this traditional approach. 

SUMMARY OF STATISTICAL ELEMENTS OF CONCERN 
WHEN CONDUCTING A RECEIVING WATER INVESTIGATION 

This chapter briefly presented a number of tools available to the environmental researcher. 
These have been selected as having special utility when conducting experiments that are not easily 
controlled. The experimental design methods presented in Chapter 5 included simple and robust 
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experimental designs and stressed an adequate sampling effort to help ensure successful data 
analyses. Various exploratory data analyses procedures have been briefly presented in this chapter, 
along with several cautionary examples of common problems encountered when using popular 
statistical methods. In almost all cases, the researcher will need to rely on the methods as presented 
in the references, as this discussion has been mostly descriptive. The applied statistical reference 
books included in the reference list comprise a fundamental library to which the environmental 
researcher should have access. 

Exploratory data analysis is a very useful tool for preliminary evaluations of historical data 
needed to help design data-gathering experiments, and, it should also be used as the first step in 
evaluating newly collected data. The comparison of data from multiple situations (upstream and 
downstream of an outfall, summer vs. winter observations, etc.) is a very common experimental 
objective. Similarly, the use of regression analyses is also a very common statistical tool for 
receiving water investigations. Trend investigations of water quality or biological conditions with 
time are also commonly conducted. The experimental design determines the location and conditions 
of the sampling for these statistical objectives, but several errors are commonly made when 
conducting the statistical evaluations of the collected data. 

In all cases, statistical analyses should not be considered a last-minute thought. Even in the 
best of conditions, with carefully controlled experiments and simple project objectives, it is man
datory that a general outline of the proposed statistical analysis procedures be developed before 
the initial experimental design is developed. It is only possible to collect adequate and sufficient 
data if a comprehensive objective is available and if the most appropriate statistical methods are 
identified. Of course, it is likely that additional analyses, or even substitutions, will be used during 
the final data analysis activities, and some of these modifications may require the collection of 
additional data that was not anticipated at the beginning of the project. 

A general strategy in data analysis should include several phases and layers of analyses. 
Graphical presentations of the data (using exploratory data analyses) should be conducted initially. 
Simple-to-complex relationships between variables may be more easily identified through visual 
data presentations for most people, compared to relying only on descriptive statistical summaries. 
Of course, graphical presentations should be supplemented with statistical test data to quantify the 
significance of any patterns observed. 

This chapter outlined several basic approaches to data analysis divided into major categories 
(multiple data sets, data associations, regression analyses, and trends) that are generally of the most 
interest in receiving water assessments. There is a great number of statistical references, software 
products, and consultants available to assist the data analyst. Several are presented in this chapter 
for additional information. 
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CHAPTER 8 


Data Interpretation 

“If you get all the facts, your judgment can be right; if you don’t get all the facts, it can’t be right.” 

Bernard M. Baruch 
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IS THERE A PROBLEM? 

Unit 1 (Chapters 1 through 3) described problems associated with stormwater runoff. Unit 2 
(Chapters 4 though 8) described the development of appropriate experimental designs that included 
selecting the components of the assessment process and determining an appropriate level of effort, 
plus specific sampling and monitoring activities to assess receiving water impacts. Unit 3 (the 
appendices) includes additional guidance on conducting specific field activities. There are numerous 
case study examples throughout these chapters showing how the recommended approach has 
functioned during previous successful projects. In this concluding chapter, these important issues 
are highlighted for the data interpretation process. Now that an assessment has been conducted, 
how does one determine whether or not the receiving waters are impaired and, if so, what is the 
source, or sources, of the impairment? 

609 
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As indicated in Chapters 2 and 3, there is a variety of receiving water problems that may be 
associated with stormwater. The specific problems in any area are dependent on many site conditions 
and objectives. There are many documented cases, previously described, where stormwater has 
caused detrimental impairments on receiving water uses and goals. Probably the most common 
problem is associated with stormwater conveyance (flood prevention) caused by increased amounts 
of pavement in the drainage area. The increased flows, however, are also responsible for many 
habitat problems related to the increased stream power and associated unstable stream environment. 
Other common receiving water problems in urban waters are associated with noncontact recreation 
(linear parks, aesthetics, boating, etc.). The seemingly simple task of preventing floatable debris 
from being discharged can be very difficult to accomplish. Much of this book has addressed 
environmental health issues associated with biological uses (warm-water fishery, biological integ
rity, etc.). In addition to the habitat destruction problems associated with increased flows and 
increased stream power, contaminated sediment may be a significant causative agent affecting 
biological uses. Poor water quality obviously can also significantly affect most of the above uses, 
in addition to interfering with water contact recreation (swimming) and water supply uses. It is 
unlikely that these human health uses would be appropriate in any waterway located in a heavily 
urbanized watershed. 

The study design is dependent on the expected problems likely to be encountered (see also 
Chapter 4). Without having that information at the beginning of a study, the initial list of parameters 
to be monitored has to be based on best judgment. The parameters to be monitored can be grouped 
into general categories, depending on expected beneficial use impairments, as follows: 

• Flooding and drainage: debris and obstructions affecting conveyance are parameters of concern. 
• 	Biological life/integrity: habitat destruction, high/low flows, taxonomic composition of existing 

aquatic life, inappropriate discharges, polluted sediment (texture, SOD, and toxicants), and wet 
weather quality (toxicity, bioaccumulation, toxicants, nutrients, DO) are key parameters. 

• 	Noncontact recreation: odors, trash, high/low flows, aesthetics, and public access are the key 
parameters. 

• Swimming and other contact recreation: pathogens, and above listed noncontact parameters, are key. 
• Water supply: water quality standards (especially pathogens and toxicants) are key parameters. 
• 	Shellfish harvesting and other consumptive fishing: pathogens, toxicants, and those listed under 

biological life/integrity, are key parameters. 

Obviously, there are definite problems in receiving waters that will dictate many components 
of the sampling program and measures against which the data are to be compared. These problems 
may be minor if the watershed is relatively undeveloped, but they can be extreme for fully 
developed urban or agricultural areas. In addition, local use objectives also dramatically affect 
the definition of a “problem.” In all cases, however, basic receiving water objectives should include 
safe drainage, noncontact recreation (acceptable aesthetics), and basic biological life objectives. 
It is unlikely that contact recreation or biological integrity, with the stream being able to support 
a full mixture of native organisms, would be reasonable receiving goals in a fully developed urban 
or agricultural watershed. 

The information and guidance provided in this book should enable a researcher to investigate 
local conditions to identify local use impairments and to identify the most likely causes of these 
problems. Depending on the magnitude of the effort expended and the clarity of the problems in the 
local area, it may also be possible to quantify the magnitude of stream use improvements with different 
levels of reduction of the causative agent. Once the causes and sources of the problems are identified, 
choices pertaining to improvement, or prevention measures in other areas, can be examined. 

The following sections outline the concept of “weight-of-evidence” as a tool to assemble a 
large amount of data to help in obtaining needed information pertaining to environmental health. 
An example risk assessment is also provided to show how risks associated with exposures to humans 
can be examined. 
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EVALUATING BIOLOGICAL STREAM IMPAIRMENTS 
USING THE WEIGHT-OF-EVIDENCE APPROACH 

The Process 

The term “weight-of-evidence” (WOE) has been used frequently during the past several years 
in the environmental assessment arena. However, there is no clear definition or approach accepted, 
and approaches have varied from those that are crude and qualitative to very complex and quanti
tative. As discussed in Chapter 4, no one assessment approach is adequate for drawing conclusions 
on the quality of a waterway because of the associated uncertainties and weaknesses of each 
approach. Therefore, there is now widespread acceptance that multiple approaches (lines of evi
dence) are essential in order to reach reliable conclusions of whether a problem exists. Using the 
WOE approach, however, does not ensure that accurate conclusions will be obtained. It is critical 
that a well-designed assessment design be used (see Chapter 4) and that the key ecosystem 
components (biological, chemical, and physical) be characterized correctly, noting their associated 
uncertainties. The following discussion presents useful approaches for WOE evaluations. 

One of the first WOE approaches to gain widespread attention was the “sediment quality triad” 
(Chapman et al. 1987). In this approach, sediment toxicity, indigenous biota, and sediment chemistry 
were characterized at each test site and normalized as a percentage of the reference (background) 
site condition. Results were presented graphically in an X-Y-Z axis type format. Comparing test site 
conditions to reference sites has long been used, but the primary contribution of the triad was to 
promote the notion that components must be assessed together. In stormwater assessments, the triad 
approach should be expanded to include the physical conditions (i.e., habitat), water and sediment 
conditions, and the associated temporal dynamics of each assessment component (Table 8.1). 

Unfortunately, it is difficult to make quantitative evaluations of significant differences from this 
original “triad” approach. The comparisons between sites are particularly difficult at intermediate 
levels of contamination or if significant variability exists in the monitoring data. This “weight-of
evidence” approach can be evaluated using both parametric and nonparametric procedures to address 
the following study objectives: which stations are significantly different (impacted) relative to other 
stations?; how do the stations relate to each other?; and which parameters (monitoring components) 

Table 8.1 0Summary of Key Weight-of-Evidence Components for Assessing 
Stormwater Effects on Receiving Waters 

Component Media Priority Flow Level Difficultya 

Benthic community Sediment High Low Low 
Fish community Water Medium Low Medium 
Toxicity 

Lab-based Sediment Medium Low Low–Med. 
Water High Low and High Low–Med. 

In situ-based Sediment High Low Low–Med. 
Water High Low and High Low–Med. 

Bioaccumulation 
Benthic species Organism Medium Low Med.–High 
Fish species Organism Medium Low Med.–High 
In situ passive Water Low Low and High Med.–High 

Chemistry (metals, Sediment High Low Med.–High 
organics, conventional Water High Low and High Med.–High 
physicochemistry) 

Physical 
Flow Water High Low and High Low 
Habitat Whole stream High Low Low 

a 	Difficulty rating considers both level of effort and cost to measure by typical approaches 
described in Appendices. 
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are significantly different (impacted) relative to other stations? Initial exploratory data analyses 
should be used to identify relationships between variables, identify and rank important variables, 
and identify weighting factors or redundant variables (i.e., responses mimic each other). These 
analyses may include correlation analyses, scatterplots, and other ordination tests. Results can also 
be ranked, whereby endpoint measures are averaged at each station and stations are then ranked 
by performance. Sample average ranks can be compared to a critical value to determine if significant 
differences exist between stations. Ordination procedures can be used to determine distances among 
stations and endpoints (e.g., multidimensional scaling). Scatterplots will show similarity of ranked 
groups and the magnitude of relationships among measured endpoints. 

The Massachusetts Department of Environmental Protection formalized the WOE approach 
(Menzie et al. 1996) for relating measurement endpoints to assessment endpoints in ecological risk 
assessments. They identified three major components: 

1. 	 Weight assigned to each measurement endpoint: measurement endpoints (e.g., mortality, growth) 
may vary in the degree they relate to the assessment endpoints, or their quality, and may therefore 
be assigned differing levels of weight (i.e., importance). 

2. Magnitude of response in the measurement endpoint: a greater weight is assigned to strong responses. 
3. 	 Concurrence among measurement endpoints: there tends to be greater confidence in findings that agree 

with other lines of evidence. However, disagreement between components does not negate their validity 
or importance. For example, aquatic species have varying levels of sensitivity to different chemicals, 
or sampling may induce artifacts. Concordance of findings is more likely when very high levels of 
contamination are present, causing acute toxicity, as opposed to lower chronic toxicity exposures. 

Numerical weighting values (e.g., 1 to 3 or 1 to 5) are assigned to elements of the process via 
professional judgment. This weighting of relative importance of the various tools has been done 
using Delphi techniques where a group of environmental professionals is surveyed. For example, 
each measurement endpoint (such as species population number) could be rated as high, medium, 
or low for three attributes (strength of relationship to an assessment endpoint, such as fish catch, 
data quality, and study design). These three attribute ratings may then be summed to get an overall 
measurement weight (of 1 to 3). The reliability of this best professional judgment approach is 
obviously related to the quality and comprehensive expertise of the survey group. After weighting 
values are assigned, measured responses are multiplied by their respective weights and summarized. 
The evidence showing the relationship between exposure to a stressor and a biological response 
(e.g., an assessment endpoint) is then assessed for risk. This leads the assessor to the most critical 
point of the assessment where the question is asked: what is the relationship between exposure to 
the stressor of concern (e.g., suspended solids, zinc, pesticides, stormwater) and adverse biological 
effects? The WOE process will help answer this question. While the WOE is the preferred approach, 
it is not without its shortcomings. Aside from not being a simple standardized protocol, the WOE 
is also not strictly quantitative, requiring best professional judgment. Statistically significant 
differences and relationships cannot readily be determined for the overall, integrated process. 
Certainty and accuracy are ensured via greater weight that is obtained through sound, comprehen
sive, integrated assessments. More importantly, as the WOE process is used in an area, it becomes 
“calibrated” through experience and observation and can become fine-tuned to better represent 
actual changes that may be occurring. 

Benchmarks 

In the process of interpreting exposure and effect relationships, there are a number of tools that 
can be used, ranging from “benchmarks,” or deterministic approaches, to probabilistic methods. 
These are discussed in the following sections. Benchmarks refer to concentrations or levels of 
physical and chemical parameters above which adverse biological effects may occur. These are 
often derived from large scientific databases linking biological responses with exposures to 
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Table 8.2 Categories of Biological Impairment Benchmarks 

Regional or National Water/Sediment Quality Criteria or Standards 

State, Provincial, or Regional Water Quality Standards 

Biological Criteria 

Threshold (Toxicity) Effect Levels for Water, Sediment, or Tissues 

Hazard Quotients (Threshold Level or Site Concentration vs. No Effect Level, Reference or Background Site) 

Percentile Distributions 

Statistical Significance of Test vs. Control or Reference 


compounds. Examples of commonly used benchmarks are listed in Table 8.2. Specific bench
marks/criteria for water and sediment criteria and biota are also discussed in Appendices B, C, and 
G. For each of these benchmark categories, there exists chemical specific benchmarks calculated 
by a variety of methods. These methods vary in the amount of biological effect (toxicity) information 
they include, ranging from only acute toxicity information on one species, to acute and chronic 
toxicity on many species. In addition, the toxicity information generated in these benchmarks ranges 
from a site-specific nature to being applicable to large geographical areas (such as north America). 
As with any assessment tool, each has associated uncertainties that should be recognized and 
considered by the assessor. The optimal approach is to use multiple benchmarks to better ascertain 
whether impairment exists. 

The most important issue to remember when using benchmarks is that they are simply “bench
marks” to use in the chemical-physical data interpretation process. They do not unequivocally 
determine whether adverse effects are occurring. Often, these benchmarks do not include site
specific biological effects data. In addition, the biological effect benchmarks may not be applicable 
to the conditions at your study site. For example, a suite of stressors may exist at your sites that 
interact to produce antagonistic or synergistic effects or conditions may alter the bioavailability of 
the chemical of concern. However, the use of multiple benchmarks that have been derived from 
large, scientifically valid, databases will assist in the weighting and data interpretation process. 

The optimal method of establishing a relationship between biological effects and a site-specific 
parameter(s) is to thoroughly characterize exposure and effects. Benchmarks, unfortunately, only 
suggest that effects may be occurring if they are exceeded. If exceeded, they should at least be 
treated as “red flags,” emphasizing areas where additional investigation is warranted. They do not 
address spatial and temporal variability or site-specific interactions. This requires carefully designed 
biological and toxicity studies during low and high flow conditions (Chapters 4 and 6). In the 
absence of site-specific effects data, use of probability modeling is preferred if adequate site data 
exist for determining spatial and temporal exposure-effects interactions (see Ecological Risk Assess
ment section below). 

Perhaps the best recognized and accepted benchmarks are the U.S. EPA’s National Ambient 
Water Quality Criteria (see Appendix G), which many states have adopted as their ambient water 
quality standards. The results of stormwater quality analyses have commonly been compared to 
water quality criteria in order to identify potentially toxic waters, and likely problematic pollutants. 
This has led to numerous problems with the interpretation of the data, especially concerning the 
“availability” of the toxicants to receiving water organisms and the exposure durations in receiving 
waters. The quality of stormwater, or of ambient waters immediately following high flow events, 
has been shown to be degraded in many studies with chemical concentrations that may exceed 
toxicity thresholds (e.g., Horner et al. 1994; Makepeace et al. 1995; Morrison et al. 1993; Waller 
et al. 1995). Stormwater toxicants are primarily associated with particulate fractions and are 
typically assumed to be “unavailable.” Typically short and intermittent runoff events can also not 
be easily compared to the “long” duration criteria or standards. Chemical analyses, without bio
logical analyses, would have underestimated the severity of the problems because the water column 
quality varied rapidly, while the major problems were associated with sediment quality and effects 
on macroinvertebrates (Lenat and Eagleson 1981; Lenat et al. 1981). 
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The contradictions noted between in-stream biological effects and water quality criteria should 
not be surprising, given the assumptions used by the EPA: 

1. 	Single acute and chronic average exposure period that does not account for pulse or repeated 
exposures for short time periods 

2. Single bioavailability normalization factors (such as hardness) 
3. Laboratory-derived toxicity values for surrogate species are protective of indigenous species 
4. 	Effects derived from single chemical exposures in clean solutions where the toxicant is in the 

dissolved form 
5. Chemical exposures in the field based on limited grab sample analyses 

To address magnitude and duration issues, the EPA developed the “Criterion Maximum Con
centration” concept, with an exposure period assumption of 1 hour, and the “Criterion Continuous 
Concentration,” with an average period assumption of 4 days. Yet, these assumptions do not 
accurately describe most wet weather runoff exposures. Tests with pentachloroethane (Erickson 
et al. 1989, 1991) showed that with intermittent exposures, higher pulse concentrations were needed 
to affect growth, and when averaged over the entire test, effects were elicited at concentrations 
lower than when under constant exposure. The simplest toxicity model (with first-order, single
compartment toxicokinetics and a fixed lethal threshold) could not completely describe the data. 
Erickson et al. (1989) concluded that kinetic models which predict mortality were reasonable; 
however, chronic toxicity effects were much more complicated, and no adequate models existed. 
Hickie et al. (1995) describe a one-compartment, first-order kinetics, pulse exposure model for 
residue-based toxicity of pentachlorophenol to P. promelas. Pulse exposures were of 2 min to 24 
hours with durations of 2 to 24 hours, repeated 2 to 15 times. A comparison of three models (Cxt, 
Mancini, Breck 3 dimensional range repair) showed reasonable prediction of fish toxicity following 
1 to 4 monochloramine pulses (2-h pulse, 22-h recovery). However, predictive capability decreased 
with greater than 4 pulses (Meyer et al. 1995). Beck et al. (1991) examined the transient nature of 
receiving water effects associated with stormwater, stressing the weaknesses associated with more 
typical steady-state approaches. They felt that there were still major misconceptions associated 
with modeling these effects. 

Despite these limitations, water quality criteria and standards have been used effectively to 
identify potential stormwater problems and direct further assessment studies (see Chapter 6). 
Nonetheless, it is apparent that the use of water quality criteria to identify potential receiving water 
problems should be done with care. In many cases, the most direct comparison is made for 
concentrations of the soluble forms of the pollutants only and to use the short-term acute exposure 
criteria. This seems to be the most conservative approach, and if any measured pollutant exceeds 
this critical value, a problem pollutant is easily flagged. However, this approach is fraught with 
false negatives, as many chronic problems may still exist that are not recognized. As an example, 
numerous in-stream receiving water investigations (described in Chapter 3) have identified severe 
problems (indicated by lack of sensitive species) where the measured water quality met the criteria. 
Because the toxicants are strongly associated with particulates, secondary sediment contamination 
occurs that may be more important than water column conditions for aquatic life effects. In addition, 
habitat degradation caused by urbanization and agricultural activity (including highly fluctuating 
flows) are also likely responsible for many of the recognized receiving water problems. Finally, 
the irregular, but frequent, exposures of pollutant concentrations lower than the criteria may cause 
a greater problem than relatively constant, but higher, concentrations (see also Chapters 4 and 6). 
Therefore, direct comparisons of water quality criteria with monitored in-stream concentrations 
should be carefully conducted and used as adjuncts to direct in-stream biological use observations, 
plus evaluations of habitat and sediment quality. Human health criteria (such as pathogens for 
water-contact recreation and toxicants for drinking water supplies of fish/shellfish consumption) 
are more applicable to wet weather conditions and can be more directly used to flag potential 
problem pollutants. 
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Table 8.3	 NURP Reported Median and 90th Percentile Event Mean Concentrations 
(EMC) (mg/L, unless otherwise noted) for Urban Runoff 

Event to Event 
Median Urban Variability in 90th Percentile 

Constituent Site EMC EMC (COV) Urban Site EMC 

Suspended solids 100 1–2 300 
BOD5 9 0.5–1.0 15 
COD 65 0.5–1.0 140 
Total P 0.33 0.5–1.0 0.70 
Soluble P 0.12 0.5–1.0 0.21 
TKN 1.5 0.5–1.0 3.3 
NO2 + NO3 (as N) 0.68 0.5–1.0 1.8 
Total copper (µg/L) 34 0.5–1.0 93 
Total lead (µg/L) 144 0.5–1.0 350 
Total zinc (µg/L) 160 0.5–1.0 500 

From EPA (U.S. Environmental Protection Agency). Final Report for the Nationwide Urban 
Runoff Program. Water Planning Division, Washington, D.C. December 1983. 

Appendix G presents a summary of the human health and aquatic health criteria for pollutants 
that commonly occur in urban runoff and receiving waters. Most of the criteria are expressed with 
a recommended exceedance frequency of 3 years. This is the EPA’s best scientific judgment of the 
average amount of time it will take an unstressed system to recover from a detrimental event in 
which exposure to the pollutant exceeds the criterion. A stressed system, for example, one in which 
several outfalls occur in a limited area, would be expected to require more time for recovery. 
Obviously, if criteria are exceeded for most rain events (such as can occur for bacteria and total 
recoverable heavy metals), then 3 years are not available for recovery before the next runoff event. 

The discussions on the effects of the pollutants on aquatic life and human health presented in 
Appendix G are summarized from the U.S. EPA’s Quality Criteria for Water, 1986 (EPA 1986). 
The criteria were also reviewed using the EPA’s web page (http:/www.epa.gov) on the Internet for 
more recent changes. Some minor changes have been made since 1986 (chloride standards, for 
example, in 1988). Numeric criteria for heavy metals have been proposed as part of the states’ 
Compliance for Toxic Pollutants (for the nine states subject to EPA’s 1992 National Toxics Rule) 
as an interim rule. In most cases, only the short-term criteria are applicable for wet-weather receiving 
water conditions. Most runoff events last only a few hours; very few last for several days. However, 
degraded in-stream conditions can occur for several times the duration of the rain event itself. In 
addition, frequent exposures to concentrations less than the critical short-term criteria may result 
in significant problems that would not be predicted based on these criteria alone. 

In some instances, acceptable stormwater concentration guidelines may be based on typical 
data as obtained during the Nationwide Urban Runoff Program (NURP) (EPA 1983). These data 
were almost solely represented by medium-density residential area runoff, with some data from 
other areas (such as shopping centers and light industrial areas). Useful benchmarks include the 
event mean concentrations, or EMC, (average of all observed concentrations) and the 90th percentile 
values of common parameters as measured during NURP (Table 8.3). The 90th percentile values 
are sometimes used as an upper limit for acceptable concentrations. 

Ranking and Confirmatory Studies 

If an adequate stormwater runoff study design is implemented (Chapter 4) and the weight-of
evidence process followed with the ensuing monitoring data, then sound decisions can be made. 
In reality, few comprehensive stormwater assessments look at all possible stressors and species of 
concern while characterizing the spatial and temporal dynamics of the system. Most environmental 
assessments are resource limited, requiring a tiered approach, where potential problem sites are 
identified, ranked, and then decisions made as to what further assessments are necessary. This is 
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Tier 1: Stress Demonstration 

Tier 2: Stressor Class Identification 

Tier 3: Stressor & Source Confirmation 

Site Reconnaissance 

Sample Design Issues 

EffectsExposure 
reference sites vs. stressor gradient 

.Water column 

.Bioaccumulation -tissue design .PAHs -phototox testing.GW/SW interactions-piezometer design 

.Surficial sediment 

.Interface (sed/water) 

.Pore water 

Physicochemical 
Profiles 

.Physical stressors(flow, temperature, suspended solids).Chemical stressors(PAHs, nonpolars, metals, ammonia ) classes .In Situ testing -Stressor Identification Evaluations (SIE).Laboratory testing -Toxicity Identification Evaluation (TIE); Phase 1 

Compartment .Low flow .High flow .Seasonal .Diel 

Event .1-30 days .H. azteca .D. magna.C. dubia .P. promelas .C. tentans .L. variegatus.etc. 

Period Species 

.Survival 

.Labtox testing.Chemistry 

.Habitat (QHEI).Retrospective 
studies 

.Indigenous biota 
(structure/function 
indices, genetic 
profiling, fish DELTs, 
hyporheous) 

.Growth .Reproduction .Tissue 

Measurement 
Endpoints 

Weight of 
Evidence 

Figure 8.1	 Example of a tiered weight-of-evidence approach used by Wright State University to evaluate 
stormwater runoff and aquatic ecosystem contamination. 

particularly true for stormwater studies, where historical funding mechanisms do not exist and 
where the watershed-receiving water relationships are complex. It is important to be realistic in 
the expectations of initial screening studies. The goals should be to simply rank problem sites 
through the WOE approach (see above WOE discussion). Then, follow-up confirmatory (Tier 2) 
studies can focus on fewer sites, allowing for more quantitative characterization of the temporal 
dynamics and resulting effects of runoff events (Figure 8.1) (see also Chapter 4 example outline 
of a comprehensive runoff effect study). 

For example, an approach used to identify stressors in aquatic ecosystems used by Wright State 
University is shown in Figure 8.1. During initial site reconnaissance, a determination is made as 
to whether three common sample design issues need to be incorporated: (1) Do pollutants (such 
as PCBs) that readily bioaccumulate likely occur? (2) Do PAHs likely occur? and/or, (3) Are there 
likely groundwater–surface water transition zones occurring in the area of contamination? If any 
of these three issues are present, then the typical Tier 1 sampling design may be modified to include: 
tissue residue or bioaccumulation testing, phototoxicity evaluations, and piezometer measures of 
groundwater movement (with concurrent chemical and toxicity testing of those compartments). 
The typical Tier 1 design will involve toxicity testing of two to four species which are exposed to 
three to four compartments (overlying water, sediment-water interface, surficial sediment, pore 
water) during low flow. At high flows, these same species are exposed to overlying waters. During 
their exposures, basic water quality measures are made, such as DO, conductivity, alkalinity, 
hardness, pH, temperature, turbidity (or TSS), and ammonia. If toxic effects are noted following 
these exposures, then Tier 2 testing may commence to better identify the type of stressor. Tier 2 
testing may then require more in-depth chemical analyses and try to separate out stressors such as 
ammonia, metals, and nonpolar organics. Finally, in Tier 3, the focus can be to determine the 
significance of the dominant stressor(s) via a WOE approach. 

The WOE process lends itself easily to ranking sites — particularly using broad categories such 
as high, medium, and low priority. For instance, this may separate sites that have acute toxicity 
and few pollution-sensitive benthic organisms from those with possible chronic toxicity and mar
ginal benthic communities. The decision maker may then choose to immediately pursue installation 
of stormwater controls at the worst site, while conducting confirmatory studies at the marginal site 
to establish the extent and/or cause of the problem. Confirmatory studies are frequently necessary 
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to establish the: (1) dominant stressor(s); (2) exposure pathways/dynamics; (3) receptor organisms; 
(4) food web interactions; (5) environmental risk (human and ecological significance of effects); 
and (6) stressor sources. Confirmatory or Tier 2 studies are designed to answer very focused 
questions and use many of the same tools described for the more routine stormwater assessments. 
However, as the questions may be more focused, more specific and novel assessment techniques 
may be employed, such as DNA fingerprinting (RAPD PCR), toxicity identification evaluations 
(TIEs), or SPMDs (all described in Chapter 6). The environmental quality of many of our agricul
tural and urban waterways will also be less than pristine where anthropogenic influences are 
minimal. Therefore, the issue of whether significant ecological impairment exists will be more of 
a challenge in these human-dominated watersheds. The point of comparison for determinations of 
impairment should be an appropriate ecoregion reference or criteria, where manageable stressors 
have been removed (such as high temperature, erosion, pesticides, lack of riparian zone). 

Comments Pertaining to Habitat Problems and Increases in Stream Flow 

Habitat changes due to urbanization and agricultural activities are likely the cause for much of 
the degradation noted in biological conditions in streams. Appendix A outlines habitat evaluation 
schemes, while Chapter 6 also included descriptions on characterizing habitat. Understanding the 
effect that habitat has on stream biological uses is very important if these changes are to be 
minimized. This understanding needs to come from detailed local investigations, as our ability to 
predict habitat changes associated with stormwater discharges is rather poor. With site studies, 
some researchers have been able to recommend local guidelines to minimize habitat degradation. 

MacRae (1997) found that stream bed and bank erosion is controlled by the frequency and duration 
of the mid-depth flows (generally occurring more often than once a year), not the bank-full condition 
(approximated by the 2-year event). During monitoring near Toronto, he found that the duration of 
the geomorphically significant predevelopment mid-bankfull flows increased by a factor of 4.2, after 
34% of the basin had been urbanized, compared to before-development flow conditions. The channel 
had responded by increasing in cross-sectional area by as much as three times in some areas, and 
was still expanding. He also reported other studies that found channel cross-sectional areas began to 
enlarge after about 20 to 25% of the watershed was developed, corresponding to about a 5% impervious 
cover in the watershed. When the watersheds are completely developed, the channel enlargements 
were about five to seven times the original cross-sectional areas. Changes from stable stream bed 
conditions to unstable conditions appear to occur with basin imperviousness of about 10%, similar 
to the value reported previously for serious biological degradation. MacRae concluded that an effective 
criterion to protect stream stability (a major component of habitat protection) must address mid
bankfull events, especially by requiring similar durations and frequencies of stream power at these 
depths, compared to satisfactory reference conditions. 

Much research on habitat changes and rehabilitation attempts in urban streams has occurred in 
the Seattle area of western Washington over the past 20 years. Sovern and Washington (1997) 
described the in-stream processes associated with urbanization in this area. The important factors 
that affect the direction and magnitude of changes in a steam’s physical characteristics due to 
urbanization include: 

• 	The depths and widths of the dominant discharge channel will increase directly proportional to 
the water discharge. The width is also directly proportional to the sediment discharge. The channel 
width divided by the depth (the channel shape) is also directly related to sediment discharge. 

• 	The channel gradient is inversely proportional to the water discharge rate and is directly propor
tional to the sediment discharge rate and the sediment grain size. 

• 	 The sinuosity of the stream is directly proportional to the stream’s valley gradient and is inversely 
proportional to the sediment discharge. 

• 	Bedload transport is directly related to the stream power and the concentration of fine material 
and inversely proportional to the fall diameter of the bed material. 
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In their natural state, small streams in forested watersheds in western Washington have small 
low-flow channels (the aquatic habitat channel) with little meandering (Sovern and Washington 
1997). The stream banks are nearly vertical because of clayey bank soils and heavy root structures, 
and the streams have numerous debris jams from fallen timber. The widths are also narrow, generally 
from 3 to 6 feet wide. Stable forested watersheds also support about 250 aquatic plant and animal 
species along the stream corridor. Pool/riffle habitat is dominant along streams having gradients 
less than about 2% slope, while pool/drop habitat is dominant along streams having gradients from 
4 to 10%. The pools form behind large organic debris (LOD) or rocks. The salmon and trout in 
western Washington have evolved to take advantage of these stream characteristics. Sovern and 
Washington (1997) point out that less athletic fish species (such as chum and pink salmon) cannot 
utilize the steeper gradient, upper reaches of the streams. However, coho, steelhead, and cutthroat 
can use these upper areas. 

Urbanization radically affects many of these natural stream characteristics. Pitt and Bissonnette 
(1984) reported that coho and cutthroat were affected by the increased nutrients and elevated 
temperatures of the urbanized streams in Bellevue, as studied by the University of Washington as 
part of the EPA’s NURP project (EPA 1983). These conditions were probably responsible for 
accelerated growth of the fry, which were observed to migrate to Puget Sound and the Pacific 
Ocean sooner than their counterparts in the control forested watershed, which was also studied. 
However, the degradation of sediments, from decreased particle sizes, adversely affected their 
spawning areas in streams that had become urbanized. 

Sovern and Washington (1997) reported that in western Washington, frequent high flow rates 
can be 10 to 100 times the predevelopment flows in urbanized areas, but that the low flows in the 
urban streams are commonly lower than the predevelopment low flows. They have concluded that 
the effects of urbanization on western Washington streams are dramatic, in most cases permanently 
changing the stream hydrologic balance by: increasing the annual water volume in the stream, 
increasing the volume and rate of storm flows, decreasing the low flows during dry periods, and 
increasing the sediment and pollutant discharges from the watershed. With urbanization, the streams 
increase in cross-sectional area to accommodate these increased flows, and headwater downcutting 
occurs to decrease the channel gradient. The gradients of stable urban streams are often only about 
1 to 2%, compared to 2 to 10% gradients in natural areas. These changes in width and the 
downcutting result in very different and changing stream conditions. The common pool/drop 
habitats are generally replaced by pool/riffle habitats, and the stream bed material is comprised of 
much finer material, for example. Along urban streams, fewer than 50 aquatic plant and animal 
species are usually found. Researchers have concluded that once urbanization begins, the effects 
on stream shape are not completely reversible. Developing and maintaining quality aquatic life 
habitat is possible under urban conditions, but it requires human intervention and it will not be the 
same as for forested watersheds. 

Other Seattle area researchers have specifically examined the role that large woody debris 
(LWD) has in stabilizing the habitat in urban streams. Booth and Jackson (1997) found that LWD 
performs key functions in undisturbed streams that drain lowland forested watersheds in western 
Washington. These important functions include dissipation of the flow energy, channel bank and 
bed stabilization, sediment trapping, and pool formation. Urbanization typically results in the almost 
complete removal of this material. They point out that logs and other debris have long been removed 
from channels in urban areas for many reasons, especially because of their potential for blocking 
culverts or forming jams at bridges. Also, they may increase bank scour, and many residents favor 
“neat” stream bank areas (a lack of woody debris in and near the water and even with mowed grass 
to the water’s edge). 

It is clear that stream hydraulics, sediment transport, and riparian vegetation dramatically affect 
habitat in streams. Water quality evaluations, by themselves, obviously do not consider these 
important factors. Evaluations of habitat conditions and effects of changing habitat on biological 
uses obviously require combinations of stream studies, modeling, and comparison with local 
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reference streams. The ability to predict habitat changes associated with urbanization, and the 
general success of habitat restoration efforts, is currently very poor. However, it is clear that detailed 
local investigations are critical and that habitat changes are likely one of the most important 
detrimental effects associated with urbanization. 

EVALUATING HUMAN HEALTH IMPAIRMENTS 
USING A RISK ASSESSMENT APPROACH 

The risk assessment paradigm is now well established in North America. The approach is 
basically the same for human health and ecological risk assessments (EPA 1989, 1998). The risk 
assessment paradigm is comprised of the following components: problem formulation, exposure 
and effects characterization followed by risk characterization, then the final risk management 
decisions. Risk assessment is a broad term which encompasses both risk characterization and risk 
management. The distinction between these two terms is an important one. The National Research 
Council’s 1983 report on risk assessment in the federal government distinguished between risk 
assessment and risk management. 

Broader uses of the term [risk assessment] than ours also embrace analysis of perceived risks, 
comparisons of risks associated with different regulatory strategies, and occasionally analysis of the 
economic and social implications of regulatory decision functions that we assign to risk management. 
(EPA 1995) 

The U.S. EPA has made the additional distinction of separating risk assessment from risk 
characterization. Risk characterization is the last step in risk assessment, is the starting point for 
risk managers, and is the foundation for regulatory decision making. The risk characterization 
identifies and highlights the noteworthy risk conclusions and related uncertainties (EPA 1995). The 
process described above is similar, but we have used different terminology. If the stormwater 
assessor is more comfortable using the EPA risk assessment approach, it can incorporate the 
guidelines of this handbook. The EPA guidance for conducting ecological risk assessments (ERAs) 
is quite general and does not provide specific methodologies and processes (EPA 1998). A number 
of good references (e.g., Suter 1993) exist that describe risk assessment approaches and consider
ations which are beyond the scope of this handbook. The two principal approaches for assessing 
adverse effects (hazard) in risk assessments are briefly described below. 

Deterministic Approach 

The simplest approach is the benchmark approach. This method (described above) basically 
ignores temporal exposure issues and focuses on point-in-time evaluations where threshold effect 
levels are compared to site contamination levels to ascertain risk. Many of the commonly used 
benchmarks (Appendix G) can be found in databases such the EPA’s Ambient Water Quality 
Database, state water quality standards, ECOTOX, and the U.S. Department of Energy’s Oak Ridge 
National Laboratory web site (http://www.hsrd.ornl.gov/ecorisk/ecorisk.html). This approach uses 
the quotient method for screening-level risk assessments. For compounds that bioaccumulate, it is 
easy to rearrange exposure equations involving uptake to back calculate ecotoxicity criteria for 
sediment, surface water, or soil (e.g., Pastorok et al. 1996). 

Probabilistic Approach 

A potentially more accurate and powerful assessment approach uses probability estimates to 
link likelihood of exposure with effects. This approach has been used frequently at Superfund sites, 
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looking at exposure pathway analysis and risk modeling to assess chemical risks to humans, and 
aquatic and terrestrial wildlife. Since food is a primary source of toxicants, food web models are 
important tools to describe potential ecosystem effects (Pastorok et al. 1996). The more advanced 
wildlife exposure models now contain three attributes: habitat spatial structure, food web complex
ity, and receptor behavior and physiology ranging from Tier 1 (steady-state, worst-case conservative) 
to Tier III (dynamic, stochastic). For assessments of aquatic stressor impacts, probabilistic assess
ments of pesticide effects have been conducted using the following steps (Solomon et al. 1996; 
World Wildlife Fund 1992): 

1. 	Characterize sensitivity effects (select appropriate measurement endpoints and rank effect, e.g., 
EC50 or no observed effect levels, vs. concentration) 

2. 	Characterize exposure (plot distribution of chemical concentrations vs. site vs. frequency of 
occurrence) 

3. 	 Risk characterization: compare exposure distribution with overlap of the sensitivity distribution, 
while considering uncertainty, confounding stressors, variables, and ecological relevance of the 
assessment 

Example Risk Assessment for Human Exposure to Stormwater Pathogens 

The following discussion, summarized from Meyland et al. (1998), describes waterborne patho
gens in separate sewer overflow (SSO) discharges as an example of the risk assessment process 
applied to a wet-weather problem. SSOs are generally sanitary sewage discharges that occur at 
“relief” locations, resulting in untreated wastewater being discharged directly into receiving waters. 

Hazard Identification 

The first step in a risk assessment, hazard identification, can be examined by gathering infor
mation regarding waterborne disease outbreaks. The agent that causes disease could be chemical, 
physical, or biological. However, in this case we will focus on biological causes, or infectious 
agents, i.e., pathogenic microorganisms. Table 8.4 shows the agents that have caused waterborne 
disease outbreaks in the United States, from 1971 to 1990. Notice that the vast majority of known 
agents are microorganisms. Table 8.5 shows additional data compiled from waterborne disease 
outbreaks. This table shows the agent associated with the disease. 

The Centers for Disease Control (CDC) keep detailed records regarding notifiable, or reportable, 
diseases. There are legal requirements for reporting cases of these diseases. This list of notifiable 
diseases includes cryptosporidiosis. The fact that this disease is notifiable means that it is recognized 
as being extremely hazardous. As of mid-April 1998, there were 520 cases of cryptosporidiosis 
(not notifiable in all 50 states) (CDC 1998). 

Dose–Response 

The concept of dose–response, the second step in a risk assessment, is critical. Briefly, 
dose–response describes a relationship between a given level of contaminant and the biological 
response induced. This relationship is usually incremental; i.e., increase in the dose causes an 
increase in the response. In this particular case, the dose is the number of pathogenic microorganisms 
that the human subject is exposed to (through ingestion, swimming, wading, etc.), and the response 
is the level of infection. Generally, there is a minimum infective dose threshold that must be reached 
in order to infect a given individual. Once an individual has been infected, there are increasing 
degrees of infection severity. A subclinical infection describes the case where the pathogen produces 
a detectable immune response or organisms may be found growing in the human host, but the 
subject exhibits no clinical signs or symptoms, e.g., diarrhea, vomiting, etc. A clinical infection 
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Table 8.4 Causative Agents of Waterborne Disease Outbreaks, 1971 to 1990 

Outbreaks Illness 
Number Percentage Number Percentage 
of Cases of Total of Cases of Total 

Gastroenteritis 
(unknown cause) 

Giardiasis 
Chemical poisoning 
Shigellosis 
Viral gastroenteritis 
Hepatitis A 
Salmonellosis 
Camplylobacterosis 
Typhoid fever 
Yersiniosis 
Cryptosporidiosis 
Chronic gastroenteritis 
Toxigenic E. coli 
Cholera 
Dermatitis 
Amebiasis 

293 49.66 67,367 47.60 
110 18.64 26,531 18.75 
55 9.32 3877 2.74 
40 6.78 8806 6.22 
27 4.58 12,699 8.97 
25 4.24 762 0.54 
12 2.03 1370 0.97 
12 2.03 5233 3.70 

5 0.85 282 0.20 
2 0.34 103 0.07 
2 0.34 13,117 9.27 
1 0.17 72 0.05 
2 0.34 1243 0.88 
1 0.17 17 0.01 
1 0.17 31 0.02 
1 0.17 4 0.00 

Cyanobacteria-like bodies 1 0.17 21 0.01 
Total 590 100 141,535 100 

Data from Committee on Groundwater Recharge, NRC (National Research Council), 
National Academy of Science. Ground Water Recharge Using Waters of Impaired 
Quality. National Academy Press, Washington, D.C. 284 pp. 1994. 

Table 8.5 Waterborne Disease Outbreaks Due to Microorganismsa 

Disease Agent Outbreaksb (%) Casesc (%) 

Bacteria 
Typhoid fever Salmonella typhi 
Shigellosis Shigella spp. 
Salmonellosis Salmonella paratyphi and other Salmonella species 
Gastroenteritis Escherichia coli 

Campylobacter spp. 
Viruses 

Infectious hepatitis Hepatitis A virus 
Diarrhea Norwalk virus 

Protozoa 
Giardiasis Giardia lamblia 
Cryptosporidiosisd Cryptosporidium parvum 

Unknown etiology 
Gastroenteritis 

10 0.1 
9 2.6 
3 3.5 
0.3 0.7 
0.3 0.7 

11 0.5 
1.5 0.6 

7 3.8 
0.2 71 

57 16.7 

a Compiled from data provided by the Centers for Disease Control, Atlanta, GA. 

b Of more than 650 outbreaks in recent decades. 

c Of 520,000 cases over the same period. 

d A single outbreak of cryptosporidiosis in 1993 caused illness in 370,000 individuals from Milwaukee, WI. This 


is the largest single recorded outbreak of a waterborne disease in history.


Data from Madigan, M.T., J.M. Martinko, and J. Parker. Brock Biology of Microorganisms, 8th ed. Prentice-Hall, 

Upper Saddle River, NJ. 1997. 


refers to the condition in which there are clinical signs and symptoms present. In layman’s terms, 
one would refer to a person with a clinical infection as being “ill.” The most severe response to 
infection would be death, i.e., a fatality. Therefore, one usually refers to the MID50, that is, the 
minimum infective dose that will cause subclinical infection in 50% of people exposed to that 
number of pathogens. The minimal infective dose (MID) varies widely with the type of pathogen, 
as shown in Table 8.6 (Bitton 1994). Of those infected, a percentage will show clinical signs; this 
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Table 8.6 0Minimal Infective Doses for Some Pathogens 
and Parasites 

Organism Minimal infective Dose 

Salmonella spp. 104 to 107 


Shigella spp. 101 to 102 


Escherichia coli 106 to 108 


Vibrio cholerae 103 


Giardia lamblia 101 to 102 cysts 

Cryptosporidium 101 cysts 

Entamoeba coli 101 cysts 

Ascaris 1–10 eggs 

Hepatitis A virus 1–10 PFU 


Data from Bitton, G. Wastewater Microbiology. John Wiley & Sons, 
Inc. New York. 1994. 

Table 8.7 0Values Used to Calculate Risks of Infection, Illness, and Mortality from Selected Enteric 
Microorganisms 

Probability of Infection 
from Exposure to One Ratio of Clinical Illness Secondary 
Organism (per million) to Infection (%) Mortality Rate (%) Spread (%) 

Campylobacter 

Salmonella typhi 

Shigella 

Vibrio cholerae 

Coxsackieviruses 
Echoviruses 
Hepatitis A virus 
Norwalk virus 
Poliovirus 1 
Poliovirus 3 
Rotavirus 
Giardia lamblia 

7000 
380 

1000 
7 

5–96 0.12–0.94 76 
17,000 50 0.27–0.29 40 

75 0.6 78 
0.0001 30 

14,900 0.1–1 0.9 90 
31,000 

310,000 28–60 0.01–0.12 
19,800 

Data from Committee on Groundwater Recharge, NRC (National Research Council), National Academy of 
Science. Ground Water Recharge Using Waters of Impaired Quality. ISBN 0-309-05142-8. National Academy 
Press, Washington, D.C. 284 pp. 1994. 

is referred to as the ratio of clinical illness to infection. In addition, a percentage of those infections 
will result in fatalities; this is referred to as the case fatality rate. Table 8.7 shows example values 
for these various levels of response to infection. 

Notice that higher probabilities, rates, or percentages correspond to pathogens with higher viru
lence. For example, if 1 million people are exposed to one rotavirus each, then 310,000 may be 
infected. In contrast, if 1 million people are exposed to one Vibrio cholerae bacterium each, only 
seven may be infected. In general, viral pathogens are much more virulent than bacterial pathogens. 

Table 8.8 shows another example of data that can be obtained from published studies. These 
data show, for instance, that once infected by Salmonella bacteria, approximately 41% will 
exhibit clinical infection. In addition, Cryptosporidium infection results in a 71% clinical 
infection frequency. 

Another study (DuPont et al. 1995) published results pertaining to infection rates from the oral 
introduction of Cryptosporidium oocysts into healthy volunteers. Various doses of oocysts, from 
30 to 1 million, were given to volunteers in gelatin capsules, and these subjects were followed up 
to record the incidence of infection. Table 8.9 gives these results. A linear regression analysis of 
the data yielded a correlation coefficient of 0.983 and an infectious dose of 50 of 132 oocysts. This 
is an excellent example of the dose–response relationship, as increasing doses of oocysts caused 
increasing rates of infection. 
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Table 8.8 0Ratio of Clinical to Subclinical Infections and Case Fatality Rates 
for Enteric Microorganisms 

Microorganism Frequency of Clinical Illness (%) Case:Fatality Rate (%) 

Viruses 
Hepatitis (adults) 75 0.6 
Rotavirus 25–60 0.01 
Astrovirus (adults) 12.5 0.12 
Coxsackie A16 50 0.59–0.94 
Coxsackie B 5–96 

Bacteria 
Salmonella 41 0.1 
Shigella 46 0.2 

Protozoan parasites 
Giardia 50–67 
Cryptosporidium 71 

Data from Gerba, C.P., J.B. Rose, C.N. Hass, and K.D. Crabtree. Waterborne rotavirus: 
a risk assessment. Water Research, Vol. 30, No 12, pp. 2929–2940. Dec. 1996. 

Table 8.9 0Rate of Infection, Enteric Symptoms, and Clinical Cryptosporidiosis, 
According to the Intended Dose of Oocysts 

Intended Dose No. of Enteric 
of Oocysts Subjects Infection Symptoms Cryptosporidiosis 

Number (percent) 
30 5 1 (20) 0 0 
100 8 3 (37.5) 3 (37.5) 3 (37.5) 
300 3 2 (66.7) 0 0 
500 6 5 (83.3) 3 (50) 2 (33.3) 

>1000 7 7 (100) 5 (71.4) 2 (28.6) 
Total 29 18 11 7 

Data from DuPont, H.L., C.L. Chappell, C.R. Sterling, P.C. Okhuysen, J.B. Rose, and 
W. Jakubowski. The infectivity of Cryptosporidium parvum in healthy volunteers. N. End. 
J. Med., Vol. 332, No. 13, pp. 855–859. 1995. 

Exposure Assessment 

The exposure assessment is the third step in a risk assessment. Several factors contribute to 
whether or not contact with a particular pathogen may cause disease. Among these factors are 
virulence, mode of transmission, portal of entry, and host susceptibility. Virulence is defined as a 
particular organism’s ability to cause disease in humans and is related to the dose of infectious 
agent necessary for host infection and causing disease (Bitton 1994). The mode of transmission is 
the particular method in which the organism is transported from the reservoir of pathogens (such 
as a contaminated outfall) to the host, i.e., person-to-person, waterborne, or foodborne. 

The research conducted by Meyland et al. (1998) concentrated on the waterborne transmission 
route of SSOs to exposed individuals, but exposure assessment can also be evaluated based on 
portal of entry. The portal of entry is dictated by the mechanism of contact; examples or entry 
portals are access through the gastrointestinal tract, respiratory tract, or skin. Host susceptibility is 
dependent upon resistance to infectious agents, which consists of the roles of the immune system 
and nonspecific factors (Bitton 1994). Immunity can be both natural (genetic) and acquired from 
previous contact with the pathogen. 

There are many documented examples of waterborne transmission of pathogenic micro
organisms. Recently, in the United States, there has been widespread concern about Cryptospo
ridium contamination of water supplies. This is an example of waterborne transmission via a 
contaminated drinking water supply. Table 8.10 summarizes the available information regarding 
Cryptosporidium outbreaks in the United States. Outbreaks caused by this organism are a 
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Table 8.10 0Cryptosporidium Outbreaks: Affected Populations and Characteristics of the Raw Water 
Supply 

Estimated No. of 
People Affected Raw Water Suspected Sources of 

County, State (City) Date (Confirmed Cases)a Source Contamination 

Bexar County, TX 
(Braun Station) 

Bernalillo County, NM 
(Albuquerque) 

Carroll County, GA 
(Carrollton) 

Berks County, PA 

Jackson County, OR 
(Talent and Medford) 

Milwaukee County, WI 
(Milwaukee) 

Yakima County, WA 

Cook County, MN 
(Grand Marais) 

Clark County, NV 
(Las Vegas) 

Walla Walla County, WA 
Alachua County, FL 

May–Jul 1984 

Jul–Oct 1986 

Jan–Feb 1987 

Aug 1991 

Jan–Jun 1992 

Jan–Apr 1993 

Apr 1993 

Aug 1993 

Jan–Apr 1994 

Aug–Oct 1994 
Jul 1995 

2,000 (47) Well Raw sewageb 

(78) Surface water Surface runoff from 

13,000 River 

551 Well 

15,000 Spring/river 

403,000 Lake 

7 (3) Well 

27 (5) Lake 

(78)c Lake 

86 (15) Well 
(72) N/A 

livestock grazing areas 
Raw sewage and runoff 
from cattle grazing 
areas 

Septic tank effluent, 
nearby creek 

Surface water, treated 
wastewater,b or runoff 
from agricultural areas 

Cattle wastes, 
slaughterhouse wastes, 
and sewage carried by 
tributary rivers 

Infiltration of runoff from 
cattle, sheep, or elk 
grazing areas 

Backflow of sewage or 
septic tank effluent into 
distribution, raw water 
inlet lines, or both 

Treated wastewater, 
sewage from boats 

Treated wastewaterb 

Backflow of 
contaminated water 

a Estimates are based on epidemiologic studies; confirmed cases correspond to patients whose stool samples 
tested positive for Cryptosporidium. 

b Strong evidence to support effect of wastewater. 
c 103 laboratory-confirmed cases were associated with the outbreak; 78 of these were documented during the 

epidemiologic study period. 

Data from Solo-Gabriele, H. and S. Neumeister. US outbreaks of cryptosporidiosis. Journal American Water 
Works Association, Vol. 88, No. 9, pp. 76–86. Sept. 1996. 

significant health threat (more than 400,000 people were infected during the 1993 Milwaukee 
outbreak). Moreover, notice that the suspected source of contamination is likely to be sewage. 
In fact, municipal wastewater was implicated as the source in roughly half of the outbreaks 
(Solo-Gabriele and Neumeister 1996). The remaining outbreaks were likely caused by contam
inated agricultural runoff. 

Another important mode of transmission is water-contact recreation. This type of transmission 
is usually associated with swimming beach exposures. Many studies have shown an association 
between illness and swimming near stormwater, SSO, or CSO (combined sewer overflow) outfalls. 
In general, most of these studies found an increased risk of illness resulting from swimming in 
waters that contained fecal contamination indicators or pathogenic microorganisms. The SMBRP 
(Santa Monica Bay Restoration Project) Study is unique in that it found a distance-dependent 
association between contamination sources and health effects. In this study, there was a higher rate 
of enteric illness in swimmers who swam within 400 ft of a stormwater outfall than in those who 
swam more than 400 ft away. In many urban receiving waters, children frequently play in and near 
potentially contaminated small streams and creeks, well away from designated swimming beaches. 
In most cases, this exposure route is not considered, because this is not a designated use of the 
water. The most important pathogens contained in stormwater are likely from sewage contamination. 
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Table 8.11 Sensitive Populations in the United States 

Population Individuals Year 

Pregnancies 5,657,900 1989 
Neonates 4,002,000 1989 
Elderly people (over 65) 29,400,000 1989 
Residences in nursing homes or related care facilities 1,553,000 1986 
Cancer patients (non-hospitalized) 2,411,000 1986 
Transplant organ patients (1981–1989) 110,270 1981–1989 
AIDS patients 142,000 1981–1990 

Data from Gerba, C.P., J.B. Rose, C.N. Hass, and K.D. Crabtree. Waterborne rotavirus: 
a risk assessment. Water Research, Vol. 30, No 12, pp. 2929–2940. Dec. 1996. 

Pitt et al. (1993) conducted a study of inappropriate pollutant entries into storm drainage systems 
in which many illegal sanitary sewer connections to storm drain systems were commonly found. 

Another possible exposure route is through the consumption of contaminated fish or shellfish. 
One example of this type of outbreak occurred in Louisiana in 1993 (Kohn 1995). This outbreak 
was caused by contaminated oysters that were consumed raw. The agent implicated in this outbreak 
was Norwalk virus, which causes gastroenteritis. Seventy of the 84 people (83% infection rate) 
who ate the raw oysters became ill. The epidemiologic investigation found that this outbreak was 
probably caused by overboard sewage disposal by harvesters near the oyster bed. 

An additional consideration that one must account for when assessing the adverse health effects 
of contact with pathogenic microorganisms is that certain individuals within the population are at 
higher risk for serious infections. Individuals who are at higher risk are the very young, elderly 
people, pregnant individuals, and immunocompromised (organ transplants, cancer, and AIDS) 
patients (Gerba et al. 1996). This collective group represents almost 20% of the current U.S. 
population (Table 8.11). In addition, elderly and immunocompromised people are an increasing 
segment of the population. 

Calculation of Risk 

The fourth step in a risk assessment is the calculation of risk for a specific situation. As 
indicated in the first three steps, it is possible to identify which components pose a risk for a 
specific activity, to estimate the doses necessary to cause different responses, and to conduct the 
exposure assessment. For an urban receiving water study, it is possible to consider an important, 
but commonly overlooked, scenario: exposure to pathogens by children who are wading in an 
urban stream. The list of potential pathogens may be lengthy, depending on the likelihood of 
sanitary sewage contamination. Even with separate stormwater, numerous pathogens are still 
commonly present (such as Pseudomonas aeruginosa and Shigella). Sanitary sewage contamina
tion lengthens the list considerably, as shown on the above lists. The dose–response curves can 
be examined for each likely pathogen and route of exposure (such as water contact for P. 
aeruginosa, or ingestion for Giardia and Cryptosporidium). The difficulty is estimating the 
magnitude of discharge for each pathogen and its fate after the discharge to the likely point of 
contact. Exposure duration, or ingestion quantity, of the water also needs to be estimated, along 
with likely time between discharge and exposure. This is especially important for wading expo
sures, for example, because water-contact recreation is unlikely during a runoff event but can 
certainly occur soon after a rain has ended. However, exposure to pathogens when wading is likely 
to be made more severe through stirring up contaminated sediments. Bacteria have been shown 
to survive for long periods in stream sediments in areas of deposition (pools, backwaters, or behind 
small dams), many of which attract children because of the deeper water (Burton et al. 1987; 
Burton 1982). Therefore, it would be necessary to predict areas where the particulates, with which 
pathogens are associated, are likely to accumulate. 
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The local monitoring program must therefore consider characterization studies of the patho
gens in the discharge, along with the hydraulic characteristics of the receiving water that would 
affect transport and fate of the pathogens. This information is used in a receiving water model 
to predict the conditions (concentrations in the water) at the time and location of exposure. 
Appendix H summarizes representative receiving water models that may be applicable for certain 
fate and route pathways. HSPF, one of the more complex urban stream models, contains many 
options, but requires a great deal of monitoring data for calibration and verification. Other, 
simpler models, such as WASP5, may be suitable for this task. The predicted conditions at the 
likely sites of exposure can be used, along with assumptions pertaining to exposure duration. 
This information is then compared to the dose–response information to estimate the likelihood 
of contacting disease. 

IDENTIFYING AND PRIORITIZING CRITICAL STORMWATER SOURCES 

An important goal of a receiving water study is to learn enough about local problems to be 
able to reduce them in the future, and to prevent new problems from occurring. The tools and 
techniques presented in this book enable local watershed managers to obtain a good understanding 
of their local problems and their likely causes. 

After receiving water problems (beneficial use impairments) are described, the likely causes 
for these problems must be identified. Many of the problems are directly associated with measured 
parameters in excessive quantities and are therefore inherently obvious (such as high bacteria 
concentrations interfering with water-contact recreation and fish consumption; high flows and debris 
blockages affecting drainage; trash or odors affecting noncontact recreation; and high toxicant 
concentrations affecting water supplies). The most difficult task is identifying the possible causes 
for declining aquatic life conditions, which can be associated with numerous causes, including 
habitat destruction, high/low flows, inappropriate discharges, polluted sediment, and water quality. 
The weight-of-evidence approach, described above, has therefore become a useful framework to 
understand possible cause-and-effect relationships for biological resources. 

Once the critical pollutants (or flow conditions) are identified, it is more straightforward to 
identify the likely sources in the watershed contributing these problem constituents. Classical 
approaches include watershed modeling to develop mass balances for targeted pollutants. The 
following discussion describes this approach, along with a case study describing how the Wis
consin Nonpoint Source Program has integrated field monitoring, data analysis, watershed mod
eling, and the development of stormwater controls to reduce future receiving water problems. It 
is also important to recognize additional potential sources of contaminants in a watershed that 
are not easily addressed by most watershed models. The most important include snowmelt and 
inappropriate sources. These two sources can be much greater contributors of some critical 
pollutants than warm-weather runoff alone. Field investigations to locate and quantify inappro
priate sources (sanitary sewage and discharges from small industries and commercial establish
ments are the most important) were described in Chapter 6 and must be conducted along with 
conventional watershed modeling activities. Snowmelt contributions should also be quantified 
for comparison with the more traditional sources. 

Sources of Urban Stormwater Contaminants 

Urban runoff is comprised of many separate source area flow components that are combined 
within the drainage area and at the outfall before entering the receiving water. It may be adequate 
to consider the combined outfall conditions alone when evaluating the long-term, areawide effects 
of many separate outfall discharges to a receiving water. However, if better predictions of outfall 
characteristics (or the effects of source area controls) are needed, the separate source area components 
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must be characterized. The discharge at the outfall is made up of a mixture of contributions from 
different source areas. The “mix” depends on the characteristics of the drainage area and the specific 
rain event. The effectiveness of source area controls is therefore highly site and storm specific. 

Various urban source areas contribute different quantities of runoff and pollutants, depending 
on their specific characteristics. Impervious source areas may contribute most of the runoff during 
small rain events. Examples of these source areas include paved parking lots, streets, driveways, 
roofs, and sidewalks. Pervious source areas become important contributors for larger rain events. 
These pervious source areas include gardens, lawns, bare ground, unpaved parking areas and 
driveways, and undeveloped areas. The relative importance of each individual source is a function 
of their areas, their pollutant washoff potentials, and the rain characteristics. 

The washoff of debris and soil during a rain is dependent on the energy of the rain and the 
properties of the material. Pollutants are also removed from source areas by winds, litter pickup, 
or other cleanup activities. The runoff and pollutants from the source areas flow directly into the 
drainage system, onto impervious areas that are directly connected to the drainage system, or onto 
pervious areas that will attenuate some of the flows and pollutants before they discharge to the 
drainage system. 

Sources of pollutants on paved areas include on-site particulate storage that cannot be removed 
by the usual processes e.g., rain, wind, street cleaning, etc. Atmospheric deposition, deposition 
from activities on these paved surfaces (auto traffic, material storage, etc.), and the erosion of 
material from upland areas that discharge flows directly onto these areas are the major sources of 
pollutants to the paved areas. Pervious areas contribute pollutants mainly through erosion processes 
where the rain energy dislodges soil from between plants. The runoff from these source areas enters 
the storm drainage system where sedimentation in catchbasins or in the sewerage may affect their 
ultimate discharge to the outfall. In-stream physical, biological, and chemical processes affect the 
pollutants after they are discharged to the ultimate receiving water. 

It is important to know when the different source areas become “active” (when runoff initiates 
from the area, carrying pollutants to the drainage system). If pervious source areas are not contri
buting runoff or pollutants, the prediction of urban runoff quality is much simplified. The mechanisms 
of washoff, and delivery yields of runoff and pollutants from paved areas, are much better known 
than from pervious urban areas (Novotny and Chesters 1981). In many cases, pervious areas are not 
active runoff contributors except during rain events greater than at least 5 or 10 mm. For smaller 
rain depths, almost all of the runoff and pollutants originate from impervious surfaces (Pitt 1987). 
However, in many urban areas, pervious areas may contribute the majority of the runoff, and some 
pollutants, when rain depths are greater than about 20 mm. The actual importance of the different 
source areas is highly dependent on the specific land use and rainfall patterns. Obviously, in areas 
having relatively low-density development, especially where moderate- and large-sized rains occur 
frequently (such as in the Southeast), pervious areas typically dominate outfall discharges. In contrast, 
in areas having significant paved areas, especially where most rains are relatively small (such as in 
the arid West), the impervious areas dominate outfall discharges. The effectiveness of different source 
controls is therefore quite different for different land uses and climatic patterns. 

If the number of events exceeding a water quality objective is important, then the small rain 
events are of most concern. Stormwater runoff typically exceeds some water quality standards for 
practically every rain event (especially for bacteria and some heavy metals). In the upper Midwest, 
the median rain depth is about 6 mm, while in the Southeast, the median rain depth is about twice 
this depth. In most urban areas, no runoff is observed until the rain depth exceeds 2 or 3 mm. For 
these small rain depths and for most urban land uses, directly connected paved areas usually 
contribute most of the runoff and pollutants. However, if annual mass discharges are more important, 
e.g., for long-term effects, then the moderate rains are more important. Rains from about 10 to 
50 mm produce most of the annual runoff volume in many areas of the United States. Runoff from 
both impervious and pervious areas can be very important for these rains. The largest rains (greater 
than about 100 mm) are relatively rare and do not contribute significant amounts of runoff pollutants 
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during normal years, but are very important for drainage design. The specific source areas that are 
most important (and controllable) for these different conditions vary widely. 

Case Study: Wisconsin Nonpoint Source Program in Urban Areas 

The urban stormwater evaluation methodology used by the Nonpoint Source Program at the 
Wisconsin Department of Natural Resources was developed to supplement the extensive ongoing 
rural aspects of the statewide watershed planning program (Pitt 1986). This comprehensive urban 
methodology includes: 

• 	 Evaluation of receiving water goals, based on established water use objectives and through meetings 
of citizen groups and technical experts 

• 	 Identification of current problems and sources of problem pollutants and flows through monitoring 
and modeling 

• 	Identification and evaluation of suitable source area and outfall treatment options, including the 
development of model ordinances for construction site erosion control and stormwater manage
ment, plus the development of design manuals for constructing controls 

• Demonstration projects evaluating alternative controls 
• Receiving water evaluations to confirm or to modify recommendations 

An important element of this methodology was to extensively modify SLAMM, the Source 
Loading and Management Model (Pitt and Voorhees 1995; www.winslamm.com). This model was 
developed to identify sources of pollutants in urban areas and to evaluate many alternative stormwater 
control programs. This methodology is generally used in the development of the watershed plans and 
to determine suitable cost-sharing aspects of the Wisconsin Nonpoint Source Program. The Milwaukee 
area was the first urban watershed planning effort to use this methodology. Milwaukee has a great 
deal of stormwater quality information that was used in this planning and implementation effort. 

Stormwater quality management in the Milwaukee area was initiated as part of the Wisconsin 
Priority Watershed Program. This program was developed in 1978 to help combat both urban and 
rural nonpoint sources of pollution (EPA 1990a, 1991). This program is one of the oldest in the 
nation funding nonpoint pollution abatement. An important element of this program is retrofitting 
control practices in both rural and urban areas. The program was initially heavily involved in rural 
areas, with technical assistance from the NRCS. A unique aspect of the program is that it is 
implemented on a watershed, and not on a political jurisdiction basis. Of the state’s 330 watersheds, 
130 (mostly located in the southern part of Wisconsin) will likely require comprehensive manage
ment activities to control nonpoint pollutants. A 25-year plan was developed in 1982 which would 
require the start-up of about eight or nine new watershed abatement efforts per year. The watershed 
plans are prepared by the state with cooperation and reviews by local government agencies. They 
contain detailed analyses of the water resources objectives (existing and desired beneficial uses, 
including the problems and threats to these uses), the critical sources of problem pollutants, and 
the control practices that can be applied within each watershed. The plans also include implemen
tation schedules and budgets to meet the pollution reduction objectives. 

Each plan requires 1 year to prepare, including the necessary fieldwork. Various field inventory 
activities are needed to prepare the plans, including aquatic biology and habitat surveys to identify 
existing and potential fishery uses, stream bank surveys to identify the nature and magnitude of 
stream bank erosion problems and to help design needed controls, field and barnyard surveys to 
supply information needed to estimate and rank their pollution potentials and to design farm control 
practices, and urban surveys needed to evaluate urban runoff pollution potential and its control. 

Urban planning was initiated in 1983 in the Milwaukee and Madison areas, with other urban 
areas of the state following. The urban practices eligible for cost sharing identified in these plans 
have included stream bank protection, detention basins, and infiltration devices for existing urban
ized areas. Construction site erosion controls are also usually required as a condition for a grant 
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agreement in an urban area, but they are not eligible for state cost sharing. About $3 to $5 million 
per year will be used by the nonpoint source program over a 20-year period in controlling urban 
runoff. An outcome of the Milwaukee River South Watershed plan included goals for reducing 
urban stormwater discharges (D’Antuono 1998). These goals were 50% reductions for suspended 
solids and heavy metals, and 50 to 70% reductions for phosphorus. 

Detailed studies on toxicant sources, effects, and controls have also been conducted in Milwau
kee, including a study conducted in the heavily urbanized Lincoln Creek (having a 19-mi2 watershed 
and being 9 mi long). A seven-tiered indicator program, incorporating many physical, chemical, 
and biological tests, was simultaneously conducted which identified long-term toxicity problems, 
likely associated with resuspended contaminated sediments having high levels of organic com
pounds (Claytor 1996). It was found that discharges of these fine sediments could be significantly 
reduced through the use of well-designed and maintained wet detention basins. The in-stream 
toxicity monitoring methods developed and used during the Lincoln Creek study can be used by 
other municipalities to answer the following basic questions: 

• Are toxic conditions present? 
• What is causing the toxicity? 
• How much is too much urbanization? 
• Can stormwater controls reduce these problems? 

The benefits of stormwater controls have also been evaluated in Milwaukee, especially grass 
swales, wet detention ponds, and underground devices for critical source areas. The Southeastern 
Wisconsin Regional Planning Commission also prepared a comprehensive report documenting costs 
associated with construction site erosion and stormwater control. 

Use of SLAMM to Identify Pollutant Sources and to Evaluate Control Programs 

A logical approach to stormwater management requires knowledge of the problems to be solved, 
the sources of the problem pollutants, and the effectiveness of stormwater management practices that 
can control the problem pollutants at their sources and at outfalls. The Source Loading and Manage
ment Model (SLAMM) is designed to provide information on these last two aspects of this approach. 
The first versions of SLAMM were developed by Pitt in the mid-1970s to help evaluate the results 
from early EPA stormwater projects (Pitt and Voorhees 1995). Further information on SLAMM, 
especially its integration with GIS systems, is included in Appendix H and at www.winslamm.com. 

The development of SLAMM began in the mid-1970s, primarily as a data reduction tool for 
use in early street cleaning and pollutant source identification projects sponsored by the EPA’s 
Storm and Combined Sewer Pollution Control Program (Pitt 1979, 1984; Pitt and Bozeman 1982). 
Additional information contained in SLAMM was obtained during the EPA’s Nationwide Urban 
Runoff Program (NURP) (EPA 1983), especially the early Alameda County, CA (Pitt and Shawley 
1982), and the Bellevue, WA (Pitt and Bissonnette 1984) projects. The completion of the model 
was made possible by the remainder of the NURP projects and additional field studies and pro
gramming support sponsored by the Ontario Ministry of the Environment (Pitt and McLean 1986), 
the Wisconsin Department of Natural Resources (Pitt 1986), and Region V of the U.S. Environ
mental Protection Agency. Early users of SLAMM included the Ontario Ministry of the Environ
ment’s Toronto Area Watershed Management Strategy (TAWMS) study (Pitt and McLean 1986) 
and the Wisconsin Department of Natural Resources’ Priority Watershed Program (Pitt 1986). 
SLAMM can now be effectively used as a tool to enable watershed planners to obtain a better 
understanding of the effectiveness of different control practice programs. 

Some of the major users of SLAMM have been associated with the Nonpoint Source Pollution 
Control Program of the Wisconsin Department of Natural Resources, where SLAMM has been 
used for a number of years to support their extensive urban stormwater planning and cost-sharing 
program (Thum et al. 1990; Kim et al. 1993a,b; Ventura and Kim 1993; Bachhuber 1996; Banner-
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man et al. 1996; Haubner and Joeres 1996; Legg et al. 1996). Many of these applications have 
included the integrated use of SLAMM with GIS models, as illustrated in Appendix H. 

SLAMM was developed primarily as a planning-level tool to generate information needed for 
planning-level decisions, while not generating or requiring superfluous information. Its primary 
capabilities include predicting flow and pollutant discharges that reflect a broad variety of develop
ment conditions and the use of many combinations of common urban runoff control practices. Control 
practices evaluated by SLAMM include detention ponds, infiltration devices, porous pavements, 
grass swales, catchbasin cleaning, and street cleaning. These controls can be evaluated in many 
combinations and at many source areas as well as the outfall location. SLAMM also predicts the 
relative contributions of different source areas (roofs, streets, parking areas, landscaped areas, 
undeveloped areas, etc.) for each land use investigated. As an aid in designing urban drainage systems, 
SLAMM also calculates correct NRCS curve numbers that reflect specific development and control 
characteristics. These curve numbers can then be used in conjunction with available urban drainage
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SLAMM is normally used to predict source area contributions and outfall discharges. However, 
it has been used in conjunction with a receiving water model (HSPF) to examine the ultimate 
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area controls on drainage design. The following example illustrates how SLAMM is used to identify 
the most important source areas and how to select the most appropriate control programs.
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Figure 8.2 is an example showing the areas of different surfaces for a medium-density residential 
area in Milwaukee. As shown in this example, streets make up between 10 and 20% of the total
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area, while landscaped areas can make up about half of the drainage area. The variation of these 
different surfaces can be very large within a designated area. The analysis of many candidate areas
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might therefore be necessary to understand how effective or how consistent the model results might 
be for a general land use classification. 

One of the first problems in evaluating an urban area for stormwater controls is the need to 
understand where the pollutants of concern are originating under different rain conditions. 
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Figure 8.2	 Source areas — Milwaukee medium-density residential areas (without alleys). (From Pitt, R. Small 
Storm Flow and Particulate Washoff Contributions to Outfall Discharges. Ph.D. dissertation, Depart
ment of Civil and Environmental Engineering, the University of Wisconsin, Madison, November 1987. 
With permission.) 
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Figure 8.3	 Flow sources for example medium-density residential area having clayey soils. (From Pitt, R. and 
J. Voorhees. Source loading and management model (SLAMM). Seminar Publication: National 
Conference on Urban Runoff Management: Enhancing Urban Watershed Management at the Local, 
County, and State Levels. March 30–April 2, 1993. Center for Environmental Research Information, 
U.S. Environmental Protection Agency. EPA/625/R-95/003. Cincinnati. OH. pp. 225–243. April 1995.) 

Figure 8.3 is an example of a typical medium-density residential area, showing the percentage of 
runoff originating from different major sources, as a function of rain depth. For storms of up to 
about 0.1 in in depth, street surfaces contribute about one half of the total runoff to the outfall. 
This contribution decreased to about 20% for storms greater than about 0.25 in in depth. This 
decrease in the significance of streets as a source of water is associated with an increase of water 
contributions from landscaped areas (which make up more than 75% of the area and have clayey 
soils). Similarly, the significance of runoff from driveways and roofs also starts off relatively high 
and then decreases with increasing storm depth. Obviously, this is just an example plot, and the 
source contributions would vary greatly for different land uses/development conditions, rainfall 
patterns, and the use of different source area controls. 

A major use of SLAMM is to better understand the role of different sources of pollutants and 
the suitability of controls that can be applied at the sources and at outfalls. As an example, to 
control suspended solids, street cleaning (or any other method to reduce the washoff of particulates 
from streets) may be very effective for the smallest storms, but would have very little benefit for 
storms greater than about 0.25 in in depth. However, erosion control from landscaped surfaces may 
be effective over a wider range of storms. The following list shows the different control programs 
that were investigated in this hypothetical medium-density residential area: 

• Base level (as built in 1961–1980 with no additional controls) 
• Catchbasin cleaning 
• Street cleaning 
• Grass swales 
• Roof disconnections 
• Wet detention pond 
• Catchbasin and street cleaning combined 
• Roof disconnections and grass swales combined 
• All of the controls combined 

This residential area, which was based upon actual Birmingham, AL, field observations for 
homes built between 1961 and 1980, has no controls, including no street cleaning or catchbasin 
cleaning. The use of catchbasin cleaning in the area, in addition to street cleaning, was evaluated. 
Grass swale use was also evaluated, but swales are an unlikely retrofit option and would only be 
appropriate for newly developing areas. However, it is possible to disconnect some of the roof 
drainages and divert the roof runoff away from the drainage system and onto grass surfaces for 
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infiltration in existing developments. In addition, wet detention ponds can be retrofitted in different 
areas and at outfalls. Besides those controls examined individually, catch basin and street cleaning 
controls combined were also evaluated, in addition to the combination of disconnecting some of 
the rooftops and the use of grass swales. Finally, all of the controls were also examined together. 

The following list shows a general description of this hypothetical area: 

• All curb and gutter drainage (in fair condition) 
• 70% of roofs drain to landscaped areas 
• 50% of driveways drain to lawns 
• 90% of streets are intermediate texture (remaining are rough) 
• No street cleaning 
• No catchbasins 

About one half of the driveways currently drain to landscaped areas, while the other half drain 
directly to the pavement or the drainage system. Almost all of the streets are of intermediate 
texture, and about 10% are rough textured. As noted earlier, there currently is no street cleaning 
or catchbasin cleaning. 

The level of catchbasin use that was investigated for this site included 950 ft3 of total sump 
volume per 100 acres (typical for this land use), with a cost of about $50 per catchbasin cleaning. 
Typically, catchbasins in this area could be cleaned about twice a year, for a total annual cost of 
about $85 per acre of the watershed. Street cleaning could also be used, with a monthly cleaning 
effort for about $30 per year per watershed acre. Grass swale drainage was also investigated. 
Assuming that swales could be used throughout the area, there could be 350 ft of swales per acre 
(typical for this land use), and the swales could be 3.5 ft wide. Because of the clayey soil conditions, 
an average infiltration rate of about 0.5 in per hour was used in this analysis, based on many 
different double ring infiltrometer tests of typical soil conditions. Swales cost much less than 
conventional curb and gutter systems, but have an increased maintenance frequency. Again, the use 
of grass swales is appropriate for new development, but not for retrofitting in this area. 

Roof disconnections could also be utilized as a control measure by directing all roof drains to 
landscaped areas. The objective would be to direct all the roof drains to landscaped areas. Since 
70% of the roofs already drain to the landscaped areas, only 30% would be further disconnected, 
at a cost of about $125 per household. The estimated total annual cost for roof disconnections 
would be about $10 per watershed acre. An outfall wet detention pond suitable for 100 acres of 
this medium-density residential area would have a wet pond surface of 0.5% of drainage area to 
provide about 90% suspended solids control. It would need 3 ft of dead storage and live storage 
equal to runoff from 1.25 in of rain. The total annual cost for wet detention ponds was estimated 
to be about $130 per watershed acre. 

Table 8.12 summarizes the SLAMM results for runoff volume, suspended solids, filterable phos
phate, and total lead for 100 acres of this medium-density residential area. The only control practices 
evaluated that would reduce runoff volume are the grass swales and roof disconnections. All of the 
other control practices evaluated do not infiltrate stormwater. Table 8.12 also shows the total annual 
average volumetric runoff coefficient (Rv) for these different options. The base level of control has 
an annual flow-weighted Rv of about 0.3, while the use of swales would reduce the Rv to about 0.1. 
Only a small reduction of Rv (less than 10%) would be associated with complete roof disconnections, 
compared to the existing situation, because of the large number of roof disconnections that already 
exist. The suspended solids analyses show that catchbasin cleaning alone could result in about 14% 
suspended solids reductions. Street cleaning would have very little benefit, while the use of grass 
swales would reduce the suspended solids discharges by about 60%. Grass swales would have minimal 
effect on the reduction of suspended solids concentrations at the outfall, but provide about 60% 
reductions in annual pollutant mass discharges (they are primarily an infiltration device, having very 
little filtering benefit). Wet detention ponds would remove about 90% of the mass and concentrations 
of suspended solids. Similar observations can be made for filterable phosphates and total lead. 
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lbs/acre 
Annual 

minimal 

3000 

0.29 

0.01 
0.49 

0.75 
1.28 

0.48 

0.26 

0.29 

0.46 

293 

397 

2.0 
1.7 

2.0 

1.6 

1.8 

1.7 

1.6 

6.4 

Total Lead 

14 

63 

24 
21 

87 
73 

14 

77 

Flow-wtg. 
µg/L 

543 
468 
14 

543 
0 

513 
6 

443 
18 

69 
87 

468 
14 

352 
35 

Filterable Phosphate 

lbs/acre 

minimal 

Annual 

0.4069 

0.58 
0.58 

0.58 

0.22 
0.36 

0.55 
0.03 

0.58 

0.58 

0.18 

N/A 

N/A 

333 

N/A 

N/A 

62 

25 

0 
0 

0 
0 

5 

0 
0 

0 
0 

Flow-wtg. 
µg/L 

157 
157 

0 

157 
0 

151 
1 

156 
1 

157 
0 

157 
0 

139 
11 

SLAMM Predicted Runoff and Pollutant Discharge Conditions for Examplea 

lbs/acre 

minimal 

Annual 

Suspended Solids 

1430 
1230 

1430 

1430 

1250 

1230 

0.43 

0.10 

0.58 

0.01 

200 

N/A 

554 
876 

N/A 

185 

200 

526 
904 

14 

61 

87 

14 

63 

0 
0 

0 
0 

Flow–wtg. 
mg/L 

385 
331 

14 

385 
0 

380 
1 

410 
–6 

49 
87 

331 
14 

403 
–5 

77–100 
77–100 

77–100 

63–100 

76–100 

77–100 

77–100 

63–100 

Range 
CNFlow-wtg. 

0.12 

0.28 

Runoff Volume 

0.3 
0.3 

0.3 

0.3 

0.3 

0.1 

Rv 

0.00026 

Annual 
ft3/acre 

minimal 

59800 

59800 

59800 

23300 
36500 

56000 

59800 

59800 

20900 
38900 

3800 

N/A 

N/A 

N/A 

N/A 

61 

65 

0 
0 

0 
0 

6 
0 

0 
0 

0 
0 

Birmingham 1976 rains: 
(112 rains, 55 in. total 

reduction (lbs. or $/ft3) 
CB and street cleaning 

0.01–3.84 in. each) 

reduction (lbs or ft3) 

reduction (lbs or ft3) 

reduction (lbs or ft3) 

reduction (lbs or ft3) 

reduction (lbs or ft3) 

reduction (lbs or ft3) 
Roof dis. and swales 

Catchbasin cleaning 

Roof disconnections 
($minimal/acre/yr) 

cost ($/lb or $/ft3) 

cost ($/lb or $/ft3) 

cost ($/lb or $/ft3) 

Wet detention pond 

cost ($/lb or $/ft3) 

cost ($/lb or $/ft3) 

cost ($/lb or $/ft3) 

cost ($/lb ir $/ft3) 

Base (no controls) 

($130/acre/yr) 

($115/acre/yr) 

reduction (%) 

reduction (%) 

reduction (%) 

reduction (%) 

reduction (%) 

reduction (%) 

reduction (%) 

Street cleaning 
($85/acre/yr) 

($30/acre/yr) 

($10/acre/yr) 

(10/acre/yr) 

Grass swales 

Table 8.12 
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From Pitt, R. and J. Voorhees. Source loading and management model (SLAMM). Seminar Publication: National Conference on Urban Runoff 
March 30–April 2, 1993. Center forManagement: Enhancing Urban Watershed Management at the Local, County, and State Levels. 

Environmental Research Information, U.S. Environmental Protection Agency. EPA/625/R-95/003. Cincinnati. OH. pp. 225–243. April 1995. 

lbs/acre 
Annual 

Medium-density residential area, developed in 1961–1980, with clayey soils (curbs and gutters); new development controls (not retrofi t). 

0.05 
1.98 

129 

Total Lead 

97 

Flow-wtg. 
µg/L 

36 
93 

Filterable Phosphate 

lbs/acre 
Annual 

0.18 
0.40 

638 
69 

(continued) 

Flow-wtg. 
µg/L 

139 
11 

SLAMM Predicted Runoff and Pollutant Discharge Conditions for Examplea 

lbs/acre 
Annual 

Suspended Solids 

1375 

0.19 

55 

96 

Flow–wtg. 
mg/L 

42 
89 

63–100 

Range 
CNFlow-wtg. 

Runoff Volume 

0.1 

Rv 
Annual 
ft3/acre 

0.0066 

20900 
38900 
65 

Birmingham 1976 rains: 
(112 rains, 55 in. total 

0.01–3.84 in. each) 

reduction (lbs or ft3) 

cost ($/lb or $/ft3) 

All above controls 

($255/acre/yr) 

reduction (%) 

Table 8.12 

a 
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0.007 
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0.003 
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0.000 
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Maximum percentage runoff volume reduction 

roof 
disconnections 

grass 
swales 

roof disc. + swales 

all 
controls 

Figure 8.4 0 Cost-effectiveness data for runoff volume reduction benefits. (From Pitt, R. and J. Voorhees. Source 
loading and management model (SLAMM). Seminar Publication: National Conference on Urban 
Runoff Management: Enhancing Urban Watershed Management at the Local, County, and State 
Levels. March 30–April 2, 1993. Center for Environmental Research Information, U.S. Environmen
tal Protection Agency. EPA/625/R-95/003. Cincinnati. OH. pp. 225–243. April 1995.) 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 
0 10 20 30 40 50 60 70 80 90 100 

catchbasin cleaning 

CB & street cleaning 

all 
controls 

wet 
detention roof disc. & 

grass swales
grass 
swales 

Maximum percentage suspended solids reduction 

Figure 8.5 0 Cost-effectiveness data for suspended solids reduction benefits. (From Pitt, R. and J. Voorhees. 
Source loading and management model (SLAMM). Seminar Publication: National Conference on 
Urban Runoff Management: Enhancing Urban Watershed Management at the Local, County, and 
State Levels. March 30–April 2, 1993. Center for Environmental Research Information, U.S. Envi
ronmental Protection Agency. EPA/625/R-95/003. Cincinnati. OH. pp. 225–243. April 1995.) 

Figures 8.4 through 8.7 show the maximum percentage reductions in runoff volume and 
pollutants, along with associated unit removal costs. As an example, Figure 8.4 shows that roof 
disconnections would have a very small potential maximum benefit for runoff volume reduction 
and at a very high unit cost compared to the other practices. The use of grass swales could have 
about a 60% reduction at minimal cost. The use of roof disconnections plus swales would slightly 
increase the maximum benefit to about 65%, at a small unit cost. Obviously, the use of roof 
disconnections alone, or all control practices combined, is very inefficient for this example. For 
suspended solids control, catchbasin cleaning and street cleaning would have minimal benefit at 
high cost, while the use of grass swales would produce a substantial benefit at very small cost. 
However, if additional control is necessary, the use of wet detention ponds may be necessary at a 
higher cost. If close to 95% reduction of suspended solids was required, then all of the controls 
investigated could be used together, but at substantial cost. 
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700 

600 
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300 

200 

100 

0 
0 10 20 30 40 50 60 70 80 90 100 

all 
controls 

roof 
disconnections 

roof disc. & 
grass swales 

grass 
swales 

Maximum percentage dissolved phosphate reduction 

Figure 8.6 0 Cost-effectiveness data for dissolved phosphate reduction benefits. (From Pitt, R. and J. Voorhees. 
Source loading and management model (SLAMM). Seminar Publication: National Conference on 
Urban Runoff Management: Enhancing Urban Watershed Management at the Local, County, and 
State Levels. March 30–April 2, 1993. Center for Environmental Research Information, U.S. Envi
ronmental Protection Agency. EPA/625/R-95/003. Cincinnati. OH. pp. 225–243. April 1995.) 

500 

400 

300 
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grass 
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cleaning 

Maximum percentage total lead reduction 

Figure 8.7 0 Cost-effectiveness data for total lead reduction benefits. (From Pitt, R. and J. Voorhees. Source 
loading and management model (SLAMM). Seminar Publication: National Conference on Urban 
Runoff Management: Enhancing Urban Watershed Management at the Local, County, and State 
Levels. March 30–April 2, 1993. Center for Environmental Research Information, U.S. Environmen
tal Protection Agency. EPA/625/R-95/003. Cincinnati. OH. pp. 225–243. April 1995.) 

SUMMARY 

This chapter has provided some, but limited, insight into how an investigator of urban receiving 
waters can interpret collected data and develop appropriate conclusions. This is obviously not an 
easy task. The main chapters of the book include many case studies and a large number of references 
to illustrate how prior investigators have accomplished this difficult task. The investigator should 
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consult selected references that are similar in location, scope, and/or objectives. Some major theses 
of this book are summarized below. 

It is critical that the investigator have a good idea of what is to be accomplished and develop 
a suitable experimental design with an appropriate tiered approach. Shortcomings of many inves
tigations can be traced to a lack of initial thought and suitable study hypotheses. In addition, while 
it is critical to retain flexibility and increase attention given to newly uncovered interesting phe
nomena, it is important not to keep changing direction based on preliminary conclusions. Of course, 
the reality of limited resources also precludes continued increases in project scope. Most receiving 
water investigations are probably only initial investigations, with little prior specific data for the 
location being studied, and it is natural for many new questions to develop during the studies. 
A tiered, weight-of-evidence approach enables the most significant objectives to be adequately 
addressed, with resources available for more detailed investigations to clarify issues. 

It is difficult to examine the collected data and clearly identify some beneficial use impairments, 
especially considering the dynamic and seasonal nature of watersheds and receiving waters. It is 
easy to miss important short-term events and to misjudge the significance of other seemingly 
obvious events. Careful and complete sampling, especially if conducted using a stratified random 
sampling strategy, can help reduce these problems. Well-calibrated and verified models are also 
important because they allow a long-term perspective of the discretely collected data. 

Cause-and-effect relationships tying together stressors and biological impairments are especially 
difficult to identify and quantify, requiring specialized tests and the weight-of-evidence approach. 
The use of adequate and appropriate reference sites is very important for biological evaluations, 
as comparisons to water quality criteria are uncertain for stormwater-related problems, habitat 
guidance is in its infancy, and contaminated stream sediment guidelines are unclear. The use of 
available criteria is needed, obviously, but criteria exceedances should be considered red flags to 
focus site-specific investigations. Human risks should be much more closely related to water quality 
criteria for water contact, drinking water supplies, and fish consumption, but there is still a potential 
for error when predicting actual exposure associated with stormwater sources. 

The implications of receiving water investigations can be extremely important, especially if 
remedial action is warranted or if problems are not to be worsened in the future. It is therefore 
necessary that the whole watershed and associated urban infrastructure be considered. It would be 
very unusual to find an urban or agricultural receiving water in a completely developed watershed 
that has significant acceptable uses in the absence of dramatic stormwater controls. In most cases, 
these streams are managed, it at all, solely for flood control and drainage, with no acknowledgment 
of other reasonably acceptable uses of noncontact recreation and biological life. Unfortunately, 
many urban and agricultural streams attract children who play around and in them. Obviously, 
water-contact recreation and fish consumption are not appropriate uses of most urban and agricul
tural streams, but these uses do occur, often by members of the community most at risk. These 
concerns and challenges can be effectively addressed by linking assessments of stormwater effects 
with progressive watershed management. 
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While more advanced habitat quantification methods are available (see Chapters 5 and 6), rapid 
methods have proven to be quite useful. Two of the more popular and similar approaches for 
assessing the habitat of streams and rivers are described below. These methods are not particularly 
useful for large rivers, lakes, or coastal areas. Habitat effects may be qualitatively evaluated using 
methods of the Ohio EPA (OEPA 1989) or the USEPA Rapid Bioassessment Protocol (EPA 1999), 
both of which are described in this appendix. The Qualitative Habitat Evaluation Index (QHEI) 
was issued by the OEPA for fish sampling, but it may be also used in any type of stream survey. 

THE QUALITATIVE HABITAT EVALUATION INDEX (QHEI) (OEPA 1989) 

A general evaluation of macrohabitat is made while sampling each location using the Ohio EPA 
Site Description Sheet — Fish (Figures A.1 and A.2). This form is used to tabulate data and 
information for calculating the Qualitative Habitat Evaluation Index (QHEI). The following guid
ance should be used when completing the site evaluation form. 

Geographical Information 

1. 	 Stream, River Mile (RM), Date 
The official stream name may be found in the State Gazetteer of streams or on USGS 7.5 minute 
topographic maps. 

643 
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Figure A.1 	 Front side of the Ohio EPA Site Description Sheet for the Qualitative Habitat Evaluation Index 
(QHEI). (From Ohio Environmental Protection Agency. The Qualitative Habitat Evaluation Index 
(QHEI): Rationale, Methods, and Application. Ecological Assessment Section, Ohio Environmental 
Protection Agency, Columbus, OH. 1989.) 

2. 	 Specific Location 
A brief description of the sampling location should include proximity to a local landmark such as 
a bridge, road, discharge outfall, railroad crossing, park, tributary, dam, etc. 

3. 	 Field Sampling Crew 
The field crew involved with the sampling is noted on the sheet, with the person who filled out 
the sheet listed first. 
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Figure A.2 	 Reverse side of the Ohio EPA Site Description Sheet for evaluating the geographical and physical 
characteristics of fish sampling locations. This is used to record additional information about the 
sampling site and adjacent area. (From Ohio Environmental Protection Agency). The Qualitative 
Habitat Evaluation Index (QHEI): Rationale, Methods, and Application. Ecological Assessment 
Section, Ohio Environmental Protection Agency, Columbus, OH. 1989.) 

4. 	 Habitat Characteristics: QHEI Metrics 
The Qualitative Habitat Evaluation Index (QHEI) is a physical habitat index designed to provide 
an empirical, quantified evaluation of the general lotic macrohabitat characteristics that are impor
tant to fish communities. The QHEI is composed of six principal metrics each of which is described 
below. The maximum possible QHEI site score is 100. Each of the metrics is scored individually 
and then summed to provide the total QHEI site score. This is completed at least once for each 
sampling site during each year of sampling. An exception to this convention is when substantial 
changes to the macrohabitat have occurred between sampling passes. Standardized definitions for 
pool, run, and riffle habitats, for which a variety of existing definitions and perceptions exist, are 
essential for using the QHEI accurately. It is recommended that this reference also be consulted 
prior to scoring individual sites. 

Riffle and Run Habitats 

Riffle — areas of the stream with fast current and shallow depth; the water surface is visibly broken. 

Run — areas of the stream that have a rapid, nonturbulent flow; runs are deeper than riffles, with 
a faster current velocity than pools, and are generally located downstream from riffles where the 
stream narrows; the stream bed is often flat beneath a run and the water surface is not visibly broken. 
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Pool and Glide Habitats 

Pool — an area of the stream with slow current velocity and a depth greater than riffle and run 
areas; the stream bed is often concave and stream width frequently is the greatest; the water surface 
slope is nearly zero. If a pool or glide has a maximum depth of less than 20 cm, it is deemed to 
have lost its functionality and the metric is scored a 0. 

Glide — an area common to most modified stream channels that does not have distinguishable 
pool, run, and riffle habitats; the current and flow are similar to that of a canal; the water surface 
gradient is nearly zero. 

The following is a description of each of the six QHEI metrics and the individual metric 
components. Guidelines on how to score each are presented. Generally, metrics are scored by 
checking boxes. In certain cases, the biologist completing the QHEI sheet may interpret a habitat 
characteristic as being intermediate between the possible choices; in cases where this is allowed 
(denoted by the term “Double-Checking”), two boxes may be checked and their scores averaged. 

Metric 1: Substrate 

This metric includes two components, substrate type and substrate quality. 

Substrate Type — Check the two most common substrate types in the stream reach. If one 
substrate type predominates (greater than approximately 75 to 80%) of the bottom area or is clearly 
the most functionally predominant substrate), then this substrate type should be checked twice. DO 
NOT CHECK MORE THAN TWO BOXES. Note the category for artificial substrates. Spaces 
are provided to note the presence (by check marks, or estimates of %, if time allows) of all substrate 
types present in pools and riffles that each comprise at least 5% of the site (i.e., they occur in 
sufficient quantity to support species that may commonly be associated with the habitat type). This 
section must be filled out completely to permit future analyses of this metric. If there are more 
than four substrate types in the zone that are present in greater than approximately 5% of the 
sampling area, check the appropriate box. 

Substrate Quality — Substrate origin refers to the “parent” material that the stream substrate is 
derived from. Check ONE box under the substrate origin column unless the parent material is from 
multiple sources (e.g., limestone and tills). Embeddedness is the degree to which cobble, gravel, 
and boulder substrates are surrounded, impacted in, or covered by fine materials (sand and silt). 
Substrates should be considered embedded if >50% of surface of the substrates is embedded in 
fine material. Embedded substrates cannot be easily dislodged. This also includes substrates that 
are concreted or “armor-plated.” Naturally sandy streams are not considered embedded; however, 
a sand-predominated stream that is the result of anthropogenic activities that have buried the natural 
coarse substrates is considered embedded. Boxes are checked for extensiveness (area of sampling 
zone) of the embedded substrates as follows: Extensive: >75% of site area, Moderate: 50 to 75%, 
Sparse: 25 to 50%, Low: <25%. 

Silt Cover — the extent to which substrates are covered by a silt layer (i.e., more than 1 inch thick). 
Silt Heavy means that nearly all of the stream bottom is layered with a deep covering of silt. 
Moderate includes extensive coverings of silts, but with some areas of cleaner substrate (e.g., riffles). 
Normal silt cover includes areas where silt is deposited in small amounts along the stream margin 
or is present as a “dusting” that appears to have little functional significance. If substrates are 
exceptionally clean, the Silt Free box should be checked. 
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Substrate types are defined as: 

a. Bedrock — solid rock forming a continuous surface. 
b. 	 Boulder — rounded stones over 250 mm in diameter (10 in) or large “slabs” more than 256 mm 

in length (boulder slabs). 
c. Cobble — stones from 64 to 256 mm (21/2 to 10 in) in diameter. 
d. Gravel — mixture of rounded coarse material from 2 to 64 mm (0.8 to 21/2 in) in diameter. 
e. Sand — materials 0.06 to 2.0 mm in diameter, gritty texture when rubbed between fingers. 
f. 	 Silt — 0.004 to 0.06 mm in diameter; generally this is fine material which feels “greasy” when 

rubbed between fingers. 
g. 	 Hardpan — particles less than 0.004 mm in diameter, usually clay, which form a dense, gummy 

surface that is difficult to penetrate. 
h. Marl — calcium carbonate; usually grayish-white; often contains fragments of mollusc shells. 
i. 	 Detritus — dead, unconsolidated organic material covering the bottom, which could include sticks, 

wood, and other partially or undecayed coarse plant material. 
j. 	 Muck — black, fine, flocculent, completely decomposed organic matter (does not include sewage 

sludge). 
k. 	 Artificial — substrates such as rock baskets, gabions, bricks, trash, concrete, etc., placed in the 

stream for reasons OTHER than habitat mitigation. 

Sludge is defined as thick layers of organic matter, that is decidedly of human or animal origin. 
NOTE: SLUDGE THAT ORIGINATES FROM POINT SOURCES IS NOT INCLUDED; 
THE SUBSTRATE SCORE IS BASED ON THE UNDERLYING MATERIAL. 

Substrate Metric Score — Although the theoretical maximum metric score is > 20, the maximum 
score allowed for the QHEI is limited to 20 points. 

Metric 2: In-Stream Cover 

This metric consists of in-stream cover type and in-stream cover amount. All of the cover 
types that are present in amounts greater than approximately 5% of the sampling area (i.e., they 
occur in sufficient quantity to support species that may commonly be associated with the habitat 
type) should be checked. Cover should not be counted when it is in areas of the stream with 
insufficient depth (usually <20 cm) to make it useful. For example, a logjam in 5 cm of water 
contributes very little if any cover and may be dry at low flow. Other cover types with limited 
utility in shallow water include undercut banks and overhanging vegetation, boulders, and 
rootwads. Under amount, one or two boxes may be checked. Extensive cover is that which is 
present throughout the sampling area, generally greater than about 75% of the stream reach. 
Cover is moderate when it occurs over 25 to 75% of the sampling area. Cover is sparse when 
it is present in less than 25% of the stream margins (sparse cover usually exists in one or more 
isolated patches). Cover is nearly absent when no large patch of any type of cover exists anywhere 
in the sampling area. This situation is usually found in recently channelized streams or other 
highly modified reaches (e.g., ship channels). If cover is thought to be intermediate in amount 
between two categories, check two boxes and average their scores. Cover types include: (1) 
undercut banks, (2) overhanging vegetation, (3) shallows (in slow water), (4) logs or woody 
debris, (5) deep pools (>70 cm), (6) oxbows, (7) boulders, (8) aquatic macrophytes, and (9) 
rootwads (tree roots that extend into stream). Do not check undercut banks AND rootwads unless 
undercut banks exist along with rootwads as a major component. 

Cover Metric Score — Although the theoretical maximum score is >20, the maximum score 
assigned for the QHEI for the in-stream cover metric is limited to 20 points. 
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Metric 3: Channel Morphology 

This metric emphasizes the quality of the stream channel that relates to the creation and stability 
of macrohabitat. It includes channel sinuosity (i.e., the degree to which the stream meanders), 
channel development, channelization, and channel stability. One box under each should be checked 
unless conditions are considered to be intermediate between two categories; in these cases check 
two boxes and average their scores. 

a. 	 Sinuosity — No sinuosity is a straight channel. Low sinuosity is a channel with only one or two 
poorly defined outside bends in a sampling reach, or perhaps slight meandering within modified 
banks. Moderate sinuosity is more than two outside bends, with at least one bend well defined. 
High sinuosity is more than two or three well-defined outside bends with deep areas outside and 
shallow areas inside. Sinuosity may be more conceptually described by the ratio of the stream 
distance between these same two points, taken from a topographic map. Check only one box. 

b. 	 Development — This refers to the development of riffle/pool complexes. Poor means riffles are 
absent, or if present, shallow with sand and fine gravel substrates; pools, if present, are shallow. 
Glide habitats, if predominant, receive a Poor rating. Fair means riffles are poorly developed or 
absent; however, pools are more developed with greater variation in depth. Good means better 
defined riffles present with larger substrates (gravel, rubble, or boulder); pools vary in depth and 
there is a distinct transition between pools and riffles. Excellent means development is similar to 
the Good category except the following characteristics must be present: pools must have a maxi
mum depth of >1 m and deep riffles and runs (>0.5 m) must also be present. In streams sampled 
with wading methods, a sequence of riffles, runs, and pools must occur more than once in a 
sampling zone. Check one box. 

c. 	 Channelization — This refers to anthropogenic channel modifications. Recovered refers to 
streams that have been channelized in the past, but which have recovered most of their natural 
channel characteristics. Recovering refers to channelized streams which are still in the process 
of regaining their former, natural characteristics; however, these habitats are still degraded. This 
category also applies to those streams, especially in the Huron/Erie Lake Plain ecoregion 
(NW Ohio), that were channelized long ago and have a riparian border of mature trees, but still 
have Poor channel characteristics. Recent or No Recovery refers to streams that were recently 
channelized or those that show no significant recovery of habitats (e.g., drainage ditches, grass 
lined or rock riprap banks, etc.). The specific type of habitat modification is also checked in the 
two columns, but not scored. 

d. 	 Stability — This refers to channel stability. Artificially stable (concrete) stream channels receive 
a High score. Even though they are generally a negative influence on fish, the negative effects are 
related to features other than their stability. Channels with Low stability are usually characterized 
by fine substrates in riffles that often change location, have unstable and severely eroding banks, 
and a high bedload that slowly creeps downstream. Channels with Moderate stability are those 
that appear to maintain stable riffle/pool and channel characteristics, but which exhibit some 
symptoms of instability, e.g., high bedload, eroding or false banks, or show the effects of wide 
fluctuations in water level. Channels with High stability have stable banks and substrates, and 
little or no erosion and bedload. 

e. 	 Modifications/Other — Check the appropriate box if impounded, islands present, or leveed (these 
are not included in the QHEI scoring) as well as the appropriate source of habitat modifications. 

The maximum QHEI metric score for Channel Morphology is 20 points. 

Metric 4: Riparian Zone and Bank Erosion 

This metric emphasizes the quality of the riparian buffer zone and quality of the floodplain 
vegetation. This includes riparian zone width, floodplain quality, and extent of bank erosion. Each 
of the three components requires scoring the left and right banks (looking downstream). The average 
of the left and right banks is taken to derive the component value. One box per bank should be 

RB-AR28883



HABITAT CHARACTERIZATION 649 

checked unless conditions are considered to be intermediate between two categories; in these cases 
check two boxes and average their scores. 

a. 	 Width of Floodplain Vegetation — This is the width of the riparian (stream side) vegetation. Width 
estimates are only done for forest, shrub, swamp, and old field vegetation. Old field refers to a 
fairly mature successional field that has stable, woody plant growth; this generally does not include 
weedy urban or industrial lots that often still have high runoff potential. Two boxes, one each for 
the left and right bank (looking downstream), should be checked and then averaged. 

b. 	 Floodplain Quality — The two most predominant floodplain quality types should be checked, one 
each for the left and right banks (includes urban, residential, etc.), and then averaged. By floodplain 
we mean the areas immediately outside the riparian zone or greater than 100 ft from the stream, 
whichever is wider on each side of the stream. These are areas adjacent to the stream that can 
have direct runoff and erosional effects during normal wet weather. We do not limit it to the riparian 
zone, and it is much less encompassing than the stream basin. 

c. 	 Bank Erosion — The following Streambank Soil Alteration Ratings should be used; check one 
box for each side of the stream and average the scores. False banks mean banks that are no longer 
adjacent to the normal flow of the channel but have been moved back into the floodplain, most 
commonly as a result of livestock trampling. 

1. None — stream banks are stable and not being altered by water flows or animals (e.g., livestock) 
— Score 3. 

2. 	Little — stream banks are stable, but are being lightly altered along the transect line; less than 
25% of the stream bank is receiving any kind of stress, and if stress is being received it is very 
light; less than 25% of the stream bank is false, broken down, or eroding — Score 3. 

3. 	Moderate — stream banks are receiving moderate alteration along the transect line; at least 
50% of the stream bank is in a natural stable condition; less than 50% of the stream bank is 
false, broken down, or eroding; false banks are rated as altered — Score 2. 

4. 	Heavy — stream banks have received major alterations along the transect line; less than 50% 
of the stream bank is in a stable condition; over 50% of the stream bank is false, broken down, 
or eroding — Score 1. 

5. 	Severe — stream banks along the transect line are severely altered; less than 25% of the stream 
bank is in a stable condition; over 75% of the stream bank is false, broken down, or eroding 
— Score 1. 

The maximum score for Riparian Zone and Erosion metric is 10 points. 

Metric 5: Pool/Glide and Riffle-Run Quality 

This metric emphasizes the quality of the pool, glide, and/or riffle-run habitats. This includes 
pool depth, overall diversity of current velocities (in pools and riffles), pool morphology, riffle-run 
depth, riffle-run substrate, and riffle-run substrate quality. 

A. POOL/GLIDE QUALITY 
1. 	Maximum depth of pool or glide — check one box only (Score 0 to 6). Pools or glides with 

maximum depths of less than 20 cm are considered to have lost their function and the total 
metric is scored a 0. No other characteristics need be scored in this case. 

2. 	Current Types — check each current type that is present in the stream (including riffles and 
runs; score — 2 to 4), definitions are: 
Torrential — extremely turbulent and fast flow with large standing waves; water surface is very 

broken with no definable, connected surface; usually limited to gorges and dam spillway tail
waters. 

Fast — mostly nonturbulent flow with small standing waves in riffle-run areas; water surface 
may be partially broken, but there is a visibly connected surface. 

Moderate — nonturbulent flow that is detectable and visible (i.e., floating objects are readily 
transported downstream); water surface is visibly connected. 
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Slow — water flow is perceptible, but very sluggish. 
Eddies — small areas of circular current motion usually formed in pools immediately down

stream from riffle-run areas. 
Interstitial — water flow that is perceptible only in the interstitial spaces between substrate par

ticles in riffle-run areas. 
Intermittent — no flow is evident anywhere leaving standing pools that are separated by dry areas. 

3. 	Morphology — Check Wide if pools are wider than riffles, Equal if pools and riffles are the 
same width, and Narrow if the riffles are wider than the pools (Score 0 to 2). If the morphology 
varies throughout the site, average the types. If the entire stream area (including areas outside 
of the sampling zone) is pool or riffle, then check riffle = pool. 

Although the theoretical maximum score is >12, the maximum score assigned for the QHEI for 
the Pool Quality metric is limited to 12 points. 

B. RIFFLE-RUN QUALITY 
(score 0 for this metric if no riffles are present) 
1. 	Riffle/Run Depth — Select one box that most closely describes the depth characteristics of the 

riffle (Score 0 to 4). If the riffle is generally less than 5 cm in depth, riffles are considered to 
have lost their function and the entire riffle metric is scored a 0. 

2. 	Riffle/Run Substrate Stability — Select one box from each that best describes the substrate type 
and stability of the riffle habitats (Score 0 to 2). 

3. 	Riffle/Run Embeddedness — Embeddedness is the degree that cobble, gravel, and boulder 
substrates are surrounded or covered by fine material (sand, silt). We consider substrates 
embedded if >50% of the surface of the substrates is embedded in fine material, as these 
substrates cannot be easily dislodged. This also includes substrates that are concreted. Boxes 
are checked for extensiveness (riffle area of sampling zone) with embedded substrates: Exten
sive: >75% of stream area, Moderate: 50 to 75%, Sparse: 25 to 50%, Low: <25%. 

The maximum score assigned for the QHEI for the Riffle/Run Quality metric is 8 points. 

Metric 6: Map Gradient 

Local or map gradient is calculated from USGS 7.5 minute topographic maps by measuring 
the elevation drop through the sampling area. This is done by measuring the stream length between 
the first contour line upstream and the first contour line downstream of the sampling site and 
dividing the distance by the contour interval. If the contour lines are closely “packed,” a minimum 
distance of at least 1 mile should be used. Some judgment may need to be exercised in certain 
anomalous areas (e.g., in the vicinity of waterfalls, impounded areas, etc.), and this can be compared 
to an in-field, visual estimate, which is recorded on the back of the habitat sheet. 

Scoring for ranges of stream gradient takes into account the varying influence of gradient with 
stream size (measured as drainage area in square miles or stream width). Gradient classifications 
(Table A.1) were modified from Trautman (1981), and scores were assigned, by stream size category, 
after examining scatterplots of IBI vs. natural log of gradient in ft/mile. Scores are listed in Table A.1. 

The maximum QHEI metric score for Gradient is 10 points. 

Computing the Total QHEI Score 

To compute the total QHEI score, add the components of each metric to obtain the metric 
scores and then sum the metric scores to obtain the total QHEI score. The QHEI metric scores 
cannot exceed the Metric Maximum Score indicated below: 

Additional Information 

Additional information is recorded on the reverse side of the Site Description Sheet (Figure A.2) 
and is described as follows: 
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Table A.1 	 Classification of Stream Gradients for Ohio, Corrected for Stream Size. Scores Were Derived 
from Plots of IBI vs. the Natural Log of Gradient for Each Stream Size Category 

Stream Drainage 
Width Area Very Low– Moderate– Very 

(m) (mi2) Low Low Moderate Moderate High High Higha 

0.3–4.7 0–9.2 0–1.0 1.1–5.0 5.1–10.0 10.1–15.0 15.1–20 20.1–30 30.1–40 
2 4 6 8 10 10 8 

4.8–9.2 9.2–41.6 0–1.0 1.1–3.0 3.1–6.0 6.1–12.0 12.1–18.0 18.0–30 30.1–40 
2 4 6 10 10 8 6 

9.2–13.8 41.6–103.7 0–1.0 1.1–2.5 2.6–5.0 5.1–7.5 7.6–12.0 12.1–20 20.1–30 
2 4 6 8 10 8 6 

3.9–30.6 103.7–622.9 0–1.0 1.1–2.0 2.1–4.0 4.1–6.0 6.1–10.0 10.1–15 
15.1–25 

4 6 8 10 10 8 6 
>30.6 > 622.9 — 0–0.5 0.6–1.0 1.1–2.5 2.6–4.0 4.1–9.0 > 9.0 

6 8 10 10 10 8 

a 	Any site with a gradient greater than the upper bound of the “very high” gradient classification is assigned a 
score of 4. 

1. 	 Additional Comments/Pollution Impacts — Different types of pollution sources (e.g., wastewater 
treatment plant, feedlot, industrial discharge, nonpoint source inputs) are noted with their proximity 
(in 0.1-mile increments) to the sampling site; any evidence of litter, either in-stream or on the 
stream bank, is also noted. 

2. 	 Sampling Gear/Distance Sampled — The type of fish sampling gear used during each pass is 
specified, and any variation in sampling procedures is noted (e.g., sampler type A specifies sampling 
along one shoreline of 0.5 km, but due to local restriction, sampling may be performed on both 
shorelines to accumulate 0.5 km); the total sampling distance in kilometers for each sampling site 
for each pass is recorded. 

3. Water Clarity — The following descriptions can be used as a guide: 
a. 	 Clear — bottom is clearly visible (if shallow enough), and the water contains no apparent color 

or staining. 
b. Stained — usually a brownish (or other) color to the water; the bottom may be visible in 

shallow areas. 
c. 	 Turbid — bottom seldom visible at more than a few inches; caused by suspended sediment particles. 

The apparent source of stained (e.g., tannic acid, leaf decay, etc.) and turbid (e.g., runoff 
[clay/silt], algae/diatoms, sewage, etc.) water may be specified under additional comments. 

4. 	 Water Stage — This is the general water level of the stream during each pass; suggested descriptors 
are: a) flood, b) high, c) elevated, d) normal, e) low, and f) interstitial. (Note: sampling should not 
be conducted during flood or high flows.) 

5. 	 Canopy — This is the percentage of the sampling site that is not covered or shaded by woody 
bank vegetation. In wide streams and rivers, this determination should be made along both sides 
of the river or stream (i.e., the percent of the sampling path that is open). 

6. 	 Gradient — Check the box that best describes the gradient at the site. This will be used to check 
the accuracy of gradients taken from topographic maps. 

7. 	 Field Crew — The names of all individuals involved with the sampling/site description at each 
site are included. 

8. 	 Photographs — The number of each photograph taken is recorded; the subject of the photograph 
is briefly described. 

9. 	 Stream Measurements (optional) — When measuring the individual sampling sites, length, width, 
and average and maximum depth information should be recorded; each measurement should be 
recorded as either a riffle, run, or pool or glide by placing an X in the correct box to the right of 
where measurements are recorded (Figure A.2); see the introduction for definitions of riffles, runs, 
etc. 

The number of width measurements is left to the discretion of the field crew leader. Short riffles 
may require only one or two width measurements, while long pools will probably require more, 

RB-AR28886



652 STORMWATER EFFECTS HANDBOOK 

depending on the degree of variation that exists in the stream’s width. Depth measurements should 
be made in association with individual width measurements. Depths should be taken at the stream 
margins and various points across the stream. Up to nine depth measurements may be taken, 
depending on the variability in the stream bottom. Maximum depth is the deepest spot in the 
stream section sampled. One purpose of this information is to calculate pool volume. 

10. 	 Stream Diagram — Cross sections: Two or three cross sections of the stream are drawn to 
provide information on features of the stream bank, stream bottom, stream channel, and flood
plain. 
Channel — The cross section containing the stream that is distinct from the surrounding area due 

to breaks in the general slope of the land, lack of terrestrial vegetation, and changes in the com
position of the substrate materials. The channel is made up of stream banks and stream bottoms. 

Banks — The portion of the channel cross section that tends to restrict lateral movement of water. 
The banks often have a slope steeper than 45° and exhibit a distinct break in slope from the 
stream bottom. Also, an obvious change in substrate materials is a reliable delineation of the 
bank. 

Stream Bottom — The portion of the channel cross section not classified as bank. The bottom is 
usually composed of stream sediments or water transported debris and may be covered by rooted 
or clinging aquatic vegetation. In some geologic formations, the stream bottom may consist of 
bedrock rather than sediments. 

Floodplain — The area adjacent to the channel that is seasonally submerged under water. Usually 
the floodplain is a low area covered by various types of riparian vegetation. 

Stream Map 

The entire sampling zone is sketched in the area provided. Important physical features are noted 
on the map with standard symbols used where possible. The sampling path taken is described, 
along with any other pertinent information. 

THE USEPA HABITAT ASSESSMENT FOR THE 
RAPID BIOASSESSMENT PROTOCOLS (EPA 1999) 

Rosgen (1985, 1994, 1996) presented a stream and river classification system that is founded 
on the premise that dynamically stable stream channels have a morphology that provides appropriate 
distribution of flow energy during storm events. Further, he identifies eight major variables that 
affect the stability of channel morphology, but are not mutually independent: channel width, channel 
depth, flow velocity, discharge, channel slope, roughness of channel materials, sediment load, and 
sediment particle size distribution. When streams have one of these characteristics altered, some 
of their capability to dissipate energy properly is lost (Leopold et al. 1964; Rosgen 1985) and will 
result in accelerated rates of channel erosion. Some of the habitat structural components that 
function to dissipate flow energy are sinuosity, roughness of bed and bank materials, presence of 
point bars (slope is an important characteristic), vegetative conditions of stream banks and the 
riparian zone, condition of the floodplain (accessibility from bank, overflow, and size are important 
characteristics). 

Measurement of these parameters or characteristics serves to stratify and place streams into 
distinct classifications. However, none of these habitat classification techniques attempts to differ
entiate the quality of the habitat and the ability of the habitat to support the optimal biological 
condition of the region. Much of our understanding of habitat relationships in streams has emerged 
from comparative studies that describe statistical relationships between habitat variables and abun
dance of biota (Hawkins et al. 1993). A rapid and qualitative habitat assessment approach has been 
developed to describe the overall quality of the physical habitat (Ball 1982; Ohio EPA 1987; Plafkin 
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et al. 1989; Barbour and Stribling 1991, 1994; Rankin 1991, 1995). For a more detailed guidance, 
please refer to the original document (USEPA 1999, www.epa.gov/owow/monitoring/rbp/). 

The habitat assessment matrix developed for the Rapid Bioassessment Protocols (RBPs) in 
Plafkin et al. (1989) were originally based on the Stream Classification Guidelines for Wisconsin 
developed by Ball (1982) and “Methods of Evaluating Stream, Riparian, and Biotic Conditions” 
developed by Platts et al. (1983). Barbour and Stribling (1991, 1994) modified the habitat assess
ment approach originally developed for the RBPs to include additional assessment parameters for 
high-gradient streams and a more appropriate parameter set for low-gradient streams. All para
meters are evaluated and rated on a numerical scale of 0 to 20 (highest) for each sampling reach. 
The ratings are then totaled and compared to a reference condition to provide a final habitat 
ranking. Scores increase as habitat quality increases. To ensure consistency in the evaluation 
procedure, descriptions of the physical parameters and relative criteria are included in the rating 
form (Figures A.3 through A.8). 

A biologist who is well versed in the ecology and zoogeography of the region can generally 
recognize optimal habitat structure as it relates to the biological community. The ability to accurately 
assess the quality of the physical habitat structure using a visual-based approach depends on several 
factors: the parameters selected to represent the various features of habitat structure need to be relevant 
and clearly defined; a continuum of conditions for each parameter must exist that can be characterized 
from the optimum for the region or stream type under study to the poorest situation reflecting 
substantial alteration due to anthropogenic activities; the judgment criteria for the attributes of each 
parameter should minimize subjectivity through either quantitative measurements or specific categor
ical choices, in which the investigators are experienced or adequately trained, for stream assessments 
in the region under study (Hannaford et al. 1997); adequate documentation and ongoing training must 
be maintained to evaluate and correct errors resulting in outliers and aberrant assessments. 

Habitat evaluations are first made on in-stream habitat, followed by channel morphology, bank 
structural features, and riparian vegetation. Generally, a single, comprehensive assessment is made 
that incorporates features of the entire sampling reach as well as selected features of the catchment. 
Additional assessments may be made on neighboring reaches to provide a broader evaluation of 
habitat quality for the stream ecosystem. The actual habitat assessment process involves rating the 
10 parameters as optimal, suboptimal, marginal, or poor, based on the criteria included on the 
Habitat Assessment Field Data Sheets. Some state programs, such as Florida Department of 
Environmental Protection (DEP) (1996) and Mid-Atlantic Coastal Streams Workgroup (MACS) 
(1996) have adapted this approach using somewhat fewer and different parameters. 

Reference conditions are used to scale the assessment to the “best attainable” situation. This 
approach is critical to the assessment because stream characteristics will vary dramatically across 
different regions (Barbour and Stribling 1991). The ratio between the score for the test station and 
the score for the reference condition provides a percent comparability measure for each station. 
The station of interest is then classified on the basis of its similarity to expected conditions (reference 
condition), and its apparent potential to support an acceptable level of biological health. Use of a 
percent comparability evaluation allows for regional and stream-size differences which affect flow 
or velocity, substrate, and channel morphology. Some regions are characterized by streams having 
a low channel gradient, such as coastal plains or prairie regions. 

Other habitat assessment approaches or a more rigorously quantitative approach to measuring 
the habitat parameters may be used (see Klemm and Lazorchak 1994; Kaufmann and Robison 
1994; Meador et al. 1993). However, holistic and rapid assessment of a wide variety of habitat 
attributes along with other types of data is critical if physical measurements are to be used to best 
advantage in interpreting biological data. 

A generic habitat assessment approach based on visual observation can be separated into two 
basic approaches — one designed for high-gradient streams, and one designed for low-gradient 
streams. High-gradient or riffle/run prevalent streams are those in moderate- to high-gradient land
scapes. Natural high-gradient streams have substrates primarily composed of coarse sediment particles 
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Figure A.3	 For use in Rapid Bioassessment Protocols. (From EPA. Rapid Bioassessment Protocols for Use 
in Wadeable Streams and Rivers: Periphyton, Benthic Macroinvertebrates and Fish. Office of Water, 
U.S. Environmental Protection Agency, Washington, D.C. EPA 841/B-99/002. 1999.) 

(i.e., gravel or larger) or frequent coarse particulate aggregations along stream reaches. Low-gradient 
or glide/pool prevalent streams are those in low- to moderate-gradient landscapes. Natural low-gradient 
streams have substrates of fine sediment or infrequent aggregations of more coarse (gravel or larger) 
sediment particles along stream reaches. The entire sampling reach is evaluated for each parameter. 
A brief set of decision criteria is given for each parameter corresponding to each of the four categories, 
reflecting a continuum of conditions on the field sheet (optimal, suboptimal, marginal, and poor). 
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Figure A.4	 For use in Rapid Bioassessment Protocols. (From EPA. Rapid Bioassessment Protocols for Use 
in Wadeable Streams and Rivers: Periphyton, Benthic Macroinvertebrates and Fish. Office of Water, 
U.S. Environmental Protection Agency, Washington, D.C. EPA 841/B-99/002. 1999.) 

Use of a percent comparability evaluation allows for regional and stream-size differences that 
affect flow or velocity, substrate, and channel morphology. Some regions are characterized by streams 
having a low channel gradient. Such streams are typically shallower, have a greater pool/riffle or 
run/bend ratio, and have a less stable substrate than streams with a steep channel gradient. Although 
some low-gradient streams do not provide the diversity of habitat or fauna afforded by steeper-
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Figure A.5	 For use with Rapid Bioassessment Protocols. (From EPA. Rapid Bioassessment Protocols for Use 
in Wadeable Streams and Rivers: Periphyton, Benthic Macroinvertebrates and Fish. Office of Water, 
U.S. Environmental Protection Agency, Washington, D.C. EPA 841/B-99/002. 1999.) 

gradient streams, they are characteristic of certain regions. Using the approach presented here, these 
streams may be evaluated relative to other low-gradient streams (USEPA 1989). 

Assessment Category Percent of Comparability 
Comparable to reference ≥90% 
Supporting 75–88% 
Partially supporting 60–73% 
Nonsupporting ≤58% 

Water Quality 

Information requested in this section is standard to many aquatic studies and allows for some 
comparison between sites. Additionally, conditions that may significantly affect aquatic biota are 
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Figure A.6	 For use with Rapid Bioassessment Protocols. (From EPA. Rapid Bioassessment Protocols for Use 
in Wadeable Streams and Rivers: Periphyton, Benthic Macroinvertebrates and Fish. Office of Water, 
U.S. Environmental Protection Agency, Washington, D.C. EPA 841/B-99/002. 1999.) 

documented. Documentation of recent and current weather conditions is important because of the 
potential impact that weather may have on water quality. To complete this phase of the bioassessment, 
a photograph may be helpful in identifying station location and documenting habitat conditions. Any 
observations or data not requested but deemed important by the field observer should be recorded. 
This section is identical for all protocols, and the specific data requested are described below: 

Temperature (C), Dissolved Oxygen, pH, Conductivity — Measure and record values for each of 
the water quality parameters indicated, using the appropriate calibrated water quality instrument(s). 
Note the type of instrument and unit number used. 
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Figure A.7	 For use with Rapid Bioassessment Protocols. (From EPA. Rapid Bioassessment Protocols for Use 
in Wadeable Streams and Rivers: Periphyton, Benthic Macroinvertebrates and Fish. Office of Water, 
U.S. Environmental Protection Agency, Washington, D.C. EPA 841/B-99/002. 1999.) 

Stream Type — Note the appropriate stream designation according to state water quality standards. 
Water Odors — Note those odors described (or include any other odors not listed) that are associated 

with the water in the sampling area. 
Water Surface Oils — Note the term that best describes the relative amount of any oils present on the 

water surface. 
Turbidity — Note the term which, based upon visual observation, best describes the amount of material 

suspended in the water column. 

Physical Characterization 

Physical characterization parameters include estimations of general land use and physical stream 
characteristics such as width, depth, flow, and substrate. The evaluation begins with the riparian 
zone (stream bank and drainage area) and proceeds in-stream to sediment/substrate descriptions. 
Such information will provide insight as to what organisms may be present or are expected to be 
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Figure A.8	 For use with Rapid Bioassessment Protocols. (From EPA. Rapid Bioassessment Protocols for Use 
in Wadeable Streams and Rivers: Periphyton, Benthic Macroinvertebrates and Fish. Office of Water, 
U.S. Environmental Protection Agency, Washington, D.C. EPA 841/B-99/002. 1999.) 

present, and to presence of stream impacts. The information requested in the Physical Character
ization section of the Field Data Sheet is briefly discussed below: 

Predominant Surrounding Land Use — Observe the prevalent land-use type in the vicinity (noting 
any other land uses in the area which, although not predominant, may potentially affect water 
quality). 

Local Watershed Erosion — The existing or potential detachment of soil within the local watershed 
(the portion of the watershed that drains directly into the stream) and its movement into a stream 
are noted. Erosion can be rated through visual observation of watershed and stream characteristics. 
(Note any turbidity observed during water quality assessment below.) 
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Local Watershed Nonpoint Source Pollution — This item refers to problems and potential problems 
other than siltation. Nonpoint source pollution is defined as diffuse agricultural and urban runoff. 
Other compromising factors in a watershed that may affect water quality are feedlots, wetlands, 
septic systems, dams and impoundments, and/or mine seepage. 

Estimated Stream Width (m) — Estimate the distance from shore to shore at a transect representative 
of the stream width in the area. 

Estimated Stream Depth (m) — Riffle, run, and pool. Estimate the vertical distance from water surface 
to stream bottom at a representative depth at each of the three habitat types. 

High Water Mark (m) — Estimate the vertical distance from the stream bank to the peak overflow 
level, as indicated by debris hanging in bank or floodplain vegetation, and deposition of silt or soil. 
In instances where bank overflow is rare, a high water mark may not be evident. 

Velocity — Record an estimate of stream velocity in a representative run area. 
Dam Present — Indicate the presence or absence of a dam upstream or downstream of the sampling 

station. If a dam is present, include specific information relating to alteration of flow. 
Channelized — Indicate whether or not the area around the sampling station is channelized. 
Canopy Cover — Note the general proportion of open to shaded area which best describes the amount 

of cover at the sampling station. 
Sediment Odors — Disturb sediment and note any odors described (or include any other odors not 

listed) which are associated with sediment in the area of the sampling station. 
Sediment Oils — Note the term which best describes the relative amount of sediment oils observed 

in the sampling area. 
Sediment Deposits — Note those deposits described (or include any other deposits not listed) which 

are present in the sampling area. Also indicate whether the undersides of rocks not deeply embedded 
are black (which generally indicates low dissolved oxygen or anaerobic conditions). 

Inorganic Substrate Components — Visually estimate the relative proportion of each of the several 
substrate/particle types listed that are present in the sampling area. 

Organic Substrate Components — Indicate relative abundance of each of the three substrate types listed. 

Listed below is a general explanation of some major habitat parameters to be evaluated. 

Substrate and In-Stream Cover 

The in-stream habitat characteristics directly pertinent to the support of aquatic communities 
consist of substrate type and stability, availability of refugia, and migration/passage potential. 

Bottom Substrate — This refers to the availability of habitat for support of aquatic organisms. A 
variety of substrate materials and habitat types is desirable. The presence of rock and gravel in 
flowing streams is generally considered the most desirable habitat. However, other forms of habitat 
may provide the niches required for community support. For example, logs, tree roots, submerged 
or emergent vegetation, undercut banks, etc., will provide excellent habitat for a variety of organisms, 
particularly fish. Bottom substrate is evaluated and rated by observation. 

Embeddedness — The degree to which boulders, rubble, or gravel are surrounded by fine sediment 
indicates suitability of the stream substrate as habitat for benthic macroinvertebrates and for fish 
spawning and egg incubation. Embeddedness is evaluated by visual observation of the degree to 
which larger particles are surrounded by sediment. In some western areas of the United States, 
embeddedness is regarded as the stability of cobble substrate by measuring the depth of burial of 
large particles (cobble, boulders). 

Stream Discharge and/or Stream Velocity — Stream discharge relates to the ability of a stream to 
provide and maintain a stable aquatic environment. Stream discharge (and water quality) is most 
critical to the support of aquatic communities when the representative low flow is ≤0.15 cms (5 cfs). 
In these small streams, discharge should be estimated in a straight stretch of run area where banks 
are parallel and bottom contour is relatively flat. Even where a few stations may have discharges in 
excess of 0.15 cms, discharge may still be the predominating constraint. Therefore, the evaluation 
is based on discharge rate rather than velocity. 
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In larger streams and rivers (>0.15 cms), velocity, in conjunction with depth, has a more direct 
influence than the discharge rate on the structure of benthic communities (Osborne and Hendricks 
1983) and fish communities (Oswood and Barber 1982). The quality of the aquatic habitat can 
therefore be evaluated in terms of a velocity and depth relationship. As patterned after Oswood and 
Barber (1982), four general categories of velocity and depth are optimal for benthic and fish 
communities: (1) slow (<0.3 m/s), shallow (<0.5 m); (2) slow (<0.3 m/l), deep (>0.5 m); (3) fast 
(>0.3 m/s), deep (0.5 m); and (4) fast (>0.3 m/s), shallow (<0.5 m). Habitat quality is reduced in 
the absence of one or more of these four categories. 

Channel Morphology 

Channel morphology is determined by the flow regime of the stream, local geology, land surface 
form, soil, and human activities (Platts et al. 1983). The sediment movement along the channel, as 
influenced by the tractive forces of flowing water and the sinuosity of the channel, also affects 
habitat conditions. 

Channel Alteration — The character of sediment deposits from upstream is an indication of the severity 
of watershed and bank erosion and stability of the stream system. The growth, or appearance, of 
sediment bars tends to increase with continued watershed disturbance. Channel alteration also results 
in deposition, which may occur on the inside of bends, below channel constrictions, and where 
stream gradient flattens out. Channelization (e.g., straightening, construction of concrete embank
ments) decreases stream sinuosity, thereby increasing stream velocity and the potential for scouring. 

Bottom Scouring and Deposition — These parameters relate to the destruction of in-stream habitat 
resulting from the problems described above. Characteristics to observe are scoured substrate and 
degree of siltation in pools and riffles. Scouring results from high-velocity flows. The potential for 
scouring is increased by channelization. Deposition and scouring result from the transport of 
sediment or other particulates and may be an indication of large-scale watershed erosion. Deposition 
and scouring are rated by estimating the percentage of an evaluated reach that is scoured or silted 
(i.e., 50-ft silted in a 100-ft stream length equals 50%). 

Pool/Riffle or Run/Bend Ratio — These parameters assume that a stream with riffles or bends provides 
more diverse habitat than a straight (run) or uniform depth stream. Bends are included because low
gradient streams may not have riffle areas, but excellent habitat can be provided by the cutting action 
of water at bends. The ratio is calculated by dividing the average distance between riffles or bends 
by the average stream width. If a stream contains riffles and bends, the dominant feature with the 
best habitat should be used. 

Riparian and Bank Structure 

Well-vegetated banks are usually stable regardless of bank undercutting; undercutting actually 
provides excellent cover for fish (Platts et al. 1983). The ability of vegetation and other materials 
on the stream banks to prevent or inhibit erosion is an important determinant of the stability of 
the stream channel and in-stream habitat for indigenous organisms. Because riparian and bank 
structure indirectly affect the in-stream habitat features, they are weighted less than the primary 
or secondary parameters. 

The upper bank is the land area from the break in the general slope of the surrounding land to 
the normal high water line. The upper bank is normally vegetated and covered by water only during 
extreme high water conditions. Land forms vary from wide, flat floodplains to narrow, steep slopes. 
The lower bank is the intermittently submerged portion of the stream cross section from the normal 
high water line to the lower water line. The lower channel defines the stream width. 

Bank Stability — Bank stability is rated by observing existing or potential detachment of soil from 
the upper and lower stream bank and its potential movement into the stream. Steeper banks are 
generally more subject to erosion and failure, and may not support stable vegetation. Streams with 
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poor banks will often have poor in-stream habitat. Adjustments should be made in areas with clay 
banks where steep, raw areas may not be as susceptible to erosion as other soil types. 

Bank Vegetative Stability — Bank soil is generally held in place by plant root systems. Erosional 
protection may also be provided by boulder, cobble, or gravel material. An estimate of the density 
of bank vegetation (or proportion of boulder, cobble, or gravel material) covering the bank provides 
an indication of bank stability and potential in-stream sedimentation. 

Streamside Cover — Streamside cover vegetation is evaluated in terms of stream-shading and escape 
cover or refuge for fish. A rating is obtained by visually determining the dominant vegetation type 
covering the exposed stream bottom, bank, and top of bank. Platts (1974) found that streamside 
cover consisting primarily of shrub had a higher fish standing crop than similar-size streams having 
tree or grass streamside cover. Riparian vegetation dominated by shrubs and trees provides the 
CPOM source in allochthonous systems. 

Procedure for Performing the Habitat Assessment 

1. 	 Select the reach to be assessed. The habitat assessment is performed on the same 100-m reach (or 
other reach designation [e.g., 40 × stream wetted width]) from which the biological sampling is 
conducted. Some parameters require an observation of a broader section of the catchment than 
just the sampling reach. 

2. 	 Complete the station identification section of each field data sheet and habitat assessment form 
(Figures A.2 through A.7). 

3. 	 It is best for the investigators to obtain a close look at the habitat features to make an adequate 
assessment. If the physical and water quality characterization and habitat assessment are done 
before the biological sampling, care must be taken to avoid disturbing the sampling habitat. 

4. 	 Complete the Physical Characterization and Water Quality Field Data Sheet. Sketch a map of the 
sampling reach on the back of the form. 

5. 	 Complete the Habitat Assessment Field Data Sheet, in a team of two or more biologists, if possible, 
to come to a consensus on determination of quality. Those parameters to be evaluated on a scale 
greater than a sampling reach require traversing the stream corridor to the extent deemed necessary 
to assess the habitat feature. As a general rule-of-thumb, use two lengths of the sampling reach to 
assess these parameters. 

Quality Assurance Procedures 

1. 	 Each biologist is to be trained in the visual-based habitat assessment technique for the applicable 
region or state. 

2. 	 The judgment criteria for each habitat parameter are calibrated for the stream classes under study. 
Some text modifications may be needed on a regional basis. 

3. 	Periodic checks of assessment results are completed using pictures of the sampling reach and 
discussions among the biologists in the agency. 
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RAPID BIOASSESSMENT PROTOCOL: 

BENTHIC MACROINVERTEBRATES (EPA 1989, 1999) 


As with the habitat assessments, there are more advanced and complex methods for character
izing benthic communities than what is presented below. However, the Rapid Bioassessment 
Protocols (RBP) outlined by the U.S. EPA (EPA 1989, 1999) have been proven to be efficient and 
effective in small streams and rivers. The EPA is currently developing guidance for benthic char
acterization in lakes, large rivers, and coastal areas. States such as Ohio, Maine, and North Carolina 
use approaches that are also very useful, and similar in many ways. The following are direct excerpts 
from EPA (1989, 1999; www.epa.gov/owow/monitoring/rbp) and Ohio EPA (1989) guidance man
uals. For more extensive information, the reader should refer directly to those manuals. In addition 
to the references given in the following text, other useful information for identifying benthic 
macroinvertebrates is found in Barbour et al. 1999; Beck 1977; Harris and Lawrence 1978; Hubbard 
and Peters 1978; Surdick and Gaufin 1978; USDA 1985. 

Rapid Bioassessment Protocol (RBP) utilizes the systematic field collection and analysis of 
major benthic taxa. The data are compiled into various metrics. The optimal metrics will vary 
across (and even within) ecoregions, so a qualified benthic ecologist should be used to select the 
most appropriate metrics. The protocol can be used to prioritize sites for more intensive evaluation 
(i.e., replicate sampling, ambient toxicity testing, chemical characterization). The EPA 1989 guid
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ance described three levels of RBPs, each with more accurate taxonomic resolution. This approach 
also recommended sampling a single habitat type. The 1999 guidance describes methods for multi
habitat assessments, which are more appropriate in low-gradient streams and rivers where there is 
little cobble and riffle area. The description below focuses on single habitat characterization. 

Sample Collection 

The collection procedure provides representative samples of the macroinvertebrate fauna from 
comparable habitat types at all stations constituting a site evaluation, and is supplemented with 
separate coarse particulate organic matter (CPOM) samples (e.g., leaves, decaying vegetation). This 
RBP single habitat approach focuses on the riffle/run habitat because it is the most productive 
habitat available in stream systems and includes many pollution-sensitive taxa of the scraper and 
filtering collector functional feeding groups. The CPOM sample provides a measure of effects 
(particularly toxicity effects) on a third trophic component of the benthic community, the shredders. 

In sampling situations where a riffle/run habitat with a rock substrate is not available, any 
submerged fixed structure will provide a substrate for the scraper and filtering collector functional 
groups emphasized here. This allows for the same approach to be used in non-wadable streams 
and large rivers and wadable streams and rivers with unstable substrates. 

Riffle/Run Sample 

Riffle areas with relatively fast currents and cobble and gravel substrates generally provide the 
most diverse community. Riffles should be sampled using a kick net to collect from an approximately 
1-m2 area. A minimum of two 1-m2 riffle samples should be collected at each station: one from an 
area of fast current and one from an area of slower current. The samples are composited for 
processing. In streams lacking riffles, run areas with cobble or gravel substrate are also appropriate 
for kick net sampling. 

Where riffle/run communities with a rock substrate are not available, other submerged fixed 
structures (e.g., submerged boulders, logs, bridge abutments, pier pilings) should be sampled by 
hand picking. These structures provide suitable habitat for the scrapers and filtering collectors and 
will allow use of the RBP in a wider range of regions and stream orders. 

CPOM Sample 

In addition to the riffle/run sample collected for evaluation of the scraper and filtering collector 
functional feeding groups, a CPOM sample should also be collected to provide data on the 
abundance of shredders at the site. Large particulate shredders are important in forested areas of 
stream ecosystems ranging from stream orders 1 through 4 (Minshall et al. 1985). The absence of 
shredders of large particulate material is characteristic of unstable, poorly retentive headwater 
streams in disturbed watersheds or in dry areas where leaf material processing is accomplished by 
terrestrial detritivores (Minshall et al. 1985). McArthur et al. (1988) reported that very few shredders 
were found in summer leaf packs in South Carolina because processing was so rapid. 

The CPOM sample is processed separately from the riffle/run sample and used only for 
characterizing the functional feeding group representation. Sampling the CPOM component 
requires a composite collection of various plant parts such as leaves, needles, twigs, bark, or their 
fragments. Potential sample sources include leaf packs, shore zones, and other depositional areas 
where CPOM may accumulate. Only the upper surface of litter accumulation in depositional areas 
should be sampled to ensure that it is from the aerobic zone. For the shredder community analysis, 
several handfuls of material should be adequate. A variety of CPOM forms should be collected if 
available. CPOM collected may be washed in a dip net or a sieve bucket. 
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Shredder abundance is maximum when the CPOM is partially decomposed (Cummins et al. 
1989). Care must be taken to avoid collecting recent or fully decomposed leaf litter to optimize 
collection of the shredder community. For this CPOM collection technique, seasonality may have 
an important influence on shredder abundance data. For instance, fast-processing litter (e.g., bass
wood, alder, maples, birch) would have the highest shredder representation in the winter (Cummins 
et al. 1989). The slow-processing litter (e.g., oaks, rhododendrons, beech, conifers) would have the 
highest shredder representation in the summer. 

Sample Sorting and Identification 

Riffle/Run Sample 

Sorting and enumeration in the field to obtain a 100 (or higher) -count organism subsample is 
recommended for the riffle/run sample. After processing in the field, the organisms and sample 
residue should be preserved for archiving. Thus, a reanalysis (for quality control) or more thorough 
processing (e.g., larger counts, more detailed taxonomy) would be possible. The subsampling 
method described in this protocol is based on Hilsenhoff’s Improved Biotic Index (Hilsenhoff 1987) 
and is similar to that used by the New York Department of Environmental Conservation (Bode 
1988). This subsampling technique provides for a consistent unit of effort and a representative 
estimate of the benthic fauna (modified from Hilsenhoff 1987): 

1. 	 Thoroughly rinse sample in a (500-µm) screen or the sampling net to remove fine sediments. Any 
large organic material (whole leaves, twigs, algal or macrophyte mats) should be rinsed, visually 
inspected, and discarded. 

2. 	Place sample contents in a large, flat pan with a light-colored (preferably white) bottom. The 
bottom of the pan should be marked with a numbered grid pattern, each block in the grid measuring 
5 × 5 cm. (Sorting using a gridded pan is only feasible if the organism movement in the sample 
can be slowed by the addition of club soda or tobacco to the sample. If the organisms are not 
anesthetized, 100 organisms should be removed from the pan as randomly as possible.) A 
30 × 45 cm pan is generally adequate, although pan size ultimately depends on sample size. Larger 
pans allow debris to be spread more thinly, but they are unwieldy. Samples too large to be effectively 
sorted in a single pan may be thoroughly mixed in a container with some water, and half of the 
homogenized sample placed in each of two gridded pans. Each half of the sample must be composed 
of the same kinds and quantity of debris, and an equal number of grids must be sorted from each 
pan to ensure a representative subsample. 

3. 	 Add just enough water to allow complete dispersion of the sample within the pan; excessive water 
will allow sample material to shift within the grid during sorting. Distribute sample material evenly 
within the grid. 

4. 	 Use a random numbers table to select a number corresponding to a square within the gridded pan. 
Remove all organisms from within that square and proceed with the process of selecting squares 
and removing organisms until the total number sorted from the sample is within 10% of 100. Any 
organism that is lying over a line separating two squares is considered to be in the square containing 
its head. In those instances where it is not possible to determine the location of the head (worms 
for instance), the organism is considered to be in the square containing the largest portion of its 
body. Any square sorted must be sorted in its entirety, even after the 100 count has been reached. 
In order to lessen sampling bias, the investigator should attempt to pick smaller, cryptic organisms 
as well as the larger, more obvious ones. 

An alternative method of subsampling live samples in the field is to simply sort 100 organisms 
in a random manner. Narcotization to slow the organisms is less important with this subsampling 
technique. To lessen sampling bias, the investigator should pick smaller, cryptic organisms, as well 
as the larger, more obvious organisms. 
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Figure B.1 	 Benthic macroinvertebrate field data sheet. (From EPA. Rapid Bioassessment Protocols for Use 
in Wadeable Streams and Rivers: Periphyton, Benthic Macroinvertebrates and Fish. Office of Water, 
U.S. Environmental Protection Agency, Washington, D.C. EPA 841/B-99/002. 1999.) 

All organisms in the subsample should be classified according to functional feeding group. 
Field classification is important because many families comprise genera and species representing 
a variety of functional groups. Knowing the family-level identification of the organisms will 
generally be insufficient for categorization by functional feeding group. Functional feeding group 
classification can be done in the field, on the basis of morphological and behavioral features, using 
Cummins and Wilzbach (1985). Care should be taken in noting early instars, which may constitute 
different functional feeding groups from the later instars. Recommended forms for recording benthic 
data are presented in Figures B.1 through B.4 (EPA 1999). 

The scraper and filtering collector functional groups are the most important indicators in the 
riffle/run community. Numbers of individuals representing each of these two groups are recorded 
on the Benthic Macroinvertebrate Field Data Sheet (Figure B.1) (EPA 1999). The Benthic 
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Figure B.2 	 Benthic macroinvertebrate sample log-in sheet. (From EPA. Rapid Bioassessment Protocols for 
Use in Wadeable Streams and Rivers: Periphyton, Benthic Macroinvertebrates and Fish. Office of 
Water, U.S. Environmental Protection Agency, Washington, D.C. EPA 841/B-99/002. 1999.) 

Macroinvertebrate Sample Log-In Sheet (Figure B.2) (EPA 1999) is used to record all collections 
and is an important part of the QA/QC and sample tracking activities. 

All organisms in the subsample should be identified to family or order, enumerated, and 
recorded, along with any observations on abundance of other aquatic biota, on this data sheet. A 
summary of all benthic data to be used in the final analysis will be recorded on the Benthic 
Macroinvertebrate Laboratory Bench Sheet (Figures B.3 and B.4) (EPA 1999) upon return to the 
laboratory. The use of family-level identification in this protocol is based on Hilsenhoff’s Family 
Biotic Index, which uses higher taxonomic levels of identification (Hilsenhoff 1988). 

CPOM Sample 

Organisms collected in the supplemental CPOM sample are classified as shredders or non
shredders. Taxonomic identification is not necessary for this component. The composited CPOM 
sample may be field sorted in a small pan with a light-colored bottom or in the net or sieve through 
which it was rinsed. (If a large number of benthic macroinvertebrates have been collected, a 
representative subsampling of 20 to 60 organisms may be removed for functional feeding group 
classification.) Numbers of individuals representing the shredder functional group, as well as total 
number of macroinvertebrates collected in this sample, should be recorded for later analysis. The 
shredder/nonshredder metric may be deemed optional in rivers or in some regions where shredder 
abundance is naturally low. However, the potential utility of such a metric for assessing toxicant 
effects warrants serious consideration in this bioassessment approach. 

Data Analysis Techniques 

Biological impairment of the benthic community may be indicated by the absence of generally 
pollution-sensitive macroinvertebrate taxa such as Ephemeroptera, Plecoptera, and Trichoptera 
(EPT); excess dominance by any particular taxon, especially pollutant-tolerant forms such as some 
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Figure B.3 	 Benthic macroinvertebrate laboratory bench sheet (front). (From EPA. Rapid Bioassessment Protocols 
for Use in Wadeable Streams and Rivers: Periphyton, Benthic Macroinvertebrates and Fish. Office 
of Water, U.S. Environmental Protection Agency, Washington, D.C. EPA 841/B-99/002. 1999.) 
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Figure B.4 	 Benthic macroinvertebrate laboratory bench sheet (back). (From EPA. Rapid Bioassessment 
Protocols for Use in Wadeable Streams and Rivers: Periphyton, Benthic Macroinvertebrates and Fish. 
Office of Water, U.S. Environmental Protection Agency, Washington, D.C. EPA 841/B-99/002. 1999.) 

Chironomidae and Oligochaeta taxa; low overall taxa richness; or appreciable shifts in community 
composition relative to the reference condition. Impairment may also be indicated by an overabun
dance of fungal slimes or filamentous algae, or an absence of expected populations of fish. All of 
these indicators can be evaluated using the sampling data generated. A number of useful metrics 
exist (Tables B.2 and B.3), while Figure B.5 (EPA 1999) is a preliminary assessment score sheet. 

On the basis of observations made in the assessment of habitat, water quality, physical charac
teristics, and the qualitative biosurvey, the investigator concludes whether impairment is detected. 
If impairment is detected, an estimation of the probable cause and source should be made. The 
aquatic biota that indicated an impairment, are noted along with observed indications of potential 
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Figure B.5 	 Preliminary assessment score sheet. (From EPA. Rapid Bioassessment Protocols for Use in 
Wadeable Streams and Rivers: Periphyton, Benthic Macroinvertebrates and Fish. Office of Water, 
U.S. Environmental Protection Agency, Washington, D.C. EPA 841/B-99/002. 1999.) 

problem sources. The downstream extent of impact is estimated and multiplied by appropriate 
stream width to provide an estimate of the areal extent of the problem. 

The data analysis scheme used in this RBP integrates several community, population, and 
functional parameters into a single evaluation of biotic integrity. Each parameter, or metric, mea
sures a different component of community structure and has a different range of sensitivity to 
pollution stress (Figure B.6). This integrated approach provides more assurance of a valid assess
ment because a variety of parameters are evaluated. Deficiency of any one metric in a particular 
situation should not invalidate the entire approach. 
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Figure B.6 	 Range of sensitivities of Rapid Bioassessment Protocol II and III benthic metrics in assessing 
biological condition in response to organics and toxicants. 

The integrated data analysis (Figure B.7) is performed as follows. Using the raw benthic data, 
a numerical value is calculated for each metric. Calculated values are then compared to values 
derived from either a reference site within the same region, a reference database applicable to the 
region, or a suitable control station on the same stream. Each metric is then assigned a score according 
to the comparability (percent similarity) of calculated and reference values. Scores for the eight 
metrics are then totaled and compared to the total metric score for the reference station. The percent 
comparison between the total scores provides a final evaluation of biological condition. The criteria 
to be used for scoring the eight metrics may need to be adjusted for use in particular regions. 

Inherent variability in each metric was considered in establishing percent comparability criteria 
(Figure B.6). The metrics based on taxa richness, FBI, and EPT Indices have low variability (Resh 
1988). This variability is accounted for in the criteria for characterization of biological condition, 
based on existing data. For metrics based on standard taxa richness and FBI and EPT Indices, 
differences of 10 to 20% relative to the reference condition would be considered nominal, and the 
station being assessed would receive the maximum metric score. Because increasing FBI values 
denote worsening biological condition, percent difference for this metric is calculated by dividing 
the reference value by the value for the station of comparison. 

Metrics that utilize ratios fluctuate more widely, however, and comparing percent differences 
between ratios (ratios of ratios) will compound the variability. Scoring increments are therefore set 
at broad intervals of 25% or greater. For metrics based on functional feeding group ratios, Cummins 
(1987, personal communication) contends that differences as great as 50% from the reference may 
be acceptable, but differences in the range of 50 to 100% are not only important, but discriminate 
degrees of impact more clearly. 

The contribution of the dominant taxon to total abundance is a simple estimator of evenness. 
Scoring criteria are based on theoretical considerations rather than direct comparison with a reference. 

The Community Loss Index (a representative similarity index) already incorporates a comparison 
with a reference. Therefore, actual index values are used in scoring. 
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Figure B.7 Flowchart of bioassessment approach advocated for a Rapid Bioassessment Protocol. 

The metrics used to evaluate the benthic data and their significance are explained below and 
in Tables B.1 and B.2. 

Riffle/Run Sample 

Metric 1. Taxa Richness 

Reflects health of the community through a measurement of the variety of taxa (total number 
of families) present. Generally increases with increasing water quality, habitat diversity, and habitat 
suitability. Sampling of highly similar habitats will reduce the variability in this metric attributable 
to factors such as current speed and substrate type. Some pristine headwater streams may be 
naturally unproductive, supporting only a very limited number of taxa. In these situations, organic 
enrichment may result in an increased number of taxa (including EPT taxa). 
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Table B.1 	 Definitions of Best Candidate Benthic Metrics and Predicted Direction of Metric Response to 
Increasing Perturbation 

Predicted 
Response to 
Increasing 

Category Metric Definition Perturbation 

Richness measures Total No. taxa Measures the overall variety of the 
macroinvertebrate assemblage 

No. EPT taxa Number of taxa in the insect orders 
Ephemeroptera (mayflies), Plecoptera 
(stoneflies), and Trichoptera (caddisflies) 

No. Ephemeroptera taxa Number of mayfly taxa (usually genus 
or species level) 

No. Plecoptera taxa Number of stonefly taxa (usually genus 
of species level) 

No. Trichoptera taxa Number of caddisfly taxa (usually genus 
or species level) 

Composition measures % EPT Percent of the composite of mayfly, 
stonefly, and caddisfly larvae 

% Ephemeroptera Percent of mayfly nymphs 
Tolerance/intolerance No. intolerant taxa Taxa richness of those organisms 
measures considered to be sensitive to 

perturbation 
% tolerant organisms Percent of macrobenthos considered to be 

tolerant of various types of perturbation 
% dominant taxon Measures the dominance of the single 

most abundant taxon. Can be calculated 
as dominant 2, 3, 4, or 5 taxa. 

Feeding measures % filterers Percent of the macrobenthos that filter 
FPOM from either the water column or 
sediment 

% grazers and scrapers Percent of the macrobenthos that 
scrape or graze upon periphyton 

Habit measures No. clinger taxa Number of taxa of insects 
% clingers Percent of insects having fixed retreats 

or adaptations for attachment to 
surfaces in flowing water. 

Decrease 

Decrease 

Decrease 

Decrease 

Decrease 

Decrease 

Decrease 
Decrease 

Increase 

Increase 

Variable 

Decrease 

Decrease 
Decrease 

Data from DeShon 1995; Barbour et al. 1996b; Fore et al. 1996; Smith and Voshell 1997. 

Metric 2. Modified Family Biotic Index 

Tolerance values range from 0 to 10 for families and increase as water quality decreases. The 
index was developed by Hilsenhoff (1988) to summarize the various tolerances of the benthic 
arthropod community with a single value. The Modified Family Biotic Index was developed to 
detect organic pollution and is based on the original species-level index (Hilsenhoff 1982). Tolerance 
values for each family were developed by weighting species according to their relative abundance 
in the State of Wisconsin. 

The family-level index has been modified for this document to include organisms other than 
just arthropods using the genus and species-level biotic index developed by the State of New York 
(Bode 1988). The formula for calculating the Family Biotic Index is: 

∑xit j 
HBI = 

n 

where xi = number of individuals within a taxon 
tj = tolerance value of a taxon 
n = total number of organisms in the sample 
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Table B.2 	 Definitions of Additional Potential Benthic Metrics and Predicted Direction of Metric Response to 
Increasing Perturbation 

Predicted 
Response 

to Increasing 
Category Metric Definition Perturbation References 

Richness measures No. Pteronarcys 
species 

No. Diptera taxa 

No. Chironomidae 
taxa 

Composition % Plecoptera 
measures 

% Trichoptera 
% Diptera 
% Chironomidae 
% Tribe Tanytarsini 

% Other Diptera 
and noninsects 

% Corbicula 

% Oligochaeta 

Tolerance/ No. intol. snail and 
intolerance measures mussel species 

% sediment 
tolerant 
organisms 

Hilsenhoff Biotic 
Index 

Florida Index 

% Hydropsychidae 
to Trichoptera 

Feeding measures % omnivores and 
scavengers 

% ind. gatherers 
and filterers 

% gatherers 

% predators 

% shredders 

Life cycle measures % multivoltine 

% univoltine 

The presence or absence of a 
long-lived stonefly genus 
(2–3 year life cycle) 

Number of “true” fly taxa, which 
includes midges 

Number of taxa of chironomid 
(midge) larvae 

Percent of stonefly nymphs 

Percent of caddisfly larvae 
Percent of all “true” fly larvae 
Percent of midge larvae 
Percent of Tanytarisinid midges 
to total fauna 

Composite of those organisms 
generally considered to be 
tolerant to a wide range of 
environmental conditions 

Percent of Asiatic clam in the 
benthic assemblage 

Percent of aquatic worms 

Number of species of molluscs 
generally thought to be pollution 
intolerant 

Percent of infaunal 
macrobenthos tolerant of 
perturbation 

Uses tolerance values to weight 
abundance in an estimate of 
overall pollution; originally 
designed to evaluate organic 
pollution 

Weighted sum of intolerant taxa, 
which are classed as 1 (least 
tolerant) or 2 (intolerant); Florida 
Index = 2 × Class 1 taxa + Class 
2 taxa 

Relative abundance of pollution 
tolerant caddisflies (metric could 
also be regarded as a 
composition measure) 

Percent of generalists in feeding 
strategies 

Percent of collector feeders of 
CPOM and FPOM 

Percent of the macrobenthos that 
“gather” 

Percent of the predator functional 
feeding group; can be made 
restrictive to exclude omnivores 

Percent of the macrobenthos that 
“shreds” leaf litter 

Percent of organisms having 
short (several per year) life cycle 

Percent of organisms relatively 
long-lived (life cycles of 1 or 
more years) 

Decrease 

Decrease 

Decrease 

Decrease 

Decrease 
Increase 
Increase 
Decrease 

Increase 

Increase 

Variable 

Decrease 

Increase 

Increase 

Decrease 

Increase 

Increase 

Variable 

Variable 

Variable 

Decrease 

Increase 

Decrease 

Fore et al. 1996 

DeShon 1995 

Hayslip 1993; 
Barbour et al. 1996b 

Barbour et al. 1994 

DeShon 1995 
Barbour et al. 1996b 
Barbour et al. 1994 
DeShon 1995 

DeShon 1995 

Kerans and Karr 
1994 

Kerans and Karr 
1994 

Kerans and Karr 
1994 

Fore et al. 1996 

Barbour et al. 1992; 
Hayslip 1993; 
Kerans and Karr 
1994 

Barbour et al. 1996b 

Barbour et al. 1992; 
Hayslip 1993 

Kerans and Karr 
1994 

Barbour et al. 1996b 

Kerans and Karr 
1994 

Barbour et al. 1992; 
Hayslip 1993 

Barbour et al. 1994 

Barbour et al. 1994 
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Hilsenhoff’s family-level tolerance values may require modification for some regions. Alterna
tive tolerance classifications and biotic indices have been developed by some state agencies. 
Additional biotic indices are listed in EPA (1983). 

Although the FBI may be applicable for toxic pollutants, it has only been evaluated for organic 
pollutants. The State of Wisconsin is conducting a study to evaluate the ability of Hilsenhoff’s 
index to detect nonorganic effects. 

Metric 3. Ratio of Scraper and Filtering Collector Functional Feeding Groups 

The scraper and filtering collector metric reflects the riffle/run community foodbase. When 
compared to a reference site, shifts in the dominance of a particular feeding type indicate a 
community responding to an overabundance of a particular food source. The predominant feeding 
strategy reflects the type of impact detected. Assignment of individuals to functional feeding groups 
is independent of taxonomy, with some families representing several functional groups. 

A description of the functional feeding group concept can be found in Cummins (1973) and 
Merritt and Cummins (1984). Functional feeding group designations for most aquatic insect families 
may be found in Merritt and Cummins (1984). Most aquatic insects can also be classified to 
functional feeding group in the field, on the basis of morphological and behavioral features, using 
Cummins and Wilzbach (1985). 

The relative abundance of scrapers and filtering collectors in the riffle/run habitat is an indication 
of the periphyton community composition, availability of suspended fine particulate organic mate
rial (FPOM), and availability of attachment sites for filtering. Scrapers increase with increased 
diatom abundance and decrease as filamentous algae and aquatic mosses (which scrapers cannot 
efficiently harvest) increase. However, filamentous algae and aquatic mosses provide good attach
ment sites for filtering collectors, and the organic enrichment often responsible for overabundance 
of filamentous algae can also provide FPOM that is utilized by the filterers. 

Filtering collectors are also sensitive to toxicants bound to fine particles and should be the 
first group to decrease when exposed to steady sources of such bound toxicants. This situation is 
often associated with point-source discharges where certain toxicants adsorb readily to dissolved 
organic matter (DOM), forming FPOM during flocculation. Toxicants thus become available to 
filterers via FPOM. The scraper to filtering collector ratio may not be a good indicator of organic 
enrichment if adsorbing toxicants are present. In these instances the FBI and EPT Index may 
provide additional insight. Qualitative field observations on periphyton abundance may also be 
helpful in interpreting results. 

Metric 4. Ratio of EPT and Chironomidae Abundances 

The EPT and Chironomidae abundance ratio uses relative abundance of these indicator groups 
(Ephemeroptera, Plecoptera, Trichoptera, and Chironomidae) as a measure of community balance. 
Good biotic condition is reflected in communities with an even distribution among all four major 
groups and with substantial representation in the sensitive groups Ephemeroptera, Plecoptera, and 
Trichoptera. Skewed populations having a disproportionate number of the Chironomidae relative 
to the more sensitive insect groups may indicate environmental stress (Ferrington 1987; Shackleford 
1988). Certain species of some genera such as Cricotopus are highly tolerant (Lenat 1983; Mount 
et al. 1984), and as opportunists may become numerically dominant in habitats exposed to metal 
discharges where EPT taxa are not abundant, thereby providing a good indicator of toxicant stress 
(Winner et al. 1980). Clements et al. (1988) found that mayflies were more sensitive than chirono
mids to exposure levels of 15 to 32:g/L of copper. Chironomids tend to become increasingly 
dominant in terms of percent taxonomic composition and relative abundance along a gradient of 
increasing enrichment or heavy metals concentration (Ferrington 1987). 
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An alternative to the ratio of EPT and Chironomidae abundance metric is the Indicator Assem
blage Index (IAI) developed by Shackleford (1988). The IAI integrates the relative abundances of 
the EPT taxonomic groups and the relative abundances of chironomids and annelids upstream and 
downstream of a pollutant source to evaluate impairment. The IAI may be a valuable metric in 
areas where the annelid community may fluctuate substantially in response to pollutant stress. 

Metric 5. Percent Contribution of Dominant Family 

The percent contribution of the dominant family to the total number of organisms uses abun
dance of the numerically dominant taxon relative to the rest of the population as an indication of 
community balance at the family level. A community dominated by relatively few families would 
indicate environmental stress. This metric may be redundant if the Pinkham and Pearson Similarity 
Index is used as a community similarity index for metric number 7. 

Metric 6. EPT Index 

The EPT Index generally increases with increasing water quality. The EPT Index value is the 
total number of distinct taxa within the groups Ephemeroptera, Plecoptera, and Trichoptera. The 
EPT Index value summarizes the taxa richness within the insect groups that are generally considered 
pollution sensitive. This was developed for species-level identifications; however, the concept is 
valid for use at family-level identifications. 

Headwater streams which are naturally unproductive may experience an increase in taxa 
(including EPT taxa) in response to organic enrichment. 

Metric 7. Community Similarity Indices 

Community Similarity Indices are used in situations where a reference community exists, either 
through sampling or through prediction for a region. Data sources or ecological data files may be 
available to predict a reference community to be used for comparison. The combined information 
provided through a regional analysis and EPA’s ERAPT ecological database (Dawson and Hellenthal 
1986) may be useful for this analysis. These indices are designed to be used with either species 
level identifications or higher taxonomic levels. Three of the many community similarity indices 
available are discussed below: 

•	 Community Loss Index. Measures the loss of benthic taxa between a reference station and the 
station of comparison. The Community Loss Index was developed by Courtemanch and Davies 
(1987) and is an index of compositional dissimilarity, with values increasing as the degree of 
dissimilarity with the reference station increases. Values range from 0 to “infinity.” Based on 
preliminary data analysis, this index provides greater discrimination than either of the following 
two community similarity indices. 

•	 Jaccard Coefficient of Community Similarity. Measures the degree of similarity in taxonomic 
composition between two stations in terms of taxon presence or absence. The Jaccard Coefficient 
discriminates between highly similar collections. Coefficient values, ranging from 0 to 1.0, increase 
as the degree of similarity with the reference station increases. See Jaccard (1912), Boesch (1977), 
and EPA (1983) for more detail. The formulae for the Community Loss Index and the Jaccard 
Coefficient are 

d a– 
Community Loss = 

e 

a
Jaccard Coefficient = 

+ +  
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where a = number of taxa common to both samples 
b = number of taxa present in Sample B but not A 
c = number of taxa present in Sample A but not B 
d = total number of taxa present in Sample A 
e = total number of taxa present in Sample B 

Sample A = reference station (or mean of reference database) 
Sample B = station of comparison 

•	 Pinkham and Pearson Community Similarity Index Incorporates abundance and compositional 
information and can be calculated with either percentages or numbers. A weighting factor can be 
added that assigns more significance to dominant taxa. See Pinkham and Pearson (1976) and EPA 
(1983) for more detail. The formula is 

xia xib 
- • -

S.I.ab = ∑ min(xia, xib ) xa xb
- 


max(xia, xib ) 2 

where xia, xib = number of individuals in the ith taxon in Sample A or B 

Other community similarity indices include Spearman’s Rank Correlation (Snedecor and Cochran 
1967), Morisita’s Index (Morisita 1959), Biotic Condition Index (Winget and Mangum 1979), and 
Bray-Curtis Index (Bray and Curtis 1957; Whittaker 1952). Calculation of a chi-square “goodness 
of fit” (Cochran 1952) may also be appropriate. 

CPOM Sample 

Metric 8. Ratio of Shredder Functional Feeding Group and Total Number 
of Individuals Collected 

Also based on the Functional Feeding Group concept, the abundance of the shredder functional 
group relative to the abundance of all other functional groups allows evaluation of potential 
impairment as indicated by the CPOM-based shredder community. Shredders are sensitive to 
riparian zone impacts and are particularly good indicators of toxic effects when the toxicants 
involved are readily adsorbed to the CPOM and either affect microbial communities colonizing the 
CPOM or the shredders directly (Cummins 1987, personal communication). 

The degree of toxicant effects on shredders vs. filterers depends on the nature of the toxicants 
and the organic particle adsorption efficiency. Generally, as the size of the particle decreases, the 
adsorption efficiency increases as a function of the increased surface to volume ratio (Hargrove 
1972). Because waterborne toxicants are readily adsorbed to FPOM, toxicants of a terrestrial source 
(e.g., pesticides, herbicides) accumulate on CPOM prior to leaf fall, thus having a substantial effect 
on shredders (Swift et al. 1988a,b). The focus on this approach is on a comparison to the reference 
community which should have a reasonable representation of shredders as dictated by seasonality, 
region, and climate. This allows for an examination of shredder or collector “relative” abundance 
as indicators of toxicity. 

The data collected in the 100-organism riffle/run subsample and the CPOM sample are summarized 
according to the information required for each metric and entered on the Data Summary Sheet. 

Each metric result is given a score based on percent comparability to a reference station. Scores 
are totaled and compared to the total metric score for the reference station. The percent comparison 
between the total scores provides a final evaluation of biological condition. Values obtained may 
sometimes be intermediate to established ranges and require some judgment as to assessment of 
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biological condition. In these instances, habitat assessment, physical characterization, and water 
quality data may aid in the evaluation process. 

Guidance for Data Summary Sheets for Benthic RBP 

Station Number: Indicate station number for each data set recorded. 
Station Location: Record brief description of sampling site relative to established landmarks (i.e., roads, 

bridges). 
Taxa Richness: Record total number of families (or higher taxa) collected in the 100-organism riffle 

subsample. 
FBI (modified): Record the Family Biotic Index value (Hilsenhoff 1988) calculated for the 100-organism 

riffle subsample using the formula presented in RBP II. Tolerance classification values can be entered 
into the computer database to simplify calculation. 

Functional Feeding Group: Functional feeding group classifications may be entered into the computer 
database to simplify calculations. 

Riffle Community: Scrapers/filtering collectors: enter the value obtained by dividing the number of 
individuals in the riffle subsample representing the scraper functional group, by the number rep
resenting the filtering collector functional group. 

CPOM Community: Shredders/total: enter the value obtained by dividing the number of individuals 
in the CPOM sample (or subsample) representing the shredder functional group, by the total 
number of organisms in the sample (or subsample). 

EPT/Chironomidae: Enter the value obtained by dividing the number of individuals in the 100-organism 
riffle subsample in the family Chironomidae, by the total number of individuals in the orders 
Ephemeroptera, Plecoptera, and Trichoptera. 

Percent Contribution (Dominant Family): Record the value obtained by dividing the number of indi
viduals in the family that is most abundant in the 100-organism riffle subsample, by the total number 
of individuals in the sample. 

EPT Index: Record the total number of taxa in the 100-organism riffle subsample representing the 
orders Ephemeroptera, Plecoptera, and Trichoptera. 

Community Similarity Index: Enter the value calculated for the appropriate community similarity index, 
using data from the 100-organism riffle subsample. 

Values obtained for each metric should be assigned a score based on percent comparability to 
the control or reference station data. Scores are summed for both the impaired and reference station. 
The percent comparison between the total scores provides the final evaluation of biological condition. 

Family-Level Tolerance Classification 

The original RBP II (EPA 1989) is based on family-level identifications. The adequate assess
ment of biological condition for RBP II requires the use of a tolerance classification for differen
tiating among responses of the benthic community to pollutants. Hilsenhoff’s Family Biotic Index 
(FBI) is used as a basis for the family-level tolerance classification. 

The biotic index (BI) of organic pollution is adapted (Hilsenhoff 1987) for rapid evaluation by 
providing tolerance values for families (Tables B.3 and B.4) to allow a family-level biotic index (FBI) 
to be calculated in the field. The FBI is an average of tolerance values of all arthropod families in a 
sample. It is not intended as a replacement for the BI and can be effectively used in the field only by 
biologists who are familiar enough with arthropods to be able to identify families without using keys. 

Using the same method and more than 2000 stream samples from throughout Wisconsin that 
were used to revise tolerance values for species and genera (Hilsenhoff 1987) family-level tolerance 
values were established by comparing occurrence of each family with the average BI of streams 
in which they occurred in the greatest numbers. Thus, family-level tolerance values tend to be a 
weighted average of tolerance values of species and genera within each family based on their 
relative abundance in Wisconsin. 
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Table B.3 Tolerance Values for Families of Stream Arthropods in the Western Great Lakes Region 

Plecoptera Capniidae 1, Chloroperlidae 1, Leuctridae 0, Nemouridae 2, Perlidae 1, Perlodidae 2, 
Pteronarcyidae 0, Taeniopterygidae 2 

Ephemeroptera Baetidae 4, Baetiscidae 3, Caenidae 7, Ephemerellidae 1, Ephemeridae 4, Heptageniidae 4, 
Leptophlebiidae 2, Metretopodidae 2, Oligoneuriidae 2, Polymitarcyidae 2, Potomanthidae 4, 
Siphlonuridae 7, Tricorythidae 4 

Odonata Aeshnidae 3, Calopterygidae 5, Coenagrionidae 9, Cordulegastridae 3, Corduliidae 5, 
Gomphidae 1, Lestidae 9, Libellulidae 9, Macromiidae 3 

Trichoptera Brachycentridae 1, Glossosomatidae 0, Helicopsychidae 3, Hydropsychidae 4, Hydroptilidae 4, 
Lepidostomatidae 1, Leptoceridae 4, Limnephilidae 4, Molannidae 6, Odontoceridae 0, 
Philopotamidae 3, Phryganeidae 4, Polycentropodidae 6, Psychomyiidae 2, Rhyacophilidae 0, 
Sericostomatidae 3 

Megaloptera Corydalidae 0, Sialidae 4 
Lepidoptera Pyralidae 5 
Coleoptera Dryopidae 5, Elmidae 4, Psephenidae 4 
Diptera Athericidae 2, Blephariceridae 0, Ceratopogonidae 6, Blood-red Chironomidae (Chironomini) 8, 

other (including pink) Chironomidae 6, Dolochopodidae 4, Empididae 6, Ephyridae 6, 
Psychodidae 10, Simuliidae 6, Muscidae 6, Syrphidae 10, Tabanidae 6, Tipulidae 3 

Amphipoda Gammaridae 4, Talitridae 8 
Isopoda Asellidae 8 

Data from Hilsenhoff, W.L. Rapid field assessment of organic pollution with a family-level biotic index. J. North 
Am. Benthol. Soc., 7: 65–68. 1988; EPA. Rapid Bioassessment Protocols for Use in Streams and Rivers: Benthic 
Macroinvertebrates and Fish. Office of Water, U.S. Environmental Protection Agency, Washington, D.C. EPA 
444/4-89/001. 1989. 

THE OHIO EPA INVERTEBRATE COMMUNITY INDEX APPROACH (OEPA 1989) 

Field Methods — Quantitative Sampling 

The primary sampling equipment used for the collection of benthic macroinvertebrates is the 
modified Hester–Dendy multiple-plate artificial substrate sampler. The sampler is constructed of 
1/8-in tempered hardboard cut into 3-in square (or circular) plates and 1-in square spaces. A total 
of eight plates and 12 spacers are used for each sampler. The plates and spacers are placed on a 
1/4-in stainless steel eyebolt so that there are three single spaces, three double spaces, and one triple 
space between the plates. The total surface area of the sampler, excluding the eyebolt, is 145.6 in2. 

Samplers placed in streams are tied to a concrete construction block, which anchors them in 
place and prevents the multiple-plates from coming into contact with the natural substrates. In 
water deeper than 4 ft, a float (1 quart cubitainer) is attached to the samplers to keep them within 
4 ft of the surface. Whenever possible, the samplers are placed in runs rather than pools or riffles 
and an attempt is made to establish stations in as similar an ecological situation as possible. All 
samplers are exposed for a 6-week period. A set of samplers consists of three multiple-plate samplers 
(about 3 ft2 of surface area) at National Ambient Water Quality Monitoring Network (NAWQMN) 
stations and five multiple-plate samplers at all other sampling locations. All NAWQMN stations 
and most routine monitoring stations are sampled from June 15 to September 30. 

Retrieval of the sampler is accomplished by cutting them from the block and placing them in 
1-quart, wide-mouth plastic containers while still submersed. Care is taken to avoid disturbing the 
samplers and thereby dislodging any organisms. Enough formalin is added to each container to 
equal an approximate 10% solution. 

Qualitative samples of macroinvertebrates inhabiting the natural substrates are also collected at 
the time of sampler retrieval. In shallow water, samples are taken in a stream segment covering all 
available habitats near where the samplers were placed. Samples are collected using triangular ring 
frame 30-mesh dip nets and hand picking with forceps. Grab samplers (i.e., Ekman, Peterson, or 
Ponar) can also be used in deep water. The qualitative sampling continues until, by gross examination, 
no new taxa are being taken. A station description sheet is filled out by the collector at the time 
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Table B.4 . Tolerance Values for Some 
Macroinvertebrates Not Included 
in Hilsenhoff (1982, 1987) 

Acariformes 4 
Decapoda 6 
Gastropoda 

Amnicola 8 
Bithynia 8 
Ferrissia 6 
Gyraulus 8 
Helisoma 6 
Lymnaea 6 
Physa 8 
Sphaeriidae 8 

Oligochaeta 
Chaetogaster 6 
Dero 10 
Nais barbata 8 
Nais behningi 6 
Nais bretscheri 6 
Nais communis 8 
Nais elinguis 10 
Nais pardalis 8 
Nais simplex 6 
Nais variabilis 10 
Pristina 8 
Stylaria 8 
Tubificidae 

Aulodrilus 8 
Limnodrilus 10 

Hirudinea 
Helobdella 10 

Turbellaria 4 

From Bode, R.W. Quality Assurance Workplan for Bio- 
logical Stream Monitoring in New York State. New York 
State Department of Environmental Conservation, 
Albany. 1988; EPA. Rapid Bioassessment Protocols 
for Use in Streams and Rivers: Benthic Macroinverte- 
brates and Fish. Office of Water, U.S. Environmental 
Protection Agency, Washington, D.C. EPA 444/4
89/001. 1989. 

of sampler retrieval. The substrate is described 
using the categories for substrate characteriza
tion indicated in the U.S. EPA biological field 
manual (Weber 1973). 

In situations where quantitative biological 
samples are collected from the natural sub
strates using a Surber square foot sampler 
(30-mesh netting), the collector stands on the 
downstream side of the sampler and works the 
substrate using a hand cultivator with 2-in 
tines. Large rocks are gently scrubbed with a 
brush. The material collected is placed in 
sealed containers, preserved in 10% formalin, 
and transported to the laboratory. Three to five 
Surber samples are taken at each site. 

In situations where Ekman, Peterson, or 
Ponar grab samples are used for quantitative 
purposes, three to five samples are collected 
and then treated in essentially the same manner 
as the Surber samples. The material collected 
with the grab is washed through a bucket with 
a 30-mesh screen bottom, placed in sealed con
tainers, preserved in 10% formalin, and 
returned to the laboratory. 

Laboratory Methods — Quantitative 
Sampling 

Samples are coded and sample numbers are 
immediately entered into a log book upon 
arrival at the laboratory. Samples are given a 
log number derived from the date, e.g., 
871108-10, where 87 represents the year, 
11 represents the month, and 08 the day. The 
number following this six-digit date, i.e., the 
number 10 in the previous example, indicates 

that this was the 10th sample logged that day. Other information in the log book includes the 
name(s) of field personnel who collected the sample, date, stream or lake name, basin name, entity 
(where applicable), general location, sample type, sampling method(s) used, the person who con
ducted the analyses, and any other comments considered pertinent to the collection and analysis 
of the sample. 

Macroinvertebrate Counts and Identifications 

Composite samples consisting of five multiple-plate samplers are used in station evaluations 
for routine monitoring. However, replicate samples (three multiple-plate samplers) are reported to 
the EPA for NAWQMN stations. Replicate sets of five multiple-plate samplers can be used if 
deemed necessary in cases where sampling is for litigation purposes. In all cases, the multiple
plate samplers are disassembled in a bucket of water and cleaned of organisms and debris. The 
organism/debris mixture is then passed through U.S. Standard Testing Sieves number 30 (0.589
mm openings) and number 40 (0.425-mm openings). The material retained in each sieve is preserved 
in properly labeled and coded jars containing 70% alcohol. 
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The following procedures are used during the course of analyzing an artificial substrate, Surber, 
or grab sample: 

1. 	Sorting the sample is done in a white enamel pan followed by scanning under the dissecting 
microscope (10× magnification). Subsamples are produced using the following guidelines: 
a. 	A Folsom sample splitter is used for all subsampling. In an effort to determine the accuracy 

of the Folsom sample splitter, a sample composed of 200 individuals of five frequently collected 
organisms was prepared and repeatedly split. Statistical analysis of the data yielded a chi-square 
value of 2.56, df = 4, indicating that the subsamples were not significant at the 95% probability 
level. 

b. After an entire sample has been sorted, subsampling within families containing unmanageable 
numbers is acceptable. 

c. 	Very large samples may be subsampled prior to sorting, but only after examination in a white 
enamel pan to remove obvious rare taxa, e.g., hellgramites, non-hydropsychid caddisflies. 

d. 	A minimum of 250 organisms are identified, with at least 50 to 100 midges, 70 caddisflies, 
70 mayflies. 

2. 	 Dipterans of the family Chironomidae are prepared for identification by clearing the larvae in hot 
10% KOH for 30 min and then mounting in water on microscope slides. Permanent slides for the 
voucher collection are mounted in Euparol mounting medium. 

3. 	 Material retained in the #40 screen is counted and identified or counted and extrapolated when 
identification is impossible or impractical. (Artificial substrate sample only.) 

4. Organisms determined to be dead before the time of collection are discarded. 
5. 	 When only one sex or life stage can be identified, it is assumed that the other sex or stage is the 

same species. 
6. 	Sections of bryozoan colonies are removed from the plates and saved for identification. Only 

colonies, not individuals, are counted. (Artificial substrate sample only.) 
7. Early instars that cannot be identified are extrapolated where possible. 
8. 	 Species-level identifications are made where possible and practical. Generic or higher level clas

sifications are made if specimens are damaged beyond identification, in those cases where taxon
omy is incomplete or laborious and time-consuming, or where the specimen is an unidentifiable 
early instar. 

9. Organisms are listed in tables following the laboratory table format. 
10. 	 Two end fragments of an oligochaete are counted as one individual. Fragments without ends are 

not counted. 
11. 	 Any taxonomic key in the laboratory may be used as an aid in the identification of an organism. 

Also indicated is the level of taxonomy attainable with the keys listed. 

Macroinvertebrate Data Analysis 

Invertebrate Community Index 

The principal measure of overall macroinvertebrate community condition used by the Biological 
Field Evaluations Group is the Invertebrate Community Index (ICI), a measurement derived in
house from information collected over many years. The ICI is a modification of the Index of Biotic 
Integrity (IBI) for fish developed by Karr (1981). The ICI consists of 10 structural community 
metrics, each with four scoring categories of 6, 4, 2, and 0 points (Table B.5). The point system 
evaluates a sample against a database of 247 relatively undisturbed reference sites throughout Ohio. 
Six points will be scored if a given metric has a value comparable to those of exceptional stream 
communities, 4 points for those metric values characteristic of more typical good communities, 2 
points for metric values slightly deviating from the expected range of good values, and 0 points 
for metric values strongly deviating from the expected range of good values. The summation of 
the individual metric scores (determined by the relevant attributes of an invertebrate sample with 
some consideration given to stream drainage area) results in the ICI value. Metrics 1 through 9 are 
all generated from the artificial substrate sample data, while Metric 10 is based solely on the 
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Table B.5 . Invertebrate Community Index (ICI) Metrics and Scoring Criteria Based on 
Macroinvertebrate Community Data from 247 Reference Sites throughout Ohio 

Scoring Criteria 
Metric 0 2 4 6 

1. Total number of taxa Scoring of each metric varies 
2. Total number of mayfly taxa with drainage area; see 
3. Total number of caddisfly taxa Ohio EPA (1987) 
4. Total number of dipteran taxa 
5. Percent mayflies 
6. Percent caddisflies 
7. Percent tribe tanytarsini midges 
8. Percent other dipterans and non-insects 
9. Percent tolerant organisms 

10. Total number of qualitative Ephemeroptera, Plecoptera, and Trichoptera (EPT) taxa 

qualitative sample data from natural substrates. More discussion of the derivation of the ICI 
including descriptions of each metric and the data plots and other information used to score each 
metric can be found in Ohio EPA (1987). 

Community Similarity Index 

A coefficient of similarity between two stations can be calculated using Van Horn’s (1950) 
equation modified from the general formula described by Gleason (1920): 

2w c =  
a b+ 

The variables in this expression can be based either on the number of taxa present or absent at 
each station or on actual numerical data collected at each site. If the presence/absence method is 
being used: 

a = the number of taxa collected at one station 
b = the number of taxa collected at the other station 
w = the number of taxa common to both stations 

When actual numerical data are being used, each taxon is assigned a prominence value calcu
lated by multiplying the density of the taxon by the square root of its frequency of occurrence 
(Beals 1961; Burlington 1962). In this case: 

a = the sum of the prominence values of all of the taxa at one station 

b = the sum of the prominence values of all of the taxa at the other station 

c = the sum of the prominence values of all of the taxa of one station which it has in common with 


the other station. The lower of the two resulting values of w is used in the equation. 

Rank Correlation Coefficient 

A rank correlation coefficient between measured biological, chemical, or other physical data 
can be calculated using the formula defined by Spearman (1904): 

n 
26∑Di 

– rs = 1 – i 1  
( 2 n n  – 1) 

where n = the number of paired observations (xiyi) and Di = the rank of xi minus the rank of yi. 
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Table B.6 Benthic Macroinvertebrate Equipment and Supplies 

Item Unit Sourcea 

Boat, flat bottom, 14–16 ft, snatch-block meter, 1 (7,15) 
wheel and trailer, 18 hp outboard motor. 
Life jackets, other accessories 

Boat crane kit and winch 
Boat, inflatable with oar set 
Cable fastening tools 

Cable clamps, 1/8" 
Nicro-press clamps, 1/8" 
Nicro-press tool, 1/8" 
Wire cutter, Felco 
Wire thimbles, 1/8" 

Cable, 1/8", galvanized steel 

Large capacity metal wash tub 

Sample wash bucket (sieve) 

Core sampler, hand held 

Box corer 

K-B corer 

Wide-barrel gravity corer 

Phleger corer 

Ballchek single or multiple corer 

Ewing portable piston corer 

Hardboard multiplate sampler 

Ceramic multiplate sampler 

Trawl net 

Dredge 

Rectangular box sediment sampler 

Drift net, stream 

Triple-net drift sampler 

Stream bottom sampler, Surber type 

Portable invertebrate box sampler 

Stream-bed fauna sampler, Hess type 

Hess stream bottom sampler 

Grab sampler, Ponar 

Wildco box corer 

Grab sampler, Ekman 

Grab sampler, Petersen 

Grab sampler, Smith-McIntyre 

Grab sampler, Van Veen 

Grab sampler, Orange Peel 

Grab sediment sampler, Shipek 

Basket, bar B-Q, tumbler (#740-0035) 

Sieves, US Standard No. 30 

Flowmeter, mechanical 

Mounting media, CMCP-9/9AF with stain 


Mounting medium, CMCP-9 

Mounting medium, CMCP-10 

Fuchsin basic, C.I. dye 

Mounting medium, Aquamount 

Refrigerated circulator 

Water pump, epoxy-coated 

Holding tank, constant temp 

Balance, top-loading 

Counter, 12-unit, 2 × 6 

Counter, hand tally 

Waders, with suspenders 

Boots, hip 

Raincoat 


1 (3,15) 
1 (1,15) 

(4,15) 
25 

100 
1 
1 

25 
1000 ft (3,15) 

1 
1 (8,14) 
1 (3,8,14) 
1 (14) 
1 (8) 
1 (14) 
1 (8,14) 
1 (8,14) 
1 (14) 

10 (3,8) 
10 (14) 
1 (8) 
1 (3,8,14) 
1 (14) 
6 (8,14) 
2 (14) 
2 (3,8,14) 
2 (13) 
2 (14) 
2 (8) 
1 (3,8,14) 
1 (8) 
1 (3,8,14) 
1 (3,8,14) 
1 (14) 
1 (14) 
1 (14) 
1 (8) 

12 (9,11) 
2 (5) 
1 (3) 
4 oz No longer 

available 
4 oz (6) 
4 oz (6) 

25 g (6) 
4 oz (12) 
1 (5) 
2 (1) 
1 (10) 
1 (5) 
1 (3) 
2 (3) 
1 pr (1,15) 
1 pr (1,15) 
1 (3,15) 
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Table B.6 Benthic Macroinvertebrate Equipment and Supplies (continued) 

Item Unit Sourcea 

Magni-focuser, 2× 1 
Microscope, field 1 
Magnifier, illuminated + base 1 
Magnifier, pocket, 5×, 10×, and 15× 1 
Microscope, compound, with phase and bright-field, 1 
trinocular, 10× and 15× eyepieces, 4×, 10×, 20×, 
45× and 100× objectives 

Microscope, stereoscopic, with stand 1 
Microscope slide dispenser 1 
Microscope slides and cover slips, 12 and 15 mm circles 10 gross 
Photographic system, photostar 1 
Camera, photomicrographic, with 50 mm lens 1 
Stirrer, magnetic 1 
Aquarium, 10 gal., with cover, air pump and filter 1 
Aquatic dip net, Model 412D 2 
Jars, screw cap, specimen 5 dz 
Bottles, wide mouth, 32 oz 1 case 
Specimen jars, wide mouth, 4 oz 48 
Specimen jars, wide mouth, 6 oz 48 
Vials, specimen, 1 oz 10 gross 
Petri dish, ruled grid 4 
Petri dish, compartmented 1 case 
Watch glasses 10 
Vacuum oven 1 
Sounding lead and calibrated line 1 
Forceps, watchman’s, stainless 1 pr 
Forceps, microdissection 2 pr 
Dissecting set, basic 1 
Water test kit, limnology 1 
Thermometer, digital 1 
Wash bottle, wide mouth, 500 mL 4 
Wash bottle, polyethylene, 4 oz 2 
Dropper bottle, polystop, 30 mL 2 
Desiccator, polypropylene 1 
Clipboard with cover 2 
Calculator, scientific 1 
Marker, permanent, black 2 
Pen set, slim pack, Koh-i-noor 1 
Heavy paper tags with string 1000 
Ice chest, insulated, 48 qt 2 
Blue ice, soft pack 10 
Plastic bags 100 
Formalin, 10% 4 L 
Ethyl alcohol 20 L 
Trays, polypropylene, sorting 6 

(5) 
(3) 
(3) 
(3) 
(5) 

(2) 
(1) 
(1) 
(5) 
(1,15) 
(5) 
(1,15) 
(3) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(5) 
(3) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(1) 
(2) 
(1) 
(3,15) 
(3,15) 
(3,15) 
(3,15) 
(1,15) 
(3,15) 
(3,15) 
(3,15) 
(2) 
(2) 
(5) 

Note: 	 Listed above are equipment and supplies needed for the collection and analysis 
of macroinvertebrate samples. The data quality objectives and sampling and anal
ysis methods should determine the type of equipment and supplies needed. The 
source numbers refer to the companies that are listed at the end of the table. 
Mention of these sources or products does not constitute endorsement by the U.S. 
Environmental Protection Agency. 
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Table B.6 Benthic Macroinvertebrate Equipment and Supplies (continued) 

a Sources of equipment and supplies: 

1. 	Carolina Biological Supply Co. 
2700 York Road 
Burlington, NC 27215 

2. Fisher Scientific 
50 Fadem Road 
Springfield, NJ 07081 

3. 	Forestry Suppliers, Inc. 
205 West Rankin Street 
Jackson, MS 39284-8397 

4. 	Industrial Rope Supply 
5250 River Road 
Cincinnati, OH 45233 

5. 	Curtin Matheson Scientific, Inc. 
9999 Veterans Memorial Drive 
Houston, TX 77038-2499 

6. Polyscience 
400 Valley Road 
Warrington, PA 18976 

7. 	MonArk Boat Company 
Monticello, AK 71655 

8. 	Wildlife Supply Company 
301 Case Street 
Saginaw, MI 48602 

9.	 Tenaco 
2007 NE 27th Avenue 
Gainesville, FL 32609 

10. 	Frigid Units, Inc. 
3214 Sylvania Avenue 
Toledo, OH 43613 

11. 	W.C. Bradley Enterprises, Inc. 
P.O. Box 1240 
Columbus, GA 31993 

12. 	Gallard-Schlesinger Chemical Mfg. Corp. 
584 Mineola Avenue 
Carle Place, NY 11514 

13. Ellis-Rutter Associates 
P.O. Box 401 
Punta Gorda, FL 33950 

14. 	Kahl Scientific Instrument Corp. 
P.O. Box 1166 
El Cajon, CA 92022-1166 

15. Locally 

From EPA. Biological Criteria: Guide to Technical Literature. U.S. Environmental Protection 
Agency, Washington, D.C. EPA-440-5-91-004. 1991. 

Coefficient of Variation 

In cases where replicate analyses are conducted (e.g., litigation purposes of NAWQMN stations), 
a coefficient of variation (CV or COV) between replicates is determined following the procedures 
outlined by Li (1964) using the formula: 

s
CV = - • 100% 

x 

where 	s = the sample standard deviation 
x = the sample mean. 

A PARTIAL LISTING OF AGENCIES THAT HAVE DEVELOPED TOLERANCE 
CLASSIFICATIONS AND/OR BIOTIC INDICES 

Florida Department of Environmental Regulation 

Illinois EPA 

New York Department of Environmental Conservation 

North Carolina Department of Environmental Management 

Ohio EPA 

U.S. Department of Agriculture, Forest Service, Intermountain Region 

U.S. EPA Region V 

Vermont Department of Environmental Conservation 
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Table B.7. Phylogenetic Order for Macroinvertebrate Listing Including Level ofTaxonomy 
Generally Used 

Porifera: 
Coelenterata: 
Platyhelminthes: 
Nematomorpha: 
Bryozoa: 
Entoprocta: 
Annelida 

Oligochaeta: 
Hirudinea: 

Arthropoda 
Crustacea 

Isopoda: 
Amphipoda: 
Decapoda: 

Arachnoidea 
Hydracarina: 

Insecta 
Ephemeroptera 
Siphlonuridae: 
Baetidae: 
Oligoneuriidae: 
Heptageniidae: 
Leptophlebiidae 
Ephemerelidae: 
Tricorythidae: 
Caenidae: 
Baetiscidae: 
Potamanthidae: 
Ephemeridae: 
Polymitarchidae: 

Odonata 
Zygoptera 

Calopterygidae: 
Lestidae: 
Coenagrionidae: 

Anisoptera 
Aeshnidae: 
Gomphidae: 
Cordulegastridae: 
Macromiidae: 
Corduliidae: 
Libellulidae: 

Species 

Genus 

Class 

Genus 

Species 

Species 


Class 

Species 


Genus 

Genus/Species 

Species 


Class 


Genus 

Genus 

Genus 

Genus/Species 

Genus 

Species 

Genus 

Genus 

Species 

Genus 

Genus 

Species 


Genus 

Species 

Family/Genus 


Species 

Species 

Species 

Species 

Species 

Species 


Plecoptera 
Pteronarcyidae: 
Peltoperfidae: 
Taeniopterygidae: 
Nemounidae: 
Leuctridae: 
Capniidae: 
Perfidae: 
Perlodidae: 
Chloroperfidae: 

Hemiptera 
Belostomatidae: 
Nepidae: 
Pleidae: 
Naucoridae: 
Corixidae: 
Notonectidae: 

Megaloptera 
Sialidae: 
Corydalidae: 

Neuroptera: 
Trichoptera 

Philopotamidae: 
Psychomyiidae: 
Polycentropodidae: 
Hydropsychidae: 
Rhyacophilidae: 
Glossosomatidae: 
Hydroptidae: 
Phryganeidae: 
Brachycentridae: 
Limnophilidae: 
Lepidostomatidae: 
Beraeidae: 
Sericostomatidae: 
Odontocaridae: 
Molannidae: 
Helicopsychidae: 
Calamoceratidae: 
Leptocaridae: 

Lepidoptera: 

Genus 

Genus 

Genus 

Species 

Genus 

Genus 

Species 

Species 

Genus 


Genus 

Genus 

Genus 

Genus 

Genus 

Genus 


Genus 

Species 

Genus 


Genus/Species 

Species 

Genus 

Genus/Species 

Genus/Species 

Genus 

Genus/Species 

Genus 

Genus 

Genus 

Genus 

Genus 

Genus 

Genus 

Genus 

Species 

Genus 

Genus/Species 

Genus 
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Table B.8. Level of MacroinvertebrateTaxonomy Attainable 
Using Keys 

Coleoptera 
Gynnidae: 
Haliplidae: 
Dytiscidae: 
Noteridae: 
Hydrophilidae: 
Hydraenidae: 
Psepheriidae: 
Dryopidae: 
Scirtidae: 
Elmidae: 
Limnichidae: 
Heteroceridae: 
Ptilodactylidae: 
Chrysomelidae: 
Curculionidae: 
Lampyridae: 

Diptera 
Tipulidae: 
Psychodidae: 
Ptychopteridae: 
Dixidae: 
Chaoboridae: 
Culicidae: 
Thaumaleidae: 
Simuliidae: 
Certopogonidae: 
Chironomidae 

Tanypodinae: 
Diamesinae: 
Prodiamesinae: 
Orthocladinae: 
Chironominae 

Chironomini: 
Pseudochironomini: 
Tanytarsini: 

Tabanidae: 
Athericidae: 
Stratiomyidae: 
Empididae: 
Dolichopodidae: 
Syrphidae: 
Sciomyzidae: 
Ephydridae: 
Muscidae: 

Mollusca 
Gastropoda: 
Pelecypoda: 

Genus 

Genus 

Genus 

Genus 

Genus 

Genus 

Species 

Genus 

Family 

Genus/Species 

Genus 

Family 

Family 

Family 

Family 

Family 


Genus 

Genus 

Genus 

Genus 

Genus 

Genus 

Genus 

Genus 

Family/Genus/Species 


Genus/Species 

Genus/Species 

Genus/Species 

Genus/Species 


Genus/Species 

Genus/Species 

Genus/Species 

Genus/Species 

Species 

Genus 

Family 

Family 

Family/Genus 

Family/Genus 

Family/Genus 

Species 


Family/Genus/Species 

Family/Genus/Species 
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RAPID BIOASSESSMENT PROTOCOL V — FISH (EPA 1989, 1999) 

The following are excerpts from U.S. EPA (1989, 1999; www.epa.gov/owow/monitoring/rbp) 
guidance manuals. For more extensive information, the reader should refer directly to those manuals. 

Rapid Bioassessment Protocol V (RBP V) is a rigorous approach similar to species-level identi
fication with the macroinvertebrate RBP in accuracy and effort, but focuses on fish. Electrofishing, 
the most common technique used by agencies that monitor fish communities, and the most widely 
applicable approach for stream habitats, is the sampling technique recommended for use with RBP V. 

The fish community biosurvey data are designed to be representative of the fish community at 
all station habitats, similar to the “representative qualitative sample” proposed by Hocutt (1981). 
The sampling station should be representative of the reach, incorporating at least one (preferably 
two) riffle(s), run(s), and pool(s) if these habitats are typical of the stream in question. Sampling 
of most species is most effective near shore and cover (macrophytes, boulders, snags, brush). 
Sampling procedures effective for large rivers are described in Gammon (1980), Hughes and 
Gammon (1987), and Ohio EPA (1987). 

Typical sampling station lengths range from 100 to 200 m for small streams and 500 to 1000 m 
in rivers, but are best determined by pilot studies. The size of the reference station should be 
sufficient to produce 100 to 1000 individuals and 80% of the species expected from a 50% increase 
in sampling distance. Sample collection is usually done during the day, but night sampling can be 
more effective if the water is especially clear and there is little cover (Reynolds 1983). Use of block 
nets set (with as little wading as possible) at both ends of the reach increases sampling efficiency 
for large, mobile species sampled in small streams. 

The RBP V fish community assessment requires that all fish species (not just gamefish) be 
collected. Small fish that require special gear for their effective collection may be excluded. Exclusion 
of young-of-the-year fish during collection has only a minor effect on IBI scores (Angermeier and 
Karr 1986), but lowers sampling costs and reduces the need for laboratory identification. Karr et al. 
(1986) recommended exclusion of fish less than 20 mm in length. However, this may prevent 
detection of species-specific effects, or early life stage effects from recent pollution incidents. This 

693 
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recommendation should be considered on a regional basis and is also applicable to large fish 
requiring special gear for collection (e.g., sturgeon). The intent of the sample (as with the entire 
protocol) is to obtain a representative estimate of the species present, and their abundances, for a 
reasonable amount of effort. However, if threatened or endangered species are present, special 
attention should be given to documenting their presence and numbers. 

Sampling effort among stations is standardized as much as possible. Regardless of the gear 
used, the collection method, site length (or area), and work hours expended must be comparable 
to allow comparison of fish community status among sites. Major habitat types (riffle, run, and 
pool) sampled at each site and the proportion of each habitat sampled should also be comparable. 
Generally 1 to 2 hours of actual sampling time are required, but this varies considerably with the 
gear used and the size and complexity of the site. 

Atypical conditions, such as high flow, excessive turbidity or turbulence, heavy rain, drifting 
leaves, or other unusual conditions that affect sampling efficiency, are best avoided. Glare, a frequent 
problem, is reduced by wearing polarized glasses during sample collection. 

Sample Processing 

A field collection data sheet (Figure C.1) is completed for each sample. Sampling duration and 
area or distance sampled are recorded in order to determine level of effort. Species may be separated 
into adults and juveniles by size and coloration; then total numbers and weights and the incidence 
of external anomalies are recorded for each group. Reference specimens of each species from each 
site are preserved in 10% formaldehyde, the jar labeled, and the collection placed with the state 
ichthyological museum to confirm identifications and to constitute a biological record. This is 
especially important for uncommon species, for species requiring laboratory identification, and for 
documenting new distribution records. If retained in a live well, most fish can be identified, counted, 
and weighed in the field by trained personnel and returned to the stream alive. In warmwater sites, 
where handling mortality is highly probable, each fish is identified and counted, but for abundant 
species, subsampling (weigh, measure, observe for abnormalities, and return) may be considered. 
When subsampling is employed, the subsample is extrapolated to obtain a final value. Subsampling 
for weight is a simple, straightforward procedure, but failure to examine all fish to determine 
frequency of anomalies (which may occur in about 1% of all specimens) can bias results. The 
trade-off between handling mortality and data bias must be considered on a case-by-case basis. If 
a site is to be sampled repeatedly over several months (i.e., monitoring), the effect of sampling 
mortality might outweigh data bias. Holding fish in live-boxes in shaded, circulating water will 
substantially reduce handling mortality. More information on field methods is presented in Karr 
et al. (1986) and Ohio EPA (1987). 

Data Analysis Techniques 

Based on observations made in the assessment of habitat, water quality, physical characteristics, 
and the fish biosurvey, the investigator concludes whether impairment is detected. If impairment 
is detected, the probable cause and source are estimated and recorded on an Impairment Assessment 
Sheet (Figure C.2). 

Data can be analyzed using the Index of Biotic Integrity (IBI) (or individual IBI metrics), the 
Index of Well Being (IWB) (Gammon 1980), or modified IWB (OEPA 1989; Gammon 1989), and 
multivariate statistical techniques to determine community similarities. Detrended correspondence 
analysis (DCA) is a useful multivariate analysis technique for revealing regional community patterns 
and patterns among multiple sites. It also demonstrates assemblages with compositions differing 
from others in the region or reach. See Gauch (1982) and Hill (1979) for descriptions of, and software 
for, DCA. Data analyses and reporting, including parts of the IBI, can be computer generated. 
Computerization reduces the time needed to produce a report and increases staff capability to examine 
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Figure C.1 	 Fish field collection data sheet for use with Rapid Bioassessment Protocol V. (From EPA. Rapid 
Bioassessment Protocols for Use in Streams and Rivers: Benthic Macroinvertebrates and Fish. 
Office of Water, U.S. Environmental Protection Agency, Washington, D.C. EPA 444/4-89/001. 1989.) 

data patterns and implications. Illinois EPA has developed software to assist professional aquatic 
biologists in calculating IBI values in Illinois streams (Bickers et al. 1988). (Use of this software 
outside Illinois without modification is not recommended.) However, hand calculation in the initial 
use of the IBI promotes understanding of the approach and provides insight into local inconsisten
cies. Metrics should be optimized for specific ecoregions. See EPA (1999) for a range of alternative 
IBI metrics. 

Each metric is scored against criteria based on expectations developed from appropriate regional 
reference sites. Metric values approximating, deviating slightly from, or deviating greatly from 
values occurring at the reference sites are scored as 5, 3, or 1, respectively. The scores of the 
12 metrics are added for each station to give an IBI of 60 (excellent) to 12 (very poor). Trophic 
and tolerance classifications of many species are listed below. Additional classifications can be 
derived from information in state and regional fish texts or by objectively assessing a large statewide 
database. Use of the IBI in the southeastern and southwestern United States and its widespread use 
by water resource agencies may result in further modifications. Past modifications have occurred 
(Miller et al. 1988) without changing the IBI’s basic theoretical foundations. 
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Figure C.2 	 Impairment assessment sheet for use with Fish Rapid Bioassessment Protocol V. (From EPA. Rapid 
Bioassessment Protocols for Use in Streams and Rivers: Benthic Macroinvertebrates and Fish. 
Office of Water, U.S. Environmental Protection Agency. Washington, D.C. EPA 444/4-89/001. 1989.) 

The steps in calculating the IBI are explained below: 

1. 	 Assign species to trophic guilds; identify and assign species tolerances. Where published data are 
lacking, assignments are made based on knowledge of closely related species and morphology. 

2. 	Develop scoring criteria for each IBI metric. Maximum species richness (or density) lines are 
developed from a reference database. 

3. 	 Conduct field study and identify fish; note anomalies, eroded fins, poor condition, excessive mucus, 
fungus, external parasites, reddening, lesions, and tumors. Complete field data sheets. 

4. Enumerate and tabulate number of fish species and relative abundances. 
5. Summarize site information for each IBI metric. 
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6. Rate each IBI score to one of the five integrity classes. 
7. Translate total IBI score to one of the five integrity classes. 
8. 	 Interpret data in the context of the habitat assessment. Individual metric analysis may be necessary 

to ascertain specific trends. 

Species Richness and Diversity 

These metrics assess the species richness component of diversity and the health of the major 
taxonomic groups and habitat guilds of fishes. Two of the metrics assess community composition 
in terms of tolerant or intolerant species. Scoring for the first five of these metrics and their 
substitutes requires development of species–water body size relationships for different zoogeo
graphic regions. Development of this relationship requires data sufficient to plot the number of 
species collected from regional reference sites of various stream sizes against a measure of stream 
size (watershed area, stream order) of those sites. A line is then drawn with slope fit by eye to 
include 95% of the points. Finally the area under the line is trisected into areas that are scored as 
5, 3, or 1. A detailed description of these methods can be found in Fausch et al. (1984), Ohio EPA 
(1987), and Karr et al. (1986). 

Metric 1. Total number of fish species — Substitute metrics: total number of native fish species, 
and salmonid age classes. 

This number decreases with increased degradation; hybrids and introduced species are not 
included. In cold-water streams supporting few fish species, the age classes of the species found 
represent the suitability of the system for spawning and rearing. The number of species is strongly 
affected by stream size at small stream sites, but not at large river sites (Karr et al. 1986; Ohio 
EPA 1987). Thus, scoring depends on developing species–waterbody size relationships. 

Metric 2. Number and identity of darter species — Substitute metrics: number and identity of 
sculpin species, benthic insectivore species, salmonid yearlings (individuals); number of sculpins 
(individuals); percent round-bodied suckers, sculpin and darter species. 

These species are sensitive to degradation resulting from siltation and benthic oxygen depletion 
because they feed or reproduce in benthic habitats (Kuehne and Barbour 1983; Ohio EPA 1987). 
Many smaller species live within the rubble interstices, are weak swimmers, and spend their entire 
lives in an area of 100 to 400 m2 (Hill and Grossman 1987; Matthews 1986). Darters are appropriate 
in most Mississippi basin streams; sculpins and yearling trout occupy the same niche in western 
streams. Benthic insectivores and sculpins or darters are used in small Atlantic slope streams that 
have few sculpins or darters, and round-bodied suckers are suitable in large midwestern rivers. 
Scoring requires development or species–water body size relationships. 

Metric 3. Number and identity of sunfish species — Substitutes: number and identity of cyprinid 
species, water column species, salmonid species, headwater species, and sunfish and trout species. 

These pool species decrease with increased degradation of pools and in-stream cover (Gammon 
et al. 1981; Angermeier 1983; Platts et al. 1983). Most of these fishes feed on drifting and surface 
invertebrates and are active swimmers. The sunfishes and salmonids are important sport species. 
The sunfish metric works for most Mississippi basin streams, but where sunfish are absent or rare, 
other groups are used. Cyprinid species are used in cool-water western streams; water column 
species occupy the same niche in northeastern streams; salmonids are suitable in cold-water 
streams; headwater species serve for midwestern headwater streams; and trout and sunfish species 
are used in southern Ontario streams. Karr et al. (1986) and Ohio EPA (1987) found the number 
of sunfish species to be dependent on stream size in small streams, but Ohio EPA (1987) found 
no relationship between stream size and sunfish species in medium to large streams, nor between 
stream size and headwater species in small streams. Scoring of this metric requires development 
of species–water body size relationships. 
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Metric 4. Number and identity of sucker species — Substitutes: number of adult trout species, 
number of minnow species, and number of suckers and catfish. 

These species are sensitive to physical and chemical habitat degradation and commonly com
prise most of the fish biomass in streams. All but the minnows are long-lived species and provide 
a multiyear integration of physicochemical conditions. Suckers are common in medium and large 
streams; minnows dominate small streams in the Mississippi basin; and trout occupy the same 
niche in cold-water streams. The richness of these species is a function of stream size in small and 
medium-sized streams but not in large rivers. Scoring of this metric requires development of 
species–water body size relationships. 

Metric 5. Number and identity of intolerant species — Substitutes: number and identity of 
sensitive species (5), amphibian species, and presence of brook trout. 

This metric distinguishes high- and moderate-quality sites using species that are intolerant of 
various chemical and physical perturbations. Intolerant species are typically the first to disappear 
following a disturbance. Species classified as intolerant or sensitive should only represent the 5 to 
10% most susceptible species; otherwise this becomes a less discriminating metric. Candidate 
species are determined by examining regional ichthyological books for species that were once 
widespread but have become restricted to only the highest quality streams. Ohio EPA (1987) uses 
number of sensitive species (which includes highly intolerant and moderately intolerant species) 
for headwater sites because highly intolerant species are generally not expected in such habitats. 
Moyle (1976) suggested using amphibians in northern California streams because of their sensitivity 
to silvicultural impacts. This also may be a promising metric in Appalachian streams which may 
naturally support few fish species. Steedman (1988) found that the presence of brook trout had the 
greatest correlation with IBI score in Ontario streams. The number of sensitive and intolerant 
species increases with stream size in small and medium-sized streams but is unaffected by size of 
large rivers. Scoring this metric requires development of species–water body size relationships. 

Metric 6. Proportion of individuals as green sunfish — Substitutes: proportion of individuals 
as common carp, white sucker, tolerant species, creek chub, and dace. 

This metric is the reverse of Metric 5. It distinguishes low- from moderate-quality waters. These 
species show increased distribution or abundance despite the historical degradation of surface 
waters, and they shift from incidental to dominant in disturbed sites. Green sunfish are appropriate 
in small midwestern streams; creek chubs were suggested for central Appalachian streams; common 
carp were suitable for a cool-water Oregon river; white suckers were selected in the Northeast and 
Colorado where green sunfish are rare to absent; and dace (Rhinichthys species) were used in 
southern Ontario. To avoid weighting the metric on a single species, Karr et al. (1986) and Ohio 
EPA (1987) suggest using a small number of highly tolerant species. Scoring of this metric may 
require development of expectations based on water body size. 

Trophic Composition Metrics 

These three metrics assess the quality of the energy base and trophic dynamics of the community. 
Traditional process studies, such as community production and respiration, are time-consuming, 
and the results are equivocal; distinctly different situations can yield similar results. The trophic 
composition metrics offer a means to evaluate the shift toward more generalized foraging that 
typically occurs with increased degradation of the physicochemical habitat. 

Metric 7. Proportion of individuals as omnivores — Substitutes: proportion of individuals as 
yearlings. 

The percent of omnivores in the community increases as the physical and chemical habitat 
deteriorates. Omnivores are defined as species that consistently feed on substantial proportions of 
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plant and animal material. Ohio EPA (1987) excludes sensitive filter-feeding species such as paddle
fish and lamprey ammocoetes and opportunistic feeders like channel catfish. Where omnivorous 
species are nonexistent, such as in trout streams, the proportion of the community composed of 
yearlings, which initially feed omnivorously, may be substituted. 

Metric 8. Proportion of individuals as insectivorous cyprinids — Substitutes: proportion of 
individuals as insectivores, specialized insectivores, and insectivorous species; and number of 
juvenile trout. 

Insectivores or invertivores are the dominant trophic guild of most North American surface 
waters. As the invertebrate food source decreases in abundance and diversity due to physicochemical 
habitat deterioration, there is a shift from insectivorous to omnivorous fish species. Generalized 
insectivores and opportunistic species, such as blacknose dace and creek chub, were excluded from 
this metric by the Ohio EPA (1987). This metric evaluates the midrange of biotic integrity. 

Metric 9. Proportion of individuals as top carnivores — Substitutes: proportion of individu
als as catchable salmonids, catchable wild trout, and pioneering species. 

The top carnivore metric discriminates between systems with high and moderate integrity. Top 
carnivores are species that, as adults, feed predominantly on fish, other vertebrates, or crayfish. 
Occasional piscivores, such as creek chub and channel catfish, are not included. In trout streams, 
where true piscivores are uncommon, the percent of large salmonids is substituted for percent 
piscivores. These species often represent popular sport fish such as bass, pike, walleye, and trout. 
Pioneering species are used by Ohio EPA (1987) in headwater streams typically lacking piscivores. 

Fish Abundance and Condition Metrics 

The last three metrics (plus the final optional matrix) indirectly evaluate population recruitment 
mortality, condition, and abundance. Typically, these parameters vary continuously and are time
consuming to estimate accurately. Instead of such direct estimates, the final results of the population 
parameters are evaluated. Indirect estimation is less variable and much more rapidly determined. 

Metric 10. Number of individuals in sample — Substitutes: density of individuals. 
This metric evaluates population abundance and varies with region and stream size for small 

streams. It is expressed as catch per unit effort, either by area, distance, or time sampled. Generally 
sites with lower integrity support fewer individuals, but in some nutrient-poor regions, enrichment 
increases the number of individuals. Steedman (1988) addressed this situation by scoring catch per 
minute of sampling greater than 25 as a three, and less than 4 as a one. Unusually low numbers 
generally indicate toxicity, making this metric most useful at the low end of the biological integrity 
scale. Hughes and Gammon (1987) suggest that in larger streams, where sizes of fish may vary in 
orders of magnitude, total fish biomass may be an appropriate substitute or additional metric. 

Metric 11. Proportion of individuals as hybrids — Substitutes: proportion of individuals as 
introduced species, simple lithophils, and number of simple lithophilic species. 

This metric is an estimate of reproductive isolation or the suitability of the habitat for repro
duction. Generally, as environmental degradation increases, the percent of hybrids and introduced 
species also increases, but the proportion of simple lithophils decreases. However, minnow hybrids 
are found in some high-quality streams; hybrids are often absent from highly impacted sites; and 
hybridization is rare and difficult for many to detect. Thus, Ohio EPA (1987) substitutes simple 
lithophils for hybrids. Simple lithophils spawn where their eggs can develop in the interstices of 
sand, gravel, and cobble substrates without parental care. Hughes and Gammon (1987) and Miller 
et al. (1988) proposed using percent introduced individuals. This metric is a direct measure of the 
loss of species segregation between midwestern and western fishes that existed before the intro
duction of midwestern species to western rivers. 
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Metric 12. Proportion of individuals with disease, tumors, fin damage, and skeletal anomalies 
— this metric depicts the health and condition of individual fish. These conditions occur infrequently 
or are absent from minimally impacted reference sites but occur frequently below major pollutant 
sources. They are excellent measures of the subacute effects of chemical pollution and the aesthetic 
value of game and nongame fish. 

Metric 13. Total fish biomass (optional) — Hughes and Gammon (1987) suggest that in larger 
areas, where sizes of fish may vary in orders of magnitude, this additional metric may be appropriate. 

Because the IBI is an adaptable index, the choice of metrics and scoring criteria is best developed 
on a regional basis through use of available publications (Karr et al. 1986; Ohio EPA 1987; Miller 
et al. 1988). Several steps are common to all regions. The fish species must be listed and assigned 
to trophic and tolerance guilds. Scoring criteria are developed through use of high-quality historical 
data and data from minimally impacted regional reference sites. This has been done for much of 
the country, but continued refinements are expected as more fish community ecology data become 
available. Once scoring criteria have been established, a fish sample is evaluated by listing the 
species and their abundances, calculating values for each metric, and comparing these values with 
the scoring criteria. Individual metric scores are added to calculate the total IBI score (Figure C.3). 

Figure C.3 	 Data summary sheet for Rapid Bioassessment Protocol V. (From EPA. Rapid Bioassessment 
Protocols for Use in Streams and Rivers: Benthic Macroinvertebrates and Fish. Office of Water, 
U.S. Environmental Protection Agency. Washington, D.C. EPA 444/4-89/001. 1989.) 
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Hughes and Gammon (1987) and Miller et al. (1988) suggest that scores lying at the extremes of 
scoring criteria can be modified by a plus or minus; a combination of three pluses or three minuses 
results in a two-point increase or decrease in IBI. Ohio EPA (1987) scores proportional metrics 
as 1 when the number of species and individuals in samples are fewer than 6 and 75, respectively, 
when their expectations are of higher numbers. 

Table C.1 	 Tolerance, Trophic Guilds, and Origins of Selected Fish 
Species 

Trophic Level Tolerance Origin 

Willamette Species 

Salmonidae 
Chinook salmon 
Cutthroat trout 
Mountain whitefish 
Rainbow trout 

Cyprinidae 
Chiselmouth 
Common carp 
Goldfish 
Leopard dace 
Longnose dace 
Northern squawfish 
Peamouth 
Redside shiner 
Speckled dace 

Catostomidae 
Largescale sucker 
Mountain sucker 

Ictaluridae 
Brown bullhead 
Yellow bullhead 

Percopsidae 
Sand roller 

Gasterosteidae 
Threespine stickleback 

Centrarchidae 
Bluegill 
Largemouth bass 
Smallmouth bass 
White crappie 

Percidae 
Yellow perch 

Cottidae 
Paiute sculpin 
Prickly sculpin 
Reticulate sculpin 
Torrent sculpin 

Petromyzontidae 
Silver lamprey 
Northern brook lamprey 
Mountain brook lamprey 
Ohio lamprey 
Least brook lamprey 
Sea lamprey 

Polyodontidae 
Paddlefish 

piscivore intolerant native 
insectivore intolerant native 
insectivore intolerant native 
insectivore intolerant native 

herbivore intermediate native 
omnivore tolerant exotic 
omnivore tolerant exotic 
insectivore intermediate native 
insectivore intermediate native 
piscivore tolerant native 
insectivore intermediate native 
insectivore intermediate native 
insectivore intermediate native 

omnivore tolerant native 
herbivore intermediate native 

insectivore tolerant exotic 
insectivore tolerant exotic 

insectivore intermediate native 

insectivore intermediate native 

insectivore tolerant exotic 
piscivore tolerant exotic 
piscivore intermediate exotic 
insectivore tolerant exotic 

insectivore intermediate exotic 

insectivore intolerant native 
insectivore intermediate native 
insectivore tolerant native 
insectivore intolerant native 

Midwest Species 

piscivore intermediate native 
filterer intolerant native 
filterer intolerant native 
piscivore intolerant native 
filterer intermediate native 
piscivore intermediate exotic 

filterer intolerant native 
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Table C.1 	 Tolerance, Trophic Guilds, and Origins of Selected Fish 
Species (continued) 

Trophic Level Tolerance Origin 

Acipenseridae 
Lake sturgeon invertivore intermediate native 
Shovelnose sturgeon insectivore intermediate native 

Lepisosteidae 
Alligator gar piscivore intermediate native 
Shortnose gar piscivore intermediate native 
Spotted gar piscivore intermediate native 
Longnose gar piscivore intermediate native 

Amiidae 
Bowfin piscivore intermediate native 

Hiodontidae 
Goldeye insectivore intolerant native 
Mooneye insectivore intolerant native 

Clupeidae 
Skipjack herring piscivore intermediate native 
Alewife invertivore intermediate exotic 
Gizzard shad omnivore intermediate native 
Threadfin shad omnivore intermediate native 

Salmonidae 
Brown trout insectivore intermediate exotic 
Rainbow trout insectivore intermediate exotic 
Brook trout insectivore intermediate native 
Lake trout piscivore intermediate native 
Coho salmon piscivore intermediate exotic 
Chinook salmon piscivore intermediate exotic 
Lake herring piscivore intermediate native 
Lake whitefish piscivore intermediate native 

Osmeridae 
Rainbow smelt invertivore intermediate exotic 

Umbridae 
Central mudminnow insectivore tolerant native 

Esocidae 
Grass pickerel piscivore intermediate native 
Chain pickerel piscivore intermediate native 
Northern pike piscivore intermediate native 
Muskellunge piscivore intermediate native 

Cyprinidae 
Common carp omnivore tolerant exotic 
Goldfish omnivore tolerant exotic 
Golden shiner omnivore tolerant native 
Horneyhead chub insectivore intolerant native 
River chub insectivore intolerant native 
Silver chub insectivore intermediate native 
Bigeye chub insectivore intolerant native 
Streamline chub insectivore intolerant native 
Gravel chub insectivore intermediate native 
Speckled chub insectivore intolerant native 
Blacknose dace generalist tolerant native 
Longnose dace insectivore intolerant native 
Creek chub generalist tolerant native 
Tonguetied minnow insectivore intolerant native 
Suckermouth minnow insectivore intermediate native 
Southern redbelly dace herbivore intermediate native 
Redside dace insectivore intolerant native 
Pugnose minnow insectivore intolerant native 
Emerald shiner insectivore intermediate native 
Silver shiner insectivore intolerant native 
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Table C.1 	 Tolerance, Trophic Guilds, and Origins of Selected Fish 
Species (continued) 

Trophic Level Tolerance Origin 

Cyprinidae 
Rosyface shiner insectivore intolerant native 
Redfin shiner insectivore intermediate native 
Rosefin shiner insectivore intermediate native 
Striped shiner insectivore intermediate native 
Common shiner insectivore intermediate native 
River shiner insectivore intermediate native 
Spottail shiner insectivore intermediate native 
Blackchin shiner insectivore intolerant native 
Bigeye shiner insectivore intolerant native 
Steelcolor shiner insectivore intermediate native 
Spotfin shiner insectivore intermediate native 
Bigmouth shiner insectivore intermediate native 
Sand shiner insectivore intermediate native 
Mimic shiner insectivore intolerant native 
Ghost shiner insectivore intermediate native 
Blacknose shiner insectivore intolerant native 
Pugnose shiner insectivore intolerant native 
Silverjaw minnow insectivore intermediate native 
Mississippi silvery minnow herbivore intermediate native 
Bullhead minnow omnivore intermediate native 
Bluntnose minnow omnivore tolerant native 
Fathead minnow omnivore tolerant native 
Central stoneroller herbivore intermediate native 
Popeye shiner insectivore intolerant native 
Grass carp herbivore intermediate exotic 
Red shiner omnivore intermediate native 
Brassy minnow omnivore intermediate native 
Central silvery minnow herbivore intolerant native 

Catostomidae 
Blue sucker insectivore intolerant native 
Bigmouth buffalo insectivore intermediate native 
Black buffalo insectivore intermediate native 
Smallmouth buffalo insectivore intermediate native 
Quillback omnivore intermediate native 
River carpsucker omnivore intermediate native 
Highfin carpsucker omnivore intermediate native 
Silver redhorse insectivore intermediate native 
Black redhorse insectivore intolerant native 
Golden redhorse insectivore intermediate native 
Shorthead redhorse insectivore intermediate native 
Greater redhorse insectivore intolerant native 
River redhorse insectivore intolerant native 
Harelip sucker invertivore intolerant native 
Northern hog sucker insectivore intolerant native 
White sucker omnivore tolerant native 
Longnose sucker insectivore intermediate native 
Spotted sucker insectivore intermediate native 
Lake chubsucker insectivore intermediate native 
Creek chubsucker insectivore intermediate native 

Ictaluridae 
Blue catfish piscivore intermediate native 
Channel catfish generalist intermediate native 
White catfish insectivore intermediate native 
Yellow bullhead insectivore intolerant native 
Brown bullhead insectivore intolerant native 
Black bullhead insectivore tolerant native 
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Table C.1 	 Tolerance, Trophic Guilds, and Origins of Selected Fish 
Species (continued) 

Trophic Level Tolerance Origin 

Ictaluridae 
Flathead catfish piscivore intermediate native 
Stonecat insectivore intolerant native 
Mountain madtom insectivore intolerant native 
Slender madtom insectivore intolerant native 
Freckled madtom insectivore intermediate native 
Northern madtom insectivore intolerant native 
Scioto madtom insectivore intolerant native 
Brindled madtom insectivore intolerant native 
Tadpole madtom insectivore intermediate native 

Anguillidae 
American eel piscivore intolerant native 

Cyprinodontidae 
Western banded killifish insectivore intolerant native 
Eastern banded killifish insectivore tolerant native 
Blackstripe topminnow insectivore intermediate native 

Poeciliidae 
Mosquitofish insectivore intermediate exotic 

Gadidae 
Burbot piscivore intermediate native 

Percopsidae 
Trout-perch insectivore intermediate native 

Aphredoderidae 
Pirate perch insectivore intermediate native 

Atherinidae 
Brook silverside insectivore intermediate native 

Percichthyidae 
White bass insectivore intermediate native 
Striped bass insectivore intermediate exotic 
White perch insectivore intermediate exotic 
Yellow bass insectivore intermediate native 

Centrarchidae 
White crappie invertivore intermediate native 
Black crappie invertivore intermediate native 
Rock bass piscivore intermediate native 
Smallmouth bass piscivore intermediate native 
Spotted bass piscivore intermediate native 
Largemouth bass piscivore intermediate native 
Warmouth invertivore intermediate native 
Green sunfish invertivore tolerant native 
Bluegill insectivore intermediate native 
Orangespotted sunfish insectivore intermediate native 
Longear sunfish insectivore intolerant native 
Redear sunfish insectivore intermediate native 
Pumpkinseed insectivore intermediate native 

Percidae 
Sauger piscivore intermediate native 
Walleye piscivore intermediate native 
Yellow perch piscivore intermediate native 
Dusky darter insectivore intermediate native 
Blackside darter insectivore intermediate native 
Longhead darter insectivore intolerant native 
Slenderhead darter insectivore intolerant native 
River darter insectivore intermediate native 
Channel darter insectivore intolerant native 
Gilt darter insectivore intolerant native 
Logperch insectivore intermediate native 
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Table C.1 	 Tolerance, Trophic Guilds, and Origins of Selected Fish 
Species (continued) 

Trophic Level Tolerance Origin 

Percidae 
Crystal darter insectivore intolerant native 
Eastern sand darter insectivore intolerant native 
Western sand darter insectivore intolerant native 
Johnny darter insectivore intermediate native 
Greenside darter insectivore intermediate native 
Banded darter insectivore intolerant native 
Variegate darter insectivore intolerant native 
Spotted darter insectivore intolerant native 
Bluebreast darter insectivore intolerant native 
Tippecanoe darter insectivore intolerant native 
Iowa darter insectivore intermediate native 
Rainbow darter insectivore intermediate native 
Orangethroat darter insectivore intermediate native 
Fantail darter insectivore intermediate native 
Least darter insectivore intermediate native 
Slough darter insectivore intermediate native 

Sciaenidae 
Freshwater drum invertivore intermediate native 

Cottidae 
Spoonhead sculpin insectivore intermediate native 
Mottled sculpin insectivore intermediate native 
Slimy sculpin insectivore intermediate native 
Deepwater sculpin insectivore intermediate native 

Gasterosteidae 
Brook stickleback insectivore intermediate native 

From EPA. Rapid Bioassessment Protocols for Use in Streams and Rivers: 
Benthic Macroinvertebrates and Fish. Office of Water, U.S. Environmental 
Protection Agency. Washington, D.C. EPA 444/4-89/001. 1989. 

Table C.2 National List of Intolerant Fish Speciesa 

Common Name Latin Name 

Cisco

Arctic cisco

Lake whitefish

Bloater

Kiyi

Bering cisco

Broad whitefish

Humpback whitefish

Hortnose cisco

Least cisco

Shortjaw cisco

Pink salmon

Chum salmon

Coho salmon

Sockeye salmon

Chinook salmon

Pygmy whitefish

Round whitefish

Mountain whitefish

Golden trout

Arizona trout

Cutthroat trout


Coregonus artedii .
Coregonus autumnalis .
Coregonus clupeaformis .
Coregonus hoyi .
Coregonus kiyi .
Coregonus laurettae .
Coregonus nasus .
Coregonus pidschian .
Coregonus reighardi .
Coregonus sardinella .
Coregonus zenithicus .
Oncorhynchus gorbuscha .
Oncorhynchus keta .
Oncorhynchus kisutch .
Oncorhynchus nerka .
Oncorhynchus tshawytscha .
Prosopium coulteri .
Prosopium cylindraceum .
Prosopium williamsoni .
Salmo aguabonita .
Salmo apache .
Salmo clarki .
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Table C.2 National List of Intolerant Fish Speciesa (continued) 

Common Name Latin Name 

Rainbow trout

Atlantic salmon

Brown trout

Arctic char

Bull trout

Brook trout

Dolly varden

Lake trout

Inconnu

Arctic grayling

Largescale stoneroller

Redside dace

Cutlips minnow

Bigeye chub

River chub

Pallid shiner

Pugnose shiner

Rosefin shiner

Bigeye shiner

Pugnose minnow

Whitetail shiner

Blackchin shiner

Blacknose shiner

Spottail shiner

Sailfin shiner

Tennessee shiner

Yellowfin shiner

Ozark minnow

Ozark shiner

Silver shiner

Duskystripe shiner

Rosyface shiner

Safron shiner

Flagfin shiner

Telescope shiner

Topeka shiner

Mimic shiner

Steelcolor shiner

Coosa shiner

Bleeding shiner

Bandfin shiner

Blackside dace

Northern redbelly dace

Southern redbelly dace

Blacknose dace

Pearl dace

Alabama hog sucker

Northern hog sucker

Roanoke hog sucker

Spotted sucker

Silver redhorse

River redhorse

Black jumprock

Gray redhorse

Black redhorse

Rustyside sucker

Greater jumprock

Blacktail redhorse


Salmo gairdneri/O. mykiss .
Salmo salar .
Salmo trutta .
Salvelinus alpinus .
Salvelinus confluentus .
Salvelinus fontinalis .
Salvelinus malma .
Salvelinus namaycush .
Stenodus leucichthys .
Thymallus arcticus .
Campostoma oligolepis .
Clinostomus elongatus .
Exoglossum maxillingua .
Hybobsis amblops .
Nocomis micropogon .
Notropis amnis .
Notropis anogenus .
Notropis ardens .
Notropis boops .
Notropis emiliae .
Notropis galacturus .
Notropis heterodon .
Notropis heterloepis .
Notropis hudsonius .
Notropis hypselopterus .
Notropis leuciodus .
Notropis lutipinnis .
Notropis nubilus .
Notropis ozarcanus .
Notropis photogenis .
Notropis pilsbryi .
Notropis rubellus .
Notropis rubricroceus .
Notropis signipinnis .
Notropis telescopus .
Notropis topeka .
Notropis volucellus .
Notropis whipplei .
Notropis zaenocephalus .
Notropis zonatus .
Notropis zonistius .
Phoxinus cumberlandensis .
Phoxinus eos .
Phoxinus erythrogaster .
Rhinichthys atratulus .
Semotilus margarita .
Hypentelium etowanum .
Hypentelium nigricans .
Hypentelium roanokense .
Minytrema melanops .
Moxostoma anisurum .
Moxostoma carinatum .
Moxostoma cervinum .
Moxostoma congestum .
Moxostoma duquesnei .
Moxostoma hamiltoni .
Moxostoma lachneri .
Moxostoma poecilurum .
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Table C.2 National List of Intolerant Fish Speciesa (continued) 

Common Name Latin Name 

Torrent sucker

Striped jumprock

Greater redhorse

Ozark madtom

Elegant madtom

Mountain madtom

Slender madtom

Stonecat

Black madtom

Least madtom

Margined madtom

Speckled madtom

Brindled madtom

Frecklebelly madtom

Brown madtom

Roanoke bass

Ozark rockbass

Rock bass

Longear sunfish

Dartersa


Dartersa


Dartersa


Sculpinsa


O’opu alamoo (goby)

O’opu nopili (goby)

O’opu nakea (goby)

Johnny darter

Bluntnose darter

Slough darter

Cypress darter

Orangethroat darter

Swamp darter

River darter


Moxostoma rhothoecum .
Moxostoma rupiscartes .
Moxostoma valenciennesi .
Noturus albater .
Noturus elegans .
Noturus eleutherus .
Noturus exilis .
Noturus flavus .
Noturus funebris .
Noturus hildebrandi .
Noturus insignis .
Noturus leptacanthus .
Noturus miurus .
Noturus minitus .
Noturus phaeus .
Ambloplites cavifrons .
Ambloplites constellatus .
Ambloplites rupestris .
Lepomis megalotis .
Ammocrypta sp.

Etheostoma sp.

Percina sp.

Cottus sp.

Lentipes concolor .
Sicydium stimpsoni .
Awaous stamineus .
Etheostoma nigrum .
E. chlorosomum .
E. gracile .
E. proeliare .
E. spectabile .
E. fusiforme .
Percina shumardi .

a Reader note that there are inconsistencies between some tolerance 
rankings with Table C.1 (UEPA 1989). 

b The United States has 150 species of darters and sculpins, the great 
majority of which are intolerant species. Possible exceptions include: 

From EPA. Methods for Chemical Analysis of Water and Wastes. EPA
600/4-79-020, U.S. Environmental Protection Agency, Cincinnati, Ohio. 
1983b. 
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GENERAL TOXICITY TESTING METHODS 

There are a large number of toxicity and bioaccumulation test methods that can be used in 
laboratory or field (in situ) settings. The strengths and weaknesses of the two settings were discussed 
in Chapter 6. The toxicity test methods most commonly used in North America are those required 
by the EPA and state environmental protection agencies, such as Pimephales promelas and 
Ceriodaphnia dubia for wastewater effluent testing. While these tests have been used successfully 
to evaluate stormwaters, there are also other options that may be acceptable to the regulatory 
authorities, since they have been found useful in the scientific peer-reviewed literature. In addition, 
there are many standardized test methods approved by Environment Canada (Table D.1) and ASTM 
(Table D.2) that are often quite similar to U.S. EPA procedures. Only a few examples are listed 
below to help familiarize the user with the procedures and associated quality assurance issues. The 
project manager should verify that the appropriate test methods are being used to meet any 
regulatory requirements. These tests should only be conducted by laboratories with documented 
experience in aquatic toxicology. Given the potential for sampling and method-related artifacts 
(Chapters 5 and 6), it is important that the project manager ensure that proper study design, sample 
collection, and testing protocols are adhered to. The categories of assessment tools that are useful 
in receiving water assessments are shown in Table D.3. The methods recommended for screening 
are listed on Tables D.4 through D.14. 

METHODS FOR CONDUCTING LONG-TERM SEDIMENT TOXICITY TESTS 
WITH HYALELLA AZTECA 

The EPA recently finalized methods for long-term chronic toxicity testing of sediments (EPA 
2000). These methods have not been widely used but have been found to be more sensitive to 
sediment contaminants than the 10-day assays. In addition, they were found to have acceptable 
levels of variability based on interlaboratory variance studies. Since these assays require 42 days 
and longer to run, they are somewhat costly to perform. Conditions for evaluating sublethal 
endpoints in a sediment toxicity test with H. azteca are summarized in Table D.15. A general 
activity schedule is outlined in Table D.16. 

The 42-day sediment toxicity test with H. azteca is conducted at 23°C with a 16L:8D photo
period at an illuminance of about 500 to 1000 lux. Test chambers are 300-mL high-form lipless 
beakers containing 100 mL of sediment and 175 mL of overlying water. Amphipods in each test 
chamber are fed 1.0 mL of YCT daily. Each test chamber receives two volume additions/day of 
overlying water. 

A total of 12 replicates, each containing ten 7- to 8-d-old amphipods are tested for each sample. 
For the total of 12 replicates, the assignment of beakers is as follows: 12 replicates are set up on 
Day –1, of which 4 replicates are used for 28-day growth and survival endpoints and 8 replicates 
for measurement of survival and reproduction on Day 35, and survival, reproduction, or growth on 
Day 42. 

Placement of Sediment into Test Chambers 

The day before the sediment test is started (Day –1), each sediment is thoroughly homogenized 
and added to the test chambers. Sediment is visually inspected to judge the degree of homogeneity. 

Each test chamber will contain the same amount of sediment, determined by volume. Overlying 
water is added to the chambers on Day –1 in a manner that minimizes suspension of sediment. 
Renewal of overlying water is started on Day –1. A test begins when the organisms are added to 
the test chambers (Day 0). Hardness, alkalinity, and ammonia concentrations in the water above 
the sediment within a treatment should not vary by more than 50% during the test. 
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Table D.1 	 Status Report — Environment Canada Biological Test Method Development Programa (Revised 
December 1999) 

Test Method / Supporting Guidance Documents Status Publication Date Report Number 

Universal Test Methods 

1. Acute Lethality Test Using Rainbow Trout 
2. 	 Acute Lethality Test Using Threespine 

Stickleback 
3. Acute Lethality Test Using Daphnia spp. 
4. 	 Test of Reproduction and Survival Using the 

Cladoceran Ceriodaphnia dubia 
5. 	 Test of Larval Growth and Survival Using 

Fathead Minnows 
6. 	 Toxicity Test Using Luminescent Bacteria 

(Photobacterium phosphoreum) 
7. 	 Growth Inhibition Test Using the Freshwater 

Alga (Selenastrum capricornutum) 
8. 	 Acute Test for Sediment Toxicity Using 

Marine or Estuarine Amphipods 
9. 	 Fertilization Assay with Echinoids (Sea 

Urchins and Sand Dollars) 
10. 	 Early Life-Stage Toxicity Tests Using 

Salmonid Fish (Rainbow Trout) – Second 
Edition 

11. 	 Survival and Growth in Sediment Using 
Freshwater Midge Larvae Chironomus 
tentans or riparius 

12. 	 Survival and Growth in Sediment Using the 
Freshwater Amphipod Hyalella azteca 

13. 	 Test for Measuring the Inhibition of Growth 
Using the Freshwater Macrophyte Lemna 
minor 

14. 	 Survival and Growth in Sediment Using 
Estuarine or Marine Polychaete Worms 

Published July 1990 EPS 1/RM/9 
Published July 1990 EPS 1/RM/10 

Published July 1990 EPS 1/RM/11 
Published February 1992 EPS 1/RM/21 

Published February 1992 EPS 1/RM/22 

Published October 1992 EPS 1/RM/24 

Published November 1992 EPS 1/RM/25 

Published December 1992 EPS 1/RM/26 

Published December 1992 EPS 1/RM/27 

Published July 1998 EPS 1/RM/28 

Published December 1997 EPS 1/RM/32 

Published December 1997 EPS 1/RM/33 

Published March 1999 EPS 1/RM/37 

Final draft Early 2001 — 
in preparation 

Reference Methods 

1. 	 Reference Method for Determining Acute Published July 1990 EPS 1/RM/13 
Lethality of Effluents to Rainbow Trout 

2. 	 Reference Method for Determining Acute Published July 1990 EPS 1/RM/14 
Lethality of Effluents to Daphnia magna 

3. 	 Reference Method for Determining Acute Published  1999 EPS 1/RM/35 
Lethality of Sediment to Estuarine or Marine 
Amphipods 

Supporting Guidance Documents 

1. 	 Control of Toxicity Test Precision Using 
Reference Toxicants 

2. 	 Collection and Preparation of Sediment for 
Physicochemical Characterization and 
Biological Testing 

3. 	 Measurement of Toxicity Test Precision 
Using Control Sediments Spiked with a 
Reference Toxicant 

4. 	 Application and Interpretation of Single-
Species Test Data in Environmental 
Toxicology 

5. 	 Statistics for the Determination of Toxicity 
Test Endpoints 

Published August 1990 EPS 1/RM/12 

Published December 1994 EPS 1/RM/29 

Published September 1995 EPS 1/RM/30 

Final version Spring 2000 EPS 1/RM/34 
in preparation 

Second draft Early 2001 — 
in preparation 

a 	Documents available in French and English, copies of published documents can be obtained from EPS 
Publication Section, ETAD, Environment Canada, Fax: (819)953-7253) Tel: (819)953-5921. 
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Table D.2 ASTM Standards on Toxicity Testing 

Std. No. 

Aquatic Toxicity Testing — Water 

General 
E 1850-97 Guide for Selection of Resident Species as Test Organisms for Aquatic and Sediment Toxicity Tests 

E 1203-98 Practice for Using Brine Shrimp Nauplii as Food for Test Animals in Aquatic Toxicity 

E 1733-95 Guide for Use of Light in Laboratory Testing 

Phytoplankton 

D 3978-80 Practice for Algal Growth Potential Testing with Selenastrum capricornutum 

E1218-97a Guide for Conducting Static 96-hour Toxicity Testing with Microalgae 

E1913-97 Guide for Conducting Toxicity Tests with Bioluminescent Dinoflagellates 

Plant 
E 1841-96 Guide for Conducting Renewal Phytotoxicity Tests with Freshwater Emergent Macrophytes 
E 1498-92 (1998) Guide for Conducting Sexual Reproduction Tests with Seaweeds 
E 1415-91 (1998) Guide for Conducting Static Toxicity Tests with Lemna gibba G3 
E 1913-97 	 Guide for Conducting Static, Axenic, 14-Day Phytotoxicity Tests in Test Tubes with the Submerged 

Aquatic Macrophyte, Myriophyllum sibiricum Komarov 
Invertebrates 
E 1440-91 (1998) Guide for Acute Toxicity Test with the Rotifer Brachionus 
E 1562-94 Guide for Conducting Acute, Chronic, and Life Cycle Aquatic Toxicity Tests with Polychaetous 

Annelids 
E 724-98 	 Guide for Conducting Static Acute Toxicity Tests Starting with Embryos of Four Species of 

Saltwater Bivalve Molluscs 
E 1193-97 Guide for Conducting Daphnia magna Life Cycle Toxicity Tests 
E 1191-97 Guide for Conducting Life-Cycle Toxicity Tests with Saltwater Mysids 
E 1463-92 (1998) 	 Guide for Conducting Static and Flow-Through Acute Toxicity Tests with Mysids from the West 

Coast of the United States 
E 1295-89 (1995) Guide for Conducting Three-Brood, Renewal Toxicity Tests with Ceriodaphnia dubia 
E 1563-98 Guide for Conducting Static Acute Toxicity Tests with Echinoid Embryos 
Vertebrate 
E 729-96 Guide for Conducting Acute Toxicity Tests on Test Materials with Fishes, Macroinvertebrates, and 

Amphibians 
E 1192-97 Guide for Conducting Acute Toxicity Tests on Aqueous Ambient Samples and Effluents with Fishes, 

Macroinvertebrates, and Amphibians 
E 1241-98 Guide for Conducting Early Life-Stage Toxicity Tests with Fishes 
E 1439-98 Guide for Conducting the Frog Embryo Teratogenesis Assay-Xenopus (Fetax) 
General 
E 1022-94 Practice for Conducting Bioconcentration Tests with Fishes and Saltwater Bivalve Molluscs 
E 1242-97 Practice for Using Octanol-Water Partition Coefficient to Estimate Median Lethal Concentrations 

for Fish Due to Narcosis 
Microcosm 
E 1366-96 Practice for Standardized Aquatic Microcosm; Freshwater 
Behavior 
E 1604-94 Guide for Behavioral Testing in Aquatic Toxicology 

E 1711-95 Guide for Measurement of Behavior during Fish Toxicity Tests 

E 1768-95 Guide for Ventilatory Behavioral Toxicology Testing of Freshwater Fishes 


Aquatic Toxicity Testing — Sediment 

General 
E 1391-94 Guide for Collection, Storage, Characterization, and Manipulation of Sediments for Toxicological 

Testing 
E 1525-94a Guide for Designing Biological Tests with Sediments 
Marine Sediment Toxicity Tests 
E 1611-94 Guide for Conducting Sediment Toxicity Tests with Marine and Estuarine Polychaetous Annelids 
E 1367-99 Guide for Conducting 10-day Static Sediment Toxicity Tests with Marine and Setuarine Amphipods 
E 1688-97a Guide for Determination of the Bioaccumulation of Sediment-Associated Contaminates by Benthic 

Invertebrates 
Freshwater Sediment Toxicity Tests 
E 1706-95b Test Methods for Measuring the Toxicity of Sediment-Associated Contaminants with Fresh Water 

Invertebrates 
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Table D.3 Toxicity and Bioaccumulation Testing Categories 

Site Type Assay Media Organisms (Examples) 

Laboratory Acute/Screening Toxicity Low Flow P. promelas, C. dubia, Daphnia magna 
Short-term Chronic High Flow 

Outfalls 
Acute or Chronic Sediments Hyalella azteca, Chironomus tentans, 

Chironomus riparius 
Bioaccumulation Sediments Lumbriculus variegatus 

Field Acute to Chronic Toxicity Low Flow P. promelas, C. dubia, D. magna, H. azteca, 
High Flow Gammarus, C. tentans, or C. riparius, bivalves 
Mixing Zones 
Sediment H. azteca, Gammarus, C. tentans or 

C. riparius, P. promelas, D. magna, Bivalves 
Bioaccumulation Low Flow Lumbriculus variegatus, bivalves, fish 

High Flow 
Mixing Zones 
Sediment 

Bioaccumulation Surrogate 	 Low Flow Semipermeable membrane devices 
High Flow 
Mixing Zones 
Interstitial water? 

Acclimation 

Test organisms are cultured and tested at the same temperature. Test organisms are cultured in 
the same water that is used in testing, as recommended by EPA (EPA 1994); therefore, no accli
mation will be necessary. 

Placing Organisms in Test Chambers 

Amphipods are introduced into the overlying water below the air–water interface. Weight is 
measured on a subset of 20 amphipods used to start the test. 

Feeding 

For each beaker, 1.0 mL of YCT is added daily from Day 0 to Day 42. The amount of food 
added to the test chambers is kept to a minimum to avoid microbial growth and water fouling. If 
excess food collects on the sediment, a fungal or bacterial growth may develop on the sediment 
surface, in which case feeding is suspended for 1 or more days. A drop in dissolved oxygen below 
2.5 mg/L during a test may indicate that the food added is not being consumed. Feeding is suspended 
for the amount of time necessary to increase the dissolved oxygen concentration. If feeding is 
suspended in one treatment, it should be suspended in all treatments. Detailed records of feeding 
rates and the appearance of the sediment surface are made daily. 

Monitoring a Test 

All chambers are checked daily and observations made to assess test organism behavior such 
as sediment avoidance. However, monitoring effects on burrowing activity of test organisms may 
be difficult because the test organisms are often not visible during the exposure. The operation of 
the exposure system is monitored daily. 

Measurement of Overlying Water Quality Characteristics 

Conductivity, hardness, alkalinity, and ammonia is measured in all treatments at the beginning 
and at the end of the sediment exposure portion of the test. Water quality characteristics are also 
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Table D.4 	 Recommended Toxicity Test Conditions and Test Acceptability Criteria for Ceriodaphnia dubia 
Screening and Definitive Acute Tests 

Test Conditions Recommended 

1. Test type: 
2. Test duration: 
3. Temperature: 
4. Light quality: 
5. Light intensity: 
6. Photoperiod: 
7. Test chamber size: 
8. Test solution volume: 

9. Renewal of test solutions: 
10. Age of test organisms: 
11. No. organisms per test chamber: 
12. No. replicate chambers per concentration: 
13. No. organisms per concentration: 
14. Feeding regime: 

15. Test chamber cleaning: 
16. Test solution aeration: 
17. Dilution water: 

18. Test concentrations: 

19. Dilution series: 

20. Endpoint: 

21. Sampling and sample holding requirements: 

22. Sample volume required: 
23. Test acceptability criterion: 

Static non-renewal, static renewal or flow through 
24, 48, or 96 h 
20°C ± 1°C; or 25°C ± 1°C 
Ambient laboratory illumination 
10–20 µE/m2/s (50–100 ft-c) (ambient laboratory levels) 
16 h light, 8 h darkness 
30 mL (minimum) 
25 mL (minimum) – For whole sediment tests use 5 mL 
sediment, 20 mL water 

Minimum, after 48 h 
Less than 24 h old 
Minimum, 5 for effluent and receiving water tests 
Minimum, 4 for effluent and receiving water tests 
Minimum, 20 for effluent and receiving water tests 
FeedYCT and Selenastrum while holding prior to the test; 
newly-released young should have food available a 
minimum of 2 h prior to use in a test; add 0.1 mL each 
of YCT and Selenastrum 2 h prior to test solution renewal 
at 48 h 

Cleaning not required 
None 
Moderately hard synthetic water is prepared using 
MILLIPORE MILLI-Q® or equivalent deionized water and 
reagent grade chemicals or 20% DMW, receiving water, 
groundwater, or synthetic water, modified to reflect 
receiving water hardness 

Effluents: minimum of five effluent concentrations and a 
control 
Receiving waters: 100% receiving water and a control 
Effluents: ≥ 0.5 dilution series 
Receiving Waters: None, or ≥ 0.5 dilution series 
Effluents: Mortality (LC50 or NOAEC) 
Receiving Waters: Mortality (significant difference from 
control) 

Effluents and Receiving Waters: Grab or composite 
samples are used within 36 h of completion of the 
sampling period 

1 L 
90% or greater survival in controls 

measured at the beginning and end of the reproductive phase (Day 29 to Day 42). Conductivity 
will be measured weekly and DO and pH three times/week 

Dissolved oxygen is measured a minimum of three times/week and should be at a minimum 
of 2.5 mg/L. Aeration is used to maintain dissolved oxygen in the overlying water above 2.5 mg/L. 

Temperature is measured at least daily in at least one test chamber from each treatment. The 
daily mean test temperature must be within 1°C of 23°C. The instantaneous temperature must 
always be within 3°C of 23°C. 

Ending a Test 

Endpoints monitored include 28-d survival and growth of amphipods and 35-day and 42-day 
survival, growth, and reproduction (number of young/female) of amphipods. Growth or reproduction 
of amphipods may be a more sensitive toxicity endpoint compared to survival. 

On Day 28, four of the replicate beakers/sediment are sieved with a #40 mesh sieve (425-µm 
mesh; U.S. standard size sieve) to remove surviving amphipods for growth determinations. Growth 
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Table D.5 	 Recommended Toxicity Test Conditions and Test Acceptability Criteria for Daphnia pulex 
and D. magna Screening and Definitive Acute Tests 

Test Conditions Recommended 

1. Test type: 
2. Test duration: 
3. Temperature: 
4. Light quality: 
5. Light intensity: 
6. Photoperiod: 
7. Test chamber size: 
8. Test solution volume: 

9. Renewal of test solutions: 
10. Age of test organisms: 
11. No. organisms per test chamber: 
12. No. replicate chambers per concentration: 
13. No. organisms per concentration: 
14. Feeding regime: 

15. Test chamber cleaning: 
16. Test solution aeration: 
17. Dilution water: 

18. Test concentrations: 

19. Dilution series: 

20. Endpoint: 

21. Sampling and sample holding requirements: 

22. Sample volume required: 
23. Test acceptability criterion: 

Static non-renewal, static renewal or flow through 
24, 48 or 96 h 
20°C ± 1°C; or 25°C ± 1°C 
Ambient laboratory illumination 
10–20 µE/m2/s (50–100 ft-c) (ambient laboratory levels) 
16 h light, 8 h darkness 
30 mL (minimum) 
25 mL (minimum) — for whole sediment tests, use 10 mL, 
sediment, 40 mL water 

Minimum, after 48 h 
Less than 24 h old 
Minimum, 5 for effluent and receiving water tests 
Minimum, 4 for effluent and receiving water tests 
Minimum, 20 for effluent and receiving water tests 
Feed YCT and Selenastrum while holding prior to the 
test; newly released young should have food available 
a minimum of 2 h prior to use in a test; add 0.1 mL each 
of YCT and Selenastrum 2 h prior to test solution 
renewal at 48 h 

Cleaning not required 
None 
Moderately hard synthetic water prepared using 
MILLIPORE MILLI-Q or equivalent deionized water and 
reagent grade chemicals, or 20% DMW, receiving water, 
groundwater, or synthetic water, modified to reflect 
receiving water hardness 

Effluents: minimum of five effluent concentrations and a 
control 

Receiving Waters: 100% receiving water and a control 
Effluents: ≥ 0.5 dilution series 
Receiving Waters: None, or ≥ 0.5 dilution series 
Effluents: Mortality (LC50 or NOAEC) 
Receiving Waters: Mortality (significant difference from 
control) 

Effluents and Receiving Waters: Grab or composite 
samples are used within 36 h of completion of the 
sampling period 

1 L 
90% or greater survival in controls 

of amphipods are reported as weight. Dry weight of amphipods in each replicate are determined 
on Days 28 and 42. Dry weight of amphipods are determined by: (1) transferring rinsed amphipods 
to a preweighed aluminum pan; (2) drying these samples for 24 hours at 60°C; and (3) weighing 
the pan and dried amphipods on a balance to the nearest 0.01 mg. Average dry weight of individual 
amphipods in each replicate is calculated from these data. 

On Day 28, the remaining eight beakers/sediment are sieved and the surviving amphipods in 
each sediment beaker are placed in 300-mL water-only beakers containing 150 to 275 mL of 
overlying water and a 5 × 5 cm piece of Nitex screen or 3M fiber mat. Each water-only beaker 
receives 1.0 mL of YCT stock solution and about two volume additions of water daily. 

Reproduction of amphipods is measured on Day 35 and Day 42 in the water-only beakers by 
removing and counting the adults and young in each beaker. On Day 35, the adults are then returned 
to the same water-only beakers. Adult amphipods surviving on Day 42 are preserved in sugar 
formalin. The number of adult females is determined by simply counting the adult males (mature 
male amphipods will have an enlarged second gnathopod) and assuming all other adults are females. 
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Table D.6 	 RecommendedToxicityTest Conditions and Test Acceptability Criteria for the Fathead Minnow 
(Pimephales promelas) Screening and Definitive Acute Tests 

Test Conditions Recommended 

1. Test type: 
2. Test duration: 
3. Temperature: 
4. Light quality: 
5. Light intensity: 
6. Photoperiod: 
7. Test chamber size: 
8. Test solution volume: 

9. Renewal of test solutions: 
10. Age of test organisms: 
11. No. organisms per test chamber: 
12. No. replicate chambers per concentration: 

13. No. organisms per concentration: 

14. Feeding regime: 

15. Test chamber cleaning: 
16. Test solution aeration: 

17. Dilution water: 

18. Test concentrations: 

19. Dilution series: 

20. Endpoint: 

21. Sampling and sample holding requirements: 

22. Sample volume required: 
23. Test acceptability criterion: 

Static non-renewal, static renewal or flow through 
24, 48 or 96 h 
20°C ± 1°C or 25°C ± 1°C 
Ambient laboratory illumination 
10–20 µE/m2/s (50–100 ft-c) (ambient laboratory levels) 
16 h light, 8 h darkness 
250 mL (minimum) 
200 mL (minimum) — for whole sediment tests, use 
150 mL sediment, 600 mL water 

Minimum, after 48 h 
1–14 days: 24 h range in age 
Minimum, 10 for effluent test 
Minimum, 2 for effluent tests 
Minimum, 4 for receiving water tests 
Minimum, 20 for effluents tests 
Minimum, 40 for receiving waters tests 
Artemia nauplii are made available while holding prior to 
the test; add 0.2 mL Artemia nauplii concentrate 2 h 
prior to test solution renewal at 48 h 

Cleaning not required 
None, unless DO concentration falls below 40% 
saturation; rate should not exceed 100 bubbles/min 

Moderately hard synthetic water prepared using 
MILLIPORE MILLI -Q or equivalent deionized water and 
reagent grade chemicals or 20% DMW, receiving water, 
groundwater, or synthetic water, modified to reflect 
receiving water and hardness 

Effluents: minimum of five effluent concentrations and a 
control 

Receiving Waters: 100% receiving water and a control 
Effluents: ≥ 0.5 dilution series 
Receiving Waters: None, or ≥ 0.5 dilution series 
Effluents: Mortality (LC50 or NOAEC) 
Receiving Waters: Mortality (significant difference from 
control) 

Effluents and Receiving Waters: Grab or composite 
samples are used within 36 h of completion of the 
sampling period 

2 L for effluents and receiving waters 
90% or greater survival in controls 

The number of females is used to determine number of young/female/beaker from Day 28 to Day 
42. Growth will also be measured for these adult amphipods. 

Interpretation of Results 

Endpoints measured in the 42-day H. azteca test include survival (Days 28, 35, and 42), growth 
(Days 28 and 42), and reproduction (number of young/female produced from Days 28 to 42). 
Reproduction is often more variable than growth. Some investigators have shown growth provides 
unique information that can help discriminate toxic effects of exposure to contaminants in sediment, 
while others have not seen differences from survival information. 

On rare occasions, test organism responses in control sediments may exhibit responses which 
are less than reference or test sediments. This may be due to the poor nutritional content of the 
control sediment or other unknown physicochemical factors. Currently, there are no standard control 
sediments which can be strongly recommended for chronic toxicity testing due to a lack of testing 
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Table D.7 	 Recommended Toxicity Test Conditions and Test Acceptability Criteria for the Rainbow Trout 
(Oncorhynchus mykiss) and Brook Trout (Salvelinus fontinalis) Screening and Definitive 
Acute Tests 

Test Conditions Recommended 

1. Test type: 
2. Test duration: 
3. Temperature: 
4. Light quality: 
5. Light intensity: 
6. Photoperiod: 

7. Test chamber size: 

8. Test solution volume: 

9. Renewal of test solutions: 
10. Age of test organisms: 

11. No. organisms per test chamber: 
12. No. replicate chambers per concentration: 

13. No. organisms per concentration: 

14. Feeding regime: 
15. Test chamber cleaning: 
16. Test solution aeration: 

17. Dilution water: 

18. Test concentrations: 

19. Dilution series: 

20. Endpoint: 

21. Sampling and sample holding requirements: 

22. Sample volume required: 

23. Test acceptability criterion: 

Static non-renewal, static-renewal or flow-through 
24, 48 or 96 h 
12 ± 2°C 
Ambient laboratory illumination 
10–20 µE/m2/s (50–100 ft-c) (ambient laboratory levels) 
16 h light, 8 h darkness. Light intensity should be raised 
gradually over a 15 min period at the beginning of the 
photoperiod, and lowered gradually at the end of the 
photoperiod, using a dimmer switch or other suitable 
control device. 

5 L (minimum) (test chamber should be covered to 
prevent fish from jumping out) 

4 L (minimum) — for whole sediment tests, use 80 mL 
sediment, and 320 mL water 

Minimum, after 48 h 
Rainbow Trout: 5–30 days, “24 h (after yolk sac absorption 
to 30 days) 

Brook Trout: 30–60 days 
Minimum, 10 for effluent and receiving water tests 
Minimum, 2 for effluent tests 
Minimum, 4 for receiving water tests 
Minimum, 20 for effluent tests 
Minimum 40 for receiving water tests 
Feeding not required 
Cleaning not required 
None, unless DO concentration falls below 6.0 mg/L; rate 
should not exceed 100 bubbles/min 

Moderately hard synthetic water is prepared using 
MILLIPORE MILLI-Q or equivalent deionized water and 
reagent grade chemicals or 20% DMW, receiving water, 
groundwater, or synthetic water, modified to reflect 
receiving water hardness 

Effluents: minimum of five effluent concentrations and a 
control 

Receiving Waters: 100% receiving water and a control 
Effluents: ≥ 0.5 dilution series 
Receiving Waters: None, or ≥ 0.5 dilution series 
Effluents: Mortality (LC50 or NOAEC) 
Receiving Waters: Mortality (significant difference from 
control) 

Effluents and Receiving Waters: Grab or composite 
samples are used within 36 h of completion of the 
sampling period 

20 L for effluents 
40 L for receiving waters 
90% or greater survival in controls 

and research. Should poor responses be observed in a control sediment, a secondary control or 
reference sediment may be substituted for comparisons of significance. This will not invalidate the 
test, but simply adds some degree of uncertainty in the determination of ecological significance. 

Recently, the U.S. EPA conducted interlaboratory variance testing with the 42-day H. azteca 
assay. In these tests, the draft standard methods were used. The minimum detectable differences 
for amphipod survival at 28 and 42 days ranged from 8 to 12% in moderately contaminated 
sediments. Minimum detectable differences for reproductive endpoints were higher, as expected, 
ranging from 19 to 25%. 
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Table D.8 	 Recommended Toxicity Test Conditions and Test Acceptability Criteria for the Ceriodaphnia 
dubia Survival and Reproduction Test 

Test Conditions Recommended 

1. Test type: 
2. Test duration: 

3. Temperature: 
4. Light quality: 
5. Light intensity: 
6. Photoperiod: 
7. Test chamber size: 
8. Test solution volume: 

9. Renewal of test solutions: 
10. Age of test organisms: 
11. No. neonates per test chamber: 
12. No. replicate test chambers per concentration: 
13. No. neonates per concentration: 
14. Feeding regime: 

15. Test solution aeration: 
16. Dilution water: 

17. Test concentrations: 

18. Dilution factor: 

19. Endpoints: 
20. Sampling and sample holding requirements: 

21. Sample volume required: 
22. Test acceptability criteria: 

Static renewal 
Until 60% of control females have three broods 
(maximum test duration 8 days) 

25 ± 1°C 
Ambient laboratory illumination 
10–20 µE/m2/s (50–100 ft-c) (ambient laboratory levels) 
16 h light, 8 h darkness. 
30 mL (minimum) 
15 mL (minimum) — for whole sediment assays, use 
5 mL sediments and 20 mL water 

Daily 
Less than 24 h and all released within an 8 h period 
1 
10 
10 
Feed 0.1 mL each of YCT and 0.1 mL of algal 
suspension per test chamber daily 

None 
Uncontaminated source of receiving water or other 
natural water, synthetic water prepared using 
MILLIPORE MILLI-Q or equivalent deionized water 
and reagent grade chemicals or DMW 

Effluents: Minimum of five effluent concentrations and 
a control 

Receiving water: 100% receiving water or minimum of 
five concentrations and a control 

Effluents ≥ 0.5 
Receiving waters: None or ≥ 0.5 
Survival and reproduction 
For on-site tests, samples collected daily and used 
within 24 h of the time they are removed from the 
sampling device. For off-site tests, a minimum of three 
samples collected on days one, three, and five with a 
maximum holding time of 36 h before first use 

1 L 
80% or greater survival and an average of 15 or more 
young per surviving female in the control solutions; 
60% of surviving control organisms must produce 
three broods 

METHODS FOR CONDUCTING LONG-TERM SEDIMENT TOXICITY TESTS 
WITH CHIRONOMUS TENTANS 

Conditions for conducting a long-term sediment toxicity test with C. tentans are summarized 
in Table D.17. A general activity schedule is outlined in Table D.18. 

The long-term sediment toxicity test with C. tentans is conducted at 23°C with a 16L:8D 
photoperiod at an illuminance of about 500 to 1000 lux. Test chambers, sediment addition, water 
renewal, and water quality monitoring are as described above for H. azteca. 

A total of 16 replicates, each containing 12, <24-hour-old larvae are tested for each sample. 
For the total of 16 replicates, the assignment of beakers is as follows: initially, 12 replicates are 
set up on Day –1, of which 4 replicates are used for 20-day growth and survival endpoints and 8 
replicates for determination of emergence and reproduction. It is typical for males to begin emerging 
4 to 7 days before females. Midges in each test chamber are fed 1.5 mL of a 4-g/L Tetrafin™ 

suspension daily. Endpoints monitored include 20-day survival and ash-free dry weight, emergence; 
and time to death (adults). Reproduction and egg hatchability are not assessed. 
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Table D.9 	 Recommended Toxicity Test Conditions and Test Acceptability Criteria for the Fathead Minnow 
(Pimephales promelas) Larval Survival and Growth Test 

Test Conditions Recommended 

1. Test type: 
2. Test duration: 
3. Temperature: 
4. Light quality: 
5. Light intensity: 
6. Photoperiod: 
7. Test chamber size: 
8. Test solution volume: 

9. Renewal of test solutions: 
10. Age of test organisms: 

11. No. larvae per test chamber: 
12. No. replicate test chambers per concentration: 
13. No. larvae per concentration: 
14. Source of food: 
15. Feeding regime: 

16. Test chamber cleaning: 
17. Test solution aeration: 

18. Dilution water: 

19. Test concentrations: 

20. Dilution factor: 

21. Endpoints: 
22. Sampling and sample handling requirements: 

23. Sample volume required: 
24. Test acceptability criteria: 

Static renewal 
7 days 
25 ± 1°C 
Ambient laboratory illumination 
10–20 µE/m2/s (50–100 ft-c) (ambient laboratory levels) 
16 h light, 8 h darkness. 
500 mL (minimum) 
250 mL (minimum) — for whole sediment tests use 50 mL 
sediment and 200 mL water 

Daily 
Newly hatched larvae less than 24 h old. If shipped, not 
more than 48 h old, 24 h range in age 

15 (minimum of 10) 
4 (minimum of 3) 
60 (minimum of 30) 
Newly hatched Artemia nauplii (less than 24 h old) 
Feed 0.1 mL newly hatched (less than 24 h old) brine 
shrimp nauplii three times daily at 4 h intervals or, as a 
minimum 0.15 mL twice daily, 6 h between feedings (at 
the beginning of the work day following renewal). 
Sufficient larvae are added to provide an excess. Larvae 
are not fed during the final 12 h of the test 

Siphon daily, immediately before test solution renewal 
None, unless DO concentration falls below 4.0 mg/L. 
Rate should not exceed 100 bubbles/min. 
Uncontaminated source of receiving water or other 
natural water, synthetic water prepared using 
MILLIPORE MILLI-Q or equivalent deionized water and 
reagent grade chemicals or DMW 

Effluents: Minimum of five effluent concentration and a 
control 

Receiving water: 100% receiving water or minimum of 
five concentrations and a control 

Effluents: ≥ 0.5 
Receiving waters: none or ≥ 0.5 
Survival and growth (weight) 
For on-site tests, samples are collected daily, and used 
within 24 h of the time they are removed from the 
sampling device. For off-site tests, a minimum of three 
samples are collected on days one, three, and five with 
a maximum holding time of 36 h before first use 

2.5 L/day 
80% or greater survival in controls: average dry weight 
per surviving organism in control chambers equals or 
exceeds 0.25 mg 

Collection of Egg Cases 

Egg cases are obtained from adult midges held in a sex ratio of 1:3 male:female. Adults are 
collected 4 days before starting a test. The day after collection of adults, 6 to 8 of the larger “C”
shaped egg cases are transferred to a petri dish with culture water and incubated (at 23°C). Hatching 
typically begins around 48 hours and larvae typically leave the egg case 24 hours after the first hatch. 

Hatching of Eggs 

Hatching of eggs should be complete by about 72 hours. Hatched larvae remain with the egg 
case for about 24 hours and appear to use the gelatinous component of the egg case as an initial 
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Table D.10 	Toxicity Test Conditions and Test Acceptability Criteria for the Fathead Minnow 
(Pimephales promelas) Embryo-Larval Survival and Teratogenicity Test 

Test Conditions Recommended 

1. Test type: 
2. Test duration: 
3. Temperature: 
4. Light quality: 
5. Light intensity: 
6. Photoperiod: 
7. Test chamber size: 
8. Test solution volume: 

9. Renewal of test solutions: 
10. Age of test organisms: 
11. No. embryos per test chamber: 
12. No. replicate test chambers per concentration: 
13. No. embryos per concentration: 
14. Feeding regime: 
15. Test solution aeration: 
16. Dilution water: 

17. Test concentrations: 

18. Dilution factor: 

19. Endpoint: 
20. Sampling and sample handling requirements: 

21. Sample volume required: 

22. Test acceptability criteria: 

Static renewal 
7 days 
25 ± 1°C 
Ambient laboratory illumination 
10–20 µE/m2/s (50–100 ft-c) (ambient laboratory levels) 
16 h light, 8 h darkness. 
150–500 mL 
70 mL (minimum) — for whole sediment tests, use 50 mL 
sediment and 200 mL water 

Daily 
Less than 36 h old embryos (maximum 48 h if shipped) 
15 (minimum of 10) 
4 (minimum of 3) 
60 (minimum of 30) 
Feeding not required 
None, unless DO concentration falls below 4 mg/L 
Uncontaminated source of receiving water or other 
natural water, synthetic water prepared using 
MILLIPORE MILLI-Q or equivalent deionized water and 
reagent grade chemicals or DMW 

Effluents: Minimum of five effluent concentration and a 
control 

Receiving water: 100% receiving water or minimum of 
five concentrations and a control 

Effluents: ≥ 0.5 
Receiving waters: none or ≥ 0.5 
Combined mortality (dead and deformed organisms) 
For on-site tests, samples are collected daily, and used 
within 24 h of the time they are removed from the 
sampling device. For off-site tests, a minimum of three 
samples are collected on days one, three, and five with 
a maximum holding time of 36 h before first use 

1.5 to 2.5 L/day depending on the volume of test 
solutions used 

80% or greater survival in controls 

source of food. After the first 24-hour period with larvae hatched, egg cases are transferred from 
the incubation petri dish to another dish with clean test water. The action of transferring the egg 
case stimulates the remaining larvae to leave the egg case within a few hours. These are the larvae 
that are used to start the test. 

Placing Organisms in Test Chambers 

To start the test, larvae are collected with a Pasteur pipette from the bottom of the incubation 
dish with the aid of a dissecting microscope. Test organisms are pipetted directly into overlying 
water. Larvae are transferred to exposure chambers within 4 hours of emerging from the egg case. 

Feeding 

Each beaker received a daily addition of 1.5 mL of Tetrafin (4 mg/mL dry solids). Feeding is 
curtailed under circumstances described in the amphipod methods. 

Dissolved Oxygen 

Routine chemistries on Day 0 should be taken before organisms are placed in the test beakers. 
Excursions of DO as low as 1.5 mg/L did not seem to have an effect on midge survival and 
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Table D.11 	Toxicity Test Conditions and Test Acceptability Criteria for the Algal (Selenastrum 
capricornutum) Growth Test 

Test Conditions Recommended 

1. Test type: 
2. Test duration: 
3. Temperature: 
4. Light quality: 
5. Light intensity: 
6. Photoperiod: 
7. Test chamber size: 
8. Test solution volume: 
9. Renewal of test solutions: 

10. Age of test organisms: 
11. Initial cell density in test chamber: 

Static non-renewal 

48–96 h 

25 ± 1°C 

“Cool white” fluorescent lighting 

86 ± 8.6 µE/m2/s (400 ± 40 ft-c or 4306 lux) 

Continuous illumination 

125 or 250 mL 

50 or 100 mL 

None 

4 to 7 days 

10,000 cells/mL 


12. No. replicate chambers per sample: 4 (minimum or 3) 
13. Shaking rate: 100 rmp continuous, or twice daily by hand 
14. Test solution aeration: None 
15. 	 Dilution water: Algal stock culture medium, enriched uncontaminated source of 

receiving or other natural water, synthetic water prepared using 
MILLIPORE MILLI-Q or equivalent deionized water and reagent 
grade chemicals, or DMW without EDTA or enriched surface 
water 

16. Test concentrations: Effluents: Minimum of five effluent concentrations and a control 
Receiving water: 100% receiving water or minimum of five 
concentrations and a control 

17. 	 Test dilution factor: Effluents: ≥ 0.5 
Receiving waters: None or ≥ 0.5 

18. 	 Endpoint: Growth (cell counts, chlorophyll fluorescence, absorbance, 
biomass) 

19. 	 Sample requirements: For on-site tests, one sample collected at test initiation, and used 
within 24 h of the time being removed from the sampling device. 
For off-site tests, holding time must not exceed 36 h 

20. Sample volume required: 1 or 2 L depending on test volume 
21. 	 Test acceptability criteria: 1 × 106 cells/mL with EDTA or 2 × 105 cells/mL without EDTA in 

the controls: Variability of controls should not exceed 20% 

development (P.K. Sibley, University of Guelph, Guelph, Ontario, personal communication). Based 
on these findings, periodic depressions of DO below 2.5 mg/L (but not below 1.5 mg/L) are not 
likely to adversely affect test results, and thus should not be a reason to discard test data. None
theless, tests should be managed toward a goal of DO > 2.5 mg/L to ensure satisfactory performance. 
If the DO level of the water falls below 2.5 mg/L for any one treatment, aeration is conducted in 
all replicates for the duration of the test. 

Monitoring Survival and Growth 

At 20 days, four of the initial 12 replicates are selected for use in growth and survival 
measurements. Using a #40 sieve (425-µm mesh) to remove larvae from sediment, C. tentans is 
collected. Surviving larvae are kept separated by replicate for weight measurements; if pupae are 
recovered, these organisms are included in survival data but not included in the growth data. 

The AFDW of midges is determined for the growth endpoint. All living larvae per replicate are 
combined and dried to a constant weight (e.g., 60°C for 24 hours). All weigh boats are ashed before 
use to eliminate weighing errors due to the pan oxidizing during ashing. The sample is brought to 
room temperature in a desiccator and weighed to the nearest 0.01 mg to obtain mean weights per 
surviving organism per replicate. The dried larvae in the pan are then ashed at 550°C for 2 hours. The 
pan with the ashed larvae is then reweighed and the tissue mass of the larvae is determined as the 
difference between the weight of the dried larvae plus pan and the weight of the ashed larvae plus pan. 
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Table D.12 	Toxicity Test Conditions and Test Acceptability Criteria for the Amphipod (Hyalella azteca) 
Survival Test 

Test Conditions Recommended 

1. Test type: Whole sediment toxicity test with renewal of overlying water 
2. Test duration: 10 d 
3. Temperature: 23 ± 1°C 
4. Light quality: Wide-spectrum fluorescent lights 
5. Illuminance: About 100 to 1000 lux 
6. Photoperiod: 16 h light, 8 h dark 
7. Test chamber size: 300 mL high-form lipless beaker 
8. Sediment volume: 100 mL 
9. Overlying water volume: 175 mL 

10. 	 Renewal of overlying water: 2 volumes additions/d; continuous or intermittent (e.g., 1 volume 
addition every 12 h) 

11. Age of test organisms: 7 to 14 d old at the start of the test (1 to 2 d range in age) 
12. No. organisms per test chamber: 10 
13. 	 No. replicate chambers per treatment: Depends on the objective of the test. Eight replicates are 

recommended for routine testing 
14. 	 Feeding regime: YCT food, fed 1.0 mL daily (1800 mg/L stock) to each test 

chamber 
15. Test solution aeration: None, unless DO in overlying water falls below 2.5 mg/L 
16. 	 Overlying water: Culture water, well water, surface water, site water, or 

reconstituted water 
17. 	 Test chamber cleaning: If screens become clogged during a test, gently brush the 

outside of the screen 
18. 	 Overlying water quality: Hardness, alkalinity, conductivity, pH, and ammonia at the 

beginning and end of a test; temperature and dissolved oxygen 
daily 

19. Endpoint: Survival and growth 
20. 	 Test acceptability criterion: Minimum mean control survival of 80% and measurable growth 

of test organisms in the control sediment 

Monitoring Emergence 

Emergence traps are placed on the reproductive replicates on Day 20 (emergence traps for the 
auxiliary beakers are added at the corresponding 20-day time interval for those replicates. At 23°C, 
emergence in control sediments typically begins on or about Day 23 and continues for about 
2 weeks. However, in contaminated sediments, the emergence period may be extended by weeks. 

Two categories are recorded for emergence: complete emergence and partial emergence. Com
plete emergence occurs when an organism has shed the pupal exuviae completely and escapes the 
surface tension of the water. If complete emergence has occurred but the adult has not escaped the 
surface tension of the water, the adult will die within 24 hours. Therefore, 24 hours will elapse 
before this death is recorded. Partial emergence occurs when an adult has only partially shed the 
pupal exuvia. These adults will also die, an event which can be recorded after 24 hours. 

Between Day 23 and the end of the test, emergence of males and females, pupal and adult 
mortality, and time to death for adults is recorded daily for the reproductive replicates. 

Ending a Test 

The point at which the life cycle test is ended depends upon the sediments being evaluated. In 
clean sediments, the test typically requires 40 to 50 days from initial setup to completion if all 
possible measurement endpoints are evaluated. However, test duration will increase in the presence 
of environmental stressors that act to reduce growth and delay emergence. Where a strong gradient 
of sediment contamination exists, emergence patterns between treatments will likely become asyn
chronous, in which case each treatment needs to be ended separately. For this reason, emergence is 
used as a guide to decide when to end a test. Testing will be terminated with completion of emergence. 
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Table D.13 	 Toxicity Test Conditions and Test Acceptability Criteria for the Midge (Chironomus tentans) 
Survival Test 

Test Conditions Recommended 

1. Test type: Whole sediment toxicity test with renewal of overlying water 
2. Test duration: 10 d 
3. Temperature: 23 ± 1°C 
4. Light quality: Wide-spectrum fluorescent lights 
5. Illuminance: About 100 to 1000 lux 
6. Photoperiod: 16 h light, 8 h dark 
7. Test chamber size: 300 mL high-form lipless beaker 
8. Sediment volume: 100 mL 
9. Overlying water volume: 175 mL 

10. 	 Renewal of overlying water: 2 volumes additions/d; continuous or intermittent (e.g., 1 volume 
addition every 12 h) 

11. 	 Age of test organisms: Second to third instar larvae (about 10 d old larvae; all 
organisms must be third instar or younger with at least 50% 
of the organisms at third instar) 

12. No. organisms per test chamber: 10 
13. 	 No. replicate chambers per treatment: Depends on the objective of the test. Eight replicates are 

recommended for routine testing 
14. 	 Feeding regime: Tetrafin goldfish food, fed 1.5 ml daily to each test chamber 

(1.5 mL contains 6.0 mg of dry solids) 
15. Test solution aeration: None, unless DO in overlying water falls below 2.5 mg/L 
16. 	 Overlying water: Culture water, well water, surface water, site water, or 

reconstituted water 
17. 	 Test chamber cleaning: If screens become clogged during a test, gently brush the 

outside of the screen 
18. 	 Overlying water quality: Hardness, alkalinity, conductivity, pH, and ammonia at the 

beginning and end of a test; temperature and dissolved oxygen 
daily 

19. Endpoint: Survival and growth (ash-free dry weight, AFDW) 
20. 	 Test acceptability criterion: Minimum mean control survival must be 70%, with minimum 

mean weight/surviving control organisms of 0.48 mg AFDW 

For treatments in which emergence has occurred, the treatment (not the entire test) is ended 
when no further emergence is recorded over a period of 7 days (the 7-day criterion). At this time, 
all beakers of the treatment are sieved through a #40 mesh screen (425 µm) to recover remaining 
larvae, pupae, or pupal casts. When no emergence is recorded in a treatment at any time during 
the test, that treatment can be ended once emergence in the control sediment has ended using the 
7-day criterion. 

Interpretation of Results 

Endpoints measured in the C. tentans test include survival, growth, and emergence. On rare 
occasions, test organisms in control sediments may exhibit responses which are less than reference 
or test sediments. This may be due to the poor nutritional content of the control sediment or other 
unknown physicochemical factors. Currently, there are no standard control sediments that can be 
strongly recommended for chronic toxicity testing due to a lack of testing and research. Should 
poor responses be observed in a control sediment, a secondary control or reference sediment may 
be substituted for comparisons of significance. This will not invalidate the test, but simply adds a 
degree of uncertainty to the determination of ecological significance. 

Recently, the U.S. EPA conducted interlaboratory variance testing with the chronic C. tentans 
assay. In these tests, the draft standard methods were used. The minimum detectable differences 
have not been calculated at this time, but will be available in the near future to provide a point of 
comparison for the test assays. It is expected that the minimum detectable difference for 28-day 
survival and emergence endpoints will be in the 15 to 30% range. 
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Table D.14 	Toxicity Test Conditions and Test Acceptability Criteria for the Oligochaete (Lumbriculus 
variegatus) Survival Test 

Test Conditions Recommended 

1. Test type: Whole sediment toxicity test with renewal of overlying water 
2. Test duration: 23 d 
3. Temperature: 23 ± 1°C 
4. Light quality: Wide-spectrum fluorescent lights 
5. Illuminance: About 100 to 1000 lux 
6. Photoperiod: 16 h light, 8 h dark 
7. Test chamber size: 4 to 6 L aquaria with stainless steel screens or glass stand pipes 
8. Sediment volume: 1 L or more depending on TOC 
9. Overlying water volume: 1 L or more depending on TOC 

10. 	 Renewal of overlying water: 2 volumes additions/d; continuous or intermittent (e.g. 1 volume 
addition every 12 h) 

11. Age of test organisms: Adults 
12. 	 No. organisms per test chamber: Ratio of total organic carbon in sediment to organism dry weight 

should be no less than 50:1. Minimum of 1 g/ replicate, 
preferably 5 g/replicate 

13. 	 No. replicate chambers per treatment: Depends on the objective of the test. Five replicates are 
recommended for routine testing 

14. Feeding regime: None 
15. Test solution aeration: None, unless DO in overlying water falls below 2.5 mg/L 
16. 	 Overlying water: Culture water, well water, surface water, site water, or 

reconstituted water 
17. 	 Test chamber cleaning: If screens become clogged during a test, gently brush the 

outside of the screen 
18. 	 Overlying water quality: Hardness, alkalinity, conductivity, pH, and ammonia at the 

beginning and end of a test; temperature and dissolved oxygen 
daily 

19. Endpoint: Bioaccumulation 
20. Test acceptability criterion: Performance-based criteria specifications 

Four test species will be evaluated in situ in exposure chambers. The exposure chambers are 
constructed on plastic core tubes of ~3-in diameter and 4-in length. Two windows are cut on 
opposite sides of the chamber and covered with nylon mesh. The mesh size varies with the 
experimental treatment, ranging from 10- to 1000-µm openings. For high flow testing, only water 
column chambers will be exposed. One duplicate set of chambers will have reduced mesh size 
openings to allow determinations of flow and suspended solids effects. Chambers are placed in the 
stream, either in the overlying water or partially buried in the sediment, with exposures varying 
with the treatment. Organisms are slowly acclimated to site water temperatures and then added to 
each test chamber (10 organisms/chamber). The age of the organisms, handling, and culturing 
follow U.S. EPA toxicity test methods for short-term chronic toxicity testing. For bioaccumulation 
testing, additional organisms are placed to provide enough tissue mass. For the oligochaete assay, 
5 g of tissue are used in each chamber. Chambers are placed in the stream in replicates of four and 
secured with netting and steel stakes. At Days 2 and 10, chambers will be retrieved and organisms 
enumerated within 2 hours of collection. Test endpoints are shown in Table D.20. 

The effects of water quality during high flow events will be measured at all test sites. This will 
involve exposures using chambers with small and large mesh sizes to vary the organism exposure to 
suspended solids. Exposures will be for 48 hours and include D. magna, H. azteca, and C. tentans. 
Testing will only be conducted when organisms can be exposed to a significant first flush event. 

IN SITU TESTING USING CONFINED ORGANISMS 

There are many reasons for evaluating toxicity and bioaccumulation in situ, such as those shown 
in Table D.19 and discussed in Section 6. Numerous assessments of stormwater quality have found 
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Table D.15 Test Conditions for Conducting a 42-day Sediment Toxicity Test with Hyalella azteca 

Parameter Conditions 

1. Test type: Whole-sediment toxicity test with renewal of overlying water 
2. Temperature: 23 ± 1°C 
3. Light quality: Wide-spectrum fluorescent lights 
4. Illuminance: About 500 to 1000 lux 
5. Photoperiod: 16L:8D 
6. Test chamber: 300-mL high-form lipless beaker 
7. Sediment volume: 100 mL 
8. 	 Overlying water volume: 175 mL in the sediment exposure from Day 0 to Day 28 (175 

to 275 mL in the water-only exposure from Day 28 to Day 42) 
9. 	 Renewal of overlying water: 2 volume additions/d; continuous or intermittent (e.g., one 

volume addition every 12 h) 
10. Age of organisms: 7- to 8-d old at the start of the test 
11. Number of organisms/chamber: 10 
12. 	 Number of replicate chambers/treatment: 12 (4 for 28-d survival and growth and 8 for 35- and 42-d 

survival, growth, and reproduction). Reproduction is more 
variable than growth or survival; hence, more replicates 
might be needed to establish statistical differences among 
treatments 

13. 	 Feeding: YCT food, fed 1.0 mL (1800 mg/L stock) daily to each test 
chamber 

14. 	 Aeration: None, unless dissolved oxygen in overlying water drops 
below 2.5 mg/L 

15. 	 Overlying water: Culture water, well water, surface water, or site water. Use 
of reconstituted water is not recommended 

16. 	 Test chamber cleaning: If screens become clogged during a test; gently brush the 
outside of the screen 

17. 	 Overlying water quality: Hardness, alkalinity, conductivity, and ammonia at the 
beginning and end of a sediment exposure (Day 0 and 28). 
Temperature daily. Conductivity weekly. Dissolved oxygen 
(DO) and pH three times/ week. Concentrations of DO 
should be measured more often if DO drops more than 
1 mg/L since the previous measurement. 

18. Test duration: 42 d 
19. 	 Endpoints: 28-d survival and growth; 35- and 42-d survival, growth, 

reproduction, and number of adult males and females on 
Day 42 

20. Test acceptability: Minimum mean control survival of 80% on Day 28 

the following study design example useful. The typical assessment will be an upstream–downstream 
evaluation of an outfall with an additional reference site. The assessment must include both low 
and high flow periods to separate the role of stormwater and nonpoint source runoff from low flow 
conditions that may include point sources and groundwater upwelling inputs. For in situ toxicity 
and/or bioaccumulation tasks, a variety of exposure periods can be used, depending on several 
issues, such as species resilience, meteorological conditions, concern over acute vs. chronic effects, 
and available resources (longer assessments are more expensive). A great challenge in any storm
water assessment is detecting chronic toxicity effects. The literature has documented (see Chapter 6) 
that delayed effects may occur days to weeks after pulse exposures to pesticides or metals. This is 
obviously difficult to determine in routine receiving water assessments. However, given the reality 
that chronic toxicity may be occurring, it is important to try and assess effects for as long a period 
as possible. Some test species, such as the cladocerans C. dubia and D. magna and early life stages 
of the fathead minnow P. promelas, do not survive well within typical in situ chambers for more 
than 4 days. The benthic macroinvertebrates, such as the amphipods H. azteca and Gammarus, 
midge C. tentans, and bivalves, can be exposed for periods of over a week (Brooker 2000). Fish 
may also be exposed for longer periods, but often require routine feeding. When determining 
bioaccumulation potential, the oligochaete worm L. variegatus is recommended. It accumulates 
nonpolar organic chemicals relatively quickly, so exposures as short as 4 days are acceptable. 
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Table D.16 General Activity Schedule for Conducting a 42-d Sediment Toxicity Test with Hyalella azteca 

Day Activity 

Pre-Test 

–7 Remove adults and isolate <24-h-old amphipods (if procedures outlined in Section 12.3.4 are 
followed). 

–8 Separate known-age amphipods from the cultures and place in holding chambers. Begin preparing 
food for the test. The <24-h amphipods are fed 10 mL of YCT (1800 mg/L stock solution) and 10 mL 
of Selenastrum capricornutum (about 3.0 x 107 cells/mL) on the first day of isolation and 5 mL of 
both YCT and S. capricornutum on the 3rd and 5th d after isolation. 

–6 to –2 Feed and observe isolated amphipods, monitor water quality (e.g., temperature and dissolved 
oxygen). 

–1 Feed and observe isolated amphipods, monitor water quality. Add sediment into each test chamber, 
place chambers into exposure system, and start renewing overlying water. 

Sediment Test 

0 Measure total water quality (pH, temperature, dissolved oxygen, hardness, alkalinity, conductivity, 
ammonia). Transfer ten 7- to 8-day-old amphipods into each test chamber. Release organisms 
under the surface of the water. Add 1.0 mL of YCT (1800 mg/L stock) into each test chamber. 
Archive 80 amphipods for dry weight determination. Observe behavior of test organisms. 

1 to 27 Add 1.0 mL of YCT to each test beaker. Measure temperature daily, conductivity weekly, and dissolved 
oxygen (DO) and pH three times/week. Observe behavior of test organisms. 

28 Measure temperature, dissolved oxygen, pH, hardness, alkalinity, conductivity and ammonia. End 
the sediment-exposure portion of the test by collecting the amphipods with a #40 mesh sieve 
(425-µm mesh; U.S. standard size sieve). Use four replicates for growth measurements: count 
survivors and preserve organisms in sugar formalin for growth measurements. Eight replicates for 
reproduction measurements: Place survivors in individual replicate water-only beakers and add 
1.0 mL of YCT to each test beaker/d and 2 volume additions/d of overlying water. 

Reproduction Phase 

29 to 35 	 Feed daily. Measure temperature daily, conductivity weekly, DO and pH three times a week. Measure 
hardness and alkalinity weekly. Observe behavior of test organisms. 

35 	 Record the number of surviving adults and remove offspring. Return adults to their original individual 
beakers and add food. 

36 to 41 	 Feed daily. Measure temperature daily, conductivity weekly, DO and pH three times a week. Measure 
hardness and alkalinity weekly. Observe behavior of test organisms. 

41 	 Same as Day 1. Measure total water quality (pH, temperature, dissolved oxygen, hardness, alkalinity, 
conductivity, ammonia). 

42 	 Record the number of surviving adults and offspring. Surviving adult amphipods on Day 42 are 
preserved in sugar formalin solution. The number of adult males in each beaker is determined from 
this archived sample. This information is used to calculate the number of young produced per female 
per replicate from Day 28 to Day 42. 

A routine assessment of in situ toxicity and bioaccumulation requires that organisms be deployed 
during low flow conditions; once when the entire exposure period is at baseflow and a second time 
that captures a high flow event. The organisms at baseflow should be exposed for a period of time 
greater than or equal to the period of the high flow exposure period (usually 2 to 4 days). Another 
useful design is to deploy a large number of replicates on Day 0 and then subsample every 2 days 
for an extended period (such as 14 days). Between one and four species can be evaluated simul
taneously, depending on available resources. Often two species are used in each test chamber 
(as described below). The in situ chambers are constructed of clear core sampling tubes (cellulose 
acetate butyrate) cut to a length of approximately 15 cm. Polyethylene closures cap each end. Two 
rectangular windows (~85% of the core surface area) are usually covered with 80 µm Nitex® mesh 
and silicon glued opposite each other. The mesh size varies with the experimental treatment, ranging 
from 10 to 1000 µm openings. For high flow testing, only water column chambers need be exposed. 
Duplicate sets of chambers having small vs. large mesh size openings (e.g., 10 vs. 250 µm) allow 
determinations of flow and suspended solids effects. The source of toxicity/bioaccumulation can 
also be measured as originating from sediments or overlying water by varying the chamber posi-
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Table D.17 Test Conditions for Conducting a Long-Term Sediment ToxicityTest with Chironomus tentans 

Parameter Conditions 

1. Test type: Whole-sediment toxicity test with renewal of overlying water 
2. Temperature: 23 ± 1°C 
3. Light quality: Wide-spectrum fluorescent lights 
4. Illuminance: About 500 to 1000 lux 
5. Photoperiod: 16L:8D 
6. Test chamber: 300-mL high-form lipless beaker 
7. Sediment volume: 100 mL 
8. Overlying water volume: 175 mL 
9. 	 Renewal of overlying water: 2 volume additions/d; continuous or intermittent (e.g., 

one volume addition every 12 h) 
10. Age of organisms: <24-hour-old larvae 
11. Number of organisms/chamber: 10 
12. Number of replicate chambers/treatment: 16 
13. 	 Feeding: Tetrafin goldfish food, fed 1.5 mL daily to each test chamber 

(1.5 mL contains 6.0 mg of dry solids); starting Day –1 
14. 	 Aeration: None, unless dissolved oxygen in overlying water drops 

below 2.5 mg/L 
15. 	 Overlying water: Culture water, well water, surface water, site water, or 

reconstituted water 
16. 	 Test chamber cleaning: If screens become clogged during a test; gently brush the 

outside of the screen 
17. 	 Overlying water quality: Hardness, alkalinity, conductivity, and ammonia at the 

beginning and end of a test. Temperature daily (ideally 
continuously). Dissolved oxygen (DO) and pH three 
times/week. Concentrations of DO should be measured 
more often if DO has declined by more than 1 mg/L since 
previous measurement. 

18. 	 Test duration: About 40 to 50 d; each treatment is ended separately when 
no additional emergence has been recorded for seven 
consecutive days. When no emergence is recorded from a 
treatment, termination of that treatment should be based 
on the control sediment using this 7-d criterion. 

19. 	 Endpoints: 20-d survival and AFDW; female and male emergence, adult 
mortality 

20. 	 Test acceptability: Minimum average size of C. tentans in the control sediment 
at 20 d must be at least 0.6 mg/surviving organism as dry 
weights or 0.48 mg/surviving organism as AFDW. 
Emergence should be ≥ 50%. Time to death after 
emergence is <6.5 d for males and <5.1 d for females. 

tioning and design. Prior to chamber deployment, 10 of each organism (H. azteca, C. tentans, and 
D. magna) were gently added to 50-mL test tubes of culture water for ease of transport to field 
locations (one test tube contained one species only). Transportation of organisms to field sites by 
this method has proven to minimize handling and travel-related stressors (Chappie and Burton 
1997). Upon acclimation, in situ chambers capped on one end were immersed into the river, allowing 
water to fill the chamber by infiltration through the mesh, and test organisms were slowly delivered 
from the test tubes into the open end and the chambers then capped. Before placement into in situ 
baskets, chambers were held below the water surface and purged of all internal air. Chambers 
exposed to the sediment interface are secured under wire baskets (see Figure 6.161) and placed 
with the mesh windows against the sediment. Quadruplicate chambers exposed to overlying waters 
are secured on top of the wire baskets. The baskets were weighted down with bricks and anchored 
to the stream bed with rebar. Organisms are acclimated to site water temperatures slowly (1 to 2 
degree/hour) and then added to each test chamber (10 organisms/chamber). For example, C. tentans 
and H. azteca were placed together in replicate chambers for a total of 20 organisms per chamber. 
Ground-up laboratory paper toweling is provided as a substrate to reduce stress on these benthic 
species. Test water for laboratory controls should be the organism culture water. These controls 
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Table D.18 General Activity Schedule for Conducting a Long-Term Sediment Toxicity Test with 
Chironomus tentans 

Day Activity 

–4 Start reproduction flask with cultured adults (1:3 male:female ratio). For example for 15 to 
25 egg cases, 10 males and 30 females are typically collected. Egg cases typically range 
from 600 to 1500 egg/case. 

–3 Collect egg cases (a minimum of 6 to 8) and incubate at 23°C. 
–2 Check egg cases for viability and development. 
–1	 1. Check egg cases for hatch and development. 

2. Add 100 mL of homogenized test sediment to each replicate beaker and place in 
corresponding treatment holding tank. After sediment has settled for at least 1 h, add 1.5 mL 
Tetrafin slurry (4g/L solution) to each beaker. Overlying water renewal begins at this time. 

0 	 1. Transfer all egg cases to a crystallizing dish containing control water. Discard larvae that 
have already left the egg cases in the incubation dishes. Add 1.5 mL food to each test 
beaker with sediment before the larvae are added. Add 12 larvae to each replicate beaker 
(beakers are chosen by random block assignment). Let beakers sit (outside the test system) 
for 1 h following addition of the larvae. After this period, gently immerse all beakers into 
their respective treatment holding tanks. 

2. Measure temperature, pH, hardness, alkalinity, dissolved oxygen, conductivity and 
ammonia at start of test. 

1–End	 On a daily basis, add 1.5 mL food to each beaker. Measure temperature daily. Measure the 
pH and dissolved oxygen three times a week during the test. If the DO has declined more 
than 1 mg/L since previous reading, increase frequency of DO measurements and aerate 
if DO continues to be less than 2.5 mg/L. Measure hardness, alkalinity, conductivity, 
ammonia weekly. 

6 For auxiliary male production, start reproduction flask with culture adults (e.g., 10 males and 
30 females; 1:3 male to female ratio). 

7–10 Set up schedule for auxiliary male beakers (4 replicates/treatment) same as that described 
above for Day –3 to Day 0. 

19 In preparation for weight determinations, ash weigh-pans at 550°C for 2 h. Note that the 
weigh boats should be ashed before use to eliminate weighing errors due to the pan oxidizing 
during ashing of samples. 

20 Randomly select four replicates from each treatment and sieve the sediment to recover larvae 
for growth and survival determinations. Pool all living larvae per replicate and dry the sample 
to a constant weight (e.g., 60°C for 24 h). Install emergence traps on each reproductive 
replicate beakers. 

21 The sample with dried larvae is brought to room temperature in a desiccator and weighed 
to the nearest 0.01 mg. The dried larvae in the pan are then ashed at 550oC for 2 h. The 
pan with the ashed larvae is then reweighed and the tissue mass of the larvae determined 
as the difference between the weight of the dried larvae plus pan and the weight of the 
ashed larvae plus pan. 

23–End On a daily basis, record emergence of males and females, pupal, and adult mortality, and 
time to death for previously collected adults. 

33–End Transfer males emerging from the auxiliary male replicates to individual inverted petri dishes. 
The auxiliary males are used for mating with females from corresponding treatments from 
which most of the males had already emerged or in which no males emerged. 

40–End After 7 d of no recorded emergence in a given treatment, end the treatment by sieving the 
sediment to recover larvae, pupae, or pupal exuviae. When no emergence occurs in a test 
treatment, that treatment can be ended once emergence in the control sediment has ended 
using the 7-d criterion. 

are typically maintained in a hotel room during field assessments. The age of the organisms, 
handling, and culturing follow U.S. EPA toxicity test methods for short-term chronic toxicity testing. 
For bioaccumulation testing, additional organisms are placed to provide enough tissue mass. For 
the oligochaete assay, 1 to 5 g of tissue (equal to approximately 1:10 animal wet wt:sediment 
organic carbon) is used in each chamber, depending on analytical requirements. After exposures 
of 1 to 30 days depending on species and objectives, chambers were gently lifted out of the river 
and placed into coolers of site water and returned to the field laboratory for enumeration. Upon 
arrival at the lab, chambers were checked for damage, the outsides rinsed, then individually emptied 
into crystallizing dishes and the survivors of each species enumerated and logged. Typical mea
surement endpoints are shown in Table D.20. 
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Table D.19 In Situ Stressor and Sediment Toxicity Tasks and Outcomes 

Task Rationale and Outcome 

1. Sediment toxicity: H. azteca, C. tentans 

2. In situ toxicity and uptake: D. magna, 
H. azteca, C. tentans, L. variegatus 

3. In situ partitioning of exposure and 
D. magna, H. azteca 

4. In situ assessment of bioaccumulation 
and transport potential: SPMDs and 
peepers. 

Laboratory measure of sediment chronic toxicity. Trigger for 
comprehensive sediment toxicity survey. Determine the potential 
for adverse effects on benthic organisms. 

Realistic field exposures to water, suspended solids, and sediments. 
Determine low and high flow responses. Relate to storm flow and 
food web modeling. Assess the potential for, and source of, 
adverse effects on the ecosystem. 

In field exposures, determine and rank primary stressors: flow and 
stressors: turbidity, photoinduced toxicity, ammonia, metals, non
polar organics, overlying water, pore water. Relate to transport and 
food web modeling. Assess the contribution and source of various 
stressors that produce adverse effects. 

In field exposures, determine presence and potential for uptake of 
nonpolar organics through time with SPMDs in surficial waters and 
pore waters. Assess the presence and transport of contaminants 
through time with peepers.Target side channel seepage to support 
transport and food web modeling. 

Table D.20 In situ Toxicity and Bioaccumulation Measurement Endpoints 

Test Organism Endpoints 

Daphnia magna Survival (2 d) 

Hyalella azteca Survival (2, 7 d) Tissue concentration (7 d) 

Chironomus tentans Survival (2, 7 d), growth (7 d), tissue concentration (7 d) 

Lumbriculus variegatus Tissue concentration (7 d) 


The effects of water quality during high flow events should be measured at all test sites. 
Physicochemical water quality parameters are measured as often as is practical. Preferably, con
tinuous measures of flow and general water quality parameters are made using a data sonde-type 
instrument. At a minimum, however, measures are made at test initiation, then again at test 
termination at each field site for each of the following: temperature (°C), dissolved oxygen (mg/L), 
pH, hardness (mg/L CaCO3), alkalinity (mg/L CaCO3), turbidity (NTU), conductivity (µmhos), and 
flow. Samples for other potentially useful parameters, such as ammonia, pathogen indicators, BOD, 
and nutrients, are also collected. 

Organisms sampled for tissue analyses are allowed to depurate in culture for several hours. 
Following that time, organisms are counted, weighed, and frozen. Tissue analyses should be 
conducted by a laboratory capable of low detection limits with small quantities of tissues. 

TOXICITY IDENTIFICATION EVALUATIONS 

The toxicity identification evaluation (TIE) is a process by which effluent or pore water samples 
are fractionated into various classes of contaminants and then tested for toxicity. This allows one 
to characterize which class of contaminants is primarily responsible for toxicity (EPA 1991a,b). 
These groups of contaminants include: pH-sensitive and volatile compounds (such as ammonia), 
metals, oxidant/reductants, and nonpolar organics. Toxicity is determined by exposing C. dubia for 
24 hours to the various treatment fractionations and then measuring survival. A TIE was conducted 
following modified draft EPA guidelines for TIEs of sediments (EPA 1991b). Pore water aliquots 
were used for initial toxicity tests (within 24 hours of sample receipt), baseline ambient pore water, 
pH adjusted with aeration, pH adjusted with filtration, pH adjusted with C18 filtration, sodium 
thiosulfate addition, and EDTA addition fractions. If toxicity is removed in any fraction, subsequent 
chemical analyses will be conducted to confirm the removal of compounds which may be contrib
uting to pore water toxicity. These manipulations and data interpretation can be quite involved and 
should only be conducted by a laboratory with documented experience. 
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TOXICITY — MICROTOX SCREENING TEST 

Scope and Application 

This test measures the reduction of light output at a specific time during the run by bacteria 
exposed to a water sample. This light output is compared to that of a control sample to calculate 
relative toxicity. The Microtox Screening Procedure has a range of relative toxicities between 0 
and 100% (light output reduction, as compared to the control). 

Summary of Method 

The Microtox Screening Procedure uses a bioluminescent marine bacteria, Photobacterium 
phosphoreum, to measure the toxicity of a sample relative to a control sample at three times during 
the 25-min run. At each of the three reading times, the light output of each sample and each control 
is measured on a chart recorder and recorded as the height of the peak light output on a scale of 
0 to 100. 

P. phosphoreum emit light as a by-product of respiration. If a sample contains one or more 
components that interfere with respiration, then the bacteria’s light output is reduced proportional 
to the amount of interference with respiration, or toxicity. The light output reduction is proportional 
to the toxicity of the sample. The relative toxicity of a sample to the control can then be calculated. 
These relative toxicities can be compared to toxicity test results using standard reagents specified 
by this procedure. 

For samples that are calculated to be more than 50% toxic, an EC50 concentration is calculated. 
The EC50 concentration is the fraction of sample, using the Microtox diluent as the dilution solution, 
that causes a light output from the sample that is 50% of the light output of the control. It is also 
called the 50% effective concentration. 

Sample Handling and Preservation 

Glass sample containers must be clean and free of soap residues, and stoppers and lids must 
not be made of cork. Detergents, cork, and other materials may add chemicals to the sample and 
may add to its toxicity. 

Tap water and distilled water are fatal to the bacteria due to high levels of chlorine. Sample 
storage containers must be rinsed with deionized or ultra-pure water prior to use, with ultra-pure 
water being preferable. 

Samples should be analyzed soon after arrival at the laboratory. Until they are analyzed, samples 
should be stored at 4°C. Stored samples may be kept up to 1 week in the refrigerator. Freshwater 
samples should not be salted until the samples are ready to be analyzed, as salt–metal complexes 
seem to readily form, reducing the toxicity of the sample. Salted samples can only be stored for 
approximately 15 to 30 min. 

Interferences 

Samples having pH values outside the range of 6.3 to 7.8 may be toxic to the bacteria. Normally, 
the pH of the sample is not adjusted because pH may be the parameter causing toxicity in a natural 
environment. Color and turbidity will interfere with, and probably reduce, the amount of emitted 
light leaving the cuvette and reaching the photomultiplier. Organic matter may provide a second 
food source for the bacteria and may result in a sample whose relative toxicity is calculated to be 
less than zero. 
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Apparatus 

• Microtox 2055 Analyzer 
• 500 µL pipettor (with disposable tips) 
• 10 µL pipettor (with disposable tips) 
• Glass cuvettes (disposable) 

Reagents 

• Microtox bacterial reagent 
• Microtox reconstitution solution 
• Microtox diluent 
• Microtox osmotic adjusting solution 
• Reagent grade sodium chloride 

Procedure 

Sampling, Sample Preparation 

Note: The older Microtox 2055 instrument has space in its incubator for 15 cuvettes. We label 
these positions with letters for each of the three rows (A, B, and C) and label the five columns 
with numbers (1 to 5), giving each position a letter and number, such as A1 for the first position 
and C5 for the last position. For a normal run, three of the cuvettes (A1, B1, and C1) are reserved 
for the control solution. One of the remaining 12 cuvettes is reserved for the standard solution 
whose concentration is approximately the predetermined ZnSO4·7H2O EC50 concentration. The 
remaining 11 cuvettes contain the samples to be tested using this screening procedure. 

1. Rinse clean 40-mL sample vials, vial caps, and Teflon septa with ultra-pure water. 
2. Mix the sample by inverting the container several times. 
3. Pour 10 mL of sample into the vial. 
4. Add 0.2 g NaCl (reagent grade) to the vial. 
5. Mix the sample and salt by inverting the vial until the salt is completely dissolved. 

Preparation of Apparatus 

1. 	 Discard the cuvettes remaining in the incubator and pre-cool slots from any prior run (used cuvettes 
are normally left in the incubator to reduce condensation problems). 

2. Put new cuvettes into the 15 slots in the incubator and one in the pre-cool slot. 
3. Pipette 1.0 mL of diluent into the cuvettes in positions A1, B1, and C1. 
4. Pipette 1.0 mL of reconstitution solution into a cuvette in the pre-cool position. 
5. 	Pipette 1.0 mL of each sample (already adjusted for salinity, as specified above) into separate 

cuvettes in positions A2 through A5, B2 through B5, or C2 through C5. 
6. Set the timer for 5 min to allow for temperature stabilization of the reconstitution solution. 
7. 	 Get a vial of the Microtox reagent bacteria out of the freezer. (Must be stored in a freezer at no 

warmer than –20°C.) 
8. Tap the reagent vial on the countertop gently several times to break up the contents. 
9. After the 5 min temperature stabilization period has expired, open the vial. 

10. Quickly, pour the reconstitution solution in the pre-cool slot into the reagent vial. 
11. Swirl the contents to mix (all solid reagent should go into solution). 
12. Pour the reagent solution back into the pre-cool cuvette. 
13. Mix the reagent solution approximately 20 times with a 500 µL pipette. 
14. Set the timer for 15 min. 
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Analysis of Samples 

1. Pipette 10 µL of reagent solution into each cuvette in the following order: A1, B1, C1, A2 through 

A5, B2 through B5, and C2 through C5. Do not immerse the pipette tip in the solutions. 


2. 	 Gently mix each cuvette’s contents 20 times with a 500 µL pipette. Mix the cuvettes in the same 

order in which reagent solution was added. Use a single pipette tip for the three controls, but a 

new tip for each sample and the standard. 


3. 	 Push in the “HV” and “HV Check” buttons on the front of the Microtox analyzer. The panel on 

the front should read between –700 and –800. 


4. 	 Push in the “HV Check” button (so it toggles back out) and push in the “Sensitivity X10” and 

“Run” buttons. 


5. Turn on the strip chart recorder. 

6. Zero the chart recorder using the knob located on the right side of the machine. 

7. Make sure the speed setting is for 1 in/min. 

8. Make sure the pen is touching the recorder paper by putting the pen arm down. 

9. Place the cuvette in A1 into the turret and close the turret to get a reading on A1. 


10. After the reading is obtained, remove the cuvette from the turret. 

11. 	 Read the cuvettes in B1 and C1 also to determine which of the three has the largest reading. Place 


that cuvette back in the turret and close. 

12. 	 Adjust the chart reading to between 90 and 100 using the Scan knob on the front of the analyzer. 


If display reads “1” (not “001”), change the sensitivity setting to “Sensitivity X1.” 

13. Open the turret and check the zero point again on the chart recorder. Adjust as necessary. 

14. Close the turret. 

15. Set the timer for 5 min. 

16. 	When the timer rings, read the samples in the following order: A1, B1, C1, A1 through A5, 


B1 through B5, C1 through C5, A1, B1, and C1. 

17. Place the control cuvette (A1, B1, or C1) which has the highest reading in the turret and close. 

18. Set the timer for 10 min. 

19. 	When the timer rings, read the samples in the following order: A1, B1, C1, A1 through A5, 


B1 through B5, C1 through C5, A1, B1 and C1. 

20. Place the control cuvette (A1, B1, or C1) which has the highest reading in the turret and close. 

21. Set the timer for 10 min. 

22. 	When the timer rings, read the samples in the following order: A1, B1, C1, A1 through A5, 


B1 through B5, C1 through C5, A1, B1 and C1. 

23. Shut off the chart recorder and cap the pen. 

24. Return the C1 cuvette to the incubator and close the turret. 

25. Push in the “HV” and “Turret” buttons on the front of the analyzer (toggle them off). 

26. 	 If, at the end of the test, the light output of any sample is less than half of the light output of the 


controls, the EC50 concentration of that sample must be found. This is done by rerunning the 

Microtox test using three to four dilutions of that sample (including one at 100% strength). The 

previously prepared (salted) sample cannot be used either to create the dilutions or as the 100% 

strength sample. 


Calculations 

At each of the three times that a sample is read, each of the three control samples is read three 

times. The results of these nine analyses are averaged and their standard deviation and coefficient 

of variation calculated. If the coefficient of variation for the control samples at any time in the run 

is greater than 0.05 (5%), the run is rejected. 


Relative toxicity is calculated as follows: 

%Reduction [at time t] = 
Control – Sample- × 100%

Control 
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where 	Control = average peak height of the control samples at t 
Sample = peak height of sample at t 

Precision and Accuracy 

The Microtox Analyzer is calibrated using solutions of either zinc sulfate or phenol. A standard 
solution of approximately 10 mg/L zinc sulfate or of approximately 50 mg/L phenol is made. Four 
dilutions of the standard solution, with three replicates of each dilution, are used in place of the 
12 samples in the normal Microtox screening procedure. The four dilutions should bracket the 
expected EC50 concentration of the standard solution. However, instead of using sodium chloride 
to adjust the ionic strength of the sample, the Microtox osmotic adjusting solution (MOAS) should 
be used. The amount of MOAS used should be 10% of the volume of the standard. 

During each run, one of the 12 sample positions is occupied by the standard solution at the 
EC50 concentration. If the relative toxicity of the standard sample is outside the range of 45 to 55%, 
the run is rejected and repeated with freshly made standard solution. If the EC50 on the repeat 
again falls outside the range of 45 to 55%, the calibration is repeated. If the calibrated EC50 is 
significantly higher than the previous calibrations on that box of reagent, then a new box of reagent 
is opened and the calibration screening procedure is performed on one of the reagents in that box. 

Extensive work has been done to establish the precision and accuracy of this procedure. Please 
refer to A. Ayyoubi, Physical Treatment of Urban Stormwater Runoff Toxicants, pp. 11–23. 

Health and Safety Information 

Refer to the MSDSs for information regarding the use of the reagents in this procedure. 
None of the reagents and materials has OSHA PEL(s), AGGIH TLV(s), or other limits. Oral 

rat LD50 data have not been established for any of the reagents supplied by Microtox. 
Sodium chloride, which is one of the reagents and is a component of most of the reagents 

supplied by Microtox, has an LD50 of 3000 mg/kg. The sodium chloride, either as a reagent or as 
a component of the other reagents, may cause eye irritation, and ingestion of large quantities may 
cause vomiting, diarrhea, and dehydration. 

No special storage requirements are needed beyond keeping the freeze-dried bacteria culture 
in a freezer. Reagents are not considered to be a fire or explosion hazard (water may be used to 
extinguish a fire), and have no hazardous decomposition products. The reagents are stable under 
ordinary conditions of use and storage. Spilled reagent, whether reacted or not, may be cleaned up 
by adsorption with paper towels, and excess fluid may be flushed down a regular sewer drain. 
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INTRODUCTION 

The laboratory safety discussion included in this appendix is summarized from the Laboratory 
Safety and Standard Operating Procedures manual prepared for use in the Water Quality Labora
tories of the Department of Civil and Environmental Engineering at the University of Alabama at 
Birmingham. It was prepared by Shirley Clark and Robert Pitt to ensure safe laboratory practices 
during our research. The manual and the excerpted information in this appendix include information 
concerning safe laboratory practices, the use of personal protective equipment, emergency proce
dures, use and storage of chemicals, and the proper method of waste disposal. This manual also 
covers hazard communication and incident response. This information is intended to help those in 
the laboratory to minimize hazards to themselves and their colleagues. 

In view of the wide variety of chemical products handled in laboratories, it should not be 
assumed that the precautions and requirements stated here are all-inclusive. This information should 
be updated as needed with supplementary information to better protect the health and safety of 
anyone working in or visiting the laboratories. 

Also included in this appendix is a summary of analytical test kits that have been reviewed as 
to their ability to be used in the field by a variety of users. These kits were reviewed during projects 
funded by the EPA (Pitt et al. 1993) and by the telecommunications industry (Day 1996; Pitt and 
Clark 1999). In addition, comments pertaining to needed stormwater extraction methods for organic 
analyses are also presented, along with information pertaining to the various methods available for 
analyzing heavy metals. The appendix concludes with a detailed description of calibration and 
setup procedures for the YSI 6000 water quality sonde that is frequently referenced in the text. 
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FUNDAMENTALS OF LABORATORY SAFETY 

Procurement of Chemicals 

Before a chemical is received, information on proper handling, storage, and disposal must be 
known to those involved. Refer to the appropriate MSDS for further information. No container 
may be accepted into a laboratory without an adequate identifying label. This label cannot be 
removed, defaced, or damaged in any way. All substances should be received in a central location. 
The date of receipt should be noted on all chemicals. Receipt of all chemicals must be noted in 
the chemical inventory, as well as the laboratory in which the chemical shall be located. 

Distribution of Chemicals 

When chemicals are hand-carried between laboratories, place the chemical in an outside (sec
ondary) container or bucket. These secondary containers provide protection to the bottle and help 
keep it from breaking. They also help minimize spillage if the bottle does break. It is recommended 
that transport of chemicals inside a building be done using a cart where feasible. 

Laboratory Chemical Storage 

a. 	 Read the label carefully before storing a chemical. All chemicals must be stored according to the 
Chemical Storage Segregation Scheme. Note that this is a simplified scheme and that in some 
instances, chemicals in the same category may be incompatible. 

b. Store all chemicals by their hazard class. Only within segregation groups can chemicals be stored 
in alphabetical order. If a chemical exhibits more than one hazard, segregate by using the charac
teristic that exhibits the primary hazard. 

c. 	 Do not store chemicals near heat sources such as ovens or steam pipes. Also, do not store chemicals 
in direct sunlight. 

d. 	 Date chemicals when received and first opened. This will ensure that the oldest chemicals are 
used first, which will decrease the amount of chemicals for disposal. If a particular chemical can 
become unsafe while in storage, an expiration date should also be included. Keep in mind that 
expiration dates set by the manufacturer do not necessarily imply that the chemical is safe to use 
up to that date. 

e. 	 Do not use lab benches as permanent storage for chemicals. In these locations, the chemicals can 
easily be knocked over, incompatible chemicals can be stored alongside one another, and the 
chemicals are unprotected in the event of a fire. Each chemical must have a proper designated 
storage location and be returned to it after use. 

f. 	 Inspect chemicals and their containers for any signs of deterioration and for the integrity of 
the label. 

g. Do not store any chemicals in glass containers on the floor. 
h. 	Do not use fume hoods as a permanent storage location for chemicals, with the exception of 

particularly odorous chemicals that may require ventilation. The more containers, boxes, equipment, 
and other items that are stored in a fume hood, the greater likelihood of having chemical vapors 
drawn back into the room. 

i. Promptly dispose of any old, outdated, or unused chemicals. 
j. 	Chemicals that require refrigeration must be sealed with tight-fitting caps and kept in lab-safe 

refrigerators. Lab-safe refrigerators/freezers must be used for cold storage of flammables. 
k. 	 Do not store chemicals above eye level. If the container breaks, the contents can easily fall on the 

face and body. 
l. Do not store excessive amounts of chemicals in the lab. 
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Storage Cabinets 

Flammable Material Storage Cabinets 

Flammables not in active use must be stored in safe containers inside fire-resistant storage 
cabinets specifically designed to hold them. Flammable material storage cabinets must be specified 
for all labs that use flammable chemicals. The cabinets must meet NFPA 30 and OSHA 1910.106 
standards. Flammable material storage cabinets are designed to protect the contents of the cabinet 
from the heat and flames of external fire rather than to confine burning liquids within. They can 
perform their protective function only if used and maintained properly. Cabinets are generally 
designed with double-walled construction and doors that are 2 in above the base (the cabinet is 
liquid-proof up to that point). 

Acid Storage Cabinets 

Acids should be kept in acid storage cabinets specifically designed to hold them. Such cabinets 
have the same construction features as flammable materials storage cabinets but are coated with epoxy 
enamel to guard against chemical attack, and use polyethylene trays to collect small spills and provide 
additional protection from corrosion for the shelves. Periodically check shelves and support for 
corrosion. Nitric acid should always be stored by itself or in a separate cabinet compartment. 

BASIC RULES AND PROCEDURES FOR WORKING WITH CHEMICALS 

Laboratory Protocol 

Everyone in the lab is responsible for his or her own safety and for the safety of others. Before 
starting any work in the lab, make it a point to become familiar with the procedures and equipment 
that are to be used. Work only with chemical products when you know their flammability, reactivity, 
toxicity, safe handling, storage, and emergency procedures. If you do not understand or are unclear 
about something, ASK! 

Personal Safety Practices 

1. 	 Lab coats and safety glasses are required of all persons in laboratories where chemicals are used. 
This includes visitors, as well as all laboratory personnel. Safety glasses can be found in a case 
just inside the door to each laboratory. Safety equipment must be donned before a person crosses 
the tape line separating the entryway to the lab from the working area. Personal protective 
equipment is only required in the areas designated. 

2. Never wear shorts, short skirts, sandals, or open-toed or perforated shoes in the lab. 
3. 	Minimize skin contact. Disposable gloves are available in all labs. Their use is recommended, 

especially when handling dangerous chemicals or samples whose properties are unknown. This is 
especially important since we often work with stormwater samples that may be contaminated by 
raw sewage. Wash exposed skin before leaving the laboratory. 

4. Keep the work area clean and uncluttered. 
5. Do not smell or taste chemicals. 
6. No horseplay in laboratories. Do not engage in behavior that may distract another worker. 
7. Always make sure that the exits from the laboratory are free of obstruction. 
8. Do not allow children or pets in the lab. 
9. Never pipette anything by mouth. 

10. Be aware of dangling jewelry, loose clothing, or long hair that might get caught in the equipment. 
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11. 	 Store food and drinks in refrigerators that are designated for that use only. Food and drinks shall 
not be carried into the work areas in the lab. Do not consume food or drinks using glassware or 
utensils that are used for laboratory procedures. 

12. 	 Never work alone in the lab if it is avoidable. If you must work alone, make someone aware of 
your location and have him or her call or check on you periodically. If you must work alone, do 
not use large containers of any dangerous chemical (such as acids or solvents). 

13. Wash your hands frequently throughout the day and before leaving the lab for the day. 
14. 	 Do not wear contact lenses in the lab because chemicals or particulates may get caught behind 

them and cause severe damage to the eye. 

Housekeeping 

1. 	 Work areas must be kept clean and free of unnecessary chemicals. Clean your work area throughout 
the day and before you leave at the end of the day. 

2. 	 If necessary, clean equipment after use to avoid the possibility of harming the next person who 
uses it or of contaminating his/her samples. 

3. Keep all aisles and walkways in the lab clear to provide a safe walking surface and an unobstructed exit. 
4. Do not block access to emergency equipment and utility controls. 

Personal Protection — Protective Eyewear 

1. Goggles provide the best all-around protection against chemical splashes, vapors, dusts, and mists. 
2. 	Goggles that have indirect vents or are not vented provide the most protection, but an anti-fog 

agent might be needed. 
3. Standard safety glasses provide protection against impact. 
4. 	 If using a laser or strong UV light sources (such as photodegradation equipment), wear safety 

glasses or goggles that provide protection against the specific wavelengths involved. 
5. 	 Prescription glasses are generally not appropriate in a laboratory setting. If you wear prescription 

glasses, either get and wear a pair of prescription safety glasses from your optician or wear the 
“over-the-glasses” safety glasses when working in the laboratory. 

6. 	 Contact lenses should not be worn in a laboratory because they can trap contaminants behind them 
and reduce or eliminate the effectiveness of flushing with water from an eyewash. Contact lenses 
may also increase the amount of chemicals trapped on the surface of the eye and decrease removal 
of the chemical by tearing. If it is necessary to wear contact lenses in a lab, wear protective goggles 
at all times. 

Personal Protection — Protective Gloves 

1. 	 Chemicals can permeate any glove. The vapor form of the liquid chemical will break through to 
the skin side of the glove in most cases within a matter of minutes. The rate at which this occurs 
depends on the composition of the glove, the chemicals present and their concentration, and the 
exposure time. While for most chemicals this vapor exposure will not be particularly harmful, for 
some of the more toxic chemicals, it can be. In addition, once chemicals reach the skin, the glove 
then acts as a barrier which aids in the penetration of the chemicals through the skin. Effectively, 
a process called “occlusion” can occur, by which the chemical penetrates the skin more easily 
when trapped between the glove and the skin than if the skin were exposed without a glove. Consult 
glove and chemical compatibility charts (such as Table E.1) to ensure that you are using the most 
appropriate glove. Be sure to check the most up-to-date recommendations from the glove vendors. 

2. 	 If direct chemical contact occurs, replace gloves regularly throughout the day. Wash hands regularly 
and remove gloves before answering the telephone or opening doors. Make sure that hands are 
clean before using gloves. If chemicals have contaminated the skin prior to the glove being put 
on, the glove will then speed up the process of skin penetration. 

3. Check gloves for cracks, tears, and holes. If the gloves are not in good condition, replace them. 
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Table E.1 	 Chemical Resistance of Glove Materials 
(E = Excellent, G = Good, F = Fair, P = Poor) 

Chemical Natural Rubber Neoprene Nitrile Vinyl 

Acetaldehyde 

Acetic acid 

Acetone 

Acrylonitrile 

Ammonium hydroxide 

Aniline 

Benzaldehyde 

Benzene* 


Benzyl chloride* 


Bromine 

Butane 

Butyraldehyde 

Calcium hypochlorite 

Carbon disulfide 

Carbon tetrachloride* 


Chlorine 

Chloroacetone 

Chloroform 

Chromic acid 

Cyclohexane 

Dibenzyl ether 

Dibutyl phthalate 

Diethanolamine 

Diethyl ether 

Dimethyl sulfoxide** 


Ethyl acetate 

Ethylene dichloride* 


Ethylene glycol 

Ethylene trichloride* 


Fluorine 

Formaldehyde 

Formic acid 

Glycerol 

Hexane 

Hydrobromic acid (40%) 

Hydrochloric acid 

Hydrofluoric acid (30%) 

Hydrogen peroxide 

Iodine 

Methylamine 

Methyl cellosolve 

Methyl chloride* 

Methyl ethyl ketone 

Methylene chloride* 

Monoethaloamine 

Morpholine 

Naphthalene* 

Nitric acid 

Perchloric acid 

Phosphoric acid 

Potassium hydroxide 

Propylene dichloride* 

Sodium hydroxide 

Sodium hypochlorite 

Sulfuric acid 

Toluene* 

Trichloroethylene* 


G G E G 
E E E E 
G G G F 
P G N/A F 
G E E E 
F G E G 
F F E G 
P F G F 
F P G P 
G G N/A G 
P E N/A P 
P G N/A G 
P G G G 
P P G F 
P F G F 
G G N/A G 
F E N/A P 
P F G P 
P F F E 
F E N/A P 
F G N/A P 
F G N/A P 
F E N/A E 
F G E P 

N/A N/A N/A N/A 
F G G F 
P F G P 
G G E E 
P P N/A P 
G G N/A G 
G E E E 
G E E E 
G G E E 
P E N/A P 
G E N/A E 
G G G E 
G G G E 
G G G E 
G G N/A G 
G G E E 
E E N/A P 
P E N/A P 
F G G P 
F F G F 
F E N/A E 
F E N/A E 
G G E G 
P P P G 
F G F E 
G E N/A E 
G G G E 
P F N/A P 
G G G E 
G P F G 
G G F G 
P F G F 
P F G F 
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Table E.1 	 Chemical Resistance of Glove Materials (continued) 
(E=Excellent, G=Good, F=Fair, P=Poor) 

Chemical Natural Rubber Neoprene Nitrile Vinyl 

Tricresyl phosphate P F N/A F 
Triethanolamine F E E E 
Trinitrotoluene P E N/A P 

* Aromatic/halogenated hydrocarbons attack all types of glove. Should glove 
swelling occur, change to fresh gloves. 

** No data available regarding resistance to DMSO by natural rubber, neoprene, 
nitrile, or vinyl; use butyl rubber gloves. 

4. 	Butyl, neoprene, and nitrile gloves are resistant to most chemicals, e.g., alcohols, aldehydes, 
ketones, most inorganic acids, and most caustics. 

5. 	 Disposable latex and vinyl gloves protect against some chemicals, most aqueous solutions, and 
microorganisms, and reduce the risk of product contamination. DO NOT WEAR LATEX GLOVES 
IF YOU SHOW SIGNS OF A LATEX ALLERGY. 

6. 	 Leather and some knit-gloves will protect against cuts, abrasions, and scratches, but not against 
chemicals. 

7. Temperature-resistant gloves protect against cryogenic liquids, flames, and high temperatures. 
8. 	 If the above guidelines are followed and gloves are changed frequently, particularly when liquid 

comes in contact with the glove, then any of the thin rubber gloves available on the market should 
serve general laboratory purposes. 

Personal Protection — Other Protective Clothing 

1. 	 The primary purpose of a lab coat is to protect against splashes and spills. A lab coat should be 
nonflammable, where necessary, and easily removed. 

2. 	 Rubber-coated aprons can be worn to protect against chemical splashes and may be worn over a 
lab coat for additional protection. 

3. 	 Face shields can protect the face, eyes, and throat against impact, dust, particulates, and chemical 
splashes. However, always wear protective eyewear underneath a face shield. Always wear a face 
shield when handling large quantities of hazardous chemicals, such as when preparing an acid bath. 

4. 	 Shoes that fully cover the feet should always be worn in a lab. If work is going to be performed 
that includes moving large and heavy objects, steel-toed shoes must be worn. 

Avoidance of Routine Exposure 

Develop and encourage safe habits. Avoid unnecessary exposure to chemicals by any route. Do 
not smell or taste chemicals. Vent apparatus that may discharge toxic chemicals (e.g., vacuum 
pumps, microwaves) into local exhaust devices. Inspect gloves before use. Do not allow release of 
toxic substances in cold rooms or warm rooms, since these have contained recirculated atmospheres. 

Fume Hoods 

1. 	 Use the fume hood for all procedures that might result in the release of hazardous chemical vapors 
or dust. Confirm that the hood is working by holding a Kimwipe® (or other lightweight paper) up 
to the opening of the hood. The paper should be pulled inward. Leave the hood “on” when it is 
not in active use if toxic substances are stored inside or if it is uncertain whether adequate general 
laboratory ventilation will be maintained when it is “off.” 

2. 	 Equipment and other materials should be placed at least 6 in behind the sash. This will reduce the 
exposure of personnel to chemical vapors that may escape into the lab due to air turbulence. 

3. When the hood is not in use, pull the sash all the way down. 
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4. 	 While personnel are working in the hood, pull the sash down as far as is practical. The sash is 
protection against fires, explosions, chemical splashes, and projectiles. Never put the sash above 
the line marked as the maximum allowable height for safe use. 

5. 	 Do not keep loose papers, paper towels, or tissues in the hood. These material can be drawn into 
the blower and adversely affect the performance of the hood. 

6. 	 Do not use a fume hood as a storage cabinet for chemicals. Excessive storage of chemicals and 
other items will disrupt the designed airflow in the hood. In particular, do not store chemicals 
against the baffle at the back of the hood because this will interfere with the laminar air flow. 

7. Do not place objects directly in front of a fume hood. 
8. 	 Minimize the amount of foot traffic immediately in front of a hood. Walking past hoods causes 

turbulence that can draw contaminants out of the hood and into the room. 

Choice of Chemicals 

Use only those chemicals for which the quality of the available ventilation system is appropriate. 
Do not begin any experiment that requires a fume hood if the hood is not working. If the hood is 
not working, call Maintenance immediately. 

Equipment and Glassware 

1. Inspect all glassware before use. Repair or discard any broken, cracked, or chipped glassware. 
2. Transport all glass chemical containers in rubber or polyethylene bottle carriers. 
3. 	 Inspect laboratory apparatus before use. Use only equipment that is free from cracks, chips, or 

other defects. 
4. 	If possible, place a pan under a reaction vessel or other container to contain the liquid if the 

glassware breaks. 
5. Do not allow burners or any other ignition source nearby when working with flammable liquids. 
6. Properly support and secure laboratory apparatus before use. 
7. 	 Either work in the fume hood or ensure that the apparatus is venting to the fume hood if there is 

a possibility of hazardous vapors being evolved. 
8. Always work in a fume hood if there is a possibility of an implosion or explosion. 
9. If possible, vent vacuum pump exhaust into a fume hood. 

10. When using a vacuum pump, place a trap between the pump and the apparatus. 
11. 	Lubricate pump regularly if possible. Check belt condition and do not operate in a fume hood 

cabinet that is used for storage of flammables. 

Labels and Signs 

All hazardous chemicals are required by law to be labeled by the manufacturer. The chemical 
hygiene officer must ensure that each existing container and any incoming containers are properly 
labeled. The label must provide the following information: 

• The identity of the chemical 
• Any warnings 
• The manufacturer’s name and address 

Temporary or transfer containers intended for immediate use by the person who transferred the 
chemical need not be labeled. However, if the chemical is left unattended (such as premade 
standards), the container must be labeled. Temporary labels must include: 

• The identity of the chemical 
• Any warnings 
• The target organs affected, if applicable 
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Signs are intended to warn employees of chemical and physical dangers, such as designated 
areas where carcinogens or highly toxic chemicals are used or stored. All high hazard areas or 
hazardous chemical storage should be posted with the proper signs. 

Unattended Operations 

If an experiment/operation is left unattended, place an appropriate sign on the door and provide 
for containment of toxic substances in the event of equipment or utility service. 

Electrical Safety 

1. 	 Examine all electrical cords periodically for signs of wear and damage. If damaged electrical cords 
are discovered, unplug the equipment and repair (or send the equipment out for repair). 

2. Properly ground all electrical equipment. 
3. 	 If sparks are noticed while plugging in or unplugging equipment or if the cord feels hot, do not 

use the equipment until it has been serviced. 
4. 	 Do not run electrical cords along the floor where they will be a tripping hazard and subject to 

wear. If a cord must be run along the floor, protect it with a cord cover. 
5. Do not run electrical cords along the floor where liquid spills may be a problem (such as around sinks). 
6. 	 Do not run electrical cords above the ceiling if possible. The cord should be visible at all times 

to ensure that it is in good condition. 
7. 	Do not plug too many items into a single outlet. Multistrip plugs can be used only if they are 

protected with a circuit breaker and if they are not overused. 
8. Do not use extension cords for permanent wiring. 

USE AND STORAGE OF CHEMICALS IN THE LABORATORY 

Procurement of Chemicals 

Material Safety Data Sheets (MSDS) must accompany all initial incoming shipments of all 
chemicals. MSDSs must be readily available to all personnel in the labs where the chemicals are 
stored and where they are used. MSDSs shall be kept in three-ring binders near the door so that 
personnel can familiarize themselves with new chemicals before getting them out and using them. 

Before ordering a new chemical, laboratory personnel should obtain information on proper 
handling, storage, and disposal methods for that chemical. 

Consumer products used as they would be at home (such as dishwashing detergent) do not 
require an MSDS. 

Sources of MSDSs include: 

• Chemical supplier 
• Chemical manufacturer 
• 	Internet resources, such as the UAB Department of Occupational Health and Safety webpage 

http://www.healthsafe.uab.edu 

Working with Allergens 

A wide variety of substances can elicit skin and lung hypersensitivity. Examples include common 
substances such as diazomethane, chromium, nickel, bichromates, formaldehyde, isocyanates, and 
certain phenols. Because of this variety and the varying responses of individuals, suitable gloves 
should be used whenever there is a potential for contact with chemicals that may cause skin irritation. 
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Working with Embryotoxins 

Embryotoxins are substances that cause adverse effects on a developing fetus. These effects 
may include embryolethality, malformations, retarded growth, and postnatal function deficits. 

A few substances have been demonstrated to be embryotoxic in humans. These include: 

Acrylic acid 

Aniline 

Benzene 

Cadmium 

Carbon sulfide 

N,N-dimethylacetamide 

Dimethylformamide 

Dimethyl sulfoxide 

Diphenylamine 

Estradiol 

Formaldehyde 

Formamide 

Hexachlorobenzene 

Iodoacetic acid 

Lead compounds 

Mercury compounds 

Nitrobenzene 

Nitrous oxide 

Phenol 

Thalidomide 

Toluene 

Vinyl chloride 

Xylene 

Polychlorinated and polybrominated biphenyls 


Embryotoxins requiring special controls should be stored in an adequately ventilated area. The 
container should be labeled in a clear manner such as the following: EMBRYOTOXIN: READ 
SPECIFIC PROCEDURES FOR USE. If the storage container is breakable, it should be kept in 
an impermeable, unbreakable secondary container having sufficient capacity to retain the material, 
should the primary container fail. 

Working with Chemicals of Moderate or High Acute Toxicity or High Chronic Toxicity 

Before beginning a laboratory operation, each worker is strongly advised to consult the standard 
compilations that list toxic properties of known substances and learn what is known about the 
substance to be used. The precautions and procedures described in this section should be followed 
if any of the substances to be used in significant quantities is known to be moderately or highly 
toxic. If any of the substances being used is known to be highly toxic, it is desirable to have two 
people present in the area at all times. 

These procedures should be followed if the toxicological properties of any of the substances 
being used or prepared are UNKNOWN. If any of the substances to be used or prepared are known 
to have high chronic toxicity (e.g., compounds of heavy metals and other potent carcinogens), then 
the precautions and procedures described in this section should be supplemented with additional 
precautions to aid in containing and ultimately destroying the substances having high chronic toxicity. 

If you are considering pregnancy, handle these substances only in a hood with a confirmed 
satisfactory performance, using appropriate protective apparel to prevent skin contact. If you are 
pregnant, notify your supervisor and consult your physician before working with these materials. 
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In addition to the safety protocols discussed earlier, the following three steps must be followed 
when working with one or more of these substances: 

1. 	Label containers of substances having high chronic toxicity as follows: WARNING! HIGH 
ACUTE OR CHRONIC TOXICITY OR CANCER SUSPECT AGENT. 

2. 	 Protect the hands and forearms by wearing either gloves and a laboratory coat or suitable long 
gloves to avoid contact of the toxic material with the skin. 

3. 	 Procedures involving volatile toxic substances and those involving solid or liquid toxic substances 
that may result in the generation of aerosols should be conducted in a fume hood or other suitable 
containment device. 

4. 	 After working with toxic materials, wash the hands and arms immediately. Never eat, drink, chew 
gum, apply cosmetics, take medicine, or store foods in areas where toxic substances are being used. 

These standard precautions will provide laboratory workers with good protection from most 
toxic substances. In addition, records that include amounts of material used and names of workers 
involved should be kept as part of the laboratory notebook record of the experiment. For strong 
carcinogens, an accurate record of such substances being stored and the amounts used, dates of 
use, and names of users must be maintained. 

To minimize hazards from accidental breakage of apparatus or spills of toxic substances in the 
hood, containers of such substances should be stored in pans or trays made of polyethylene or other 
chemical-resistant material, and the apparatus should be mounted above trays of the same material. 
Alternatively, the working surface of the hood can be fitted with a removable liner of adsorbent, 
plastic-backed paper. Such procedures will make clean up of accidental spills easier. Areas where 
toxic substances are being used and stored must have restricted access, and warning signs should 
be posted if a special toxicity hazard exists. If the substance is suspected of having a high chronic 
toxicity, the storage area must be maintained under negative pressure with respect to its surroundings. 

In general, the waste materials and solvents containing toxic substances should be stored in closed, 
impervious containers so that personnel handling the containers will not be exposed to their contents. 

The laboratory worker must be prepared for potential accidents or spills involving toxic sub
stances. If a toxic substance contacts the skin, the area should be washed with water. If there is a 
major spill outside the hood, the room or appropriate area should be evacuated and necessary 
measures should be taken to prevent exposures to other workers. Spills must be cleaned by personnel 
wearing suitable personal protective equipment. 

Some examples of potent carcinogens (substances known to have high chronic toxicity), along 
with their corresponding chemical class, are: 

Alkylating Agents: 
α-Halo ethers 

Bis(chloromethyl)ether and chloromethyl ether 
Methyl chloromethyl ether 

Aziridines 
Ethylene imine 
2-Methylaziridine 

Diazo, azo, and azoxy compounds 
4-Dimethylaminobenzene 

Electrophilic alkenes and alkynes 
Acrylonitrile 
Acrolein 
Ethyl acrylate 

Epoxides 
Ethylene oxide 
Diepoxybutane 
Epichlorohydrin 
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Propylene oxide 
Styrene oxide 

Acylating Agents: 
β-Propiolactone 
Dimethylcarbamoyl chloride 
β-Butyrolactone 

Organohalogen compounds: 
1,2-Dibromo-3-chloropropane 
Vinyl chloride 
Chloroform 
Methyl iodide 
2,4,6-Trichlorophenol 
Bis(2-chloroethyl)sulfide 
Carbon tetrachloride 
Hexachlorobenzene 
1,4-Dichlorobenzene 

Natural products: 
Adriamycin 
Bleomycin 
Progesterone 
Aflatoxins 
Reserpine 
Safrole 

Inorganic compounds: 
Cisplatin 

Aromatic amines: 
4-Aminobiphenyl 
Aniline 
o-Anisidine 
Benzidine and derivatives 
1,1-Bis(p-chlorophenyl)-2,2,2-trichloroethane (DDT) 
o-Toluidine 

Other Extremely Hazardous Chemicals: 
Arsenic, organic arsenic, and derivatives 
Arsine and gaseous derivatives 
Asbestos 
Azathioprine 
Bromodeoxyuridine 
1,4-Butanediol dimethylsulfonate (Myleran) 
N-Butyl-N-(4-hydroxybutyl)nitrosamine (OH-BBN) 
Chlorambucil 
Chloropicrin in gas mixtures 
Cyanogen 
Cyanogen chloride 
Cyclophosphamide 
Diborane 
Diisopropylfluorophosphate 
9,10-Dimethyl-1,2-benzanthracene (DMBA) 
Erionite 
Germane 
Hexaethyltetraphosphate 
Hydrogen cyanide 
Hydrogen selenide 
Melphalan 
N-Methyl-N-benzylnitrosamine 
N-Methyl-N-nitrosourea 
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Mustard gas 

2-Naphthylamine 

Nitric oxide 

Nitrogen dioxide 

Nitrogen tetroxide 

Parathion 

Phosgene 

Phosphine 

2,3,7,8-Tetrachlorodibenzo-p-dioxin 

Thorium dioxide 


Some examples of compounds normally classified as strong carcinogens include the following: 

2-Acetylaminofluorene 

Benzo[a]pyrene 

7,12-Dimethylbenz[a]anthracene 

Dimethylcarbamoyl chloride 

Hexamethylphosphoramide 

3-Methylcholanthrene 

2-Nitronaphthalene 

Propane sultone 

Various N-nitrosamides 


The above substances (in both lists) must be used and stored in areas with restricted access. 
Special warning signs must be posted in these areas. Containers should be stored in chemical-resistant 
trays, and work must be performed within or above these trays. Cover surfaces where these substances 
are used with absorbent, plastic-backed paper. Performance-certified hood or other containment 
devices must be used when generation of toxic vapor, gases, dusts, or aerosols might occur. 

Chemical Storage 

The chemical storage area should be posted with an appropriate sign. Chemicals must be stored 
in appropriate containers and correctly labeled. Chemical compatibility must be determined to 
reduce the likelihood of hazardous reactions. The following steps should be followed when assessing 
chemical compatibility: 

1. Identify the chemical 
2. Determine the hazard class of the chemical: toxic, flammable, reactive, corrosive, oxidizer, low hazard. 
3. 	 Segregate the chemicals according to the above classifications. If there is a potential for hazardous 

interactions within a specific class, further separation is warranted. Label the area for each class 
of chemical. 

4. General rules for compatibility: 
a. 	Highly toxic or carcinogenic chemicals should be ordered and stored in the smallest practical 

amount. 
b. Flammable or combustible liquids must be stored in approved containers, flammable material 

storage cabinets, or in properly designed under-hood storage areas. No more than 10 gallons 
of flammable liquids may be stored outside an approved flammable material storage cabinet. 
No more than 60 gallons of flammable liquids may be stored in a laboratory. 

c. 	Water-reactive chemicals should be located in a cool, dry area away from potential sources 
of water. 

d. 	Corrosives should be separated into acid and base subclasses. Large containers of corrosives 
should be stored on the lowest shelf or in special cabinets. Acids and bases should be separated 
from active metals and substances that can generate toxic gases upon contact. NITRIC ACID 
MUST BE STORED SEPARATELY. 

e. Oxidizers must be separated from combustible and flammable chemicals as well as reducing agents. 
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Compressed gas cylinders must be stored in well-ventilated areas where the temperature does 
not exceed 125°F. Cylinders must be stored in an upright position. Cylinders not in use should 
have the valve protection caps in place. Cylinders must be chained down to a fixed structure using 
the appropriate brackets and chains. 

Never mix chemicals unless such mixing is part of a documented and approved procedure. 

Transportation 

1. All chemicals should be labeled before being transported. 
2. 	 When chemicals are hand-carried, they should be placed in an outside container or acid-carrying 

bucket to protect against breakage and spillage. 
3. 	 When chemicals are transported by wheeled cart, the cart should be stable under the load and have 

wheels large enough to negotiate uneven surfaces (such as expansion joints and floor drain 
depressions) without tipping or stopping suddenly. Incompatible chemicals should never be trans
ported on the same cart. 

4. 	 Laboratory moves and transfers of large amounts of chemicals should be coordinated through the 
Hazardous Materials Facility. 

5. 	Secondary containment should always be used to contain substances if there is a break in the 
primary container. 

The following are conditions for chemical transport in elevators: 

Chemicals should be labeled and carried in secure, break-resistant containers with tight-fitting caps. 
The packing systems supplied by manufacturers are excellent at preventing breakage during transport 
and may be reused for this purpose. The individual transporting the hazardous chemicals should 
operate the elevator alone, whenever possible. 

The safe transport of small quantities of flammable liquids should include provisions that include the 
use of rugged, pressure-resistant, nonventing containers, storage during transport in a well-ventilated 
vehicle, and elimination of potential ignition sources. 

If there is a spill or accident, contact the University Chemical Safety Director and state your name, 
telephone number, location of incident, name and quantity of material involved, and the extent of 
injuries, if any. Take all necessary emergency measures, such as removing contaminated clothing, 
washing any chemicals from the skin with soap and water, and seeking prompt medical attention. 
If it is necessary for the individual transporting the chemicals to leave the scene of an accident or 
spill, he/she should delegate someone to remain at the scene until emergency personnel arrive. The 
responsible party should return as soon as possible. 

Cylinders that contain compressed gases are primarily shipping containers and should not be subjected 
to rough handling or abuse. Such misuse can seriously weaken the cylinder and render it unfit for 
further use or transform it into a missile with sufficient energy to propel it through masonry walls. 
To protect the valve during transport, the cover cap should be left screwed on hand-tight until the 
cylinder is in place and ready for actual use. The preferred transport method, even for short distances, 
is by suitable hand truck with the cylinder strapped into place. Only one cylinder should be handled 
at a time. After a cylinder has been relocated, straps, chains, or a suitable stand to keep it from 
falling must restrain it. 

PROCEDURES FOR SPECIFIC CLASSES OF HAZARDOUS MATERIALS 

This section will address the rules and procedures for handling chemicals that fall into one or 
more of five fundamental classes of laboratory chemicals: flammables, corrosives, oxidizers, reac
tives, and compressed gases. 
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Flammable Solvents 

Flammable liquids are the most common chemicals found in a laboratory. The primary hazard 
associated with flammable liquids is their ability to readily ignite and burn. One should note that 
it is the vapor of a flammable liquid, not the liquid itself, which ignites and causes a fire. 

The rate at which a liquid vaporizes is a function of its vapor pressure. In general, liquids with 
a high vapor pressure evaporate at a higher rate compared to liquids of lower vapor pressure. It 
should be noted that vapor pressure increases rapidly as the temperature rises, as does the evapo
ration rate. A reduced-pressure environment also accelerates the rate of evaporation. 

The flash point of a liquid is the lowest temperature at which a liquid gives off a vapor at a 
rate sufficient to form an air–vapor mixture that will ignite, but will not sustain ignition. Many 
common flammable solvents have flash points significantly lower than room temperature. 

The limits of flammability or explosivity define the range of fuel–air mixtures that will sustain 
combustion. The lower limit of this range is called the lower explosive limit (LEL), and the higher 
limit of this range is called the upper explosive limit (UEL). Materials with very broad flammability 
ranges are particularly treacherous due to the fact that virtually any fuel–air combination may form 
an explosive atmosphere. 

The vapor density of a flammable material is the density of the corresponding vapor relative 
to air under specific temperature and pressure conditions. Flammable vapors with densities greater 
than one (and thus “heavier” than air) are potentially lethal because they will accumulate at floor 
level and flow with remarkable ease, in much the same manner that a liquid would. The obvious 
threat is that these mobile vapors may eventually reach an ignition source, such as an electrical 
outlet or a lit Bunsen burner. 

Examples of Flammable Liquids 

Acetone 

Ethyl ether 

Toluene 

Methyl formate 


Use and Storage of Flammables 

1. 	 Flammable liquids that are not in active use must be stored in safe containers inside fire-resistant 
storage cabinets designed for flammables, or inside storage rooms. 

2. Minimize the amount of flammable liquids stored in the lab. 
3. Use flammables only in areas free of ignition sources. 
4. 	 Never heat flammables with an open flame. Instead, use steam baths, water baths, oil baths, hot 

air baths, sand baths, or heating mantles. 
5. 	 Never store flammable chemicals in a standard household refrigerator. There are several ignition 

sources located inside a standard refrigerator that can set off a fire or violent explosion. Flammables 
can only be stored cold in a lab safe or explosion-proof refrigerator. Another alternative is to use 
an ice bath to chill the chemicals. Remember, there is no safety benefit in storing a flammable 
chemical in a refrigerator if the flash point of that chemical is below the temperature of that 
refrigerator. 

6. 	 The transfer of material to or from a metal container is generally accompanied by an accumulation 
of static charge on the container. This fact must be kept in mind when transferring flammable 
liquids, since the discharge of this static charge could generate a spark, thereby igniting the liquid. 
To make these transfers safer, flammable liquid dispensing and receiving containers must be bonded 
together before pouring. Large containers such as drums must also be grounded when used as 
dispensing or receiving vessels. All grounding and bonding connections must be metal to metal. 
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Health Effects Associated with Flammables 

In general, the vapors of many flammables are irritating to mucous membranes of the respiratory 
system and eyes, and in high concentrations are narcotic. The following symptoms are typical for 
the respective routes of entry: 

Acute Health Effects: 
Inhalation — headache, fatigue, dizziness, drowsiness, narcosis (stupor and unresponsiveness) 
Ingestion — slight gastrointestinal irritation, dizziness, fatigue 
Skin Contact — dry, cracked, and chapped skin 
Eye Contact — stinging, watery eyes, inflammation of the eyelids 

Chronic Health Effects: 
The chronic health effects will vary depending on the specific chemical, the duration of the expo

sure, and the extent of the exposure. However, damage to the lungs, liver, kidneys, heart, and/or 
central nervous system may occur. Cancer and reproductive effects are also possible. 

Flammable Groups Exhibiting These Health Effects: 
Hydrocarbons — aliphatic hydrocarbons are narcotic but their systemic toxicity is relatively low. 

Aromatic hydrocarbons are all potential narcotic agents, and overexposure to the vapors can lead 
to loss of muscular coordination, collapse, and unconsciousness. Benzene is toxic to bone mar
row and can cause leukemia. 

Alcohols — vapors are only moderately narcotic. 

Ethers — exhibit strong narcotic properties but for the most part are only moderately toxic. 

Esters — vapors may result in irritation to the eyes, nose, and upper respiratory tract. 

Ketones — systemic toxicity is generally not high. 


First-Aid Procedures for Exposures to Flammable Materials 

Inhalation Exposure — remove person from contaminated area if it is safe to do so. Get medical attention 
and do not leave person unattended. 

Ingestion Exposures — remove the person, if possible, from source of contamination. Get medical 
attention. 

Dermal Exposures — remove person from source of contamination. Remove clothing, jewelry, and 
shoes from the affected areas. Flush the affected areas with water for at least 15 min and obtain 
medical attention. 

Eye Contact — remove person from source of contamination. Flush the eyes with water for at least 
15 min. Obtain medical attention. 

Personal Protective Equipment 

Always use a fume hood while working with flammable liquids. Nitrile and neoprene gloves 
are effective against most flammables. Wear a nonflammable lab coat to provide a barrier to your 
skin, and goggles if splashing is likely to occur. 

Oxidizers 

Oxidizers or oxidizing agents present fire and explosion hazards on contact with combustible 
materials. Depending on the class, an oxidizing material may increase the burning rate of combus
tibles with which it comes in contact; cause the spontaneous ignition of combustibles with which 
it comes in contact; or undergo an explosive reaction when exposed to heat, shock, or friction. 
Oxidizers are generally corrosive. 
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Examples of Common Oxidizers 

Peroxides 
Nitrites 
Nitrates 
Chlorates 
Perchlorates 
Chlorites 
Hypochlorites 
Dichromates 

Use and Storage of Oxidizers 

1. In general, store oxidizers away from flammables, organic compounds, and combustible materials. 
2. 	 Strong oxidizing agents like chromic acid should be stored in glass or some other inert container, 

preferably unbreakable. Corks and rubber stoppers should not be used. 
3. 	 Reaction vessels containing appreciable amounts of oxidizing materials should never be heated in 

oil baths, but rather on a heating mantle or sand bath. 

Use and Storage of Perchloric Acid 

1. 	 Perchloric acid is an oxidizing agent of particular concern. The oxidizing power of perchloric acid 
increases as concentration and temperature increase. Cold, 70% perchloric acid is a strong, 
nonoxidizing corrosive. A 72% perchloric acid solution at elevated temperatures is a strong 
oxidizing agent. An 85% perchloric acid solution is a strong oxidizer at room temperature. 

2. 	 Do not attempt to heat perchloric acid if you do not have access to a properly functioning perchloric 
acid fume hood. Perchloric acid can only be heated in a hood specially equipped with a wash 
down system to remove any perchloric acid residue. The hood should be washed down after each 
use and it is preferred to dedicate the hood to perchloric acid use only. 

3. Whenever possible, substitute a less hazardous chemical for perchloric acid. 
4. 	 Perchloric acid can be stored in a perchloric acid fume hood. Keep only the minimum amount 

necessary for your work. Another acceptable storage site for perchloric acid is on a metal shelf or 
in a metal cabinet away from organic or flammable materials. A bottle of perchloric acid should 
also be stored in a glass secondary container to contain leakage. 

5. 	 Do not allow perchloric acid to come in contact with any strong dehydrating agents such as sulfuric 
acid. The dehydration of perchloric acid is a severe fire and explosion hazard. 

6. 	Do not order or use anhydrous perchloric acid. It is unstable at room temperature and can 
decompose spontaneously with a severe explosion. Anhydrous perchloric acid will explode upon 
contact with wood. 

Health Effects Associated with Oxidizers 

Oxidizers are covered here primarily due to their potential to add to the severity of a fire or to 
initiate a fire. But there are some generalizations that can be made regarding the health hazards of 
an oxidizing material. In general, oxidizers are corrosive and many are highly toxic. 

Acute Health Effects 

Some oxidizers, such as nitric and sulfuric acid vapors, chlorine, and hydrogen peroxide, act 
as irritant gases. All irritant gases can cause inflammation in the surface layer of tissues when in 
direct contact. They can also cause irritation of the upper airways, conjunctiva, and throat. 

Some oxidizers, such as fluorine, can cause severe burns of the skin and mucous membranes. 
Chlorine trifluoride is extremely toxic and can cause severe burns to tissue. 
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Nitrogen trioxide is very damaging to tissue, especially the respiratory tract. The symptoms from 
an exposure to nitrogen trioxide may be delayed for hours, but fatal pulmonary edema may result. 

Osmium tetroxide, another oxidant commonly employed in the laboratory, is also dangerous 
due to its high degree of acute toxicity. It is a severe irritant of both the eyes and the respiratory 
tract. Inhalation can cause headache, coughing, dizziness, lung damage, difficulty breathing, and 
may be fatal. 

Chronic Health Effects 

Nitrobenzene and chromium compounds can cause hematological and neurological changes. 
Compounds of chromium and manganese can cause liver and kidney disease. Chromium (VI) 
compounds have been associated with lung cancer. 

First Aid for Oxidizers 

In general, if a person has inhaled, ingested, or come into direct contact with these materials, 
the person must be removed from the source of contamination as quickly as possible when it is 
safe to do so. Medical help must be summoned. In the case of an exposure directly to the skin or 
eyes, it is imperative that the exposed person be taken to an emergency shower or eyewash 
immediately. Flush the affected areas for a minimum of 15 minutes and then get medical attention. 

Personal Protective Equipment 

1. 	 In many cases, the glove of choice will be neoprene, polyvinyl chloride (PVC), or nitrile. Be sure 
to consult a glove compatibility chart to ensure that the glove material is appropriate for the 
particular chemical you are working with. 

2. Goggles must be worn if the potential for splashing exists or if exposure to vapor or gas is likely. 
3. Always use these materials in a chemical fume hood as most pose a hazard via inhalation. 

Corrosives 

General Characteristics 

1. 	 Corrosives are most commonly acids or alkalis, but many other materials can be severely damaging 
to living tissue. 

2. 	 Corrosives can cause visible destruction or irreversible alterations at the site of contact. Inhalation 
of the vapor or mist can cause severe bronchial irritation. Corrosives are particularly damaging to 
the skin and eyes. 

3. 	 Certain substances considered noncorrosive in their natural dry state are corrosive when wet, such 
as when in contact with moist skin or mucous membranes. Examples of these materials are lithium 
chloride, halogen fluorides, and allyl iodide. 

4. 	Sulfuric acid is a very strong dehydrating agent and nitric acid is a strong oxidizing agent. 
Dehydrating agents can cause severe burns to the eyes due to their affinity for water. 

Examples of Corrosives 

Sulfuric acid 

Chromic acid 

Stannic chloride 

Ammonium bifluoride 

Bromine 

Ammonium hydroxide 


RB-AR28987



LABORATORY SAFETY, WASTE DISPOSAL, AND CHEMICAL ANALYSES METHODS 753 

Use and Storage of Corrosives 

1. 	 Always store acids separately from bases. Also, store acids in acid storage cabinets away from 
flammables since many acids are also strong oxidizers. 

2. 	Do not work with corrosives unless an emergency shower and continuous flow eyewash are 
available. 

3. 	 Add acid to water, but never water to acid. This is to prevent splashing from the acid due to the 
generation of excessive heat as the two substances mix. 

4. Never store corrosives above eye level. Store on a low shelf or cabinet. 
5. It is a good practice to store corrosives in a tray or bucket to contain any leakage. 
6. 	 When possible, purchase corrosives in containers that are coated with a protective plastic film that 

will minimize the danger to personnel if the container is dropped. 
7. 	Store corrosives in a wood cabinet or one that has a corrosion-resistant lining. Corrosives 

stored in an ordinary metal cabinet will quickly damage it. If the supports that hold up the 
shelves become corroded, the result could be serious. Acids should be stored in acid storage 
cabinets specially designed to hold them, and nitric acid should be stored in a separate cabinet 
or compartment. 

Use and Storage of Hydrofluoric Acid 

1. 	 Hydrofluoric acid is extremely hazardous. Hydrofluoric acid can cause severe burns, and inhalation 
of anhydrous hydrogen fluoride can be fatal. 

2. Initial skin contact with hydrofluoric acid may not produce any symptoms. 
3. Only persons fully trained in the hazards of hydrofluoric acid should use it. 
4. 	Always use hydrofluoric acid in a properly functioning fume hood. Be sure to wear personal 

protective clothing. 
5. 	 If you suspect that you have come in direct contact with hydrofluoric acid: wash the area with 

water for at least 15 minutes, remove clothing, and then promptly seek medical attention. If 
hydrogen fluoride vapors are inhaled, move the person immediately to an uncontaminated 
atmosphere (if safe to do so), keep the person warm, and seek prompt medical attention. 

6. 	NEVER STORE HYDROFLUORIC ACID IN A GLASS CONTAINER BECAUSE IT IS 
INCOMPATIBLE WITH GLASS. 

7. 	 Store hydrofluoric acid separately in an acid storage cabinet and keep only the amount necessary 
in the lab. 

8. 	 Creams for treatment of hydrofluoric acid exposure are commercially available and should be kept 
on site. 

Health Effects Associated with Corrosives 

All corrosives are severely damaging to living tissues and also attack other materials, such 
as metal. 

Skin contact with alkali metal hydroxides, e.g., sodium hydroxide and potassium hydroxide, is 
more dangerous than with strong acids. Contact with alkali metal hydroxides normally causes 
deeper tissue damage because there is less pain than with an acid exposure. The exposed person 
may not wash it off thoroughly enough or seek prompt medical attention. 

All hydrogen halides are acids that are serious respiratory irritants and also cause severe 
burns. Hydrofluoric acid is particularly dangerous. At low concentrations, hydrofluoric acids do 
not immediately show any signs or symptoms upon contact with skin. It may take several hours 
for the hydrofluoric acid to penetrate the skin before you would notice a burning sensation. 
However, by this time permanent damage, such as second and third degree burns with scarring, 
can result. 
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Acute Health Effects 

Inhalation — irritation of mucous membranes, difficulty in breathing, fits of coughing, pulmonary edema 
Ingestion — irritation and burning sensation of lips, mouth, and throat; pain in swallowing; swelling 

of the throat; painful abdominal cramps; vomiting; shock; risk of perforation of stomach 
Skin Contact — burning, redness and swelling, painful blisters, profound damage to tissues; and with 

alkalis, a slippery, soapy feeling 
Eye Contact — stinging, watery eyes, swelling of eyelids, intense pain, ulceration of eyes, loss of eyes 

or eyesight 

Chronic Health Effects 

Symptoms associated with a chronic exposure vary greatly depending on the chemical. The 
chronic effect of hydrochloric acid is damage to the teeth; the chronic effects of hydrofluoric 
acid are decreased bone density, fluorosis, and anemia; the chronic effects of sodium hydroxide 
are unknown. 

First Aid for Corrosives 

Inhalation — remove person from source of contamination if safe to do so. Get medical attention. Keep 
person warm and quiet and do not leave unattended. 

Ingestion — remove person from source of contamination if safe to do so. Get medical attention and 
inform emergency responders of the name of the chemical swallowed. 

Skin Contact — remove person from source of contamination if safe to do so and take immediately to 
an emergency shower or source of water. Remove clothing, shoes, socks, and jewelry from affected 
areas as quickly as possible, cutting them off if necessary. Be careful to not get any chemical on 
your skin or to inhale the vapors. Flush the affected area with water for a minimum of 15 minutes. 
Get medical attention. 

Eye Contact — remove person from source of contamination if safe to do so and take immediately to 
an eyewash or source of water. Rinse the eyes for a minimum of 15 minutes. Have the person look 
up and down and from side to side. Get medical attention. Do not let the person rub the eyes or 
keep them tightly shut. 

Personal Protective Equipment 

Always wear proper gloves when working with acids. Neoprene and nitrile gloves are effective 
against most acids and bases. Polyvinyl chloride (PVC) is also effective for most acids. A rubber
coated apron and goggles should also be worn. If splashing is likely to occur, wear a face shield 
over the gloves. Always use corrosives in a chemical fume hood. 

Reactives 

General Characteristics 

Polymerization Reactions 

Polymerization is a chemical reaction in which two or more molecules of a substance combine 
to form repeating structural units of the original molecule. This can result in an extremely high or 
uncontrolled release of heat. An example of a chemical that can undergo a polymerization reaction 
is styrene. 
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Water-Reactive Molecules 

When water-reactive materials come in contact with water, one or more of the following can occur: 

• 	Liberation of heat, which may cause ignition of the chemical itself if it is flammable, or ignition 
of flammables that are stored nearby 

• Release of a flammable, toxic, or strong oxidizing gas; release of metal oxide fumes 
• Formation of corrosive acids 

Water-reactive chemicals can be particularly hazardous to firefighting personnel responding to 
a fire in a lab, because water is the most commonly used fire-extinguishing medium. Examples of 
water-reactive materials: 

Alkali metals: lithium, sodium, potassium 

Magnesium 

Silanes 

Alkylaluminums 

Zinc 

Aluminum 


Pyrophoric material can ignite spontaneously in the presence of air. Examples of pyrophoric 
materials: 

Diethylzinc 

Triethylaluminum 

Many organometallic compounds 


Peroxide-Forming Materials 

Peroxides are very unstable and some chemicals that can form them are commonly used in 
laboratories. This makes peroxide-forming materials some of the most hazardous substances found 
in a lab. Peroxide-forming materials are chemicals that react with air, moisture, or impurities to 
form peroxides. The tendency to form peroxides by most of these materials is greatly increased by 
evaporation or distillation. Organic peroxides are extremely sensitive to shock, sparks, heat, friction, 
impact, and light. Many peroxides formed from materials used in laboratories are more shock 
sensitive than TNT. Just the friction from unscrewing the cap of a container of ether that has 
peroxides in it can provide enough energy to cause a severe explosion. 

Examples of peroxide-forming materials: 

Diisopropyl ether 
Sodium amide 
Dioxane 
Tetrahydrofuran 
Butadiene 
Acrylonitrile 
Divinylacetylene 
Potassium amide 
Diethyl ether 
Vinyl ethers 
Vinylpyridine 
Styrene 
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Other Shock-Sensitive Materials 

These materials are explosive and sensitive to heat and shock. Examples of shock-sensitive materials: 

Chemicals containing nitro groups 

Fulminates 

Hydrogen peroxide (30+%) 

Ammonium perchlorate 

Benzoyl peroxide (when dry) 

Compounds containing the functional groups: acetylide, azide, diazo, halamine, nitroso, and ozonide 


Use and Storage of Reactives 

1. 	A good way to reduce the potential risks is to minimize the amount of material used in the 
experiment. Use only the amount of material necessary to achieve the desired results. 

2. 	 Always substitute a less hazardous chemical for a highly reactive chemical whenever possible. If 
it is necessary to use a highly reactive chemical, order only the amount that is necessary for the work. 

3. 	 Store water-reactive materials in an isolated part of the lab. A cabinet far removed from any water 
sources, such as sinks, emergency showers, and chillers, is an appropriate location. Clearly label 
the cabinet “Water-Reactive Chemicals — No Water.” 

4. 	 Store pyrophorics in an isolated part of the lab and in clearly marked cabinets. Be sure to routinely 
check the integrity of the container and dispose of materials in corroded or damaged containers. 

5. 	 Do not open the chemical container if peroxide formation is suspected. The act of opening the 
container could be sufficient to cause a severe explosion. Visually inspect liquid peroxide-forming 
materials for crystals or unusual viscosity before opening. Pay special attention to the area around 
the cap. Peroxides usually form upon evaporation, so they will most likely be formed on the threads 
under the cap. 

6. 	 Date all peroxide-forming materials with the date received and the expected shelf life. Chemicals 
such as diisopropyl ether, divinyl acetylene, sodium amide, and vinylidene chloride should be 
discarded after 3 months. Chemicals such as dioxane, diethyl ether, and tetrahydrofuran should 
be discarded after 1 year. 

7. 	 Store all peroxide-forming chemicals away from heat, sunlight, and sources of ignition. Sunlight 
accelerates the formation of peroxides. 

8. 	 Secure the lids and caps on these containers to discourage the evaporation and concentration of 
these chemicals. 

9. 	 Never store peroxide-forming chemicals in glass containers with screw cap lids or glass stoppers. 
Friction and grinding must be avoided. Also, never store these chemicals in a clear glass bottle 
where they would be exposed to light. 

10. 	 Contamination of an ether by peroxides or hydroperoxides can be detected simply by mixing the 
ether with 10% (w/w) aqueous potassium iodide solution — a yellow color change due to oxidation 
of iodide to iodine confirms the presence of peroxides. Small amounts of peroxides can be removed 
from contaminated ethers via distillation from lithium aluminum hydride (LiAlH4), which both 
reduces the peroxide and removes contaminating water and alcohols. However, if you suspect that 
peroxides may be present, it is wise to dispose of the material. If you notice crystal formation in 
the container or around the cap, do not attempt to open or move the container. 

11. Never distill an ether unless it is known to be free of peroxides. 
12. Store shock-sensitive materials separately from other chemicals and in a clearly labeled cabinet. 
13. Never allow picric acid to dry out, as it is extremely explosive. Always store picric acid in a wetted state. 

Health Hazards Associated with Reactives 

Reactive chemicals are grouped as a category primarily because of the safety hazards associated 
with their use and storage and not because of similar acute or chronic health effects. For health 
hazard information on specific reactive materials, consult the MSDS or the manufacturer. However, 
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there are some hazards common to the use of reactive materials. Injuries can occur due to heat or 
flames, inhalation of fumes, vapors and reaction products, and flying debris. 

First Aid for Reactives 

If someone is seriously injured, the most important step is to contact emergency responders as 
quickly as possible. Explain the situation and describe the location clearly and accurately. 

If someone is bleeding severely, apply a sterile dressing, clean cloth, or handkerchief to the 
wound. Then put protective gloves on and place the palm of your hand directly over the wound 
and apply pressure and keep the person calm. Continue to apply pressure until help arrives. 

If a person’s clothes are on fire, he or she should drop immediately to the floor and roll. If a 
fire blanket is available, put it over the individual. An emergency shower, if one is immediately 
available, can also be used to douse the flames. 

If a person goes into shock, have the individual lie down on his/her back, if safe to do so, and 
raise the feet about 1 ft above the floor. 

Personal Protective Equipment 

Wear appropriate personal protective clothing while working with highly reactive materials. 
This might include impact-resistant safety glasses or goggles, a face shield, gloves, a lab coat 
(to minimize injuries from flying glass or an explosive flash), and a shield. Conduct work within 
a chemical fume hood as much as possible and pull down the sash as far as is practical. When the 
experiment does not require you to reach into the fume hood, keep the sash closed. 

Barriers can offer protection of personnel against explosion and should be used. Many safety 
catalogs offer commercial shields that are commonly polycarbonate and are weighted at the bottom 
for stability. It may be necessary to secure the shields firmly to the work surface. 

Compressed Gas Cylinders 

Cylinders of compressed gas can pose a chemical as well as a physical hazard. If the valve 
were to break off a cylinder, the amount of force present could propel the cylinder through a block 
wall. For example, a small cylinder of compressed breathing air used by SCUBA divers has the 
explosive force of 1.5 lb of TNT. 

Use and Storage of Compressed Gas Cylinders 

1. 	Whenever possible, use flammable and reactive gases in a fume hood or other well-ventilated 
enclosure. Certain categories of toxic gases must always be stored and used in well-ventilated 
enclosures. 

2. 	 Always use the appropriate regulator on a cylinder. If a regulator will not fit a cylinder’s valve, 
do not attempt to adapt or modify it to fit a cylinder it was not designed for. Regulators are designed 
to fit only specific cylinders to avoid improper use. 

3. 	Inspect regulators, pressure-relief valves, cylinder connections, and hose lines frequently for 
damage. 

4. 	Never use a cylinder that cannot be positively identified. Color-coding is not a reliable way to 
identify cylinders since the color can vary from supplier to supplier. 

5. 	 Do not use oil or grease on any cylinder component of an oxidizing gas because a fire or explosion 
can result. 

6. 	 Never transfer gases from one cylinder to another. The gas may be incompatible with the residual 
gas remaining in the cylinder or may be incompatible with the cylinder material. 

7. 	 Never completely empty cylinders during lab operations; rather, leave approximately 25 PSI of 
pressure. This will prevent any residual gas in the cylinder from becoming contaminated. 
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8. Place all cylinders so the main valve is accessible. 
9. Close the main cylinder valve whenever the cylinder is not in use. 

10. Remove regulators from unused cylinder and always put the safety cap in place to protect the valve. 
11. 	 Always secure cylinder, whether empty or full, to prevent it from falling over and damaging the 

valve (or falling on your foot). Secure cylinders by chaining or strapping them to a wall, lab bench, 
or other fixed support. 

12. 	 Oxygen should be stored in an area that is at least 20 feet away from any flammable or combustible 
materials or separated from them by a noncombustible barrier at least 5 ft high and having a fire
resistant rating of at least 1/2 hour. 

13. 	 To transport a cylinder, put on the safety cap and strap the cylinder to a hand truck in an upright 
position. Never roll a cylinder. 

14. 	 Always clearly mark empty cylinders and store them separately (using chalk to write “MT” on a 
cylinder in big letters is satisfactory for noting an empty cylinder). 

15. Open cylinder valves slowly. 
16. Only compatible gases should be stored together in a gas cylinder cabinet. 
17. 	 Flammable gases must be stored in properly labeled, secured areas away from possible ignition 

sources and kept separate from oxidizing gases. 
18. Do not store compressed gas cylinders in areas where the temperature can exceed 125°F. 

EMERGENCY PROCEDURES 

All accidents, hazardous materials spills, or other dangerous incidents should be reported. A list 
of telephone numbers must be posted on the door to each laboratory (and must be kept up to date). 
Telephone numbers shall also be posted beside every telephone in the laboratories. The list of 
telephone numbers must include 24-hour numbers for the following personnel: 

Laboratory Supervisor 

Principal Investigator(s) 

Emergency Medical Services 

Police Department 

Maintenance 

Chemical Response Unit 


Callers should explain any emergency situation clearly, calmly, and in detail. 

Primary Emergency Procedures for Fires, Spills, and Accidents 

1. 	 In the event of a fire, pull the nearest fire alarm. If you are in the laboratory and a fire alarm 
sounds, quickly secure your work (cap bottles, etc.) so that it is not dangerous to a passer-by, lock 
the laboratory, and evacuate the building per the fire evacuation instructions. If the emergency is 
not in the laboratory where you are located, the last person to leave should turn off the lights. 

2. If you are unable to control or extinguish a fire, follow the building evacuation procedure. 
3. Attend to any person who may have been contaminated and/or injured if it is safe to reach them. 
4. 	 Use safety showers and eye washes as appropriate. In the case of eye contact, promptly flush eyes 

with water for a minimum of 15 minutes and seek immediate medical attention. For ingestion 
cases, contact the Poison Control Center at 1-800-POISON1. In the case of skin contact, promptly 
flush the affected area with water and remove any contaminated clothing or jewelry. If symptoms 
persist after washing, seek medical attention. 

5. 	 Notify persons in the immediate area about the spill, evacuating all nonessential personnel from 
the spill area and adjoining areas that may be impacted by vapors or a potential fire. 

6. 	 If the spilled material is flammable, turn off all potential ignition sources. Avoid breathing vapors 
of the spilled materials. Be aware that some materials either have no odor or create olfactory 
fatigue, so that you stop smelling the odor very quickly. 
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7. 	 Leave on or establish exhaust ventilation if it is safe to do so. Close doors to slow the spread 
of odors. 

8. 	 Notify the appropriate authorities (Laboratory Supervisor, Principal Investigator, Chemical Health 
and Safety) about the spill and the required documentation. 

9. IF THERE IS AN IMMEDIATE THREAT TO LIFE OR HEALTH, call Emergency Services at 911. 

Building Evacuation Procedures 

1. 	 Building evacuation may be necessary if there is a chemical release, fire, explosion, natural disaster, 
or medical emergency. 

2. Be aware of the marked exits from your area and building. 
3. 	To activate the building alarm system, pull the handle on one of the red boxes located in the 

hallway. 
4. Call the appropriate authorities. 
5. Walk quickly to the nearest marked exit and ask others to do the same. 
6. 	 Outside, proceed to a clear reassembly area that is at least 150 ft from the affected building and 

that does not interfere with the work of emergency personnel. 
7. DO NOT RETURN TO THE BUILDING UNTIL YOU ARE TOLD THAT IT IS SAFE TO DO SO. 

Minor Spills 

1. 	 Trained personnel should use the spill control kit appropriate to the material spilled to clean up 
the spill. 

2. 	 If the spill is minor and of known limited danger, clean it up immediately. Determine the appropriate 
cleaning method by referring to the material’s MSDS. During cleanup, wear the appropriate 
protective gear. 

3. 	Cover liquid spills with compatible adsorbent material such as spill pillows or a kitty litter/ 
vermiculite mix, if it is compatible. If appropriate materials are available, corrosives should be 
neutralized prior to adsorption. Clean spills from the outer area first, cleaning toward the center. 

4. Place the spilled material into an appropriate impervious container and seal. Schedule its disposal. 
5. 	 If appropriate, wash the affected surface with soap and water. Mop up the residues and place them 

in an appropriate container for disposal. 
6. 	 If the spilled material is not water soluble, a solvent such as xylene may be necessary to clean the 

surface(s). Check the solubility of the spilled material in various solvents and use the least toxic 
effective solvent available. Wear appropriate personal protective equipment. 

7. Notify the Laboratory Supervisor about the need to replace the used items from the spill control kit. 

Mercury Spills 

Mercury is commonly used in many technical procedures. When contained properly, it is of 
little threat to our health. Immediate attention to mercury spills is important because spilled mercury 
can accumulate over time, resulting in exposure to mercury vapor. 

When a spill occurs, use the following procedure: 

1. 	Restrict the area. Allow no one to enter the room except for trained personnel to help with 
containment of the spill. 

2. Contact the Chemical Safety Director. 
3. 	 Broken thermometers that contain small amounts of mercury may be safely collected by trained 

laboratory personnel in a container that can be sealed. Always wear disposable gloves when 
cleaning up mercury and dispose of all mercury and mercury contaminated waste through the 
chemical waste program. Anyone handling mercury or cleaning up mercury spills should wash 
hands thoroughly using soap and water when finished. Report all mercury spills to the Chemical 
Safety Director. 
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CHEMICAL WASTE DISPOSAL PROGRAM 

Chemical Waste Containers 

Containers used for the accumulation of hazardous waste must be in good condition, free of 
leaks and compatible with the waste being stored in them. A waste accumulation container should 
be opened only when it is necessary to add waste, and should otherwise be capped. Hazardous 
waste must not be placed in unwashed containers that previously held incompatible materials. 

If a hazardous waste container is not in good condition (i.e., it leaks), either transfer the waste 
from the bad container into a good container, pack the container in a larger and nonleaking container, 
or manage the waste in some other way that prevents the potential for a release of contamination. 

A storage container holding a hazardous waste that is incompatible with any waste or other 
materials stored nearby in other containers must be separated from the other materials or protected 
from them by means of a wall, partition, or other secondary containment device. 

Guidelines for Waste Containers 

• 	 Must be marked with the words “waste” or “spent” and its contents indicated. NO container should 
be marked with the words “hazardous” or “nonhazardous.” Paint over or remove old labels from 
waste containers. 

• 	Must be kept at or near (immediate vicinity) the site of generation and under control of the 
generator. 

• Must be compatible with the contents (i.e., acid should not be stored in metal cans). 
• Must be closed at all times except when actively receiving waste. 
• Must be properly identified before disposal. 
• Must be safe to transport with nonleaking screw-on caps. 
• 	 Must be filled to a safe level (not beyond the bottom of the neck of the container or a 2-in headspace 

for a 55-gallon drum). 

NOTE: Do not use RED BAGS or SHARPS CONTAINERS (Biohazard) for hazardous waste 
collection. 

Labeling Containers 

Before chemicals can be disposed of, a waste tag is required. It should be filled out by the waste 
generator and attached to each container. The information on the tag is used to categorize and treat 
the waste. A manifest is also required. Fill out all paperwork legibly, accurately, and completely. 

Waste Minimization 

Avoid purchasing and using large quantities when it is not necessary. Implement microscale 
techniques whenever possible. 

Flammable Organic Solvents 

Collection for Reuse 

Many flammable organics can be reused for fuel unless they are extremely toxic or give off 
toxic products of combustion. Do not combine any other chemicals with the flammable organic 
solvents listed below. Halogenated solvents (solvents containing chlorine, fluorine, or bromine), 
acutely toxic flammables, acids, bases, heavy metals, oxidizers, and pesticides should be collected 
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in separate containers. The following is a list of the most frequently encountered compounds that 
are suitable for heat recovery: 

Acetone Methyl alcohol 

2-Butanol Methyl cellosolve 

Butyl alcohol Pentane 

Cyclohexane Petroleum ether 

Diethyl ether 2-Propanol 

Ethyl acetate Sec-butyl alcohol 

Ethyl alcohol Tert-butyl alcohol 

Heptane Tetrahydrofuran 

Hexane Xylene 


Disposal of Chemicals down the Sink or Sanitary Sewer System 

Very few chemical wastes produced in laboratories are acceptable for disposal down the sink 
or sanitary sewer system. The local Sewer Use/Pretreatment Ordinance establishes uniform require
ments for all users of the wastewater treatment system. Many chemicals can interfere with the 
proper function of the treatment facility and can render them unable to comply with state and 
federal regulations under the Clean Water Act of 1977. 

Generators of laboratory waste are advised to exercise caution with respect to sink disposal of 
chemical wastes. In general, small-scale research activities (100 mL or less) of certain types of 
water-soluble, nontoxic, and nonflammable chemicals may be poured if they have been approved 
by the Chemical Safety Director. It is recommended that such materials be disposed of through 
the Department of Occupational Health and Safety, even in small quantities. 

Chemical Substitution 

Whenever possible, it is desirable to substitute nonhazardous, biodegradable chemicals for 
hazardous chemicals. Use of these chemicals will reduce the volume of hazardous waste generated. 
Examples of acceptable substitutes include: 

1. Citric acid-based cleaning solutions for xylene-, benzene-, and toluene-containing cleaning solutions. 
2. Nonhalogenated solvents in parts washers or other solvent processes. 
3. 	Detergent and enzymatic cleaners can be substituted for sulfuric acid/potassium dichromate 

(chromerge) cleaning solutions and ethanol/potassium hydroxide cleaning solutions. 

Neutralization and Deactivation 

Certain hazardous chemical wastes can be rendered nonhazardous by specific neutralization or 
deactivation laboratory procedures. Contact the Chemical Safety Officer to see if the waste you 
generate is suitable for neutralization. 

Elimination of Nonhazardous Waste from Hazardous Waste 

The following items are not considered to be hazardous. They should be collected in disposable 
containers or plastic bags, clearly labeled as nonhazardous waste, and put in the wastebasket. All 
compounds identified by the two letter code “NH” are nonhazardous and should not be disposed 
of via the chemical waste program unless they are components of a mixture with hazardous materials 
or are suitable for chemical recycling. 
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Nonhazardous Waste 

Organic Chemicals 

Acetates: calcium (Ca), sodium (Na), ammonium (NH4), and potassium (K) 

Amino acids and their salts 

Citric acid and salts of sodium (Na), potassium (K), magnesium (Mg), calcium (Ca), and ammonium (NH4) 

Lactic acid and salts of sodium (Na), potassium (K), magnesium (Mg), calcium (Ca), and ammonium (NH4) 

Sugars: glucose, lactose, fructose, sucrose, maltose 


Inorganic Chemicals 

Bicarbonates: sodium (Na), potassium (K) 

Borates: sodium (Na), potassium (K), magnesium (Mg), calcium (Ca) 

Bromides: sodium (Na), potassium (K) 

Carbonates: sodium (Na), potassium (K), magnesium (Mg), calcium (Ca) 

Chlorides: sodium (Na), potassium (K), magnesium (Mg), calcium (Ca) 

Fluorides: calcium (Ca) 

Iodides: sodium (Na), potassium (K) 

Oxides: boron (B), magnesium (Mg), calcium (Ca), aluminum (Al), silicon (Si), iron (Fe) 

Phosphates: sodium (Na), potassium (K), magnesium (Mg), calcium (Ca), ammonium (NH4) 

Silicates: sodium (Na), potassium (K), magnesium (Mg), and calcium (Ca) 

Sulfates: sodium (Na), potassium (K), magnesium (Mg), calcium (Ca), ammonium (NH4) 


Laboratory Materials 

Chromatographic adsorbents 

Filter paper without hazardous chemical residue 

Non-contaminated glassware 

Rubber gloves 


Waste Disposal 

All laboratories are required to comply with federal and state regulations regarding the packing, 
labeling, and transport of hazardous materials. Before contacting the Hazardous Materials Facility 
for waste removal, the following procedures must be completed. Improperly packed or labeled 
waste cannot be removed. 

Step One: Packing the Waste 

Containers 

Collect each chemical waste in a separate screw-top container. Do not mix wastes. Use the 
smallest container size to match the amount of chemical waste generated. The container the chemical 
was originally shipped in is an ideal waste collection container, if it is an appropriate size. All 
waste containers must be tightly capped. Each container must be labeled as to chemical content. 
For mixtures, give approximate percentages of each chemical compound. Milk jugs are not accept
able for chemical storage. If using a container that originally contained another chemical, com
pletely remove the original label prior to relabeling. Completely fill chemical waste collection 
containers. 

Shock-Sensitive and Water-Reactive Compounds and Lecture Bottles 

Shock-sensitive and water-reactive compounds and lecture bottles require special handling. 
These materials should always be packed separately from other chemicals. 
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Packing Filled Containers in Boxes 

Chemicals that have the potential to react with each other should not be packed in the same box. 
Determine the packing hazard class for each chemical waste. When determining the class for 

a mixture of chemicals, reactivity has priority over toxicity. If you have difficulty determining the 
packing class of a mixture, call the Hazardous Materials Manager. 

Segregate the wastes according to the hazard class and pack them into cardboard boxes. Do not 
pack different classes in the same box. Place dividers and shock absorbing materials (newspapers, 
vermiculite) between the containers. 

Step Two: Completing the Manifest 

The label for the chemical waste is called a packing manifest. A manifest must be completed 
and attached to each box. Laboratory personnel should complete the manifest following the direc
tions below: 

1. 	Laboratory Information: Fill in the generator’s name (i.e., principal investigator, lab director), 
telephone number, department, building, room number, and the date. 

2. 	 Waste Information: The contents of each container must be identified on the manifest. Nonspecified 
chemical waste items are extremely difficult for hazardous materials personnel to handle. Good 
laboratory record keeping and labeling of all chemicals and chemical wastes prevents unknown 
waste items. Any chemical material that is potentially recyclable should not be contaminated with 
other chemicals for disposal. Where appropriate, note on the manifest if material is unopened. 

3. 	 The generator should check the information on the manifest, sign his or her name, and attach it 
to the corresponding box. 

Step Three: Chemical Waste Removal 

Attach one copy to the box and retain a copy for laboratory records. Specify where the waste 
is to be picked up. If your waste is not picked up in a reasonable period of time, call to inquire. 
Any incomplete or improperly completed manifest will be returned to the generator with an 
explanation for its return. 

MATERIAL SAFETY DATA SHEETS (MSDS) 

Since Material Safety Data Sheets (MSDS) are centrally related to the safe handling of haz
ardous substances, it is imperative that laboratory workers have easy access to them. There are 
three basic means of obtaining an MSDS: 

Chemical manufacturer 

Chemical supplier 

Internet, such as through the UAB Department of Occupational Health and Safety webpage at: 


http://www.healthsafe.uab.edu 

In general, the preferred source for the MSDS is the chemical manufacturer, primarily because 
these files are actively updated to accurately reflect all that is known about the hazardous material 
in question. 

MSDSs are the cornerstone of chemical hazard communication. They provide most of the 
information you should know to work with chemicals safely. The following sections describe the 
information normally contained in an MSDS: 
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Product Name and Identification 

Name of the chemical as it appears on the label 

Manufacturer’s name and address 

Emergency telephone numbers for obtaining further information about a chemical in the event of an 


emergency 
Chemical name or synonym 
C.A.S. # — the Chemical Abstract Service Registry number, which identifies the chemical 
Date of preparation of the MSDS 

Hazardous Ingredients/Identity Information 

Hazardous Ingredients 

Substances which, in sufficient concentration, can produce physical or acute or chronic health 
hazards to persons exposed to the product. Physical hazards include fire, explosion, corrosion, and 
projectiles. Health hazards include any health effect, even irritation or development of allergies. 

Threshold Limit Value (TLV) 

A TLV is the highest airborne concentration of a substance to which nearly all adults can be 
repeatedly exposed, day after day, without experiencing adverse effects. These are usually based 
on an 8-hour time-weighted average. 

Permissible Exposure Limit (PEL) 

The PEL is an exposure limit established by OSHA. 

Short-Term Exposure Limit (STEL) 

The STEL is a 15-min time-weighted average exposure which should not be exceeded at any 
time during a workday. A STEL exposure should not occur more than four times per day, and there 
should be at least 60 min between exposures. 

Lethal Dose 50 (LD50) 

Lethal single dose (usually oral) in mg/kg (milligrams of chemical per kilogram of animal body 
weight) of a chemical that results in the death of 50% of a test animal population. 

Lethal Concentration 50 (LC50) 

Concentration dose expressed in ppm for gases or micrograms per liter of air for dusts or mists 
that results in the death of 50% of a test animal population administered in one exposure. 

Physical/Chemical Characteristics 

Boiling point, vapor pressure, vapor density, specific gravity, melting point, appearance, and 
odor are given in this section and all provide useful information about the chemical. Boiling point 
and vapor pressure provide a good indication of the volatility of the material. Vapor density indicates 
whether vapors will sink, rise, or disperse throughout the area. The farther the values are from 1 
(the value assigned to atmospheric air), the faster the vapors will sink or rise. 
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Fire and Explosion Hazard Data 

Flashpoint — refers to the lowest temperature at which a liquid gives off enough vapor to form 
an ignitable mixture with air. 

Flammable or Explosive Limits — the range of concentrations over which a flammable vapor 
mixed with air will flash or explode if an ignition source is present. 

Extinguishing Media — the fire-fighting substance that is suitable for use on the substance which 
is burning. 

Unusual Fire and Explosive Hazards — hazards that might occur as the result of overheating 
or burning of the specific material. 

Reactivity Data 

Stability — indicates whether the material is stable or unstable under normal conditions of storage, 
handling, and use. 

Incompatibility — lists any materials that would, upon contact with the chemical, cause the release 
of large amounts of energy, flammable gas or vapor, or toxic vapor or gas. 

Hazardous Decomposition Products — any materials that may be produced in dangerous 
amounts if the specific material is exposed to burning, oxidation, heating, or allowed to react with 
other chemicals. 

Hazardous Polymerization — a reaction with an extremely high or uncontrolled release of 
energy, caused by the material reacting with itself. 

Health Hazard Data 

Routes of Entry 

Inhalation — breathing in of a gas, vapor, fume, mist, or dust. 

Skin Absorption — a possible significant contribution to overall chemical exposure by way of 
absorption through the skin, mucous membranes, and eyes by direct or airborne contact. 

Ingestion — the taking up of the substance through the mouth. 

Injection — having the material penetrate the skin through a cut or by mechanical means. 

Health Hazards (Acute and Chronic) 

Acute — an adverse effect with symptoms developing rapidly 

Chronic — an adverse effect that can be the same as an acute effect, except that the symptoms 
develop slowly over a long period of time or with recurrent exposures. 

Carcinogen 

A substance that is determined to be cancer producing or potentially cancer producing. 
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Signs and Symptoms of Overexposure 

The most common symptoms or sensations a person could expect to experience from over
exposure to a specific material. It is important to remember that only some symptoms will occur 
with exposures in most people. 

Emergency and First-Aid Procedures 

Instructions for treatment of a victim of acute inhalation, ingestion, and skin or eye contact with 
a specific hazardous substance. The victim should be examined by a physician as soon as possible. 

Specific HACH MSDS Information 

This information is presented here because of the large number of specialized HACH Co. 
reagents and procedures used in environmental laboratories. HACH MSDSs describe the hazards 
of their chemical products. Each of their MSDSs has 10 sections. 

Header Information 

Typically provides the vendor name, company address and telephone number, emergency 
telephone numbers, vendor’s catalog number, date of the MSDS, and version of the MSDS. 

Product Information 

Product name 

Chemical Abstract Services (CAS) number 

Chemical name 

Chemical formula, where appropriate 

Chemical family to which the material belongs 


Ingredients (lists all components) 

PCT: Percent by weight of each component in product (unless trade secret) 

CAS NO: Chemical Abstract Services (CAS) registry number for component 

SARA: If component is listed in SARA 313 and more is used than amount listed, must notify EPA. 

TLV: Threshold Limit Value. Maximum airborne concentration for 8-hour exposure that is recom


mended by the American Conference for Governmental Industrial Hygienists (ACGIH). 
PEL: Permissible Exposure Limit. Maximum airborne concentration for 8-hour exposure that 

is regulated by the Occupational Health and Safety Administration (OSHA). 
HAZARD: Physical and health hazards of component explained. 

Physical Data 

Physical state, color, odor, solubility, boiling point, melting point, specific gravity, pH, vapor 
density, evaporation rate, corrosivity, stability, and storage precautions. 

Fire, Explosion Hazard, and Reactivity Data 

Flashpoint: Temperature at which liquid will give off enough vapor to ignite. Used to define flammability 
and ignitability 

Lower Flammable Limit (LFL or LEL): Lowest concentration that will produce flash or fire when 
ignition source is present 
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Upper Flammable Limit (UFL or UEL): Vapor concentration in air above which the vapor concentration 
is too great to burn 

NFPA Codes: The National Fire Protection Association (NFPA) has a system to rate the degree of 
hazard presented by a chemical. Codes usually found in colored diamond and range from 0 (minimal 
hazard) to 4 (extreme hazard). They are grouped into the following hazards: health (blue), flamma
bility (red), reactivity (yellow), and special hazards (white). 

Health Hazard Data 

Describes how a chemical can enter body (ingestion, inhalation, skin contact), its acute and 
chronic effects, and lists if a component is a carcinogen, mutagen, or teratogen. 

Precautionary Measures 

Special storage instructions 
Handling instructions 
Conditions to avoid 
Protective equipment needed 

First Aid 

Spill and disposal procedures. 

Transportation Data 

Shipping name, hazard class, and ID number of the product. 

References 

Supporting references are also included in the HACH MSDS sheets. 

SUMMARY OF FIELD TEST KITS 

Field test kits can be important analytical tools during receiving water investigations. Chapter 6, 
among others, described how they can be used to obtain rapid and cost-effective data. However, 
the careful selection of the test kits to be used is critical. It is important to consider several factors, 
specifically the sensitivity of the procedure, safety hazards associated with the method, the cost 
(both capital and expendables) to conduct the analyses, and the time and expertise needed to conduct 
the test. Table E.2 summarizes these attributes, including results of conducting sensitivity tests 
using ultra-clean water and stormwater (Pitt and Clark 1999). The useful range is the minimum 
detection limit found during our tests to the upper limit that does not require dilution. The precision 
is the coefficient of variation based on replicate analyses, and the recovery is the slope of the 
regression line comparing analyses of spiked samples using these procedures and standard methods. 
The recovery tests were conducted using both ultra-clean water prepared using reverse osmosis 
(RO) and stormwater to identify any matrix interference problems. Any problems noted during the 
tests are also indicated, especially safety concerns, unusual amounts of expertise needed, and storage 
requirements. 

These tests represent several classes of analytical procedures. The following sets of photos 
illustrate some of the simpler test kit methods. Figure E.1 illustrates the basic colorimetric procedure 
with a color wheel to analyze basic water color using a HACH test kit, while Figures E.2 and E.3 
show simple color indicator paper strips for alkalinity. Vacuum vials are also used in several test 
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sensitive to a mixed microbial 

Expensive instrument ($6900) 

refrigeration; requires 30–60 
min to conduct test; requires 
extensive expertise; $25 per 
test 

(safety hazards, expertise 

24-hour test period required 

compound; high detection 
Waste contains a mercury 

refrigeration; sharps and 

Problems with Test 

Reagents expire in 1 to 2 

Not a selective test, but 

required, etc.) 

6-month shelf life, with 

months and require 

mercury in waste 

limit (0.4 mg/L) 

population 

(RO/runoff) 
Recovery 

0.85/1.27 

1.15/1.10 

1.22/1.21 

1.04/0.96 

na 
na 

na 

na 

Precision 
(COV) 

0.15 

0.17 

na 

na 

na 
na 

na 

na 

Useful Range 

0.03–2.5 mg/L 

0.10–0.7 

0.17–1.5 

0.38–3 

na 
na 

na 

na 

Ammonia 

Bacteria 

30 min to 

Reqd. 

BTEX 

(min) 

Time 

13 hr 

30–60 

24 hr 

20 

10 

20 

5 

5 

(per sample) 

Expendable 
Cost 

$0.63 

$2.88 

$0.33 

$0.76 

$4.00 

$25 

$435 for kit 

Capital 

DR/2000 
$1495 for 

Cost 

$895 for 

$895 for 

Smart 

Smart 

Color. 

Color. 

Summary of All Field Test Kits Evaluated 

$6900 

$0.00 

$500 

Nitrogen, High Range 

Nitrogen, Low Range 

CHEMetrics Ammonia 

Equipment, Inc. IME 

Ammonia: Salicylate 

1 DCR Photometer 

Dtech (EM Science) 

Industrial Municipal 

La Motte Ammonia 

La Motte Ammonia 

and Kit Name 
Manufacturer 

Method without 

HACH Nitrogen, 

Test KoolKount 

BTEX Test Kit 

IDEXX Colilert 

PetroSense 

Distillation 

Assayer 

Nessler’s reaction 

Nessler’s reaction 

determination of 

determination of 

determination of 

determination of 

ammonia using 

ammonia using 

ammonia using 

ammonia using 

Immunoassay 

Method 

Table E.2 

Colorimetric 

Colorimetric 

salicylate 
Colorimetric 

Colorimetric 

salicylate 

Colorimetric 
Colorimetric 
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hood; waste disposal problem 

conductivity analyses be used 
as a better indicator of 
chlorides in a sample 

Sharps and poor recovery; not 

Extra time required to dissolve 
reagent; not very repeatable 

Sharps; chloroform extraction 
(very small volume and well 

Unclear titration endpoint, no 

required; require laboratory 
Large amounts of benzene 

Expensive instrument, but 

useful data obtainable; 

Replace sensor every 6 

recommended that 

very repeatable 

months for $60 

multiparameter 

contained) 

Sharps 

0.90/0.93 
1.08/1.02 

0.95/0.96 

0.64/0.52 

1.11/0.93 

0.94/0.93 

0.97/0.96 

1.66/1.82 

na 

na 

0.04 

na 

na 

na 

na 

na 

na 

na 

na 

na 

0.3–3.5 mg/L 

0.15–3 mg/L 

98–? µS/cm 

87–? µS/cm 

75–50,000 

0.1–3.5 

0.6–3.5 

0.5–5.0 

µS/cm 

na 

na 

Conductivity 

Detergents 

Chlorides 

Copper 

evalu
ated 

not 

15 

10 

20 

20 

10 

30 

1 
1 

1 

$0.66 

$0.00 
$0.00 

$0.00 

$0.63 

$0.41 

$0.23 

$0.28 

$2.38 

$1.10 

$2800 for kit 

$600 for kit 
$250 for kit 

$435 for kit 

standards 

$60 for 1st 

DR/2000 

DR/2000 

$1495 for 

$1495 for 

30 tests 

$895 for 

$895 for 

titrator 

Smart 

Smart 

$94 for 

Color. 

Color. 

digital 

and 

Copper Method Using 

Anionic, Crystal Violet 

temp., DO, turb., pH) 

CHEMetrics Copper 1 
DCR Photometer Kit 

Detergents (Anionic 

(Bicinchoninic Acid) 

AccuVac Ampoules 

Horiba U-10 (Cond., 

HACH Bicinchonate 

HACH silver nitrate 

YSI Model 33 SCT 

HACH Surfactants, 

La Motte Copper 

La Motte Copper 

(Diethyldithio-

Surfactants) 

carbamate) 

CHEMetrics 

Horiba Twin 

Method 

titration 

Electronic probe 
Electronic probe 

Electronic probe 

Silver nitrate 
titration 

Colorimeter 

Colorimeter 

Colorimeter 

Colorimeter 

Colorimetric 

Colorimetric 
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Should use automatic pipettes, 
hard to use in field; SPADNS 

Requires extensive expertise; 
complex kit; time-consuming 

(safety hazards, expertise 

Sharps; SPADNS Reagent is 

Requires frequent and time 
consuming calibration; too 

(45 min), but only kit with 

Problems with Test 

Reagent is hazardous 

required, etc.) 

fragile for fi eld use 

useful sensitivity 

Poor sensitivity 

Poor sensitivity 

Poor sensitivity 

hazardous 

Sharps 

(RO/runoff) 
Recovery 

0.97/0.96 

1.10/1.07 

0.97/0.94 

0.84/0.87 

na 

na 

na 

na 

na 

Precision 
(COV) 

0.22 

0.05 

0.01 

na 

na 

na 

na 

na 

na 

Useful Range 

0.1–20 mg/L 

0.005–0.15 

0.3–2 

0.1–2 

na 

na 

na 

na 

na 

Hardness 

strength 

Lead 

Fluoride 

sample 

Reqd. 
(min) 

Time 

Varies 
with 

5–10 

5–10 

10 

45 

5 

5 

5 

5 

(per sample) 

Expendable 

Varies with 

Cost 

strength 
sample 

$0.25 

$0.37 

$1.17 

$2.25 

$4.61 

Summary of All Field Test Kits Evaluated (continued) 

DR/100 kit 

meter and 
electrode, 

or $1495 

Capital 

DR/2000 

DR/2000 

DR/2000 

$1495 for 

$1495 for 

calib. kit 

Cost 

$600 for 

$395 for 

titrator 

$94 for 
digital 

$0.00 

$3.00 

$3.00 

$3.00 

for 

CHEMetrics Hardness, 

Corporation The Lead 
Detective 

HACH Total Hardness 

Company KnowLead 
Carolina Environment 

Cole-Parmer Fluoride 

Using Digital Titrator 

Lead Check Swabs 

Innovative Synthesis 

SPADNS Reagent 

SPADNS Reagent 

Total 20–200 ppm 

and Kit Name 
Manufacturer 

HybriVet Systems 

Using AccuVac 

HACH LeadTrak 

HACH Fluoride 

HACH Fluoride 

Ampoules 

System 

Tester 

Spectrophotometric 

Spectrophotometric 

determination of 

determination of 

Sulfide staining 

EDTA titration 

EDTA titration 

Method 

bleaching by 

bleaching by 

Table E.2 

Ion selective 
electrode 

fluoride 

fluoride 

Solid phase 
extraction, 
colorimeter 
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771 

Test strips EM Science Lead $500 for $1.11 - 10 na na na Not sensitive enough 
Reflecto-
Quant 
Meter-

Nitrate* 

Colorimeter La Motte Nitrate $895 for $1.22 20 0.8–3 mg/L na 0.81/1.06 
Smart 
Color. 

ISE Horiba CARDY $235 for kit $60/ sensor na 4.9–? 0.97 0.90/0.70 Designed for high 
(per 6 concentrations; poor 
months) recoveries and precision at 

lower concentrations 
Test strips EM Science Nitrate $500 for $0.49 2 1.7–500 na 1.00/1.61 Reagents must be refrigerated; 

Quant Test Strips	 Reflecto more scatter than most other 
Quant tests 
Meter 

Spectrophotometric HACH Nitrate, LR $1495 for na na na Sharps; too sensitive of a test 
DR/2000 

Spectrophotometric HACH Nitrate, MR $1495 for $0.56 7 2.8–16 na 0.93/1.06 Sharps 
DR/2000 

Colorimeter CHEMetrics Nitrate $48 for 1st $0.73 30 0.5–22 na 1.06/1.02 Sharps 
(Nitrogen)	 30 tests 

and 
standards 

* Nitrite and nitrate tests have a Cd-based reagent that is hazardous. 

PAH 

Immunoassay EM Science Dtech PAH $500 $25 30–60 na na na Reagents expire in 1 to 2 months 
Test Kit 	 and require refrigeration; 

requires 30–60 min to conduct 
test; requires extensive 
expertise; $25 per test 

pH 

Electrode Cole-Parmer pH Wand $155 for kit $92/ electro. 5 0–14 0.01 na Daily calibration; fragile meter 
Electrode Horiba Twin pH $235 for kit $70 for 1 0–12 <0.01 na Daily calibration 

sensor. $25 
for stand. 

Electrode Sentron pH Probe $595 for None- 1 0–14 <0.01 na Expensive, but rugged 
meter and instrument ($595) 
electrode-
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Meter 

From Day, J. Selection of Appropriate Analytical Procedures for Volunteer Field Monitoring of Water Quality. MSCE thesis, Department of Civil and Environmental Engineering, 
University of Alabama at Birmingham. 1996. With permission. 

frequent cleaning and test has 

Optics of expensive instrument 

Only readable to within ±1 pH 

Uses granular cyanide and is 

unit, poor comparison to pH 

(safety hazards, expertise 

higher concentrations; more 

month; uses dilute cyanide 

($500) are difficult to keep 

Dilute indicator expires in a 

meters for actual samples 

unacceptable for fi eld use 

Method designed for much 

Problems with Test 

scatter than other tests 

required, etc.) 

Reflectoquant requires 

high detection limit 

clean 

(RO/runoff) 
Recovery 

0.81/0.90 

0.53/0.46 

1.35/1.05 

0.88/0.85 

?/0.90 

na 

na 

na 

na 

na 

Precision 
(COV) 

0.08 

0.07 

0.04 

0.06 

na 

na 

na 

na 

na 

na 

Useful Range 

0.14–3 mg/L 

0.5–7 mg/L 

3.3–10 

5–9.5 

2.0–? 

1.3–7 

0–12 

4–9 

na 

na 

Potassium 

Reqd. 
(min) 

Time 

Zinc 

30 

15 

15 

10 

2 

5 

1 

5 

5 

5 

(per sample) 

Expendable 

$60/ sensor 

Cost 

months) 
(per 6 

$0.89 

$0.22 

$0.29 

$0.29 

$0.59 

$0.37 

$0.56 

Summary of All Field Test Kits Evaluated (continued) 

$3 

$235 for kit 

Reflecto-

Reflecto-

Capital 

DR/2000 

DR/2000 

$1495 for 

$1495 for 

Cost 

$500 for 

$895 for 

$895 for 

$895 for 

$895 for 

$500 for 

Quant 

Quant 

Smart 
Color. 

Smart 
Color. 

Smart 

Smart 

Color. 

Color. 

Meter 

$0.00 

ReflectoQuant Zinc 

La Motte Potassium 

La Motte Potassium 

Alkacid Test Strips 

HACH Zinc, Zincon 

ReflectoQuant pH 

Tetraphenylborate 

and Kit Name 
Manufacturer 

HACH Potassium 

Fisher Scientifi c 

Horiba CARDY 

La Motte Zinc 

Reagent Set 

La Motte pH 

EM Science 

EM Science 
Method 

Spectrophotometric 

Spectrophotometric 

Spectrophotometric 

Spectrophotometric 

Spectrophotometric 

Method 

Table E.2 

Test paper 

Test paper 

ISE 

Colorimeter 

Test strips 
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Figure E.1 HACH color test kit. Figure E.2 Quantistrip method for alkalinity. 

Figure E.3 	 Compar ing Quant is t r ip  Figure E.4 CHEMetrics copper test kit. 
against color standards. 

Figure E.5 CHEMetrics color reader. Figure E.6 HACH AccuVac kit for fluoride. 
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Figure E.7 	 Reading AccuVac absor- Figure E.8 CHEMetrics nitrate test kit. Figure E.9 Cole Parmer 
bance. ORP probe. 

kits to automatically draw a sample into an evacuated ampoule that contains a specific amount of 
reagent. Figures E.4 through E.8 are different examples of these types of kits. Figure E.9 is an 
example of a simple probe used to directly measure ORP of a water sample (a necessary field 
analysis because of changes occurring after sample collection and transport to the laboratory). 
Many of other types of test kits are more complex and require several steps for the analyses. Some 
of the most complex procedures may require as many as 10 steps and more than 30 min for analyses. 

While many of the simple methods are quite useful for field monitoring, the more complex 
(and expensive) procedures must be more carefully weighed against traditional (and more accurate) 
laboratory methods. In general, we found that the field test kits were more accurate than we had 
originally expected. However, the sensitivities of many of the field test kits were much poorer than 
expected, making them much less useful. In addition, numerous safety hazards can exist with these 
kits, sharps and hazardous reagents and wastes being the most serious. 

SPECIAL COMMENTS PERTAINING TO HEAVY METAL ANALYSES 

The above discussion on field test kits points out the obvious shortcomings of trying to obtain 
meaningful heavy metal data using simple procedures. There are a number of methods available 
for heavy metals, with the traditional methods restricted to the laboratory. The following discussion 
summarizes these available methods, especially their sensitivities. 

Table E.3 lists the metals and associated methods included in the 1995 version of Standard 
Methods for the Examination of Water and Wastewater. Other listings of environmental analytical 
methods are published by ASTM (American Society of Testing Materials) and by the U.S. 
Environmental Protection Agency (in the Code of Federal Regulations, especially 40 CFR, 136 
“Guidelines Establishing Test Procedures for the Analysis of Pollutants”). Methods listed in these 
references are generally taken as approved for many purposes. Table E.3 lists about 40 different 
metals and 12 different basic analytical methods. Most all of the metals can be analyzed using atomic 
absorption spectrometry (AAS) and inductively coupled plasma emission spectrometry (ICP). In 
addition, many of the metals have specific chemical tests that use spectrophotometric or titration 
methods. For most stormwater investigations, only a relatively few of these metals are routinely 
evaluated, including arsenic, cadmium, chromium, copper, lead, mercury, nickel, selenium, and zinc. 
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Table E.3 	 Metal Methods Included in the 1995, 19th Edition of Standard Methods for the 
Examination of Water and Wastewater 

Color AAS Flame C-V AAS ET AAS Hydride ICP ASV Other 

Aluminum × × × 
Antimony × × 
Arsenic × × × 
Barium × × 
Beryllium × × × 
Bismuth × 
Cadmium × × × × 
Calcium × × × 
Cesium × 
Chromium × × × IC 
Cobalt × × 
Copper × × × 
Gold × 
Iridium × 
Iron × × × 
Lead × × × × 
Lithium × × × 
Magnesium × × grav 
Manganese × × × 
Mercury × × 
Molybdenum × × 
Nickel × × 
Osmium × 
Palladium × 
Platinum × 
Potassium × × × ISE 
Rhenium × 
Rhodium × 
Ruthenium × 
Selenium × × × × fluro 
Silver × × × 
Sodium × × × 
Strontium × × × 
Thallium × × 
Thorium × 
Tin × 
Titanium × 
Vanadium × × × 
Zinc × × × 

Note:°	 Color: Specific chemical colorimetric methods; AAS: Atomic absorption spectrometry; Flame: 
Flame emission photometry; ASV: Anodic stripping voltammetry; C-V AAS: Cold-vapor AAS; 
ET AAS: Electrothermal AAS; ICP: Inductively coupled plasma emission spectrometry; Hydride: 
Hydride generation AAS; Other: IC (ion chromatography), grav (gravimetric), ISE (ion selective 
electrode), and fluro (fluorometric) 

Table E.4 compares the optimal metal concentration ranges for AAS and ICP, the most 
commonly used instrumentation (Standard Methods 1995). Instrument detection limits are about 
15 times less than the lower values shown on this table, which represent the lower limits of 
quantification. The lower limits of the flame AAS optimal concentration ranges are generally 
about the same as for the plasma AES, while the electrothermal AAS lower limits are 10 to 1000 
times lower. However, the plasma AES instrument has a much greater dynamic range than either 
AAS instrument. The plasma AES also has fewer interferences and can analyze many elements 
simultaneously. Because of these differences, many laboratories use a plasma AES for general 
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Table E.4 Optimal Concentration Ranges of Metals in Samples 

Flame AAS Electrothermal Inductively Coupled 
(mg/L) AAS (mg/L) Plasma AES (mg/L) 

Aluminum 5–100 0.6–100 
Antimony 1–40 0.45–100 
Arsenic 0.75–100 
Barium 1–20 0.030–50 
Beryllium 0.05–2 0.005–10 
Bismuth 1–5 
Cadmium 0.05–2 0.06–50 
Calcium 0.2–20 0.15–100 
Cesium 0.5–15 
Chromium 0.2–10 0.1–50 
Cobalt 0.5–10 0.1–50 
Copper 0.2–10 0.1–50 
Gold 0.5–20 
Iron 0.3–10 0.1–100 
Lead 1–20 0.6–100 
Lithium 0.1–2 0.06–100 
Magnesium 0.02–2 0.45–100 
Manganese 0.1–10 0.06–50 
Molybdenum 1–20 0.12–100 
Nickel 0.3–10 0.2–50 
Platinum 5–75 
Potassium 0.1–2 1.5–100 
Selenium 1.0–100 
Silver 0.1–4 0.1–50 
Sodium 0.03–1 
Strontium 0.3–5 0.03–50 
Thallium 0.6–100 
Tin 10–200 
Titanium 5–100 
Vanadium 2–100 0.1–50 
Zinc 0.05–2 0.03–100 

0.02–0.2 
0.02–0.3 
0.005–0.1 
0.01–0.2 
0.001–0.03 

0.0005–0.01 

0.005–0.1 
0.005–0.1 
0.005–0.1 

0.005–0.1 
0.005–0.1 

0.001–0.03 
0.003–0.06 
0.005–0.1 

0.005–0.1 
0.001–0.025 

0.02–0.3 

Data from Standard Methods for the Examination of Water and Wastewater. 
19th edition. Water Environment Federation. Washington, D.C. 1995. 

analytical work and an electrothermal AAS for individual samples for single elements at very 
low concentrations. 

Table E.5 lists various operational and cost attributes of these metal analysis methods (Pitt et al. 
1997). The trade-offs between the various types of equipment are obvious. The instruments with 
greater sensitivity cost more. Only an electrothermal AAS instrument can analyze many samples 
quickly (with an autosampler) with good sensitivity, but with only a few metals being analyzed at 
a time, at the most. The instruments that can analyze many metals at a time include the ICP units. 
However, only the ICP/MS units are capable of similar low sensitivities as the electrothermal AAS 
units. These units are mostly still being used in research environments and are not typically used 
in production laboratories, as they require well-trained specialized operators and are the most costly 
alternative shown. 

In flame AAS, a sample is aspirated directly into a flame (typically air–acetylene) and is 
atomized. A light beam (from a hollow cathode lamp designed for a specific wave length) is directed 
through the flame and into a monochromator, and finally into a detector. The detector measures 
the amount of light absorbed by the atomized element. The lamp operating at the specific wavelength 
of the metal makes the method relatively free from spectral and radiation interferences. However, 
different schemes (continuum-source, Zeeman, or Smith-Hieftje) to correct for molecular absorption 
and light scattering interferences are typically used. 
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Table E.5 Attributes of Metal Analysis Methods 

Anodic 
Electrothermal Stripping X-Ray 

Flame AAS AAS Plasma ICP Plasma ICP/MS Voltammetry Fluorescence 

Capital cost 10,000– 25,000– 40,000– 
($US) 30,000 80,000 80,000 

Operational costa Low Moderate Moderate– 
high 

Sensitivity Good Very good Poor–good 

Operation Single Single–few Many 
(number of 
metals at a time) 

Sample High High High 
throughput 

Ease of use Good Moderate Good– 
moderate 

External sample Acid Acid Acid 
preparation digestion digestion digestion 

150,000– 8000– 25,000– 
250,000 25,000 60,000 

High Low to Low 
moderate 

Very good Excellent Poor (solid 
matrices 
only) 

Many Few Few 

Low Moderate Moderate 

Poor Moderate– Moderate 
poor 

Acid Filtration Possibly grind 
digestion and sieve to 

obtain 
uniform 
particles 

a° Approximate operational costs, including expendable supplies (gases, acids, filters, graphite tubes, etc.), but not 
labor ($/sample): low: 3–10; moderate: 10–25; high: >25. 

From Pitt, R., S. Mirov, K. Parmer, and A. Dergachev. Laser applications for water quality analyses, in ALT’96 
International Symposium on Laser Methods for Biomedical Applications. Edited by V. Pustovoy. SPIE — The 
International Society for Optical Engineering. Volume 2965, pp. 70–82. 1997. 

Cold-vapor AAS is used for very sensitive determinations of mercury. In this scheme, the sample 
(modified with H2SO4, HNO3, KMnO4, and SnCl2 to volatilize the mercury) is purged with air, 
which is then directed into an absorption cell placed in the light pathway where the flame unit is 
normally located. 

Electrothermal (graphite furnace) AAS is much more sensitive than flame AAS because it can 
place a much greater density of atoms in the light pathway. Contamination is therefore much more 
critical than with flame units. Electrothermal AAS is subject to more interferences than flame AAS 
and is only recommended for very low concentrations of metals. However, because of the relatively 
low concentrations of many heavy metals found in stormwater, especially the dissolved fraction, 
graphite furnace AAS (Figure E.10) is the preferred method in this area of research (using a suitable 
background corrector to minimize most interferences). 

Inductively coupled plasma atomic emission spectroscopy uses a controlled plasma from argon 
gas ionized by an applied radio frequency. A sample aerosol is directed into the plasma, which is 
at an extremely high temperature (6000 to 8000 K). This results in almost complete dissociation 
of the metal molecules and significantly reduced chemical interferences compared to most other 
metal analyses techniques. Another important advantage of the ICP is the extremely wide dynamic 
range of the instrument, as shown in Table E.4. An emission light emitted from the sample and 
plasma combination is focused in a monochromator and is detected using a series of photomulti
pliers set at specific wavelengths for the elements of interest. 

The ICP/MS uses a mass spectrophotometer to separate the analyte ions emitted by the plasma 
and sample mixture according to their mass-to-charge ratios. This results in a much more sensitive 
unit (comparable to the electrothermal AAS), and it can detect multiple elements simultaneously. 

Anodic stripping voltammetry is rarely used in a production laboratory, but it is a relatively 
common research instrument (Figure E.11). ASV is one of the most sensitive metal analysis 
techniques, even more sensitive than electrothermal AAS. Cyclic ASV is also capable of identifying 
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Figure E.10 	Graphite furnace AAS used for storm- Figure E.11 Anodic stripping voltammeter (Outo 
water analyses at the University of kompku) for heavy metal analyses. 
Alabama at Birmingham. 

different characteristics of the metals in the sample. The analyzer uses a three-step process. The 
first step typically plates a mercury film on a glossy carbon electrode. The second step plates the 
metals on the mercury film, and the third step strips the metals from the film as a function of 
increasing oxidizing potential. This last step allows the individual metals to be identified and 
quantified. Only metals that form an amalgam can be determined (such as cadmium, copper, lead, 
and zinc, metals of great interest in most environmental investigations). Because the instrument is 
so sensitive, great care must be taken to avoid contamination. Interferences may be caused by 
complexes that form between metals in the sample (such as between high concentrations of copper 
and zinc). ASV is especially well suited for analyzing heavy metals in saline waters (such as 
snowmelt) where graphite furnace procedures are subject to many interferences from the high salt 
concentrations. 

X-ray fluorescence (Figure E.12) can also be used to detect heavy metals in solid samples, such 
as sediments and soils, including particulates trapped on filters (from water or air samples). The 
sample is irradiated with low-intensity X rays causing the elements in the sample to fluoresce. The 
emitted X rays from the irradiated sample are sorted by their energy level and are used to identify 
and quantify the metals of interest. Relatively little sample preparation is needed, especially for 
homogeneous samples. The technique is commonly used as a screening tool in the field to guide 
sampling for more accurate and sensitive laboratory analyses. Its relatively poor sensitivity limits 
its use for most environmental investigations, except for evaluating heavily contaminated sites. 

Sample preparation is very critical for all of these metal analysis procedures. Typical sample 
preparation requires acid digestion using a combination of acids to reduce interferences by organic 
matter and to convert the metal associated with particulates (and colloids) to the free metal forms 
that can be detected. Nitric acid digestion with heat is adequate for most samples. However, 
hydrofluoric acid is also needed if the digestion is to completely release metals that may be tied 
up in a silica matrix. Unfortunately, hydrofluoric acid forms volatile compounds with some metals, 
resulting in their partial loss upon storage if not analyzed immediately. Almost all of the stormwater 
heavy metals can be released from the particulates using just nitric acid, especially considering 
metal losses from using a hydrofluoric acid digestion. A nitric acid and perchloric acid mixture 
may be needed to digest organic material in the samples. Microwave-assisted digestion 
(Figure E.13) has become more common recently because of improved metal recovery, much faster 
digestion, and better repeatability. 
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Figure E.12 	X-ray fluorescence unit for analyses of Figure E.13 Microwave digestion of stormwater sam 
heavy metals in solids. ples for heavy metal analyses. 

STORMWATER SAMPLE EXTRACTIONS FOR EPA METHODS 608 AND 625 

The following paragraphs outline the modified organic extraction methods that have been used 
by UAB for the analysis of wet-weather flows (Pitt and Clark 1999). These modifications are 
necessary because of the large amount of particulates in the samples and the large particulate 
fraction of the organics of greatest interest. These particulates interfere with solid-phase extraction 
procedures, for example, resulting in very little recovery of organic toxicants using that method. 

1. 	 Samples are extracted using a liquid–liquid separatory funnel technique. This has been found to 
give the most reliable results, especially compared to solid phase extraction or critical fluid 
extraction methods, for stormwater samples (and most surface water samples). The problem with 
stormwater organics is that a substantial fraction of many of the organic compounds of interest 
are associated with particulates. This particulate fraction needs to be quantified, as stormwater has 
been shown to have significant effects on receiving water sediments. If emulsions prevent achieving 
acceptable solvent recovery with separatory funnel extraction, continuous extraction is used. The 
separatory funnel extraction scheme described below assumes a sample volume of 250 mL. Serial 
extraction of the base/neutrals uses 10 mL additions of methylene chloride, as does the serial 
extraction of the acids. Prior to the extraction, all glassware is oven baked at 300°C for 24 hours. 

2. 	 A sample volume of 250 mL is collected in a 400-mL beaker and poured into a 500-mL glass 
separation funnel. For every 12 samples extracted, an additional four samples are extracted for 
quality control and quality assurance. These include three 250-mL composite samples made of 
equal amounts of the 12 samples, and one 250-mL sample of reverse osmosis water. Standard 
solution additions consisting of 25 µL of 1000 µg/mL base/neutral spiking solution, 25 µL of 
1000 µg/mL base/neutral surrogates, 12.5 µL of 2000 µg/mL acid spiking solution, and 12.5 µL 
of 2000 µg/mL acid surrogates are made to the separation funnels of two of the three composite 
samples and mixed well. Sample pH is measured with wide-range pH paper and adjusted to pH > 11 
with sodium hydroxide solution. 

3. 	 A 10-mL volume of methylene chloride is added to the separatory funnel and sealed by capping. 
The separatory funnel is gently shaken by hand for 15 s and vented to release pressure (Figure E.14). 
The cap is removed from the separatory funnel and replaced with a vented snorkel stopper. The 
separatory funnel is then placed on a mechanical shaker and shaken for 2 min. After returning the 
separatory funnel to its stand and replacing the snorkel stopper with the cap, the organic layer is 
allowed to separate from the water phase for a minimum of 10 min, longer if an emulsion develops 
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(Figure E.15). The extract and any emulsion present is then collected into a 125-mL Erlenmeyer 
flask (Figure E.16). 

4. 	 A second 10-mL volume of methylene chloride is added to the separatory funnel, and the extraction 
method is repeated, combining the extract with the previously collected extract in the Erlenmeyer 
flask. For persistent emulsions, those with emulsion interface between layers more than one third 
the volume of the solvent layer, the extract including the emulsion is poured into a 50-mL centrifuge 
vial, capped, and centrifuged at 2000 rpm for 2 min to break the emulsion (Figures E.17 and E.18). 
Water phase separated by the centrifuge is collected from the vial and returned to the separatory 
funnel using a disposable pipette. The centrifuge vial with the extract is recapped before performing 
the extraction of the acid portion. 

5. 	 The pH of the remaining sample in the separatory funnel is adjusted to pH < 2 using sulfuric acid. 
The acidified aqueous phase is serially extracted twice with 10-mL aliquots of methylene chloride, 
as in the previous base/neutral extraction procedure. Extract and any emulsions are again collected 
in the 125-mL Erlenmeyer flask. 

6. 	 The base/neutral extract is poured from the centrifuge vial though a drying column of at least 10 cm 
of anhydrous sodium sulfate and is collected in a 50-mL beaker (Figure E.19). The Erlenmeyer 
flask is rinsed with 5 mL of methylene chloride, which is then used to rinse the centrifuge vial 
and then to rinse the drying column and complete the quantitative transfer. 

Figure E.14 	Initial hand shaking the separatory Figure E.15 Separation of organic solvent extract 
funnel and venting gas. from water sample. 

Figure E.16 	Collecting solvent extract and emulsion 
after separation. Figure E.17 Extract in centrifuge vial. 
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7. 	 The base/neutral extract is transferred into a 50-mL concentration vial and is placed in an automatic 
vacuum/centrifuge concentrator from Savant (Figure E.20). (Vacuum concentration is used in place 
of the Kuderna–Danish method; Figure E.21.) Extract is concentrated to approximately 0.5 mL. 

8. 	 The acid extract collected in the 125-mL Erlenmeyer flask is placed in the 50-mL centrifuge vial. 
Again, if emulsions persist, the extract is centrifuged at 2000 rpm for 2 min. Water is drawn from the 
extract and discarded. Extract is poured through the 10 cm anhydrous sodium sulfate drying column 
and collected in the 50-mL beaker as before. The Erlenmeyer flask is then rinsed with 5 mL of 
methylene chloride, which is then poured into the centrifuge vial and finally through the drying column. 

9. 	 The acid extract is then poured into the 50-mL concentration vial combining it with the evaporated 
base/neutral extract. The combined extract is then concentrated to approximately 0.5 mL in the 
automatic vacuum/centrifuge concentrator. 

10. 	Using a disposable pipette, extract is transferred to a graduated Kuderna–Danish concentrator. 
Approximately 1.5 mL of methylene chloride is placed in the concentration vial for rinsing. This 
rinse solvent is then used to adjust the volume of extract to 2.0 mL. Extract is then poured into a 
labeled Teflon-sealed screw-cap vial and freezer stored until analysis (Figure E.22). 

Notes for method 608: under the alkaline conditions of the extraction step, α-BHC, γ-BHC, 
endosulfan I and II, and endrin are subject to partial decomposition. Florisil cleanup is not utilized 
unless the sample matrix creates excessive background interference. 

When sediments are being analyzed for organic compounds, we use a semiautomated method 
in place of the traditional Soxlet extraction method. A Dionex ASE (accelerated solvent extractor) 
(Figure E.23) is used to extract organic compounds from the sediment, while an OI gel permeation 
chromatograph (Figure E.24) is used to clean up the extracts. 

Figure E.18 Extract placed in centrifuge. 
Figure E.19 	Drying columns containing anhydrous 

sodium sulfate. 

Figure E.20 	Automatic vacuum/centrifuge concen 
trator (Savant AS 160). 

Figure E.21 	Alternative micro Kuderna–Danish con 
centration method. 
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Figure E.22 	GC/MSD used for organic 
analyses. 

Figure E.23 	Dionex ASE for automatic 
extractions of organics from 
sediment samples. 

Figure E.24 	OI GPC used to clean sed 
iment extracts. 
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CALIBRATION AND DEPLOYMENT 
SETUP PROCEDURE FOR YSI 6000UPG 
WATER QUALITY MONITORING SONDE 

This discussion on calibration and deployment setup 
procedures for the YSI 6000 is presented here due to the 
reliance on this water quality monitoring sonde for many 
different applications presented in this book. This discussion 
was prepared by John Easton, Ph.D. candidate, University 
of Alabama at Birmingham, who has used this equipment 
extensively during his research. These procedures are there
fore a compilation of the instructions given by YSI, in addi
tion to his field and lab experience with this equipment. 

The YSI 6000upg Environmental Monitoring System is a 
multiparameter, water quality measurement and data logging 
system. It is intended for use in research, assessment, and 
regulatory compliance applications. This instrument, or 
sonde, is ideal for profiling and monitoring water conditions 
in lakes, rivers, wetlands, estuaries, coastal waters, and mon
itoring wells. It can be left unattended for weeks at a time 
with measurement parameters sampled at a user-defined 
setup interval and data saved securely in the unit’s internal 
memory. The Model 6000upg is designed to house four field
replaceable probes (six sensors) and a depth sensor module 
in the sonde body. The 6000upg communicates with a com
puter with a terminal emulation program, or via the Ecowatch 
for Windows software. The data is easily exported to any 
spreadsheet program for sophisticated data analysis. The unit 
operates on eight C-size alkaline batteries. Depending upon 
the activated sensor configuration and frequency of data col
lection, the unit can provide up to 90 days of battery life. 

The Environmental Research Area at UAB has four 
6000upgs configured to collect the following measurement 
parameters: dissolved oxygen, conductivity, specific con
ductance, salinity, total dissolved solids, resistivity, temper
ature, pH, ORP, depth, level, and turbidity. Table E.6 gives 
the reported performance specifications for each sensor. 

This method details how to calibrate the sonde for the 
following measurement parameters: specific conductivity, 
dissolved oxygen, depth, pH, and turbidity for freshwater 
monitoring, plus routine maintenance of the DO and conduc
tivity probes. The temperature and ORP probes require no 
calibration, but should be checked against known standards. 

This method also describes how to configure the sonde for unattended deployment or sampling. 
All calibration standards should be prepared fresh, and this procedure should be done at 

approximately 25°C. The following lists the materials and supplies needed for calibrations: 

Materials 
• One or more containers to hold calibration standards. YSI calibration cup or 800-mL beaker 
• Large (5-gallon) bucket filled with tap water for rinsing the sonde between calibration solutions 
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Table E.6 Performance Specifications and Sensor Types in the YSI 6000 Sonde 

Parameter Sensor Type Range Accuracy Resolution 

Dissolved oxygen % Rapid Pulse – Clark-type, 0–200% air ±2% air saturation 0.1% air 
saturation polarographic saturation saturation 

Conductivitya 4 electrode cell with 0–100 mS/cm ±0.5% of reading + 0.01 
autoranging 0.001 mS/cm mS/cm 

Temperature Thermistor –5–45°C ±0.15°C 0.01°C 
pH Glass combination electrode 2–14 units ±0.2 units 0.01 units 
ORP Platinum ring –999–999 mV ±20 mV 0.1 mV 
Turbidity Optical, 90o scatter, 0–1000 NTU ±5% 0.1 NTU 

mechanical cleaning 
Depth — Medium Stainless steel strain gauge 0–61 m ±0.12 m 0.001 m 
Depth — Shallow Stainless steel strain gauge 0–9.1 m ±0.06 m 0.001 m 

a Report outputs of specific conductance (conductivity corrected to 25°C) 

•	 Volumetric flasks, graduated cylinders, pipette, and pipette tips for preparation of calibration 
solutions 

• 	Barometer. NOTE: Remember that barometer readings which appear in meteorological reports 
are generally corrected to sea level and are not useful for your calibration procedure unless 
they are uncorrected and at the elevation and location of the sonde. 

• 	 Dissolved oxygen probe maintenance kit, contains: O-rings, DO membranes, pencil eraser (or 
very fine sandpaper), electrode filling solution 

• 	 Several clean, absorbent paper towels or cotton cloths for drying the sonde between rinses and 
calibration solutions 

• 	 Computer (with Ecowatch software), connection cable for interfacing computer with sonde, 
AC power supply, and eight C-size alkaline batteries 

• Allen wrench for removing sonde guard and battery compartment cover 
Reagents 

• Deionized water (diH2O) 
• 	 pH buffers: 7.00, 4.01, and/or 10.01 (either 4.01 or 10.01, in addition to the 7.00 solution is 

suitable for two-point calibration) 
• Conductivity standard, e.g., NaCl solution at 16,640 µS/cm @ 25°C 
• Turbidity standard, e.g., Formazin solution at 4000 NTU 

Initial Calibration Procedure 
• Remove sonde guard 
• 	 Check to see if DO electrode is bright silver; if not, clean by gently rubbing with the pencil 

eraser. Clean eraser particles off probe completely. Fill probe well with filling solution and 
replace membrane. Put probe guard back onto sonde. 

• Connect computer to sonde and connect sonde to external AC power supply 
Conductivity Probe Calibration 

• 	 Prepare conductivity standard. Use a 1 mS/cm (1000 µS/cm) standard if the sonde is to be 
deployed in fresh water. For example, dilute typically available 16.640 mS/cm standard solution 
1:16.64 with diH2O (to prepare 500 mL, add 30 mL of 16.640 mS/cm standard and QS to 
500 mL with diH2O). 

• Decant 1 mS/cm solution into calibration cup and immerse sonde into cup. 
• 	 Launch Ecowatch software. Open communications with sonde, and type “menu.” From the sonde 

main menu select 2. Calibrate. From the calibrate menu, select 1. Conductivity to access the 
conductivity calibration procedure and then 1. SpCond to access the specific conductance 
calibration procedure. Enter the calibration value of the standard you are using (1.000 mS/cm 
at 25°C) and press ENTER. 

• 	 The current values of all enabled sensors will appear on the screen and will change with time 
as they stabilize. Observe the readings under SpCond and when they show no significant change 
for approximately 30 s, press ENTER. 

• 	 The screen will indicate that the calibration has been accepted and prompt you to HIT ANY 
KEY to return to the Calibrate menu. 
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• 	 If you receive an error message indicating that the calibration is out of range, assure yourself 
that the calibration solution was prepared correctly. If it was, remove sonde guard, and using 
small brush (located in pocket in user’s manual) clean out the channel on the conductivity 
probe. BE GENTLE. Replace sonde guard and repeat calibration steps. 

• Rinse the sonde in tap or purified water and dry. 
DO Probe (and depth) Calibration 

•	 Place approximately 1/8-in (3 mm) of water or a saturated sponge in the bottom of the calibration 
cup. Make sure the DO and temperature probes are not immersed in the water. Wait approximately 
10 minutes for the air in the cup to become water saturated. NOTE: if the transport cup is used, 
make certain that the cup is vented to the atmosphere by loosening the vent screw. 

• From the Calibrate menu, select 2. DO% to access the DO% calibration procedure. 
• Enter the current barometric pressure in mm Hg. (inches of Hg × 25.4 = mm Hg). 
• Press ENTER and the computer will indicate that the calibration procedure is in progress. 
•	 After approximately 1 min, the calibration will be complete. Press any key as instructed, and 

the screen will display the percent saturation value which corresponds to your local barometric 
pressure input. For example, if your local barometer reads 742 mm Hg, the screen will display 
97.6% (742/760) at this point. If an error message is received, proceed to the diagnostics 
step; otherwise, press any key to return to the Calibrate menu (and skip the following 
diagnostic step). 

• 	 If an error message was received, conduct a diagnostics test. From the Main menu, chose 8. 
Diagnostics. Check the DO charge. This value should read between 25 and 75 during calibra
tion. If out of this range, then the probe needs to be cleaned (pencil eraser) or replaced. After 
cleaning, repeat the above DO calibration procedure. 

• 	 Following the DO calibration, leave the sonde in water-saturated air. From the Calibrate menu, 
select 3. Depth to access the depth calibration procedure. 

• 	 Input 0.00 or some known sensor offset in feet. (The depth sensor is about 0.46 ft above the 
bottom of the probe compartment, and this offset value could be used if installing the unit 
vertically and depth in relation to the sonde bottom was desired.) Press ENTER and monitor 
the stabilization of the depth readings with time. 

• 	 When no significant change occurs for approximately 30 s, press ENTER to confirm the 
calibration and zero the sensor with regard to the current barometric pressure. 

• Press any key to return to the Calibrate menu. 
pH Probe Calibration 

• 	 Place approximately 400 mL of pH 7 buffer in a clean calibration cup. Allow at least 1 min 
for temperature equilibrium before proceeding. 

• 	 Immerse probe into solution. From the Calibrate menu, select 6. pH to access the pH calibration 
choices and then 2. 2-Point. 

• 	 Press ENTER and input the value of the buffer (7.00) at the prompt. Press ENTER, and observe 
the values under pH until the readings are stable for 30 s. 

• 	 Press ENTER. The display will indicate that the calibration is accepted. (If an error message 
is received, repeat with fresh buffer.) 

• Press any key to continue. 
• Rinse the sonde in water and dry before proceeding. 
• 	 Place approximately 400 mL of a second pH buffer solution in a clean calibration cup. The 

second buffer might be pH 4.01 if the monitored water is expected to be acidic, or pH 10.01 
if the monitored water is expected to be basic. Allow at least 1 min for temperature equilibrium 
before proceeding. 

• 	 Press ENTER and input the value of the second buffer (4.01 or 10.01) at the prompt. Press 
ENTER, and observe the values under pH until the readings are stable for 30 s. 

• 	 Press ENTER. After the second value calibration is complete, press any key to return to the 
Calibrate menu. 

• Rinse the sonde in water and dry before proceeding. 
Turbidity Probe Calibration 

• 	 Prepare 100 NTU solution. Dilute 4000 NTU formazin solution 1:40 with diH2O (pipette 25 mL 
of 4000 NTU formazin solution into 1-L volumetric flask and qs to 1 L). Formazin is a 
hazardous material, and special care needs to be taken. Read and follow all precautions. 

RB-AR29019



LABORATORY SAFETY, WASTE DISPOSAL, AND CHEMICAL ANALYSES METHODS 785 

• Select 9. Turbidity from the Calibrate menu, and then 2. 2-Point. 
• 	 To begin the calibration, immerse the sonde in approximately 300 mL of 0 NTU standard (clear, 

deionized water), and press ENTER. 
• Input the value 0.00 NTU at the prompt, and press ENTER. 
• 	 After calibration of the mechanical wiper speed, the screen will display real-time readings, 

which will allow you to determine when turbidity values have stabilized. If the readings appear 
unusually high or low or are unstable, there are probably bubbles on the optical surface. Activate 
the mechanical wiper by pressing the “3” key to remove the bubbles. 

• 	 After stable readings are observed for approximately 40 s, press ENTER to confirm the first 
calibration. Press any key to continue. 

• 	 Dry the sonde and probes carefully and then place the sonde in approximately 300 mL of the 
second turbidity standard (100 NTU). Input the value 100.0 NTU, press ENTER, and view the 
stabilization of the values on the screen. 

• 	 As described previously, if the readings appear unusually high or low or are unstable, activate 
the wiper to remove bubbles and be sure to wait 40 s before confirming the calibration. 

• 	 After the readings have stabilized, press ENTER to confirm the calibration. Press any key to 
return to the Calibrate menu. Input “0” to return to the Main menu. 

• Proceed to the deployment setup procedure. 
Deployment Setup Procedure (for unattended monitoring) 

• Unplug the AC power source, and continue this procedure using the sonde’s internal (battery) power. 
• Select 1. Run from the sonde Main menu. The Run menu will be displayed. 
• Select 3. Unattended sample from the Run menu. 
• 	 The current time and date, all active sensors, battery voltage, and free flash disk space will be 

displayed. 
•	 Note: if the current time and date are not correct, your unattended sampling study will not begin 

or end when you desire. To correct the time and date, see Section 2.5 in the instruction manual. 
• 	 You will be asked to enter the starting date. Use the following format: XX/XX/XX. For example 

to start on 1 January, 1999, enter “01/01/99.” 
• 	 Enter the starting time. Use the following format: XX/XX/XX. You must include not only hours 

and minutes, but seconds. For example, if you want to start a study at 8 AM, you must enter 
“08:00:00.” 

• Enter the study duration in days. For example, for a 2-week study, enter “14.” 
• Enter interval in minutes. For example, to collect data every 15 minutes, enter “15.” 
• Enter the site description. 
• 	 You will be asked if all start-up information is correct. Check the information carefully (especially 

the estimated battery life) and, if you want to change something, press “N.” If all information 
is correct, press “Y.” The following message will be displayed briefly: *INSTRUMENT IS IN 
UNATTENDED MODE*. 

• 	 Continue to press “zero” until the Ecowatch software breaks communication with the sonde 
(after exit from the Main menu). 

• 	 Remove the communication cable from the sonde and screw on the waterproof connector cap. 
The sonde is now ready for deployment. 

REFERENCES 

Day, J. Selection of Appropriate Analytical Procedures for Volunteer Field Monitoring of Water Quality. MSCE 
thesis, Department of Civil and Environmental Engineering, University of Alabama at Birmingham. 1996. 

Pitt, R.E., R.I. Field, M.M. Lalor, D.D. Adrian, and D. Barbe. Investigation of Inappropriate Pollutant Entries 
into Storm Drainage Systems: A User’s Guide. Rep. No. EPA/600/R-92/238, NITS Rep. No. PB93
131472/AS, U.S. EPA, Storm and Combined Sewer Pollution Control Program (Edison, NJ), Risk 
Reduction Engineering Lab., Cincinnati, OH. 1993 

Pitt, R., S. Mirov, K. Parmer, and A. Dergachev. Laser applications for water quality analyses, in ALT’96 
International Symposium on Laser Methods for Biomedical Applications. Edited by V. Pustovoy. SPIE 
— The International Society for Optical Engineering. Vol. 2965, pp. 70–82. 1997. 

RB-AR29020



786 STORMWATER EFFECTS HANDBOOK 

Pitt, R. and S. Clark. Communication Manhole Water Study: Characteristics of Water Found in Communica- 
tions Manholes. Final Draft. Office of Water, U.S. Environmental Protection Agency. Washington, D.C. 
July 1999. 

Standard Methods for the Examination of Water and Wastewater. 19th edition. Water Environment Federation. 
Washington, D.C. 1995. 

RB-AR29021



APPENDIX F 

Sampling Requirements for Paired Tests* 

* From R. Pitt and K. Parmer. Quality Assurance Project Plan (QAPP) for EPA Sponsored Study on Control of Stormwater 
Toxicants. Department of Civil and Environmental Engineering, University of Alabama at Birmingham. 1995. 
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INTRODUCTION 

One of the most confusing aspects of conducting a receiving water study is attempting to 
compare acquired water quality data to appropriate standards and criteria. In many cases, available 
data have been obtained haphazardly without specific project objectives in mind. Inappropriate 
constituents also may have been measured, based more on convenience (and expense) than useful
ness. The user is then left with trying to understand if a problem exists and determining the extent 
of the problem. This book has emphasized the need for careful experimental design (with clear 
objectives) and the need for a multidisciplinary approach in receiving water studies. 

In all cases, the user will still need to compare acquired data with some type of objective. As 
stated in Chapter 8, however, care must be taken when comparing measured values with available 
criteria. In addition, many of the most commonly measured constituents (such as turbidity, Secchi 
disk transparency, and specific conductivity) are not directly comparable to water quality criteria, 
and are best evaluated through long experience at a monitoring location and through comparisons 
with observations obtained at reference sites. Finally, Chapter 8 (and elsewhere) lists reasons why 
water quality criteria are not directly applicable to stormwater-related conditions. Nevertheless, 
water quality criteria are important tools that cannot be overlooked. If measured conditions exceed 
established criteria, then problems may occur, requiring that the conditions be investigated further. 
However, the most serious problem associated with water quality criteria applied to stormwater is 
the likelihood of false negative conclusions, based on the observation of no, or few, exceedances. 
As noted elsewhere, problems caused by stormwater in receiving waters may more likely be 
associated with habitat disturbances and contaminated sediment than by elevated water quality 
concentrations. In addition, few receiving water studies include broad representations of toxicants 
and conventional pollutants, especially in sufficient numbers and sampling frequencies, to make 
statistically valid comparisons with the criteria. 

The following sections of this appendix summarize U.S. Environmental Protection Agency water 
quality standards and criteria for selected constituents of concern when conducting a receiving water 
investigation. These criteria and standards are subject to periodic change, and it is important to 
review the most current listing from the EPA at: http://www.epa.gov/OST/standards. Much of the 
background discussion in this Appendix is summarized directly from EPA (1986b). 

EPA’S WATER QUALITY CRITERIA AND STANDARDS PLAN 
— PRIORITIES FOR THE FUTURE 

In September 1998, the EPA announced a plan (URL: http://www.epa.gov/OST/standards/ 
planfs.html) for working together with the states and tribes to enhance and improve the water quality 
criteria and standards program across the country. This plan describes new criteria and standards 
program initiatives that EPA and the states and tribes will take over the next decade. The development 
and implementation of criteria and standards will provide a basis for enhancements to the total 
maximum daily load (TMDL) program, National Pollutant Discharge Elimination System (NPDES) 
permitting, nonpoint source control, wetlands protection, and other water resources management efforts. 
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The EPA’s Office of Water will emphasize and focus on the following priority areas for the 
Criteria and Standards Program over the next decade: 

• Developing nutrient criteria and assessment methods to better protect aquatic life and human health 
• Developing criteria for microbial pathogens to better protect human health during water recreation 
• Completing the development of biocriteria as an improved basis for aquatic life protection 
• Maintaining and strengthening the existing ambient water quality criteria for water and sediments 
• Evaluating possible criteria initiatives for excessive sedimentation, flow alterations, and wildlife 
• 	Developing improved water quality modeling tools to better translate water quality standards into 

implementable control strategies 
• 	Ensuring implementation of these new initiatives and improvements by the states and tribes in 

partnership with EPA 

Over the past two decades, state and tribal water quality standards and water quality-based 
management approaches have relied upon aquatic life use designations and protective criteria 
based primarily upon narrative, chemical-specific, and whole-effluent toxicity methodologies. 
Using these approaches, much progress has been made. However, not all of the nation’s waters 
have achieved the Clean Water Act goal of “fishable and swimmable,” and significant water 
pollution problems still exist. The EPA concludes that there is an essential need for improved 
water quality standards. Adding nutrient criteria and biological criteria to the water quality criteria 
and standards program ensures further improvements in maintaining and restoring aquatic life. 
Improved human health criteria will better protect against bioaccumulative pollutants, and new 
microbial pathogen controls will better protect human health (especially that of children) during 
water-related recreation. Better tools are also needed for controlling excessive sedimentation, flow 
alterations, and for protecting wildlife. 

COMPILATION OF RECOMMENDED WATER QUALITY CRITERIA AND 
EPA’S PROCESS FOR DERIVING NEW AND REVISED CRITERIA 

Section 304(a) of the Clean Water Act, 33 U.S.C. 1314(a)(1), requires the EPA to publish and 
periodically update ambient water quality criteria. These criteria are to “… accurately reflect the 
latest scientific knowledge … on the kind and extent of all identifiable effects on health and welfare 
including, but not limited to, plankton, fish, shellfish, wildlife, plant life … which may be expected 
from the presence of pollutants in any body of water. …” Water quality criteria developed under 
section 304(a) are based solely on data and scientific judgments on the relationship between 
pollutant concentrations and environmental and human health effects. These recommended criteria 
provide guidance for states and tribes in adopting water quality standards under section 303(c) of 
the CWA. The compilation was published in the Federal Register and can be accessed on the Office 
of Science and Technologies Home-page: http://www.epa.gov/OST/ 

The following tables are from the April 1999 compilation report (EPA 822-Z-99-001). In 
these tables, CMC refers to the “criterion maximum concentration” with an exposure period 
of 1 hour (generally corresponding to the earlier “acute” criterion), and CCC refers to the 
“criterion continuous concentration” with an averaging period of 4 days (generally correspond
ing to the earlier “chronic” criterion). “Freshwater” and “saltwater” refer to aquatic life uses 
in these waters. 

Following these tables are discussions for many constituents of concern when conducting 
a receiving water investigation. These discussions, which briefly outline specific problems 
associated with different concentrations of the pollutants, are mostly from the 1986 EPA Water 
Quality Criteria report. Some of the criteria have been modified since that time, specifically 
for ammonia and bacteria, and those discussions have been modified to reflect these newer 
guidelines. 
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U.S. Recommended Water Quality Criteria for Priority Toxic Pollutants 

Human Health 
Freshwater Saltwater For Consumption of: 

Water + Organism 
CAS CMC CCC CMC CCC Organism Only Federal Register 

Priority Pollutant Number (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) Cite/Source 

1 Antimony 7440360 14B,Z 4300B 57FR60848 
A,D,K 150A,D,K 69A,D,bb 36A,D,bb 0.018C,M,S 0.14C,M,S 	 62FR42160 

57FR60848 
3 Beryllium 7440417 J,Z J 62FR42160 

2 Arsenic 7440382 340 

4 Cadmium 7440439 4.3D,E,K 2.2D,E,K 42D,bb 9.3D,bb J,Z J 62FR42160 
5a Chromium III 16065831 570D,E,K 74D,E,K J,Z Total J 	 EPA820/B-96-001 

62FR42160 
5b Chromium VI 18540299 16D,K 11D,K 1,100D,bb 50D,bb J,Z Total J 62FR42160 

D,E,K,cc 9.0D,E,K,cc 4.8D,cc,ff 3.1D,cc,ff 1300U 62FR42160 
D,E,bb,gg 2.5D,E,bb,gg 210D,bb 8.1D,bb J J 62FR42160 

D,K,hh 0.77D,K,hh 1.8D,ee,hh 0.94D,ee,hh 0.050B 0.051B 62FR42160 

6 Copper 7440508 13 
7 Lead 7439921 65 
8 Mercury 7439976 1.4 
9 Nickel 7440020 470D,E,K 52D,E,K 74D,bb 8.2D,bb 610B 4,600B 62FR42160 
10 Selenium 7782492 L,R,T 5.0T 290D,bb,dd 71D,bb,dd 170Z 11,000 	62FR42160 

IRIS 09/01/91 
11 Silver 7440224 3.4D,E,G 1.9D,G 62FR42160 
12 Thallium 7440280 1.7B 6.3B 57FR60848 
13 Zinc 7440666 120D,E,K 120D,E,K 90D,bb 81D,bb 9100U 69,000U	 62FR42160 

IRIS 10/01/92 
14 Cyanide 57125 22K,Q 5.2K,Q EPA820/B-96-001 

Q,bb 1Q,bb 700B,Z 220,000B,H 57FR608481 
15 Asbestos 1332214 	7 million 57FR60848 

fibers/LI 

16 2,3,7,8-TCDD dioxin 1746016 1.3E-8C 1.4E-8C 62FR42160 
17 Acrolein 107028 320 780 57FR60848 
18 Acrylonitrile 107131 0.059B,C 0.66B,C 57FR60848 
19 Benzene 71432 1.2B,C 71B,C 62FR42160 
20 Bromoform 75252 4.3B,C 360B,C 62FR42160 
21 Carbon tetrachloride 56235 0.25B,C 4.4B,C 57FR60848 
22 Chlorobenzene 108907 680B,Z 21,000B,H 57FR60848 
23 Chlorodibromomethane 124481 0.41B,C 34B,C 62FR42160 
24 Chloroethane 75003 
25 2-Chloroethylvinyl ether 110758 
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26 Chloroform 67663 5.7B,C 470B,C 62FR42160 
27 Dichlorobromomethane 75274 0.56B,C 46B,C 62FR42160 
28 1,1-Dichloroethane 75343 
29 1,2-Dichloroethane 107062 0.38B,C 99B,C 57FR60848 
30 1,1-Dichloroethylene 75354 0.057B,C 3.2B,C 57FR60848 
31 1,2-Dichloropropane 78875 0.52B,C 39B,C 62FR42160 
32 1,3-Dichloropropene 542756 10B 1700B 57FR60848 
33 Ethylbenzene 100414 3100B,Z 29,000B 62FR42160 
34 Methyl bromide 74839 48B 4000B 62FR42160 
35 Methyl chloride 74873 J J 62FR42160 
36 Methylene chloride 75092 4.7B,C 1600B,C 62FR42160 
37 1,1,2,2-Tetrachloroethane 79345 0.17B,C 11B,C 57FR60848 
38 Tetrachloroethylene 127184 0.8C 8.85C 57FR60848 
39 Toluene 108883 6800B,Z 200,000B 62FR42160 
40 1,2-trans-Dichloroethylene 156605 700B,Z 140,000B 62FR42160 
41 1,1,1-Trichloroethane 71556 J,Z J 62FR42160 
42 1,1,2-Trichloroethane 79005 0.60B,C 42B,C 57FR60848 
43 Trichloroethane 79016 2.7C 81C 57FR60848 
44 Vinyl chloride 75014 2.0C 525C 57FR60848 
45 2-Chlorophenol 95578 120B,U 400B,U 62FR42160 
46 2,4-Dichlorophenol 120832 93B,U 790B,U 57FR60848 
47 2,4-Dimethylphenol 105679 540B,U 2300B,U 62FR42160 
48 2-Methyl-4,6-dinitrophenol 534521 13.4 765 57FR60848 
49 2,4-Dinitrophenol 51285 70B 14,000B 57FR60848 
50 2-Nitrophenol 88755 
51 4-Nitrophenol 100027 
52 3-Methyl-4-Chlorophenol 59507 U U 

53 Pentachlorophenol 87865 19F,K 15F,K 13bb 7.9bb 0.28B,C 8.2B,C,H 62FR42160 
54 Phenol 108952 21,000B,U 62FR42160 

4,600,000B,H,U 57FR60848 
55 2,4,6-Trichlorophenol 88062 2.1B,C,U 6.5B,C 62FR42160 
56 Acenaphthene 83329 1200B,U 2700B,U 62FR42160 
57 Acenaphthylene 208968 
58 Anthracene 120127 9600B 110,000B 62FR42160 
59 Benzidine 92875 0.00012B,C 0.00054B,C 57FR60848 
60 Benzoaanthracene 56553 0.0044B,C 0.049B,C 62FR42160 
61 Benzoapyrene 50328 0.0044B,C 0.049B,C 62FR42160 
62 Benzobfluoranthene 205992 0.0044B,C 0.049B,C 62FR42160 
63 Benzoghiperylene 191242 
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Federal Register 
Cite/Source 

IRIS 11/01/97 

62FR42160 

57FR60848 
62FR42160 
57FR60848 
57FR60848 

62FR42160 
62FR42160 

62FR42160 
62FR42160 
62FR42160 
62FR42160 
62FR42160 
57FR60848 
57FR60848 
57FR60848 
57FR60848 
57FR60848 

57FR60848 
62FR42160 
62FR42160 
62FR42160 
57FR60848 
57FR60848 
57FR60848 
62FR42160 

Organism 

2,900,000 

0.00077B,C 

17,000B,H,U 

170,000B 

120,000B 

17,000B 

12,000B 

14,000B 

0.049B,C 

0.049B,C 

0.049B,C 

0.077B,C 

0.049B,C 

2600B,C 

(µg/L) 

0.54B,C 

5200B 

4300B 

For Consumption of: 

Only 

2600 
2600 

1.4B,C 

5.9B,C 

8.9B,C 

370B 

50B,C 

9.1C 

Human Health 

Organism 

0.00075B,C 

0.0044B,C 

0.0044B,C 

0.0044B,C 

23,000B,C 

0.0044B,C 

Water + 

313,000 

0.031B,C 

0.040B,C 

2700B,Z 

240B,U,Z 

(µg/L) 

0.04B,C 

0.44B,C 

1400B 

3000B 

1700B 

2700B 

1300B 

0.11C 

1.8B,C 

1.9B,C 

300B 

400Z 

36B,C 

400 

(µg/L) 
CCC 

Saltwater 

(µg/L) 
CMC 

U.S. Recommended Water Quality Criteria for Priority Toxic Pollutants (continued) 

(µg/L) 
CCC 

Freshwater 

(µg/L) 
CMC 

39638329 

Number 

7005723 

207089 
111911 
111444 

117817 
101553 

218019 

541731 
106467 

131113 

121142 
606202 
117840 
122667 
206440 

118741 

193395 

CAS 

85687 
91587 

53703 
95501 

91941 
84662 

84742 

86737 

87683 
77474 
67721 

78591 
91203 

4-Bromophenyl phenyl ether 

4-Chlorophenyl phenyl ether 

Hexachlorocyclopentadiene 

Bis-2-chloroethoxymethane 

Bis-2-chloroisopropylether 

Bis-2-ethylhexylphthalateX 

Priority Pollutant 

Butylbenzyl phthalateW 

Dibenzoa,hanthracene 

3,3′-Dichlorobenzidine 

1,2-Diphenylhydrazine 

Bis-2-chloroethylether 

Di-n-Butyl phthalateW 

Hexachlorobutadiene 

Idenol1,2,3-cdpyrene 

2-Chloronaphthalene 

1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 

Dimethyl phthalateW 

Benzokfluoranthene 

Hexachlorobenzene 

Di-n-octyl phthalate 

Diethyl phthalateW 

Hexachloroethane 

2,4-Dinitrotoluene 
2,6-Dinitrotoluene 

Fluoranthene 

Naphthalene 
Isophorone 

Chrysene 

Fluorene 

91 
92 
93 
94 

64 
65 
66 
67 

68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
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95 Nitrobenzene 98953 17B 1900B,H,U 57FR60848 
96 N-Nitrosodimethylamine 62759 0.00069B,C 8.1B,C 57FR60848 
97 N-Nitrosodi-n-propylamine 621647 0.005B,C 1.4B,C 62FR42160 
98 N-Nitrosodiphenylamine 86306 5.0B,C 16B,C 57FR60848 
99 Phenanthrene 85018 
100 Pyrene 129000 960B 11,000B 62FR42160 
101 1,2,4-Trichlorobenzene 120821 260Z 940 IRIS 11/01/96 
102 Aldrin 309002 3.0G 1.3G 0.00013B,C 0.00014B,C 62FR42160 
103 α-BHC 319846 0.0039B,C 0.013B,C 62FR42160 
104 β-BHC 319857 0.014B,C 0.046B,C 62FR42160 
105 γ-BHC (Lindane) 58899 0.95K 0.16G 0.019C 0.063C 62FR42160 
106 δ-BHC 319868 
107 Chlordane 57749 2.4G 0.0043G,aa 0.09G 0.004G,aa 0.0021B,C 0.0022B,C	 62FR42160 

IRIS 02/07/98 
108 4,4′-DDT 50293 1.1G 0.001G,aa 0.13G 0.001G,aa 0.00059B,C 0.00059B,C 62FR42160 
109 4,4′-DDE 72559 0.00059B,C 0.00059B,C 62FR42160 
110 4,4′-DDD 72548 0.00083B,C 0.00084B,C 62FR42160 
111 Dieldrin 60571 0.24K 0.056K,O 0.71G 0.0019G,aa 0.00014B,C 0.00014B,C 62FR42160 
112 α-Endosulfan 959988 0.22G,Y 0.056K,O 0.034G,Y 0.0087G,Y 110B 240B 62FR42160 
113 β-Endosulfan 33213659 0.22G,Y 0.056G,Y 0.034G,Y 0.0087G,Y 110B 240B 62FR42160 
114 Endosulfan sulfate 1031078 110B 240B 62FR42160 
115 Endrin 72208 0.086K 0.036K,O 0.037G 0.0023G,aa 0.76B 0.81B,H 62FR42160 
116 Endrin aldehyde 7421934 0.76B 0.81B,H 62FR42160 
117 Heptachlor 76448 0.52G 0.0038G,aa 0.053G 0.0036G,aa 0.00021B,C 0.00021B,C 62FR42160 
118 Heptachlor epoxide 1024573 0.52G,V 0.0038G,V,aa 0.053G,V 0.0036G,V,aa 0.00010B,C 0.00011B,C 62FR42160 
119 Polychlorinated biphenyls 0.014N,aa 0.03N,aa 62FR42160 

0.00017B,C,P 0.00017B,C,P 63FR16182 
120 Toxaphene 8001352 0.73 0.0002aa 0.21 0.0002aa 0.00073B,C 0.00075B,C 62FR42160 

A	 This recommended water quality criterion was derived from data for arsenic (III), but is applied here to total arsenic, which might imply that arsenic (III) and arsenic (V) 
are equally toxic to aquatic life and that their toxicities are additive. In the arsenic criteria document (EPA 440/5-84-033, January 1985), Species Mean Acute Values are 
given for both arsenic (III) and arsenic (V) for fi ve species and the ratios of the SMAVs for each species range from 0.6 to 1.7. Chronic values are available for both 
arsenic (III) and arsenic (V) for one species; for the fathead minnow, the chronic value for arsenic (V) is 0.29 times the chronic value for arsenic (III). No data are known 
to be available concerning whether the toxicities of the forms of arsenic to aquatic organisms are additive. 

B	 This criterion has been revised to reflect the Environmental Protection Agency’s q1* or RfD, as contained in the Integrated Risk Information System (IRIS) as of April 
8, 1998. The fish tissue bioconcentration factor (BCF) from the 1980 Ambient Water Quality Criteria document was retained in each case. 

C	 This criterion is based on carcinogenicity of 10–6 risk. Alternate risk levels may be obtained by moving the decimal point (e.g., for a risk level of 10–5, move the decimal 
point in the recommended criterion one place to the right). 
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U.S. Recommended Water Quality Criteria for Priority Toxic Pollutants (continued) 

D	 Freshwater and saltwater criteria for metals are expressed in terms of the dissolved metals in the water column. The recommended water quality criteria value was 
calculated by using the previous 304(a) aquatic life criteria expressed in terms of total recoverable metal, and multiplying it by a conversion factor (CF). The term 
“Conversion Factor” (CF) represents the recommended conversion factor for converting a metal criterion expressed as the total recoverable fraction in the water column 
to a criterion expressed as the dissolved fraction in the water column. (Conversion Factors for saltwater CCCs are not currently available. Conversion factors derived 
for saltwater CMCs have been used for both saltwater CMCs and CCCs). See “Office of Water Policy and Technical Guidance on Interpretation and Implementation of 
Aquatic Life Metals Criteria,” October 1, 1993, by Martha G. Prothro, Acting Assistant Administrator for Water, available from the Water Resource center, USEPA, 401 
M St., SW, mail code RC4100, Washington, DC 20460; and 40CFR§131.36(b)(1). Conversion Factors applied in the table can be found in Appendix A to the Preamble-
Conversion Factors for Dissolved Metals. 

E	 The freshwater criterion for this metal is expressed as a function of hardness (mg/L) in the water column. The value given here corresponds to a hardness of 100 mg/L. 
Criteria values for other hardness may be calculated from the following: CMC (dissolved) = exp{mA[ln(hardness)] + bA} (CF), or CCC (dissolved) = exp{mC[ln(hardness)] 
+ bC} (CF) and the parameters specifi ed in Appendix B to the Preamble- Parameters for Calculating Freshwater Dissolved Metals Criteria That Are Hardness-Dependent. 

F Freshwater aquatic life values for pentachlorophenol are expressed as a function of pH, and are calculated as follows: CMC = exp(1.005(pH) – 4.869); CCC = exp(1.005(pH) 
– 5.134). Values displayed in table correspond to a pH of 7.8. 

G	 This Criterion is based on 304(a) aquatic life criterion issued in 1980, and was issued in one of the following documents: Aldrin/Dieldrin (EPA 440/5-80-019), Chlordane 
(EPA 440/5-80-027), DDT (EPA 440/5-80-038), Endosulfan (EPA 440/5-80-046), Endrin (EPA 440/5-80-047), Heptachlor (EPA 440/5-80-019), Hexachlorocyclohexane 
(EPA 440/5-80-054), Silver (EPA 440/5-80-071). The Minimum Data Requirements and derivation procedures were different in the 1980 Guidelines than in the 1985 
Guidelines. For example, a “CMC” derived using 1980 Guidelines was derived to be used as an instantaneous maximum. If assessment is to be done using an average 
period, the values given should be divided by 2 to obtain a value that is more comparable to a CMC derived using the 1985 Guidelines. 

H	 No criterion for protection of human health from consumption of aquatic organisms excluding water was presented in the 1980 criteria document or in the 1986 Quality 
Criteria for Water. Nevertheless, sufficient information was presented in the 1980 document to allow the calculation of a criterion, even though the results of such a 
calculation were not shown in the document. 

I This criterion for asbestos is the Maximum Contaminant Level (MCL) developed under the Safe Drinking Water Act (SDWA). 

J	 EPA has not calculated human health criterion for this contaminant. However, permit authorities should address this contaminant in NPDES permit actions using the 
State’s existing narrative criteria for toxics. 

K	 This recommended criterion is based on a 304(a) aquatic life criterion that was issued in the 1995 Updates: Water Quality Criteria Documents for the Protection of 
Aquatic Life in Ambient Water, (EPA-820-B-96-001, September 1996). This value was derived using the GLI Guidelines (60FR15393-15399, March 23, 1995; 40CFR132 
Appendix A); the difference between the 1985 Guidelines and the GLI Guidelines are explained on page iv of the 1995 Updates. None of the decisions concerning the 
derivation of this criterion were affected by any considerations that are specifi c to the Great Lakes. 

L	 The CMC = 1/[(f1/CMC1) + (f2/CMC2)] where f1 and f2 are the fractions of total selenium that are treated as selenite and selenate, respectively, and CMC1 and CMC2 
are 185.9 µg/l and 12.83 µg/l, respectively. 

M EPA is currently reassessing the criteria for arsenic. Upon completion of the reassessment the Agency will publish revised criteria as appropriate. 

N	 PCBs are a class of chemicals which include Aroclors, 1242, 1254, 1221, 1232, 1248, 1260, and 1016, CAS numbers 53469219, 11097691, 11104282, 11141165, 
12672296, 11096825 and 12674112 respectively. The aquatic life criteria apply to this set of PCBs. 

O The derivation of the CCC for this pollutant did not consider exposure through the diet, which is probably important for aquatic life occupying upper trophic levels. 

P This criterion applies to total pcbs, i.e., the sum of all congener or all isomer analyses. 

Q This recommended water criterion is expressed as µg free cyanide (as CN)/L. 
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R	 This value was announced (61FR58444-58449, November 14, 1996) as a proposed GLI 303(c) aquatic life criterion. EPA is currently working on this criterion and so 
this value might change substantially in the near future. 

S This recommended water quality criterion refers to the inorganic form only. 

T	 This recommended water quality criterion is expressed in terms of total recoverable metal in the water column. It is scientifically acceptable to use the conversion factor 
of 0.922 that was used in the GLI to convert this to a value that is expressed in terms of dissolved metal. 

U The organoleptic effect criterion is more stringent than the value for priority toxic pollutants. 

V This value was derived from data for heptachlor and the criteria document provides insufficient data to estimate the relative toxicities of heptachlor and heptachlor epoxide. 

W	 Although EPA has not published a final criteria document for this compound it is EPA’s understanding that suffi cient data exist to allow calculation of aquatic criteria. It 
is anticipated that industry intends to publish in the peer reviewed literature draft aquatic life criteria generated in accordance with EPA Guidelines. EPA will review such 
criteria for possible issuance as national WQC. 

X There is a full set of aquatic life toxicity data that show that DEHP is not toxic to aquatic organisms at or below its solubility limit. 

Y This value was derived from data for endosulfan and is most appropriately applied to the sum of alpha-endosulfan and beta-endosulfan. 

Z A more stringent MCL has been issued by the EPA. Refer to drinking water regulations (40 CFR 141) or Safe Drinking Water Hotline (1-800-426-4791) for values. 

aa This CCC is based on the Final Residue Value procedure in the 1985 Guidelines. Since the publication of the Great Lakes Aquatic Life Criteria Guidelines in 1995 
(60FR15393-15399, March 23, 1995), the Agency no longer uses the Final Residue Value procedure for deriving CCCs for new or revised 304(a) aquatic life criteria. 

bb This water quality criterion is based on a 304(a) aquatic life criterion that was derived using the 1985 Guidelines (Guidelines for Deriving Numerical National Water 
Quality Criteria for the Protection of Aquatic Organisms and Their Uses, PB85-227049, January 1985) and was issued in one of the following criteria documents: Arsenic 
(EPA 440/5-84-033), Cadmium (EPA 440/5-84-032), Chromium (EPA 440/5-84-029), Copper (EPA 440/5-84-031), Cyanide (EPA 440/5-84-028), Lead (EPA 440/5-84
027), Nickel (EPA 440/5-86-004), Pentachlorophenol (EPA 440/5-86-009), Toxaphene (EPA 440/5-86-006), Zinc (EPA 440/5-87-003). 

cc When the concentration of dissolved organic carbon is elevated, copper is substantially less toxic and use of Water-Effect Ratios might be appropriate. 

dd The selenium criteria document (EPA 440/5-87-006, September 1987) provides that if selenium is as toxic to saltwater fishes in the field as it is to freshwater fishes in 
the field, the status of the fi sh community should be monitored whenever the concentration of selenium exceeds 5.0 µg/L in salt water because the saltwater CCC does 
not take into account uptake via the food chain. 

ee This recommended water quality criterion was derived on page 43 of the mercury criteria document (EPA 440/5-84-026, January 1985). The saltwater CCC of 0.025 
µg/L given on page 23 of the criteria document is based on Final Residue Value procedure in the 1985 Guidelines. Since the publication of the Great Lakes Aquatic 
Life Criteria Guidelines in 1995 (60FR15393-15399, March 23, 1995), the Agency no longer uses the Final Residue Value procedure for deriving CCCs for new or revised 
304(a) aquatic life criteria. 

ff	 This recommended water quality criterion was derived in Ambient Water Quality Criteria Saltwater Copper Addendum (Draft, April 14, 1995) and was promulgated in 
the Interim final National Toxics Rule (60FR22228-222237, May 4, 1995). 

gg EPA is actively working on this criterion and so this recommended water quality criterion may change substantially in the near future. 

hh This recommended water quality criterion was derived from data for inorganic mercury (II), but is applied here to total mercury. If a substantial portion of the mercury 
in the water column is methylmercury, this criterion will probably be under protective. In addition, even though inorganic mercury is converted to methylmercury and 
methylmercury bioaccumulates to a great extent, this criterion does not account for uptake via the food chain because suffi cient data were not available when the criterion 
was derived. 
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EPA822-R-98-008 

Federal Register 

EPA440/5-88-004 

Cite/Source 

IRIS 01/01/91 

53FR33178 

53FR19028 

Gold Book 

Gold Book 
Gold Book 
Gold Book 
Gold Book 

Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 

Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 
Gold Book 

FOR PRIMARY RECREATION AND SHELLFISH USES — SEE DOCUMENT 

Organism 

0.00078E 

For Consumption of: 

0.0414 

14,000 
0.587A 

(µg/L) 

FRESHWATER CRITERIA ARE pH DEPENDENT — SEE DOCUMENTD 

1.24A 

Only 

100A 

1.24 

SALTWATER CRITERIA ARE pH AND TEMPERATURE DEPENDENT 

Human Health 

NARRATIVE STATEMENT — SEE DOCUMENTO 

NARRATIVE STATEMENT — SEE DOCUMENTF 

NARRATIVE STATEMENT — SEE DOCUMENTF 

NARRATIVE STATEMENT — SEE DOCUMENTF 

Organism 

NARRATIVE STATEMENT — SEE DOCUMENT 

NARRATIVE STATEMENT — SEE DOCUMENT 

NARRATIVE STATEMENT — SEE DOCUMENT 

0.00013E 

Water + 

10,000A 

0.0064A 

0.0008A 

0.0123 

0.0008 

(µg/L) 

1000A 

100A,C 

100A,C 

300A 

10A 

50A 

70 

C 

0.0056G 

0.001F 

(µg/L) 

0.01F0.01F 

0.03F 

CCC 

0.1F0.1F 

0.1F 

7.5 

Saltwater 

0.011G 

(µg/L) 
CMC 

13 
230000G 

20000F 

0.041G 

0.001F 

(µg/L) 

1000F 

0.03F 

CCC 

87G,I,L 

0.1F 

11 

Freshwater 

U.S. Recommended Water Quality Criteria for Nonpriority Pollutants 

860000G 

0.083G 

(µg/L) 

750G,I 

CMC 

19 
16887006 

14797558 

25550587 

Number 

7429905 
7664417 

7440393 

7782505 

2921882 

8065483 

7439896 

7439965 

2385855 

7782447 

542881 

319868 

121755 

924163 

930552 

CAS 

93721 
94757 

86500 

72435 

55185 

— 

— 
— 

— 

— 

— 

— 

— 

— 

Chlorophenoxy herbicide 2,4,5,-TP 

Hexachlorocyclo-hexane-Technical 

Chlorophenoxy herbicide 2,4-D 

Nonpriority Pollutant 

Ether, Bis Chloromethyl 
Gases, Total Dissolved 

Aluminum pH 6.5–9.0 

Nitrosodibutylamine,N 
Nitrosodiethylamine,N 
Nitrosopyrrolidine,N 

Oxygen, dissolved 

Aesthetic qualities 

Oil and grease 

Dinitrophenols 

Methoxychlor 

Chloropyrifos 

Nitrosamines 

Manganese 
Malathion 

Hardness 

Ammonia 

Demeton 

Alkalinity 

Chloride 
Chlorine 

Bacteria 

Guthion 

Nitrates 

Barium 
Boron 

Mirex 

Color 

Iron 

28 
29 
30 
31 
32 

1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
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33 Parathion 56382 0.065J 0.013J Gold Book 
34 Pentachlorobenzene 608935 3.5E 4.1E IRIS 03/01/88 
35 pH — 6.5–9F 6.5–8.5F,K 5–9 Gold Book 
36 Phosphorus elemental 7723140 0.1F,K Gold Book 
37 Phosphate phosphorus — NARRATIVE STATEMENT — SEE DOCUMENT Gold Book 
38 Solids dissolved and salinity — 250,000A Gold Book 
39 Solids suspended and turbidity — NARRATIVE STATEMENT — SEE DOCUMENTF Gold Book 
40 Sulfide-hydrogen sulfide 7783064 2.0F 2.0F Gold Book 
41 Tainting substances — NARRATIVE STATEMENT — SEE DOCUMENT Gold Book 
42 Temperature — NARRATIVE STATEMENT — SEE DOCUMENTM Gold Book 
43 Tetrachlorobenzene,1,2,4,5- 95943 2.3E 2.9E IRIS 03/01/91 
44 Tributyltin TBT — 0.46N 0.063N 0.37N 0.010N 62FR42554 
45 Trichlorophenol,2,4,5- 95954 2600B,E 9800B,E IRIS 03/01/88 

A	 This human health criterion is the same as originally published in the Red Book which predates the 1980 methodology and did not utilize the fish ingestion 
BCF approach. This same criterion value is now published in the Gold Book. 

B The organoleptic effect criterion value is more stringent than the value presented in the non priority pollutants table. 

C	 A more stringent Maximum Contaminant Level (MCL) has been issued by EPA under the Safe Drinking Water Act. Refer to drinking water regulations 
40CFR141 or Safe Drinking Water Hotline (1-800-426-4791) for values. 

D	 According to the procedures described in the Guidelines for Deriving Numerical National Water Quality Criteria for the Protection of Aquatic Organisms and 
Their Uses, except possibly where a very sensitive species is important at a site, freshwater aquatic life should be protected if both conditions specifi ed in 
Appendix C to the Preamble- Calculation of Freshwater Ammonia Criterion are satisfied. 

E	 This criterion has been revised to reflect the Environmental Protection Agency’s q1* or RfD, as contained in the Integrated Risk Information System (IRIS) 
as of April 8, 1998. The fish tissue bioconcentration factor (BCF) used to derive the original criterion was retained in each case. 

F The derivation of this value is presented in the Red Book (EPA 440/9-76-023, July, 1976). 

G	 This value is based on a 304(a) aquatic life criterion that was derived using the 1985 Guidelines (Guidelines for Deriving Numerical National Water Quality 
Criteria for the Protection of Aquatic Organisms and Their Uses, PB85-227049, January 1985) and was issued in one of the following criteria documents: 
Aluminum (EPA 440/5-86-008); Chloride (EPA 440/5-88-001), Chloropyrifos (EPA 440/5-86-005). 

I This value is expressed in terms of total recoverable metal in the water column. 

J	 This value is based on a 304(a) aquatic life criterion that was issued in the 1995 Updates: Water Quality Criteria Documents for the Protection of Aquatic 
Life in Ambient Water (EPA-820-B-96-001). This value was derived using the GLI Guidelines (60FR15393-15399, March 23, 1995; 40CFR132 Appendix A); 
the differences between the 1985 Guidelines and the GLI Guidelines are explained on page iv of the 1995 Updates. No decision concerning this criterion 
was affected by any considerations that are specifi c to the Great Lakes. 

K According to page 181 of the Red Book: 

For open ocean waters where the depth is substantially greater than the euphotic zone, the pH should not be changed more than 0.2 units from the 
naturally occurring variation of any caes outside the range of 6.5 to 8.5. For shallow, highly productive coastal and estuarine areas where naturally 
occurring pH variations approach the lethal limits of some species, changes in pH should be avoided but in any case should not exceed the limits 
established for fresh water, i.e., 6.5–9.0. 
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U.S. Recommended Water Quality Criteria for Nonpriority Pollutants (continued) 

L	 There are three major reasons why the use of Water-Effect Ratios might be appropriate. (1) The value of 87 µg/l is based on a toxicity test with the striped 
bass in water with pH = 6.5–6.6 and hardness <10 mg/L. Data in “Aluminum Water-Effect Ratio for the 3M Plant Effl uent Discharge, Middleway, West Virginia” 
(May 1994) indicate that aluminum is substantially less toxic at higher pH and hardness, but the effects of pH and hardness are not well quantified at this 
time. (2) In tests with the brook trout at low pH and hardness, effects increased with increasing concentrations of total aluminum even though the concentration 
of dissolved aluminum hydroxide particles. In surface waters, however, the total recoverable procedure might measure aluminum associated with clay 
particles, which might be less toxic than aluminum associated with aluminum hydroxide. (3) EPA is aware of field data indicating that many high quality 
waters in the U.S. contain more than 87 µg aluminum/L, when either total recoverable or dissolved is measured. 

M	 U.S. EPA. 1973. Water Quality Criteria 1972. EPA-R3-73-033. National Technical Information Service, Springfield, VA.; U.S. EPA. 1977. Temperature Criteria 
for Freshwater Fish: Protocol and Procedures. EPA-600/3-77-061. National Technical Information Service, Springfield, VA. 

N	 This value was announced (62FR42554, August 7, 1997) as a proposed 304(a) aquatic life criterion. Although EPA has not responded to public comment, 
EPA is publishing this as a 304(a) criterion in today’s notice as guidance for States and Tribes to consider when adopting water quality criteria. 

O U.S. EPA. 1986. Ambient Water Quality Criteria for Dissolved Oxygen. EPA 440/5-86-003. National Technical Information Service, Springfield, VA. 
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U.S. Recommended Water Quality Criteria for Organoleptic Effects 

Federal 
Organoleptic Effect Criteria Register 

Pollutant CAS Number (µg/L) Cite/Source 

1 Acenaphthene 83329 20 Gold Book 
2 Monochlorobenzene 108907 20 Gold Book 
3 3-Chlorophenol — 0.1 Gold Book 
4 4-Chlorophenol 106489 0.1 Gold Book 
5 2,3-Dichlorophenol — 0.04 Gold Book 
6 2,5-Dichlorophenol — 0.5 Gold Book 
7 2,6-Dichlorophenol — 0.2 Gold Book 
8 3,4-Dichlorophenol — 0.3 Gold Book 
9 2,4,5-Trichlorophenol 95954 1 Gold Book 

10 2,4,6-Trichlorophenol 88062 2 Gold Book 
11 2,3,4,6-Tetrachlorophenol — 1 Gold Book 
12 2-Methyl-4-Chlorophenol — 1800 Gold Book 
13 3-Methyl-4-Chlorophenol 59507 3000 Gold Book 
14 3-Methyl-6-Chlorophenol — 20 Gold Book 
15 2-Chlorophenol 95578 0.1 Gold Book 
16 Copper 7440508 1000 Gold Book 
17 2,4-Dichlorophenol 120832 0.3 Gold Book 
18 2,4-Dimethylphenol 105679 400 Gold Book 
19 Hexachlorocyclopentadiene 77474 1 Gold Book 
20 Nitrobenzene 98953 30 Gold Book 
21 Pentachlorophenol 87865 30 Gold Book 
22 Phenol 108952 300 Gold Book 
23 Zinc 7440666 5000 45FR79341 

1.	 These criteria are based on organoleptic (taste and odor) effects. Because of variations in chemical nomenclature systems, this listing 
of pollutants does not duplicate the listing in Appendix A of 40 CFR Part 423. Also listed are the Chemical Abstracts Service (CAS) 
registry numbers, which provide a unique identifi cation for each chemical. 
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U.S. Recommended Water Quality Criteria for Organoleptic Effects (continued) 

U.S. RECOMMENDED WATER QUALITY CRITERIA 


Additional Notes: 

1. Criteria Maximum Concentration and Criterion Continuous Concentration 

The Criteria Maximum Concentration (CMC) is an estimate of the highest concentration of a material in surface water to which an 
aquatic community can be exposed briefly without resulting in an unacceptable effect. The Criterion Continuous Concentration (CCC) 
is an estimate of the highest concentration of a material in surface water to which an aquatic community can be exposed indefinitely 
without resulting in an unacceptable effect. The CMC and CCC are just two of the six parts of aquatic life criterion; the other four parts 
are the acute averaging period, chronic averaging period, acute frequency of allowed exceedance, and chronic frequency of allowed 
exceedance. Because 304(a) aquatic life criteria are national guidance, they are intended to be protective of the vast majority of the 
aquatic communities in the United States. 

2. Criteria Recommendations for Priority Pollutants, Nonpriority Pollutants, and Organoleptic Effects 

This compilation lists all priority toxic pollutants and some non priority toxic pollutants, and both human health effect and organoleptic 
effect criteria issued pursuant to CWA §304(a). Blank spaces indicate that EPA has no CWA §304(a) criteria recommendations. For a 
number of nonpriority toxic pollutants not listed, CWA §304(a) “water + organism” human health criteria are not available, but, EPA has 
published MCLs under the SDWA that may be used in establishing water quality standards to protect water supply designated uses. 
Because of variations in chemical nomenclature systems, this listing of toxic pollutants does not duplicate the listing in Appendix A of 
40 CFR Part 423. Also listed are the Chemical Abstracts Service CAS registry numbers, which provide a unique identifi cation for each 
chemical. 

3. Human Health Risk 

The human health criteria for the priority and nonpriority pollutants are based on carcinogenicity of 10–6 risk. Alternate risk levels may 
be obtained by moving the decimal point (e.g., for a risk level of 10–5, move the decimal point in the recommended criterion one place 
to the right). 

4. Water Quality Criteria published pursuant to Section 304(a) or Section 303(c) of the CWA 

Many of the values in the compilation were published in the proposed California Toxics Rule (CTR, 62FR42160). Although such values 
were published pursuant to Section 303(c) of the CWA, they represent the Agency’s most recent calculation of water quality criteria 
and thus are published today as the Agency’s 304(a) criteria. Water quality criteria published in the proposed CTR may be revised 
when EPA takes final action on the CTR. 

5. Calculation of Dissolved Metals Criteria 

The 304(a) criteria for metals, shown as dissolved metals, are calculated in one of two ways. For freshwater metals criteria that are 
hardness-dependent, the dissolved metal criteria were calculated using a hardness of 100 mg/L as CaCO3 for illustrative purposes only. 
Saltwater and freshwater metals’ criteria that are not hardness-dependent are calculated by multiplying the total recoverable criteria 
before rounding by the appropriate conversion factors. The final dissolved metals’ criteria in the table are rounded to two signifi cant 
figures. Information regarding the calculation of hardness dependent conversion factors are included in the footnotes. 

6. Correction of Chemical Abstract Services Number 

The Chemical Abstract Services number (CAS) for Bis(2-Chloroisoprpyl) Ether, has been corrected in the table. The correct CAS number 
for this chemical is 39638-32-9. Previous publications listed 108-60-1 as the CAS number for this chemical. 
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7. Maximum Contaminant Levels 

The compilation includes footnotes for pollutants with Maximum Contaminant Levels (MCLs) more stringent than the recommended 
water quality criteria in the compilation. MCLs for these pollutants are not included in the compilation, but can be found in the appropriate 
drinking water regulations (40 CFR 141.11-16 and 141.60-63), or can be accessed through the Safe Drinking Water Hotline (800-426
4791) or the Internet (http://www.epa.gov/ost/tools/dwstds-s.html). 

8. Organoleptic Effects 

The compilation contains 304(a) criteria for pollutants with toxicity-based criteria as well as non-toxicity based criteria. The basis for the 
non-toxicity based criteria are organoleptic effects for 23 pollutants. Pollutants with organoleptic effect criteria more stringent than the 
criteria based on toxicity (e.g., included in both the priority and non-priority pollutant tables) are footnoted as such. 

9. Category Criteria 

In the 1980 criteria documents, certain recommended water quality criteria were published for categories of pollutants rather than for 
individual pollutants within that category. Subsequently, in a series of separate actions, the Agency derived criteria for specific pollutants 
within a category. Therefore, in this compilation EPA is replacing criteria representing categories with individual pollutant criteria (e.g., 
1,3-dichlorobenzene, 1,4-dichlorobenzene and 1,2-dichlorobenzene). 

10.Specific Chemical Calculation 

A. Selenium 

(1) Human Health 

In the 1980 Selenium document, a criterion for the protection of human health from consumption of water and organisms was 
calculated based on a BCF of 6.0 L/kg and a maximum water-related contribution of 35 µg Se/day. Subsequently, the EPA Office 
of Health and Environmental Assessment issued an errata notice (February 23, 1982), revising the BCF for selenium to 4.8 
L/kg. In 1988, EPA issued an addendum (ECAO-CIN-668) revising the human health criteria for selenium. Later in the final 
National Toxic Rule (NTR, 57 FR 60848), EPA withdrew previously published selenium human health criteria, pending Agency 
review of new epidemiological data. 

This compilation includes human health criteria for selenium, calculated using a BCF of 4.8 L/kg along with the current IRIS 
RfD of 0.005 mg/kg/day. EPA included these recommended water quality criteria in the compilation because the data necessary 
for calculating a criteria in accordance with EPA’s 1980 human health methodology are available. 

(2) Aquatic Life 

This compilation contains aquatic life for selenium that are the same as those published in the proposed CTR. In the CTR, EPA 
proposed an acute criterion for selenium based on the criterion proposed for selenium in the Water Quality Guidance for the 
Great Lakes System (61 FR 58444). The GLI and CTR proposals take into account data showing that selenium’s two most 
prevalent oxidation states, selenite and selenate, present differing potentials for aquatic toxicity, as well as new data indicating 
that various forms of selenium are additive. The new approach produces a different selenium acute criterion concentration, or 
CMC, depending upon the relative proportions of selenite, selenate, and other forms of selenium that are present. 

EPA notes its currently undertaking a reassessment of selenium, and expects the 304(a) criteria for selenium will be revised 
based on the fi nal reassessment (63FR26186). However, until such time as revised water quality criteria for selenium are 
published by the Agency, the recommended water quality criteria in this compilation are EPA’s current 304(a) criteria. 
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U.S. Recommended Water Quality Criteria for Organoleptic Effects (continued) 

B. 1,2,4-Trichlorobenzene and Zinc 

Human health criteria for 1,2,4-trichlorobenzene and zinc have not been previously published. Sufficient information is now available 
for calculating water quality criteria for the protection of human health from the consumption of aquatic organisms and the consumption 
of aquatic organisms and water for both these compounds.Therefore, EPA is publishing criteria for these pollutants in this compilation. 

C. Chromium (III) 

The recommended aquatic life water quality criteria for chromium (III) included in the compilation are based on the values presented 
in the document titled: 1995 Updates: Water Quality Criteria Documents for the Protection of Aquatic Life in Ambient Water; however, 
this document contains criteria based on the total recoverable fraction. The chromium (III) criteria in this compilation were calculated 
by applying the conversion factors used in the Final Water Quality Guidance for the Great Lakes System (60 FR 15366) to the 1995 
Update document values. 

Ether, Bis (Chloromethyl), Pentachlorobenzene, Tetrachlorobenzene 1,2,4,5-, TrichlorophenolD. 

Human health criteria for these pollutants were last published in EPA’s Quality Criteria for Water 1986 or “Gold Book.” Some of these 
criteria were calculated using Acceptable Daily Intake (ADIs) rather than RfDs. Updated q1*s and RfDs are now available in IRIS 
for ether, bis (chloromethyl), pentachlorobenzene, tetrachlorobenzene 1,2,4,5-, and trichlorophenol, and were used to revise the 
water quality criteria for these compounds. The recommended water quality criteria for ether, bis (chloromethyl) were revised using 
an updated q1*, while criteria for pentachlorobenzene, and tetrachlorobenzene 1,2,4,5-, and trichlorophenol were derived using an 
updated RfD value. 

E. PCBs 

In this compilation EPA is publishing aquatic life and human health criteria based on total PCBs rather than individual arochlors. 
These criteria replace the previous criteria for the seven individual arochlors. Thus, there are criteria for a total of 102 of the 126 
priority pollutants. 
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Appendix A — Conversion Factors for Dissolved Metals 

Conversion Factor Conversion Factor Conversion Factor Conversion Factor 
Metal (freshwater CMC) (freshwater CCC) (saltwater CMC) (saltwater CCC)1 

Arsenic 1.000 1.000 1.000 1.000 

Cadmium 1.136672–[(ln hardness) 
(0.041838)] 

1.101672–[(ln hardness) 
(0.041838)] 

0.994 0.994 

Chromium III 0.316 0.860 — — 
Chromium VI 0.982 0.962 0.993 0.993 
Copper 0.960 0.960 0.83 0.83 

Lead 1.46203–[(ln hardness) 
(0.145712)] 

1.46203–[(ln hardness) 
(0.145712)] 

0.951 0.951 

Mercury 0.85 0.85 0.85 0.85 
Nickel 0.998 0.997 0.990 0.990 
Selenium — — 0.998 0.998 
Silver 0.85 — 0.85 — 
Zinc 0.978 0.986 0.946 0.946 

Appendix B — Parameters for Calculating Freshwater Dissolved Metals Criteria That Are 
Hardness Dependent 

Freshwater Conversion Factor (CF) 
Chemical mA bA mC bC Acute Chronic 

Cadmium 1.128 –3.6867 0.7852 –2.715 1.136672–[(ln hardness) 
(0.041838)] 

1.101672–[(ln hardness) 
(0.041838)] 

Chromium II 0.8190 3.7256 0.8190 0.6848 0.860 0.860 
Copper 0.9422 –1.700 0.8545 –1.702 0.960 0.960 
Lead 1.273 –1.460 1.273 –4.705 1.46203–[(ln hardness) 1.46203–[(ln hardness) 

(0.145712)] (0.145712)] 
Nickel 0.8460 2.255 0.8460 0.0584 0.998 0.997 
Silver 1.72 –6.52 — — 0.85 — 
Zinc 0.8473 0.884 0.8473 0.884 0.978 0.986 

Appendix C — Calculation of Freshwater Ammonia Criterion 

1. 	The one-hour average concentration of total ammonia nitrogen (in mg N/L) does not exceed, more than 
once every three years on the average, the CMC calculated using the following equation: 

0.275 39.0CMC = - + 
1 107.204 – pH 1 10pH – 7.204+ + 

In situations where salmonids do not occur, the CMC may be calculated using the following equation: 

0.411 58.4CMC = - + 
1 107.204 – pH 1 10pH – 7.204+ + 

2. 	The 30-day average concentration of total ammonia nitrogen (in mg N/L) does not exceed, more than once 
every 3 years on the average, the CCC calculated using the following equation: 

0.0858 3.70CCC = - + 
1 107.688 – pH 1 10pH – 7.688+ + 

and the highest 4-day average within the 30-day period does not exceed twice the CCC. 

AMMONIA 

The ammonia criteria are only for the protection of aquatic life, as no criteria have been 
developed for the protection of human health (consumption of contaminated fish or drinking water). 
The water quality criteria are for general guidance only and do not constitute formal water quality 
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standards. However, the criteria reflect the scientific knowledge concerning the effects of the 
pollutants and are recommended EPA acceptable limits for aquatic life. 

The data used in deriving the EPA criteria are predominantly from flow-through tests in which 
ammonia concentrations were measured. Ammonia was reported to be acutely toxic to freshwater 
organisms at concentrations (uncorrected for pH) ranging from 0.53 to 22.8 mg/L NH3 for 
19 invertebrate species representing 14 families and 16 genera and from 0.083 to 4.60 mg/L NH3 

for 29 fish species from 9 families and 18 genera. Among fish species, reported 96-hour LC50 
values ranged from 0.083 to 1.09 mg/L for salmonids and from 0.14 to 4.60 mg/L NH3 for other 
fish. Reported data from chronic tests on ammonia with two freshwater invertebrate species, both 
daphnids, showed effects at concentrations (uncorrected for pH) ranging from 0.304 to 1.2 mg/L 
NH3, and with nine freshwater fish species, from five families and seven genera, ranging from 
0.0017 to 0.612 mg/L NH3. 

Concentrations of ammonia acutely toxic to fishes may cause loss of equilibrium, hyperexcit
ability, increased breathing, cardiac output and oxygen uptake, and, in extreme cases, convulsions, 
coma, and death. At lower concentrations, ammonia has many effects on fishes, including a 
reduction in hatching success, reduction in growth rate and morphological development, and 
pathologic changes in tissues of gills, livers, and kidneys. 

Several factors have been shown to modify acute NH3 toxicity in fresh water. Some factors alter 
the concentration of un-ionized ammonia in the water by affecting the aqueous ammonia equilibrium, 
and some factors affect the toxicity of un-ionized ammonia itself, either ameliorating or exacerbating 
the effects of ammonia. Factors that have been shown to affect ammonia toxicity include dissolved 
oxygen concentration, temperature, pH, previous acclimation to ammonia, fluctuating or intermittent 
exposures, carbon dioxide concentration, salinity, and the presence of other toxicants. 

The most well studied of these is pH; the acute toxicity of NH3 has been shown to increase as 
pH decreases. However, the percentage of the total ammonia that is un-ionized decreases with 
decreasing pH. Sufficient data exist from toxicity tests conducted at different pH values to formulate 
a relationship to describe the pH-dependent acute NH3 toxicity. The very limited amount of data 
regarding effects of pH on chronic NH3 toxicity also indicate increasing NH3 toxicity with decreas
ing pH, but the data are insufficient to derive a broadly applicable toxicity/pH relationship. Data 
on temperature effects on acute NH3 toxicity were limited and somewhat variable, but indications 
are that NH3 toxicity to fish is greater as temperature decreases. There was no information available 
regarding temperature effects on chronic NH3 toxicity. Examination of pH and temperature
corrected acute NH3 toxicity values among species and genera of freshwater organisms showed 
that invertebrates are generally more tolerant than fishes, a notable exception being the fingernail 
clam. There is no clear trend among groups of fish; the several most sensitive tested species and 
genera include representatives from diverse families (Salmonidae, Cyprinidae, Percidae, and Cen
trarchidae). Available chronic toxicity data for freshwater organisms also indicate invertebrates 
(cladocerans, an insect species) to be more tolerant than fishes, again with the exception of the 
fingernail clam. When corrected for the presumed effects of temperature and pH, there was no clear 
trend among groups of fish for chronic toxicity values. The most sensitive species, including 
representatives from five families (Salmonidae, Cyprinidae, Ictaluridae, Centrarchidae, and Catos
tomidae), have chronic values ranging by not much more than a factor or two. Available data 
indicate that differences in sensitivities between warm- and cold-water families of aquatic organisms 
are inadequate to warrant discrimination in the national ammonia criterion between bodies of water 
with “warm-” and “cold-water” fishes; rather, effects of organism sensitivities on the criterion are 
most appropriately handled by site-specific criteria derivation procedures. 

Data for concentrations of NH3 toxic to freshwater phytoplankton and vascular plants, although 
limited, indicate that freshwater plant species are appreciably more tolerant to NH3 than are 
invertebrates or fishes. The ammonia criterion appropriate for the protection of aquatic animals 
will therefore in all likelihood be sufficiently protective of plant life. 
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Figure G.1 Chronic criterion values for early life stages (ELS) of fish in the 1999 update; pH = 7.5. 

National Ammonia Water Quality Criteria 

The U.S. EPA has published a 1999 Update of Ambient Water Quality Criteria for Ammonia 
(1999 Ammonia Update). The 1999 Ammonia Update contains EPA’s most recent freshwater aquatic 
life criteria for ammonia, superseding all previous EPA-recommended freshwater criteria for ammo
nia. The 1999 Ammonia Update pertains only to fresh waters and does not change or supersede 
the aquatic life criterion for ammonia in salt water, published in Ambient Water Quality Criteria 
for Ammonia (Saltwater) in 1989. The new criteria reflect recent research and data since 1984, and 
are a revision of several elements in the 1984 criteria, including the pH and temperature relationship 
of the acute and chronic criteria and the averaging period of the chronic criterion. As a result of 
these revisions, the acute criterion for ammonia is now dependent on pH and fish species, and the 
chronic criterion is dependent on pH and temperature. At lower temperatures, the dependency of 
chronic criterion is also dependent on the presence or absence of early life stages of fish (ELS). 
The effect of temperature and expected presence of early life stages of fish on the chronic criterion 
in the 1999 Update is shown in Figure G.1. The temperature dependency in the 1999 Update results 
in a gradual increase in the criterion as temperature decreases, and a criterion that is more stringent, 
at temperatures below 15°C, when early life stages of fish (ELS) are expected to be present. 

EPA’s recommendations in the 1999 Update represent a change from both the 1984 chronic 
criterion, which was dependent mainly on pH, and from the 1998 Update, in which the chronic 
criterion was dependent on pH and the presence of early life stages of fish. The temperature depen
dency of ammonia toxicity at temperatures below 20°C is incorporated directly into the criterion of 
the 1999 Update. The other significant revision in the 1999 Update is EPA’s recommendation of 30 
days as the averaging period for the ammonia chronic criterion. EPA recommends the 30B3 (the 
lowest 30-day average flow based on a 30-year return interval when flow records are analyzed using 
EPA’s 1986 DFLOW procedure), the 30Q10 (the lowest 30-day average flow based on a 10-year 
return interval when flow records are analyzed using extreme-value statistics), or the 30Q5 as the 
appropriate design flows associated with the 30-day averaging period of the ammonia chronic criterion. 
In addition, EPA recommends that within the 30-day averaging period, no 4-day average concentration 
should exceed 2.5 times the chronic criterion, or criterion continuous concentration (CCC). Conse
quently, the design flow should also be protective of any 4-day average at 2.5 times the CCC. EPA 
believes that in the vast majority of cases, the 30Q10 is protective of both the CCC and any 4-day 
average at 2.5 times the CCC. However, if a state or tribe specifies the use of the 30Q5, then the state 
or tribe should demonstrate that a 7Q10 (the lowest average 7-day once-in-10-year flow using extreme-
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value statistics) is protective of 2.5 times the CCC, to ensure that any short-term (4-day) flow variability 
within the 30-day averaging period does not lead to shorter-term chronic toxicity. 

BACTERIA 

Development of Bathing Beach Bacteriological Criteria 

Dufour (1984) presents an excellent overview of the history of bacterial standards and water 
contact recreation, summarized here. Total coliforms were initially used as indicators for monitoring 
outdoor bathing waters, based on a classification scheme presented by W.J. Scott in 1934. Scott 
had proposed four classes of water, with total coliform upper limits of 50, 500, 1000, and 
>1000 MPN/100 mL for each class. He had developed this classification based on an extensive 
survey of the Connecticut shoreline where he found that about 93% of the samples contained less 
than 1000 total coliforms per 100 mL. A sanitary survey classification also showed that only about 
7% of the shoreline was designated as poor. He therefore concluded that total coliform counts of 
<1000 MPN/100 mL probably indicated acceptable waters for swimming. This standard was based 
on the principle of attainment, where very little control or intervention would be required to meet 
this standard. In 1943, the State of California independently adopted an arbitrary total coliform 
standard of 1000 MPN/100 mL for swimming areas. This California standard was not based on 
any evidence, but it was assumed to relate well with the drinking water standard at the time. 

Dufour points out that a third method used to develop a standard for bathing water quality used 
an analytical approach adopted by H.W. Streeter in 1951. He used a ratio between Salmonella and 
total coliforms, the number of bathers exposed, the approximate volume of water ingested by 
bathers daily, and the average total coliform density. Streeter concluded that water containing <1000 
MPN total coliforms/100 mL would pose no great S. typhosa health hazard. Dufour points out that 
it is interesting that all three approaches in developing a swimming water criterion resulted in the 
same numeric limit. 

One of the earliest bathing beach studies to measure actual human health risks associated with 
swimming in contaminated water was directed by Stevenson (1953), of the U.S. Public Health 
Service’s Environmental Health Center, in Cincinnati, OH, and was conducted in the late 1940s. 
They studied swimming at Lake Michigan at Chicago (91 and 190 MPN/100 mL median total 
coliform densities), the Ohio River at Dayton, KY (2700 MPN/100 mL), at Long Island Sound at 
New Rochelle and at Mamaroneck, NY (610 and 253 MPN/100 mL). They also studied a swimming 
pool in Dayton, KY. Two bathing areas were studied in each area, one with historically poorer 
water quality than the other. Individual home visits were made to participating families in each 
area to explain the research program and to review the calendar record form. Follow-up visits were 
made to each participating household to ensure completion of the forms. Total coliform densities 
were monitored at each bathing area during the study. More than 20,000 persons participated in 
the study in the three areas. Almost a million person-days of usable records were obtained. The 
percentage of the total person-days when swimming occurred ranged from about 5 to 10%. The 
number of illnesses of all types recorded per 1000 person-days varied from 5.3 to 8.8. They found 
an appreciably higher illness incidence rate for the swimming group, compared to the nonswimming 
group, regardless of the bathing water quality (based on total coliform densities). A significant 
increase in gastrointestinal illness was observed among the swimmers who used one of the Chicago 
beaches on 3 days when the average coliform count was 2300 MPN/100 mL. The second instance 
of positive correlation was observed in the Ohio River study where swimmers exposed to the median 
total coliform density of 2700 MPN/100 mL had a significant increase in gastrointestinal illness, 
although the illness rate was relatively low. They suggested that the strictest bacterial quality 
requirements that existed then (as indicated above, based on Scott’s 1934 work) might be relaxed 
without significant detrimental effect on the health of bathers. 
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It is interesting to note that in 1959, the Committee on Bathing Beach Contamination of the 
Public Health Laboratory Service of the U.K. concluded that “bathing in sewage-polluted seawater 
carries only a negligible risk to health, even on beaches that are aesthetically very unsatisfactory” 
(Alexander et al. 1992). 

Dufour (1984) pointed out that total coliforms were an integral element in establishing fecal 
coliform limits as an indicator for protecting swimming uses. As a result of the Stevenson (1953) 
study, reported above, a geometric mean fecal coliform level of 200 MPN per 100 mL was 
recommended by the National Technical Advisory Committee (NTAC) of the Federal Water Pol
lution Control Administration in 1968 and was adopted by the U.S. Environmental Protection 
Agency in 1976 as a criterion for direct water contact recreation (Cabelli et al. 1979). This criterion 
was adopted by almost all states by 1984. It was felt that fecal coliform levels were more specific 
to sewage contamination and had less seasonal variation than total coliform levels. Since fecal 
coliform exposures at swimming beaches had never been linked to disease, the NTAC reviewed 
the USPHS studies, as published by Stevenson (1953). The 2300 MPN/100 mL total coliform count 
association with gastrointestinal disease was used in conjunction with a measured ratio of fecal 
coliform to total coliform counts (18%) obtained at the Ohio River site studied earlier. It was 
therefore assumed that a health effect could be detected when the fecal coliform count was 
400 MPN/100 mL (18% of 2300 = 414). Dufour (1984) notes that a detectable health effect was 
undesirable and that the NTAC therefore recommended a limit of 200 MPN/100 mL for fecal 
coliforms. Dufour (1984) mentions that, although likely coincidental, the 1968 proposed limit for 
fecal coliforms (200 MPN/100 mL) was very close to being theoretically equivalent to the total 
coliform limit of 1000 MPN/100 mL that was being replaced (200/0.18 = 1100). 

The Cabelli et al. (1979) study was undertaken to address many remaining questions pertaining 
to bathing in contaminated waters. Their study examined conditions in New York (at a Coney Island 
beach, designated as barely acceptable, and at a Rockaway beach, designated as relatively unpol
luted). About 8000 people participated in the study, approximately evenly divided between swim
mers and nonswimmers at the two beaches. Total and fecal coliforms, Escherichia, Klebsiella, 
Citrobacter–Enterobacter, enterococci, Pseudomonas aeruginosa, and Clostridium perfringens 
were evaluated in water samples obtained from the beaches during the epidemiological study. The 
most striking findings were the increases in the rates of vomiting, diarrhea, and stomach ache 
among swimmers relative to nonswimmers at the barely acceptable beach, but not at the relatively 
unpolluted beach. Ear, eye, nose, and skin symptoms, as well as fever, were higher among swimmers 
compared to nonswimmers at both beaches. They concluded that measurable health effects do occur 
at swimming beaches that meet the existing health standards. Children, Hispanic Americans, and 
low-middle socioeconomic groups were identified as the most susceptible portions of the population. 

Cabelli et al. (1982) presented data from the complete EPA-sponsored swimming beach study, 
conducted in New York, New Orleans, and Boston. The study was conducted to address issues 
from prior studies conducted in the 1950s (including Stevenson’s 1953 study noted above) that 
were apparently contradictory. They observed a direct, linear relationship between highly credible 
gastrointestinal illness and enterococci. The frequency of gastrointestinal symptoms also had a high 
degree of association with distance from known sources of municipal wastewater. Table G.1 shows 
correlation coefficients for total gastrointestinal (GI) and highly credible gastrointestinal (HCGI) 
symptoms and mean indicator densities found at the New York beaches from 1970 to 1976. The 
best correlation coefficients were found for enterococci. In contrast, the correlation coefficients for 
fecal coliforms (the basis for most federal and state guidelines) were poor. Very low levels of 
enterococcus and Escherichia coli in the water (about 10 MPN/100 mL) were associated with 
appreciable attack rates (about 10/10,000 persons). 

They concluded that swimming in even marginally polluted marine bathing water is a significant 
route of transmission for observed gastrointestinal illness. They felt that the gastrointestinal illness was 
likely associated with the Norwalk-like virus that had been confirmed in 2000 cases in a shellfish
associated outbreak in Australia and in several outbreaks associated with contaminated drinking water. 
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Table G.1 	Correlation Coefficients between Gastrointestinal Symptoms and 
Bacterial Densities at New York City Beaches 

HCGI Correlation GI Correlation Number of 
Indicator Coefficient Coefficient Observations 

Enterococci 0.96 0.81 9 
Escherichia coli 0.58 0.51 9 
Klebsiella 0.61 0.47 11 
Enterobacter-Citrobacter 0.64 0.54 13 
Total coliforms 0.65 0.46 11 
Clostridium perfringens 0.01 –0.36 8 
Pseudomonas aeruginosa 0.59 0.35 11 
Fecal coliforms 0.51 0.36 12 
Aeromonas hydriphila 0.60 0.27 11 
Vibrio parahemolyticus 0.42 0.05 7 

From Cabelli et al. 1982. 

Table G.2 	Correlation Coefficients for Bacterial Parameters and 
Gastrointestinal Disease (Freshwater Swimming Beaches) 

Highly Credible Total 
Gastrointestinal Gastrointestinal Number of 

Illness Illness Study Units 

Enterococci 0.774 0.673 9 
E. coli 0.804 0.528 9 
Fecal coliforms –0.081 0.249 7 

From Dufour 1984. 

Dufour (1984) also reviewed a series of studies conducted at freshwater swimming beaches 
from 1979 to 1982, at Tulsa, OK, and at Erie, PA. Only enterococci, E. coli, and fecal coliforms 
were monitored, based on the results of the earlier studies. Table G.2 shows the correlation 
coefficients for these three bacterial parameters and gastrointestinal disease. 

These results are quite different from the results of the marine studies in that both enterococci 
and E. coli had high correlation coefficients between the bacterial levels and the incidence of 
gastrointestinal illness. However, the result was the same for fecal coliforms, in that there was no 
association between fecal coliform levels and gastrointestinal illness. Dufour (1984) concluded that 
enterococci would be the indicator of choice for gastrointestinal illness, based on scientific depend
ability. E. coli could also be used, if only fresh waters were being evaluated. Fecal coliforms would 
be a poor choice for monitoring the safety of bathing waters. However, he concluded that numeric 
standards should be different for fresh and saline waters because of different die-off rates for the 
bacteria and viruses for differing salinity conditions. 

Other studies examined additional illness symptoms associated with swimming in contaminated 
water, besides gastrointestinal illness, and identified other potentially useful bacterial indicators. 
Seyfried et al. (1985), for example, examined users of swimming beaches in Toronto for respiratory 
illness, skin rashes, plus eye and ear problems, in addition to gastrointestinal illness. They found that 
total staphylococci correlated best with swimming-associated total illness, plus ear, eye, and skin 
illness. However, fecal streptococci and fecal coliforms also correlated (but not as well) with swim
ming-associated total illness. Ferley et al. (1989) examined illnesses among swimmers during the 
summer of 1986 in the French Ardèche river basin, during a time when untreated domestic sewage 
was entering the river. They examined total coliforms, fecal coliforms, fecal streptococci, Pseudomo 
nas aeruginosa, and Aeromonas spp., but only two samples per week were available for each swim
ming area. The total morbidity ratio for swimmers compared to nonswimmers was 2.1 (with a 95% 
confidence interval of 1.8 to 2.4), with gastrointestinal illness the major illness observed. They found 
that fecal streptococci (FS) was the best indicator of gastrointestinal illness. A critical FS value of 20 
MPN/100 mL indicated significant differences between the swimmers and nonswimmers. Skin 
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ailments were also more common for swimmers than for nonswimmers and were well correlated with 
the concentrations of fecal coliforms, Aeromonas spp., and P. aeruginosa. They noted that a large 
fraction (about 60%) of the fecal coliforms corresponded to E. coli, and that their definition of fecal 
streptococci essentially was what North American researchers termed enterococci. 

Many of the available epidemiological studies have been confined to healthy adult swimmers, in 
relatively uncontaminated waters. However, it is assumed that those most at risk would be children, 
the elderly, and those chronically ill, especially in waters known to be degraded. Obviously, children 
are the most likely of this most-at-risk group to play in, or by, water. Alexander et al. (1992) therefore 
specifically examined the risk of illness associated with swimming in contaminated sea water for 
children, aged 6 to 11 years old. This study was based on parental interviews for 703 child participants 
during the summer of 1990 at Blackpool beach, U.K. Overall, 80% of the samples at the Blackpool 
Tower site and 93% of the samples at the South Pier site failed to meet the European Community 
standards for recreational waters. All of the 11 designated beaches in Lancashire (including Blackpool 
beach), in the northwest region of England, continually failed the European directive imperative stan
dards for recreational waters. During this study, statistically significant increases in disease were found 
in children who had water contact compared to those who did not. Diarrhea and loss of appetite had 
strong associations with the water contact group, while vomiting and itchy skin had moderate associ
ations. No other variables examined (household income, sex of the child, sex of the respondent, general 
health, chronic or recurring illness in the child, age of the child, foods eaten, including ice cream, other 
dairy products, chicken, hamburgers, shellfish, or ice cubes, acute symptoms in other household 
members, presence of children under 5 in the household, and other swimming activities) could account 
for the significant increases in the reported symptoms for the children who had water contact. 

Santa Monica Bay Project 

This study was the first large-scale epidemiological study in the U.S. to investigate possible adverse 
health effects associated with swimming in ocean waters affected by discharges from separate storm 
drains (SMBRP 1996). This was a follow-up study after previous investigations found that human 
fecal waste was present in the stormwater collection systems (Water Environment & Technology 
1996b; Environmental Science & Technology 1996b; Haile et al. 1996). This subsection was previously 
considered in Chapter 4 of this book, but is repeated here for comparison with the other discussions 
on the development of the standards for bacteria exposure from stormwater. 

During a 4-month period in the summer of 1995, about 15,000 ocean swimmers were interviewed 
on the beach and during telephone interviews 1 to 2 weeks later. They were queried concerning 
illnesses since their beach outing. The incidence of illness (such as fever, chills, ear discharge, 
vomiting, coughing with phlegm, and credible gastrointestinal illness) was significantly greater 
(from 44 to 127% increased incidence) for oceangoers who swam directly off the outfalls, compared 
to those who swam 400 yards away, as shown on Table G.3. As an example, the rate ratio (RR) for 
fever was 1.6, while it was 2.3 for ear discharges, and 2.2 for highly credible gastrointestinal illness 
(HCGI) comprised of vomiting and fever. The approximated associations were weak for any of the 
symptoms, and moderate for the others listed. Disease incidence dropped significantly with distance 
from the storm drain. At 400 yards, and beyond, upcoast or downcoast, elevated disease risks were 
not found. The results did not change when adjusted for age, beach, gender, race, socioeconomic 
status, or worry about health risks associated with swimming at the beach. 

These interviews were supplemented with indicator and pathogen bacteria and virus analyses 
in the waters. The greatest health problems were associated with times of highest concentrations 
(E. coli > 320 cfu/100 mL, enterococcus > 106 cfu/100 mL, total coliforms > 10,000 cfu/100 mL, 
and fecal coliforms > 400 cfu/100 mL). Bacteria populations greater than these are common in 
urban runoff and in urban receiving waters. Symptoms were found to be associated with swimming 
in areas where bacterial indicator levels were greater than these critical counts. Table G.4 shows 
the health outcomes associated with swimming in areas having bacterial counts greater than these 
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Table G.3 	Comparative Health Outcomes for Swimming in Front of Storm Drain Outfalls, Compared to 
Swimming at Least 400 Yards Away 

Estimated No. of Excess Cases 
Relative Rate Estimated per 10,000 Swimmers 

Health Outcome Risk Ratio Association (rate difference) 

Fever 57% 1.57 Moderate 259 
Chills 58% 1.58 Moderate 138 
Ear discharge 127% 2.27 Moderate 88 
Vomiting 61% 1.61 Moderate 115 
Coughing with phlegm 59% 1.59 Moderate 175 
Any of the above symptoms 44% 1.44 Weak 373 
HCGI-2 111% 2.11 Moderate 95 
SRD (significant respiratory disease) 66% 1.66 Moderate 303 
HCGI-2 or SRD 53% 1.53 Moderate 314 

From SMBRP 1996. 

Table G.4 Heath Outcomes Associated with Swimming in Areas Having High Bacterial Counts 

Indicator (and Increased Risk Estimated Excess Cases 
critical cutoff count) Health Outcome Risk Ratio Association per 10,000 Swimmers 

E. coli Earache and 46% 1.46 Weak 149 
(>320 cfu/100 mL) nasal congestion 24% 1.24 Weak 211 

Enterococci Diarrhea w/blood 323% 4.23 Strong 27 
(>106 cfu/100 mL) and HCGI-1 44% 1.44 Weak 130 

Total coliform bacteria 
(>10,000 cfu/100 mL) 

Skin rash 200% 3.00 Moderate 165 

Fecal coliform bacteria 
(>400 cfu/100 mL) 

Skin rash 88% 1.88 Moderate 74 

From SMBRP 1996. 

critical values. The association for enterococci with bloody diarrhea was strong, and the association 
of total coliforms with skin rash was moderate, but nearly strong. 

The ratio of total coliform to fecal coliform was found to be one of the better indicators for 
predicting health risks when swimming close to the storm drain. When the total coliforms were 
greater than 1000 cfu/100 mL, the strongest effects were generally observed when the total to fecal 
coliform ratio was 2. The risks decreased as the ratio increased. In addition, illnesses were more 
common on days when enteric viruses were found in the water. 

The SMBRP (1996) concluded that less than 2 miles of Santa Monica Bay’s 50-mile coastline 
had problematic health concerns due to the storm drains flowing into the bay. They also concluded 
that the bacterial indicators currently being monitored do help predict risk. In addition, the total to 
fecal coliform ratio was found to be a useful additional indicator of illness. As an outcome of this 
study, the Los Angeles County Department of Health Services will post new warning signs advising 
against swimming near the outfalls (“Warning! Storm drain water may cause illness. No swimming”). 
These signs will be posted on both sides of all flowing storm drains in Los Angeles County. In 
addition, county lifeguards will attempt to warn and advise swimmers to stay away from areas 
directly in front of storm drain outlets, especially in ponded areas. The county is also accelerating 
its studies on sources of pathogens in stormwater. 

Bacteria Criteria for Water-Contact Recreation 

A recreational water quality criterion can be defined as a “quantifiable relationship between the 
density of an indicator in the water and the potential human health risks involved in the water’s 
recreational use.” From such a definition, a criterion can be adopted which establishes upper limits for 
densities of indicator bacteria in waters that are associated with acceptable health risks for swimmers. 
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Table G.5 National Bacteria Criteria (Single Sample Maximum Allowable Density, counts per 100 mL) 

Moderate Full Lightly Used Infrequently 
Designated Body Contact Full Body Used Full Body Drinking 

Beacha Recreationa Contacta Contacta Waterb 

Freshwater Enterococci 61 89 108 151 1 
E. coli 235 298 406 576 1 

Marine water Enterococci 104 124 276 500 1 

a EPA 1986 

The Environmental Protection Agency, in 1972, initiated a series of studies at marine and 
freshwater bathing beaches which were designed to determine if swimming in sewage-contam
inated marine and fresh water carries a health risk for bathers, and, if so, to what type of illness. 
Additionally, the EPA wanted to determine which bacterial indicator is best correlated to swim
ming-associated health effects and if the relationship is strong enough to provide a criterion 
(EPA 1986a). 

The quantitative relationships between the rates of swimming-associated health effects and 
bacterial indicator densities were determined using standard statistical procedures. The data for 
each summer season were analyzed by comparing the bacteria indicator density for a summer 
bathing season at each beach with the corresponding swimming-associated gastrointestinal illness 
rate for the same summer. The swimming-associated illness rate was determined by subtracting 
the gastrointestinal illness rate in nonswimmers from that for swimmers. 

The EPA’s evaluation of the bacteriological data indicated that using the fecal coliform indicator 
group at the maximum geometric mean of 200 organisms per 100 mL, as recommended in Quality 
Criteria for Water, would cause an estimated 8 illness per 1000 swimmers at freshwater beaches. 

Additional criteria, using E. coli and enterococci bacteria analyses, were developed using these 
currently accepted illness rates. These bacteria are assumed to be more specifically related to poorly 
treated human sewage than the fecal coliform bacteria indicator. The equations developed by Dufour 
(1983) were used to calculate new indicator densities corresponding to the accepted gastrointestinal 
illness rates. 

It should be noted that these indicators only relate to gastrointestinal illness, and not other 
problems associated with waters contaminated with other bacterial or viral pathogens. Common 
swimming beach problems associated with contamination by stormwater include skin and ear 
infections caused by Pseudomonas aeruginosa and Shigella. 

National bacteria criteria have been established for contact with bacteria and are shown in 
Table G.5. State standards usually also exist for fecal coliform bacteria. Typical public water supply 
standards (Alabama’s are shown) are as follows: 

1. 	Bacteria of the fecal coliform group shall not exceed a geometric mean of 2000/100 mL; nor 
exceed a maximum of 4000/100 mL in any sample. The geometric mean shall be calculated from 
no less than five samples collected at a given station over a 30-day period at intervals not less than 
24 hours. The membrane filter counting procedure will be preferred, but the multiple tube technique 
(five-tube) is acceptable. 

2. 	 For incidental water contact and recreation during June through September, the bacterial quality 
of water is acceptable when a sanitary survey by the controlling health authorities reveals no 
source of dangerous pollution and when the geometric mean fecal coliform organism density 
does not exceed 100/100 mL in coastal waters and 200/100 mL in other waters. When the 
geometric mean fecal coliform organism density exceeds these levels, the bacterial water quality 
shall be considered acceptable only if a second detailed sanitary survey and evaluation discloses 
no significant public health risk in the use of such waters. Waters in the immediate vicinity of 
discharges of sewage or other wastes likely to contain bacteria harmful to humans, regardless 
of the degree of treatment afforded these wastes, are not acceptable for swimming or other 
whole-body water-contact sports. 
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Standards for fish and wildlife waters are similar to the above standard for a public water supply, 
except Part 1 has different limits: “Bacteria of the fecal coliform group shall not exceed a geometric 
mean of 1000/100 mL on a monthly average value; nor exceed a maximum of 2000/100 mL in 
any sample.” Part 2 is the same for both water beneficial uses. 

CHLORIDE, CONDUCTIVITY, AND TOTAL DISSOLVED SOLIDS 

Total dissolved solids, chlorides, and conductivity observations are typically used to indicate 
the magnitude of dissolved minerals in the water. The term total dissolved solids (or dissolved 
solids) is generally associated with fresh water and refers to the inorganic salts, small amounts of 
organic matter, and dissolved materials in the water. Salinity is an oceanographic term, and although 
not precisely equivalent to the total dissolved salt content, it is related (Capurro 1970). Chlorides 
(not chlorine) are directly related to salinity because of the constant relationship between the major 
salts in seawater. Conductivity is a measure of the electrical conductivity of water and is also 
generally related to total dissolved solids, chlorides, or salinity. The principal inorganic anions 
(negatively charged ions) dissolved in fresh water include the carbonates, chlorides, sulfates, and 
nitrates (principally in groundwaters); the principal cations (positively charged ions) are sodium, 
potassium, calcium, and magnesium. 

Human Health Criteria for Dissolved Solids 

Excess dissolved solids are objectionable in drinking water because of possible physiological 
effects, unpalatable mineral tastes, and higher costs because of corrosion or the necessity for 
additional treatment. The physiological effects directly related to dissolved solids include laxative 
effects principally from sodium sulfate and magnesium sulfate and the adverse effect of sodium 
on certain patients afflicted with cardiac disease and women with toxemia associated with preg
nancy. One study was made using data collected from wells in North Dakota. Results from a 
questionnaire showed that with wells in which sulfates ranged from 1000 to 1500 mg/L, 62% of 
the respondents indicated laxative effects associated with consumption of the water. However, nearly 
one quarter of the respondents to the questionnaire reported difficulties when concentrations ranged 
from 200 to 500 mg/L (Moore 1952). To protect transients to an area, a sulfate level of 250 mg/L 
should afford reasonable protection from laxative effects. 

As indicated, sodium frequently is the principal component of dissolved solids. Persons on 
restricted sodium diets may have an intake restricted from 500 to 1000 mg/day (National Research 
Council 1954). The portion ingested in water must be compensated by reduced levels in food 
ingested so that the total does not exceed the allowable intake. Using certain assumptions of water 
intake (e.g., 2 L of water consumed per day) and the sodium content of food, it has been calculated 
that for very restricted sodium diets, 20 mg/L sodium in water would be the maximum, while for 
moderately restricted diets, 270 mg/L sodium would be the maximum. Specific sodium levels for 
entire water supplies have not been recommended by the EPA, but various restricted sodium intakes 
are recommended because: (1) the general population is not adversely affected by sodium, but 
various restricted sodium intakes are recommended by physicians for a significant portion of the 
population, and (2) 270 mg/L of sodium is representative of mineralized waters that may be 
aesthetically unacceptable, but many domestic water supplies exceed this level. Treatment for 
removal of sodium in water supplies is also costly (NAS 1974). 

A study based on consumer surveys in 29 California water systems was made to measure the 
taste threshold of dissolved salts in water (Bruvold et al. 1969). Systems were selected to eliminate 
possible interferences from other taste-causing substances besides dissolved salts. The study 
revealed that consumers rated waters with 320 to 400 mg/L dissolved solids as “excellent,” while 
those with 1300 mg/L dissolved solids were “unacceptable.” A “good” rating was registered for 
dissolved solids less than 650 to 750 mg/L. The 1962 U.S. Public Health Service Drinking Water 
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Standards recommended a maximum dissolved solids concentration of 500 mg/L, unless more 
suitable supplies were unavailable. 

Specific constituents included in the dissolved solids in water may cause mineral tastes at lower 
concentrations than other constituents. Chloride ions have frequently been cited as having a low 
taste threshold in water. Data from Ricter and MacLean (1939) on a taste panel of 53 adults indicated 
that 61 mg/L NaCl was the median level for detecting a difference from distilled water. At a median 
concentration of 395 mg/L chloride, a salty taste was identified. Lockhart et al. (1955) when 
evaluating the effect of chlorides on water used for brewing coffee, found threshold taste concen
trations for chloride ranging from 210 to 310 mg/L, depending on the associated cation. These data 
indicate that a level of 250 mg/L chlorides is a reasonable maximum level needed to protect 
consumers. 

The causation of corrosion and encrustation of metallic surfaces by water containing dissolved solids 
is well known. By using water with 1750 mg/L dissolved solids as compared with 250 mg/L, service 
life was reduced from 70% for toilet flushing mechanisms to 30% for washing equipment. Such increased 
corrosion was calculated in 1968 to cost the consumer an additional $0.50 per 1000 gallons used. 

The U.S. EPA has adopted secondary drinking water standards (40 CFR D143.3) and ambient 
water quality criteria. The National Secondary Drinking Water Maximum Contaminant Level 
(MCL) for chloride is 250 mg/L (40 CFR D 143.3). This corresponds roughly to a conductivity 
measurement of about 1200 µS/cm2, but this is never exactly the case. However, the relationship 
between conductivity and chloride can be established on a site-specific basis. Chloride toxicity is 
increased when the counter ion of the chloride salt is not sodium. 

Aquatic Life Criteria for Dissolved Solids 

All species of fish and other aquatic life must tolerate a range of dissolved solids concentrations 
in order to survive under natural conditions. Studies in Saskatchewan found that several common 
freshwater species survived 10,000 mg/L dissolved solids, that whitefish and pikeperch survived 
15,000 mg/L, but only the stickleback survived 20,000 mg/L dissolved solids. It was concluded 
that lakes with dissolved solids in excess of 15,000 mg/L were unsuitable for most freshwater fishes 
(Rawson and Moore 1944). The 1968 NTAC Report also recommended maintaining an osmotic 
pressure level of less than that caused by a 15,000 mg/L solution of sodium chloride. 

Indirect effects of excess dissolved solids are primarily the elimination of desirable food plants 
and other habitat-forming plants. Rapid salinity changes cause plasmolysis of tender leaves and 
stems because of changes in osmotic pressure. The 1968 NTAC Report recommended the following 
limits in salinity variation from natural to protect wildlife habitats: 

Natural Salinity Variation Permitted 
(parts per thousand) (parts per thousand) 

0 to 3.5 (fresh water) 1 
3.5 to 13.5 (brackish water) 2 
13.5 to 35 (seawater) 4 

Alabama is an example of a state that has established a standard for chloride to protect aquatic 
life. A chloride criterion of 230 mg/L is used to protect aquatic life in the Cahaba River. 

CHROMIUM 

Aquatic Life Effects of Cr3+ 

Acute values for Cr3+ are available for 20 freshwater animal species in 18 genera ranging from 
2.2 mg/L for a mayfly to 71 mg/L for caddisfly. Hardness has a significant influence on toxicity, 
with Cr3+ being more toxic in soft water. 
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A life-cycle test with Daphnia magna in soft water gave a chronic value of 66 µg/L. In a 
comparable test in hard water, the lowest test concentration of 44 µg/L inhibited reproduction of 
D. magna, but this effect may have resulted from ingested precipitated chromium. In a life-cycle 
test with the fathead minnow in hard water, the chronic value was 1.0 mg/L. Toxicity data were 
available for only two freshwater plant species. A concentration of 9.9 mg/L inhibited growth of 
roots of Eurasian watermilfoil. A freshwater green alga was affected by a concentration of 397 µg/L 
in soft water. No bioconcentration factor was measured for Cr3+ with freshwater organisms. 

National Freshwater Aquatic Life Criteria for Cr3+ 

The procedures described in the guidelines indicate that, except possibly where a locally 
important species is very sensitive, freshwater aquatic organisms and their uses should not be 
affected unacceptably if the 4-day average (chronic) concentration (in µg/L) of Cr3+ does not exceed 
the numerical value given by: 

e(0.8l90(ln(hardness))+1.561) 

more than once every 3 years on the average, and if the 1-hour average (acute) concentration 
(in µg/L) does not exceed the numerical value given by: 

e(0.8190(ln(hardness))+3.688) 

more than once every 3 years on the average. For example, at hardnesses of 50, 100, and 200 mg/L 
as CaCO3 the 4-day average concentrations of Cr3+ are 120, 210, and 370 µg/L, respectively, and 
the 1-hour average concentrations are 980, 1700, and 3100 µg/L. Many states have adopted these 
equations to define the Cr3+ standards for freshwater aquatic life uses. 

Human Health Criteria for Chromium 

For the protection of human health from the toxic properties of Cr3+ ingested through water 
and contaminated aquatic organisms, the ambient water criterion is determined to be 170 mg/L. 
For the protection of human health from the toxic properties of Cr3+ ingested through contaminated 
aquatic organisms alone, the ambient water criterion is determined to be 3433 mg/L. In contrast, 
the ambient water quality criterion for total Cr6+ is recommended to be identical to the existing 
drinking water standard, which is 50 µg/L. 

COPPER 

Effects of Copper on Aquatic Life 

Acute toxicity data are available for species in 41 genera of freshwater animals. At a hardness 
of 50 mg/L, the genera range in sensitivity from 17 µg/L for Ptychocheilus to 10 mg/L for 
Acroneuria. Data for eight species indicate that acute toxicity decreases as hardness increases. 
Additional data for several species indicate that toxicity also decreases with increased alkalinity 
and total organic carbon. 

Chronic values are available for 15 freshwater species and range from 3.9 µg/L for brook trout 
to 60 µg/L for northern pike. Fish and invertebrate species seem to be about equally sensitive to 
the chronic toxicity of copper. 

Toxicity tests have been conducted on copper with a wide range of freshwater plants and the 
sensitivities are similar to those of animals. Complexing effects of the test media and a lack of 
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Figure G.2 National copper criteria. 

good analytical data make interpretation and application of these results difficult. Protection of 
animal species, however, appears to offer adequate protection of plants. Copper does not appear to 
bioconcentrate very much in the edible portion of freshwater aquatic species. 

National Aquatic Life Criteria for Copper 

The U.S. EPA has established a national ambient water quality criteria for the protection of wildlife 
(EPA 1986b). The wildlife protection criteria are a function of hardness and are shown in Figure G.2. 

Human Health Criteria for Copper 

The U.S. EPA has established a primary drinking water goal (40 CFR D Subpart F 141.51) of 
1.3 mg/L, a secondary drinking water quality MCL of 1.0 mg/L (40 CFR 143.3). 

HARDNESS 

Water hardness is caused by the divalent metallic ions (having charges of +2) dissolved in water. 
In fresh water, these are primarily calcium and magnesium, although other metals such as iron, 
strontium, and manganese also contribute to the hardness content, but usually to a much lesser degree. 
Hardness commonly is reported as an equivalent concentration of calcium carbonate (CaCO3). 

Concerns about water hardness originated because hard water requires more soap to form a 
lather and because hard water causes scale in hot water systems. Modern use of synthetic detergents 
has eliminated the concern of hard water in laundries, but it is still of primary concern for many 
industrial water users. Many households use water softeners to reduce scale formation in hot water 
systems and for water taste reasons. 

There are no national standards for hardness, but water hardness has a dramatic effect on criteria 
for a number of heavy metals. “The affects of hardness on freshwater fish and other aquatic life appear 
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Table G.6 USGS Hardness Scale to be related to the ions causing hardness rather 

Hardness (mg/L as CaCO3) Classification than hardness (EPA 1986b).” The USGS classifies 
the hardness of waters using the scale in Table G.6. 

<60 Soft 
61–120 Moderately hard 

Natural sources of hardness principally are 

121–180 Hard limestones which are dissolved by percolating 
>180 Very hard rainwater. Groundwaters are therefore generally 

From Leeden et al. 1990. harder than surface waters. Industrial sources 
include the inorganic chemical industry and dis
charges from operating and abandoned mines. 

Hardness in fresh water is frequently distinguished in carbonate and noncarbonate fractions. 
The carbonate fraction is chemically equivalent to the bicarbonates present in water. Since bicar
bonates are generally measured as alkalinity, the carbonate hardness is equal to the alkalinity. 

The determination of hardness in raw waters subsequently treated and used for domestic water 
supplies is useful as a parameter to characterize the total dissolved solids present and for calculating 
chemical dosages for water softening. Because hardness concentrations in water have not been 
proven to be health related, the final level of hardness to be achieved by water treatment principally 
is a function of economics. Since water hardness can be removed with treatment by such processes 
as lime-soda softening and ion exchange systems, a water quality criterion for raw waters used as 
a public water supply is not given by the EPA. 

The effects of hardness on freshwater fish and other aquatic life appear to be related to the ions 
causing the hardness rather than by hardness as a general indicator. Both the NTAC (1968) and 
NAS (1974) panels have recommended against the use of the term hardness and suggested the use 
of the concentrations of the specific ions instead. For most existing data, it is difficult to determine 
whether toxicity of various metal ions is reduced because of the formation of metallic hydroxides 
and carbonates caused by the associated increases in alkalinity, or because of an antagonistic effect 
of one of the principal cations contributing to hardness, e.g., calcium, or a combination of both 
effects. Stiff (1971) presented an example showing that if cupric ions were the toxic form of copper, 
whereas copper carbonate complexes were relatively nontoxic, then the observed difference in 
toxicity of copper between hard and soft waters can be explained by the difference in alkalinity 
rather than hardness. Recent laboratory work has also shown that alkalinity may be more related 
to heavy metal toxicity than water hardness. As noted previously, however, carbonate hardness and 
alkalinity are the same. 

Doudoroff and Katz (1953), in their review of the literature on toxicity, presented data showing 
that increasing calcium in particular reduced the toxicity of other heavy metals. Under usual 
conditions in fresh water and assuming that other bivalent metals behave like copper, it is reasonable 
to assume that both effects occur simultaneously and explain the observed reduction of toxicity of 
metals in waters containing carbonate hardness. The amount of reduced toxicity related to hardness, 
as measured by a 40-hour LC50 for rainbow trout, has been estimated to be about four times for 
copper and zinc when the hardness was increased from 10 to 100 mg/L as CaCO3 (NAS 1974). 
As shown in other discussions for specific heavy metals, many of the heavy metal criteria depend 
on water hardness. The allowable concentrations of cadmium, chromium, lead, and zinc to protect 
fish and other aquatic life, are much less in soft waters than in hard waters, for example. 

HYDROCARBONS 

The U.S. EPA has promulgated criteria for several of the organic toxicants that can be found 
in stormwater or in urban receiving waters. In addition, the EPA has specific criteria for the detection 
of individual organic molecules. The MCLs (maximum concentration limits) for the individual 
chemicals are mostly all well below 0.1 mg/L (40 CFR D Subpart F 141.50 and Subpart G 141.61). 
The following table summarizes several of the criteria for toxic organics: 
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aldrin+dieldrin 0.002 µg/L (acute freshwater aquatic life) 
0.007 ng/L (human health) 

chlorodane 2.4 µg/L (maximum conc. for acute freshwater aquatic life) 
0.046–4.6 µg/L (human health) 

DDT and metabolites 1.1 µg/L (maximum concentration for acute freshwater aquatic life) 
DDE 1.05 mg/L (acute freshwater aquatic life) 
2,4-dichlorophenol 2.02 mg/L (acute freshwater aquatic life) 
2,4-dimethylphenol 2.1 mg/L (acute freshwater aquatic life) 
endosulfan 0.05 µg/L (acute freshwater aquatic life) 
endrin 0.0023 µg/L (acute freshwater aquatic life) 
pentachlorophenol 55 µg/L (acute freshwater aquatic life) 
phthalate esters 940 µg/L (acute freshwater aquatic life) 
polycyclic aromatic hydrocarbons 0.28–28 ng/L (human health) 

Several of the compounds periodically found in urban runoff also have state and/or national 
standards for the protection of human health, including some that are recognized carcinogens. The 
following table lists typical limits (for Alabama, at 10–5 risk level): 

Fish 
Water and Fish Consumption 
Consumption Only 

Noncarcinogens 
2-Chlorophenol 
Diethyl phthalate 
Dimethyl phthalate 
Di-n-butyl phthalate 
Isophorone 

Carcinogens 
Benzo(ghi)perylene 
Benzo(k)fluoranthene 
3,3-Dichloro-benzidine 
Hexachlorobutadiene 
N-Nitrosodiphenylamine 

0.12 mg/L 0.40 mg/L 
23 118 

313 2900 
3 12 
7 490 

0.03 µg/L 0.31 µg/L 
0.03 0.31 
0.39 0.77 
4.5 500 
50 160 

Florida water quality criteria for organic toxicants include the following pesticide limits: 

2,4-D 0.1 µg/L(potable water supply) 

andrin+dieldrin 0.003 µg/L (potable water supply, recreation, fish and wildlife) 

chlordane 0.01 µg/L (potable water supply) 


0.01 µg/L (recreation, fish and wildlife) 
endosulfan 0.003 µg/L (potable water supply, recreation, fish and wildlife) 
endrin 0.004 µg/L (potable water supply, recreation, fish and wildlife) 
heptachlor 0.001 µg/L (potable water supply, recreation, fish and wildlife) 
lindane 0.01 µg/L (potable water supply, recreation, fish and wildlife) 
malathion 0.1 µg/L (potable water supply, recreation, fish and wildlife) 
methoxychlor 0.03 µg/L (potable water supply, recreation, fish and wildlife) 
mirex 0.001 µg/L (potable water supply, recreation, fish and wildlife) 
parathion 0.04 µg/L (potable water supply, recreation, fish and wildlife) 
toxaphene 0.005 µg/L (potable water supply, recreation, fish and wildlife) 

LEAD 

Aquatic Life Summary for Lead 

The acute toxicity of lead to several species of freshwater animals has been shown to decrease 
as the hardness of water increases. At a hardness of 50 mg/L, the acute sensitivities of 10 species 
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Figure G.3 National lead criteria. 

range from 142 µg/L for an amphipod to 236 mg/L for a midge. Data on the chronic effects of lead 
on freshwater animals are available for two fish and two invertebrate species. The chronic toxicity of 
lead also decreases as hardness increases and the lowest and highest available chronic values (12.3 
and 128 µg/L) are both for a cladoceran, but in soft and hard water, respectively. Freshwater algae 
are affected by concentrations of lead above 500 µg/L, based on data for four species. Bioconcentration 
factors are available for four invertebrate and two fish species and range from 42 to 1700. 

National Aquatic Life Criteria for Lead 

For the protection of wildlife, U.S. EPA has set a national freshwater criteria for lead that is a 
function of hardness. Figure G.3 shows these standards. 

Human Health Criteria for Lead 

The U.S. EPA has set the lead National Drinking Water MCL goal at 0 mg/L (40 CFR D Subpart F 
141.51) and the National Drinking Action Level at 0.015 mg/L (40 CFR D Subpart I 141.80 (2) (c)). 

NITRATE AND NITRITE 

Two gases (molecular nitrogen and nitrous oxide) and five forms of nongaseous, combined 
nitrogen (amino and amide groups, ammonium, nitrite, and nitrate) are important in the nitrogen 
cycle. The amino and amide groups are found in soil organic matter and as constituents of plant and 
animal protein. The ammonium ion either is released from proteinaceous organic matter and urea 
or is synthesized in industrial processes involving atmospheric nitrogen fixation. The nitrite ion is 
formed from the nitrate or the ammonium ions by certain microorganisms found in soil, water, 
sewage, and the digestive tract. The nitrate ion is formed by the complete oxidation of ammonium 
ions by soil or water microorganisms; nitrite is an intermediate product of this nitrification process. 
In oxygenated natural water systems, nitrite is rapidly oxidized to nitrate. Growing plants assimilate 
nitrate or ammonium ions and convert them to protein. A process known as denitrification takes 
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place when nitrate containing soils become anaerobic and the conversion to nitrite, molecular 
nitrogen, or nitrous oxide occurs. Ammonium ions may also be produced in some circumstances. 

Among the major point sources of nitrogen entering water bodies are municipal and industrial 
wastewaters, septic tanks, and feed lot discharges. Nonpoint sources of nitrogen include farm-site 
fertilizer and animal wastes, lawn fertilizer, sanitary landfill leachate, atmospheric fallout, nitric 
oxide and nitrite discharges from automobile exhausts and other combustion processes, and losses 
from natural sources such as mineralization of soil organic matter. Water reuse systems in some 
fish hatcheries employ a nitrification process for ammonia reduction; this may result in exposure 
of the hatchery fish to elevated levels of nitrite (Russo et al. 1974). 

Human Health Nitrate and Nitrite Criteria 

In quantities normally found in food or feed, nitrates become toxic only under conditions in 
which they are, or may be, reduced to nitrites. Otherwise, at “reasonable” concentrations, nitrates 
are rapidly excreted in the urine. High intake of nitrates constitutes a hazard primarily to warm
blooded animals under conditions that are favorable to reduction to nitrite. Under certain cir
cumstances, nitrate can be reduced to nitrite in the gastrointestinal tract. It then reaches the 
bloodstream and reacts directly with hemoglobin to produce methemoglobin, consequently 
impairing oxygen transport. 

The reaction of nitrite with hemoglobin can be hazardous in infants under 3 months of age. 
Serious and occasionally fatal poisonings in infants have occurred following ingestion of 
untreated well waters shown to contain nitrate at concentrations greater than 10 mg/L nitrate 
nitrogen (as N) (NAS 1974). High nitrate concentrations are frequently found in shallow farm 
and rural community wells, often as the result of inadequate protection from barnyard drainage 
or from septic tanks (USPHS 1961; Stewart et al. 1967). Increased concentrations of nitrates 
also have been found in streams from farm tile drainage in areas of intense fertilization and farm 
crop production (Harmeson et al. 1971). Approximately 2000 cases of infant methemoglobinemia 
have been reported in Europe and North America between 1945 and 1950; 7 to 8% of the affected 
infants died (Walton 1951). Many infants have drunk water in which the nitrate nitrogen content 
was greater than 10 mg/L without developing methemoglobinemia. The differences in suscepti
bility to methemoglobinemia are not yet understood, but appear to be related to a combination 
of factors including nitrate concentration, enteric bacteria, and the lower acidity characteristic 
of the digestive systems of baby mammals. Methemoglobinemia systems and other toxic effects 
were observed when high nitrate well waters containing pathogenic bacteria were fed to labora
tory mammals (Wolff et al. 1972). Conventional water treatment has no significant effect on 
nitrate removal from water (NAS 1974). 

Because of the potential risk of methemoglobinemia to bottle-fed infants, and in view of the 
absence of substantiated physiological effects at nitrate concentrations below 10 mg/L nitrate 
nitrogen, this level is the criterion for domestic water supplies. Waters with nitrite nitrogen con
centrations over 1 mg/L should not be used for infant feeding. Waters with a significant nitrite 
concentration usually would be heavily polluted and probably bacteriologically unacceptable. 

The only national criterion for nitrate is 10 mg/L as N (40 CFR D Subpart F 141.51). The 
criterion applies to domestic water supplies. As noted above, the real danger from nitrate occurs 
when nitrate occurs in a reducing environment and converts to nitrite. The U.S. EPA set a National 
Primary Drinking Water MCL for nitrite at 1 mg/L as N (40 CFR D Subpart F 141.51). 

Nitrate and Nitrite Aquatic Life Criteria 

For fingerling rainbow trout, Salmo gairdneri, the respective 96-hour and 7-day LC50 toxicity 
values were 1360 and 1060 mg/L nitrate nitrogen in fresh water (Westin 1974). Knepp and Arkin 
(1973) observed that largemouth bass, Micropterus salmoides, and channel catfish, Ictalurus punc-
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tatus, could be maintained at concentrations up to 400 mg/L nitrate without significant effect on 
their growth and feeding activities. 

Nitrite forms of nitrogen were found to be much more toxic than nitrate forms. As an example, 
the 96-hour and 7-day LC50 values for chinook salmon were found to be 0.9 and 0.7 mg/L nitrite 
nitrogen in fresh water (Westin 1974). The effects of nitrite nitrogen on yearling rainbow trout, 
Oncorhynchus mykiss, showed that they suffered a 55% mortality after 24 hours at 0.55 mg/L; 
fingerling rainbow trout suffered a 50% mortality after 24 hours of exposure at 1.6 mg/L; and 
chinook salmon, Oncorhynchus tshawytscha, suffered a 40% mortality within 24 hours at 0.5 mg/L. 
There were no mortalities among rainbow trout exposed to 0.15 mg/L nitrite nitrogen for 48 hours. 
These data indicate that salmonids are more sensitive to nitrite toxicity than are other fish species, 
e.g., minnows, Phoxinus laevis, which suffered a 50% mortality within 1.5 hours of exposure to 
2030 mg/L nitrite nitrogen, but required 14 days of exposure for mortality to occur at 10 mg/L 
(Klinger 1957), and carp, Cyprinus carpio, when raised in a water reuse system, tolerated up to 
1.8 mg/L nitrite nitrogen (Saeki 1965). 

The EPA concluded that (1) levels of nitrate nitrogen at or below 90 mg/L would have no 
adverse effects on warm-water fish (Knepp and Arkin 1973); (2) nitrite nitrogen at or below 5 mg/L 
should be protective of most warm-water fish (McCoy, 1972); and (3) nitrite nitrogen at or below 
0.06 mg/L should be protective of salmonid fishes (Russo et al. 1974; Russo and Thurston 1975). 
These levels either are not known to occur or would be unlikely to occur in natural surface waters. 

Recognizing that concentrations of nitrate or nitrite that would exhibit toxic effects on warm
or cold-water fish could rarely occur in nature, restrictive criteria were not recommended by the EPA. 

PHOSPHATE 

Phosphorus in the elemental form is very toxic (having an EPA marine life criteria of 0.10 µg/L) 
and is subject to bioaccumulation in much the same way as mercury. Phosphate forms of phosphorus 
are a major nutrient required for plant nutrition. In excessive concentrations, phosphates can 
stimulate plant growth. Excessive growths of aquatic plants (eutrophication) often interfere with 
water uses and are nuisances. 

Generally, phosphates are not the only cause of eutrophication, but frequently it is the key of 
all the elements required by freshwater plants (generally, it is present in the least amount relative 
to need). Therefore, an increase in phosphorus allows use of other already present nutrients for 
plant growth. In addition, of all the elements required for plant growth in the water environment, 
phosphorus is the most easily controlled by man. In some aquatic systems, however, nitrogen 
compounds may be the most critical nutrients because of relatively large amounts of treated sewage 
(which is especially high in phosphates) in relation to other pollution sources, such as agricultural 
and urban runoff (which are high in nitrogen). 

Phosphates enter waterways from several different sources. The human body excretes about one 
pound per year of phosphorus compounds. The use of phosphate detergents increases the per capita 
contribution to about 3.5 lb per year of phosphorus compounds. Some industries, such as potato 
processing, have wastewaters high in phosphates. Many nonpoint sources (crop, forest, and urban 
lands) contribute varying amounts of phosphorus compounds to watercourses. This drainage may 
be surface runoff of rainfall, effluent from agricultural tile lines, or return flow from irrigation. Cattle 
feedlots, birds, tree leaves, and fallout from the atmosphere all are contributing sources. 

Evidence indicates that (1) high phosphorus compound concentrations are associated with 
accelerated eutrophication of waters, when other growth-promoting factors are present; (2) aquatic 
plant problems develop in reservoirs and other standing waters at phosphorus values lower than 
those critical in flowing streams; (3) reservoirs and lakes collect phosphates from influent streams 
and store a portion of them within consolidated sediments, thus serving as a phosphate sink; and 
(4) phosphorus concentrations critical to noxious plant growth vary and nuisance growths may 
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result from a particular concentration of phosphate in one geographical area but not in another. 
The amount or percentage of inflowing nutrients that may be retained by a lake or reservoir is 
variable and will depend upon: (1) the nutrient loading to the lake or reservoir; (2) the volume of 
the euphotic zone; (3) the extent of biological activities; (4) the detention time within a lake basin 
or the time available for biological activities; and (5) the discharge from the lake. 

Once nutrients are discharged into an aquatic ecosystem, their removal is tedious and expensive. 
Phosphates are used by algae and higher aquatic plants and may be stored in excess of use within 
the plant cells. With decomposition of the plant cell, some phosphorus may be released immediately 
through bacterial action for recycling within the biotic community, while the remainder may be 
deposited with sediments. Much of the material that combines with the consolidated sediments 
within the lake bottom is bound permanently and will not be recycled into the system, but some 
can be released in harmful quantities. 

Aquatic Life Summary for Phosphate 

Total phosphate concentrations in excess of 100 µg/L (expressed as total phosphorus) may 
interfere with coagulation in water treatment plants. When such concentrations exceed 25 µg/L 
at the time of the spring turnover on a volume-weighted basis in lakes or reservoirs, they may 
occasionally stimulate excessive or nuisance growths of algae and other aquatic plants. Algal 
growths cause undesirable tastes and odors in water, interfere with water treatment, become 
aesthetically unpleasant, and alter the chemistry of the water supply. They contribute to 
eutrophication. 

To prevent the development of biological nuisances and to control accelerated or cultural 
eutrophication, total phosphates as phosphorus (P) should not exceed 50 µg/L in any stream at the 
point where it enters any lake or reservoir, nor 25 µg/L within the lake or reservoir. A desired goal 
for the prevention of plant nuisances in streams or other flowing waters not discharging directly to 
lakes or impoundments is 100 µg/L total P (Mackenthun 1973). Most relatively uncontaminated 
lake districts are known to have surface waters that contain from 10 to 30 µg/L total phosphorus 
as P (Hutchinson 1957). 

The majority of the nation’s eutrophication problems are associated with lakes or reservoirs, 
and currently there are more data to support the establishment of a limiting phosphorus level in 
those waters than in streams or rivers that do not directly impact such water. There are natural 
conditions, also, that would dictate the consideration of either a more or less stringent phosphorus 
level. Eutrophication problems may occur in waters where the phosphorus concentration is less 
than that indicated above and, obviously, such waters would need more stringent nutrient limits. 
Likewise, there are those waters within the United States where phosphorus is not now a limiting 
nutrient and where the need for phosphorus limits is substantially diminished. 

There are two basic needs in establishing a phosphorus criterion for flowing waters: one is to 
control the development of plant nuisances within the flowing water and, in turn, to control and 
prevent animal pests that may become associated with such plants. The other is to protect the 
downstream receiving waterway, regardless of its proximity in linear distance. It is evident that a 
portion of that phosphorus that enters a stream or other flowing waterway eventually will reach a 
receiving lake or estuary either as a component of the fluid mass, as bedload sediments that are 
carried downstream, or as floating organic materials that may drift just above the stream’s bed or 
float on its water’s surface. Superimposed on the loading from the inflowing waterway, a lake or 
estuary may receive additional phosphorus as fallout from the atmosphere or as a direct introduction 
from shoreline areas. 

Another method to control the inflow of nutrients, particularly phosphates, into a lake is that 
of prescribing an annual loading to the receiving water. Vollenweider (1973) suggests total phos
phorus (P) loadings, in grams per square meter of surface area per year, that will be a critical level 
for eutrophic conditions within the receiving waterway for a particular water volume. The mean 
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depth of the lake in meters is divided by the hydraulic detention time in years. Vollenweider’s data 
suggest a range of loading values that should result in oligotrophic lake water quality: 

Oligotrophic or Eutrophic 
Mean Depth/Hydraulic Permissible or Critical 

Detention Time Loading Loading 
(m/y) (g/m/yr) (g/m/yr) 

0.5  0.07 0.14 
1.0  0.10 0.20 
2.5  0.16 0.32 
5.0  0.22 0.45 
7.5  0.27 0.55 

10.0  0.32 0.63 
25.0  0.50 1.00 
50.0  0.71 1.41 
75.0  0.87 1.73 

100.0  1.00 2.00 

There may be waterways where higher concentrations, or loadings, of total phosphorus do not 
produce eutrophication, as well as those waterways where lower concentrations or loadings of 
total phosphorus may be associated with populations of nuisance organisms. Waters now contain
ing less than the specified amounts of phosphorus should not be degraded by the introduction of 
additional phosphates. 

pH 

pH is a measure of the hydrogen ion activity in a water sample. It is mathematically related to 
hydrogen ion activity according to the expression: pH = –log10 H+, where H+ the hydrogen ion activity, 
expressed in moles/L. The pH of natural waters is a measure of the acid–base equilibrium achieved 
by the various dissolved compounds, salts, and gases. The principal chemical system controlling pH 
in natural waters is the carbonate system, which is composed of atmospheric carbon dioxide (CO2) 
and resulting carbonic acid (H2CO3), bicarbonate ions (HCO3

–) and carbonate ions (CO3
2–) The inter

actions and kinetics of this system have been described by Stumm and Morgan (1970). 
pH is an important factor in the chemical and biological reactions in natural waters. The degree 

of dissociation of weak acids or bases is affected by changes in pH. This effect is important because 
the toxicity of many compounds is affected by the degree of dissociation. One such example is for 
hydrogen cyanide. Cyanide toxicity to fish increases as the pH is lowered because the chemical 
equilibrium is shifted toward an increased concentration of a more toxic form of cyanide. Similar 
results have also been shown for hydrogen sulfide (H2S) (Jones 1964). Conversely, rapid increases 
in pH can cause increased NH3 concentrations that are also toxic. Ammonia has been shown to be 
10 times as toxic at pH 8.0 as at pH 7.0 (EIFAC 1969). 

The solubility of metal compounds contained in bottom sediments, or as suspended material, 
is also affected by pH. For example, laboratory equilibrium studies under anaerobic conditions 
indicated that pH was an important parameter involved in releasing manganese from bottom 
sediments (Delfino and Lee 1971). 

Coagulation, used for removal of colloidal color and turbidity through the use of aluminum or 
iron salts, generally has an optimum pH range of 5.0 to 6.5. The effect of pH on chlorine in water 
principally concerns the equilibrium between hypochlorous acid (HOCl) and the hypochlorite ion 
(OCI–) according to the reaction: 

HOCI = H+ + OCI– 
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High hydrogen ion concentrations (low pH) would therefore cause much more HOCl to be 
present, than at high pH values. Chlorine disinfection is more effective at values less than pH 7 
(favoring HOCl, the more effective disinfectant). Water is therefore adjusted to a pH of between 
6.5 and 7 before most water treatment processes. Corrosion of plant equipment and piping in the 
distribution system can lead to expensive replacement as well as the introduction of metal ions 
such as copper, lead, zinc, and cadmium. Langelier (1936) developed a method to calculate and 
control water corrosive activity that employs calcium carbonate saturation theory and predicts 
whether the water would tend to dissolve metal piping, or deposit a protective layer of calcium 
carbonate on the metal. Generally, this level is above pH 7 and frequently approaches pH 8.3, the 
point of maximum bicarbonate/carbonate buffering. 

Since pH is relatively easily adjusted before, and during, water treatment, a rather wide range 
is acceptable for water serving as a source of public water supply. A range of pH from 5.0 to 9.0 
would provide a water treatable by typical (coagulation, sedimentation, filtration, and chlorination) 
treatment plant processes. As the range is extended, the cost of pH-adjusting chemicals increases. 

pH Aquatic Life Effects and Criteria 

A review of the effects of pH on freshwater fish has been published by the European Inland 
Fisheries Advisory Commission (1969). The commission concluded: 

There is no definite pH range within which a fishery is unharmed and outside which it is damaged, 
but rather, there is a gradual deterioration as the pH values are further removed from the normal range. 
The pH range which is not directly lethal to fish is 5 to 9; however, the toxicity of several common 
pollutants is markedly affected by pH changes within this range, and increasing acidity or alkalinity 
may make these poisons more toxic. Also, an acid discharge may liberate sufficient CO2 from 
bicarbonate in the water either to be directly toxic, or to cause the pH range of 5 to 6 to become lethal. 

Mount (1973) performed bioassays on the fathead minnow, Pimephales promelas, for a 13
month, one-generation time period to determine chronic pH effects. Tests were run at pH levels of 
4.5, 5.2, 5.9, 6.6, and a control of 7.5. At the two lowest pH values (4.5 and 5.2), behavior was 
abnormal and the fish were deformed. At pH values less than 6.6, egg production and hatchability 
were reduced when compared with the control. It was concluded that a pH of 6.6 was marginal 
for vital life functions. 

Bell (1971) performed bioassays with nymphs of caddisflies (two species), stoneflies (four 
species), dragonflies (two species), and mayflies (one species). All are important fish food organ
isms. The 30-day TL50 pH values ranged from 2.5 to 5.4, with the caddisflies being the most 
tolerant and the mayflies being the least tolerant. The pH values at which 50% of the organisms 
emerged ranged from 4.0 to 6.6 with increasing percentage emergence occurring with the increasing 
pH values. 

Based on present evidence, a pH range of 6.5 to 9.0 appears to provide adequate protection for 
the life of freshwater fish and bottom-dwelling invertebrates. Outside of this range, fish suffer 
adverse physiological effects, increasing in severity as the degree of deviation increases until lethal 
levels are reached: 

pH Range Effect on Fish 

5.0–6.0 Unlikely to be harmful to any species unless either the concentration of free CO2 is greater than 
20 ppm, or the water contains iron salts which are precipitated as ferric hydroxide, the toxicity 
of which is not known 

6.0–6.5 Unlikely to be harmful to fish unless free CO2 is present in excess of 100 ppm 
6.5–9.0 Harmless to fish, although the toxicity of other poisons may be affected by changes within this range 

From EIFAC 1969 
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The U.S. EPA set a national drinking water secondary standard limiting pH ranges of domestic 
water supplies to 6.5 to 8.5 (40 CFR D 143.3). For the protection of fish and bottom-dwelling 
invertebrates, the U.S. EPA recommends that pH values should be less than 9 and greater than 6.5 
(EPA 1986b). 

SUSPENDED SOLIDS AND TURBIDITY 

Suspended solids (sometimes referred to as nonfilterable residue) and turbidity are related to 
the solids content that is not dissolved. Turbidity refers to the blockage of light penetration and is 
measured by examining the backscatter from an intense light beam, while suspended solids are 
measured by weighing the amount of dried sediment that is trapped on a 0.45-µm filter, after 
filtering a known sample volume. The suspended solids test therefore measures a broad variety of 
solids that are contained in the water, including floatable material and settleable matter, in addition 
to the suspended solids. An Imhoff cone can be used to qualitatively estimate the settleable solids 
content of water. Subjecting the filter to a high temperature will burn off the more combustible 
solids. The remaining solids are usually referred to as the nonvolatile solids. The amount burned 
is assumed to be related to the organic fraction of the wastewater. 

Turbidity (and color) can be caused mostly by very small particles (less than 1 µm), while the 
suspended solids content is usually associated with more moderate-sized particles (10 to 100 µm). 
Suspended solids can cause water quality problems directly, as discussed in the following paragraphs 
from Water Quality Criteria (EPA 1986b). They may also have other pollutants (such as organics 
and toxicants) associated with them that would cause additional problems. The control of suspended 
solids is required in most discharge permits because of potential sedimentation problems down
stream of the discharge and the desire to control associated other pollutants. 

Turbid water interferes with recreational use and aesthetic enjoyment of water. Turbid waters 
can be dangerous for swimming, especially if diving facilities are provided, because of the 
possibility of unseen submerged hazards and the difficulty in locating swimmers in danger of 
drowning (NAS 1974). The less turbid the water, the more desirable it becomes for swimming 
and other water contact sports. Other recreational pursuits, such as boating and fishing, will be 
adequately protected by suspended solids criteria developed for protection of fish and other 
aquatic life. 

Fish and other aquatic life requirements concerning suspended solids can be divided into those 
whose effect occurs in the water column and those whose effect occurs following sedimentation to the 
bottom of the water body. Noted effects are similar for both fresh and marine waters. The effects of 
suspended solids on fish have been reviewed by the European Inland Fisheries Advisory Commission 
(EIFAC 1969). This review in 1965 identified four effects on the fish and fish food populations. 

1. 	 By acting directly on the fish swimming in water in which solids are suspended, and either killing 
them or reducing their growth rate, resistance to disease, etc. 

2. By preventing the successful development of fish eggs and larvae 
3. By modifying natural movements and migrations of fish 
4. By reducing the abundance of food available to the fish 

Settleable materials which blanket the bottom of water bodies damage the invertebrate popu
lations, block gravel spawning beds, and if organic, remove dissolved oxygen from overlying waters 
(EIFAC 1969; Edberg and Hofstan 1973). In a study downstream from the discharge of a rock 
quarry where inert suspended solids were increased to 80 mg/L, the density of macroinvertebrates 
decreased by 60%, while in areas of sediment accumulation, benthic invertebrate populations also 
decreased by 60% regardless of the suspended solid concentrations (Gammon 1970). Similar effects 
have been reported downstream from an area which was intensively logged. Major increases in 

RB-AR29069



WATER QUALITY CRITERIA 835 

stream suspended solids (25 mg/L upstream vs. 390 mg/L downstream) caused smothering of 
bottom invertebrates, reducing organism density to only 7.3 vs. 25.5/ft2 upstream (Tebo 1955). 

When settleable solids block gravel spawning beds which contain eggs, high mortalities result. 
There is also evidence that some species of salmonids will not spawn in such areas (EIFAC 1969). 
It has been postulated that silt attached to the eggs prevents sufficient exchange of oxygen and 
carbon dioxide between the egg and the overlying water. The important variables are particle size, 
stream velocity, and degree of turbulence (EIFAC 1969). Deposition of organic materials to the 
bottom sediments can cause imbalances in stream biota by increasing bottom animal density 
(principally worms), and diversity is reduced as pollution-sensitive forms disappear (Mackenthun 
1973). Algae, likewise, flourish in such nutrient-rich areas, although forms may become less 
desirable (Tarzwell and Gaufin 1953). 

Plankton and inorganic suspended materials reduce light penetration into the water body, 
reducing the depth of the photic zone. This reduces primary production and decreases fish food. 
The NAS committee in 1974 recommended that the depth of light penetration not be reduced by 
more than 10% (NAS 1974). Additionally, the near-surface waters are heated because of the greater 
heat absorbency of the particulate material which tends to stabilize the water column and prevents 
vertical mixing (NAS 1974). Such mixing reductions decrease the dispersion of dissolved oxygen 
and nutrients to lower portions of the water body. Increased temperatures also reduce the capacity 
of the stream to contain dissolved oxygen. 

Suspended inorganic material in water also sorbs organic materials, such as pesticides. Follow
ing this sorption process, subsequent sedimentation may remove these materials from the water 
column into the sediments (NAS 1974). However, the sedimentation of these polluted sediments 
can cause dramatic changes in the benthic microorganism populations, which in turn affect other 
aquatic life forms. Recent research associated with the effects of polluted sediments in urban streams 
is summarized in earlier chapters of this book. 

Water Quality Criteria for Suspended Solids and Turbidity 

The EPA water quality criterion for freshwater fish and other aquatic life is essentially that 
proposed by the National Academy of Sciences and the Great Lakes Water Quality Board: 
“Settleable and suspended solids should not reduce the depth of the compensation point for photo
synthetic activity by more than 10 percent from the seasonally established norm for aquatic life.” 

States have selected numeric values for turbidity. Alabama, for example, uses the same standard 
for all designated uses: “There shall be no turbidity of other than natural origin that will cause 
substantial visible contrast with the natural appearance of waters or interfere with any beneficial 
uses which they serve. Furthermore, in no case shall turbidity exceed 50 Nephelometric units (NTU) 
above background. Background will be interpreted as the natural condition of the receiving waters, 
without the influence of man-made or man-induced causes. Turbidity levels caused by natural runoff 
will be included in establishing background levels.” In addition, the state of Alabama has minimum 
conditions applicable to all state waters that includes: “State waters shall be free from substances 
attributable to sewage, industrial wastes, or other wastes that will settle to form bottom deposits 
which are unsightly, putrescent, or interfere directly or indirectly with any classified water use.” 

ZINC 

Aquatic Life Criteria for Zinc 

The U.S. EPA has set a national ambient water quality for the protection of wildlife as a function 
of hardness (EPA 1986b), and ambient water quality for the Great Lakes as a function of hardness 
(40 CFR 132.3 (b)). Figure G.4 shows these criteria. 
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Figure G.4 Zinc criteria. 

Human Health Criteria for Zinc 

The U.S. EPA has set a national secondary MCL for zinc at 5 mg/L (40 CFR D 143.3), 
based on available organoleptic data, and to control undesirable taste and odor quality of 
ambient water. It should be recognized that organoleptic data have limitations as a basis for 
establishing water quality criteria, and have no demonstrated relationship to potential adverse 
human health effects. 

SEDIMENT GUIDELINES 

Water quality criteria and standards are proven to be useful tools for helping to assess 
receiving water quality and beneficial use attainment. For these reasons, it is logical that 
sediment quality criteria would also be a useful tool. However, the complexity of sediments 
has impeded establishing guidelines because of the lack of clear relationships between sediment 
characteristics and the bioavailability of associated contaminants. Nonetheless, several useful 
approaches have been proposed for establishing sediment guidelines (also called criteria, 
standards, guidelines, objectives, or assessment values). In recent years, there has been a 
tremendous increase in sediment contaminant research and monitoring, which has resulted in 
improved sediment quality guidelines. The U.S. EPA has proposed guidelines using a theoret
ical approach known as equilibrium partitioning guidelines. Concentrations of contaminants 
are predicted in interstitial water and compared to the chronic water quality criteria to establish 
whether the sediments are toxic. Currently there are only criteria for acenaphthene, phenan
threne, fluoranthene, dieldrin, and endrin. This approach normalizes nonpolar organic com
pounds to the sediment total organic carbon content and metals to the acid volatile sulfide 
content. Both these sediment parameters have been shown to strongly control bioavailability 
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Table G.7 Sediment Quality Guidelines for Freshwater Ecosystems 

Substance TEL PEL LEL SEL MET TET ERL ERM SQAL 

Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Zinc 

Anthracene 
Fluorene 
Naphthalene 
Phenanthrene 
Benz[a]anthracene 
Benzo(a)pyrene 
Chrysene 

Metals (in mg/kg DW) 

5.9 17 6 33 7 17 
0.596 3.53 0.6 10 0.9 3 

37.3 90 26 110 55 100 
35.7 197 16 110 28 86 
35 91.3 31 250 42 170 
0.174 0.486 0.2 2 0.2 1 

18 36 16 75 35 61 
123 315 120 820 150 540 

Polycyclic Aromatic Hydrocarbons (in µg/kg DW) 

33 85 NG 
5 9 NG 

80 145 NG 
70 390 NG 
35 110 NG 
0.15 1.3 NG 

30 50 NG 
120 270 NG 

85 960 NG 
35 640 540 

340 2100 470 
225 1380 1800 
230 1600 NG 
400 2500 NG 
400 2800 NG 
60 NG 

600 3600 6200 
350 2200 NG 

4000 35000 NG 

50 400 NG 

0.5 6 NG 
0.02 8 110 
2 20 NG 
2 15 NG 
1 7 NG 
3 350 NG 
0.02 45 42 

NG NG NG 
NG NG 3.7 

NG 
NG 
NG 
41.9 
31.7 
31.9 
57.1 

NG 220 3700 NG NG 
NG 190 1600 NG NG 
NG NG NG 400 600 
515 560 9500 400 800 
385 320 14800 400 500 
782 370 14400 500 700 
862 340 4600 600 800 

60 NG 
2355 750 10200 600 2000 
875 490 8500 700 1000 
NG 4000 100000 NG NG 

Polychlorinated Biphenyls (in µg/kg DW) 

277 70 5300 200 1000 

Organochlorine Pesticides (in µg/kg DW) 

8.9 7 60 7 30 
6.67 2 910 2 300 
8.51 8 60 10 60 
6.75 5 190 7 50 
NG 8 710 9 50 

4450 7 120 NG NG 
62.4 3 1300 8 500 
2.74 5 50 5 30 
1.38 3 10 3 9 

Dibenz[a,h]anthracene NG 
Fluoranthene 111 
Pyrene 53 
Total PAHs NG 

Total PCBs 34.1 

Chlordane 4.5 
Dieldrin 2.85 
Sum DDD 3.54 
Sum DDE 1.42 
Sum DDT NG 
Total DDTs 7 
Endrin 2.67 
Heptachlor epoxide 0.6 
Lindane (gamma-BHC) 0.94 

PEL = Probable effect level; dry weight (Smith et al. 1996). 


SEL = Severe effect level, dry weight (Persaud et al. 1993). 


TET = Toxic effect threshold; dry weight (EC and MENVIQ 1992). 


ERM = Effects range median; dry weight (Long and Morgan 1991). 


NG = No guideline. 


(e.g., Ingersoll et al. 1997). It does not appear that the U.S. EPA approach will result in 
additional guidelines in the near future. There have been several empirical approaches that are 
based on co-occurrence of adverse biological effects observed in the field or laboratory related 
to sediment contaminant concentrations. Tables G.7 and G.8 list some of the most reliable 
sediment quality guidelines available. Included in these are some “consensus” approaches that 
may be a first priority if one chooses to use a sediment guideline in their assessment. It is 
interesting to note that the majority of the approaches produce guidelines that are relatively 
similar; therefore, the consensus approach has added credibility. 
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Table G.8 Sediment Quality Guidelines for Polycyclic Aromatic Hydrocarbons (µg/g organic carbon)a 

TEC MEC Consensus 
PAH ERLb ERMb TELb PELb SLCb LAETb HAETb EqP Mean Mean EEC 

Naphthalene 16 210 3 39 41 210 270 
Acenaphthylene 4 64 1 13 5 >56 130 
Acenaphthene 2 50 1 9 6c 50 200 230 
Fluorene 2 54 2 14 10 54 360 
Phenanthrene 24 150 9 54 37 150 690 240 
Anthracene 9 110 5 24 16 96 1300 
Low-molecular-weight 57 638 21 153 115 616 2950 
PAH 

Fluoranthene 60 510 11 149 64 170 3000 300 
Pyrene 66 260 15 140 66 260 1,600 
Benz[a]anthracene 26 160 7 69 26 130 510 
Chrysene 38 280 11 85 38 140 920 
Benzo[b]fluoranthene 32c 188c 7c 71c 32c 160 445 
Benzo[k]fluoranthene 28c 162c 6c 61c 28c 160 445 
Benzo[a]pyrene 43 160 9 76 40 160 360 
High-molecular-weight 293 1720 66 651 294 1180 7280 
PAH 

Total PAH 350 2358 87 804 409 1796 10,230 211 290 1800 10,000 
(119–461) (682–2,854) 

a ERL = effects range-low;

ERM = effects range-median;

TEL = threshold effects level;

PEL = probable effects level;

SLC = screening level concentration;

LAET = low apparent effects threshold; 

HAET = high apparent effects threshold; 

EqP = U.S. Environmental Protection Agency criteria derived from equilibrium partitioning theory;

TEC = Threshold effect concentration;

MEC = Median effects concentration;

EEC = Extreme effects concentration.

b SQG at 1% OC.

c No SQG. Estimate assuming mean ratio to PAH mixture LC50 for other high-molecular-weight PAHs.
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INTRODUCTION 

Models are important tools for watershed and receiving water analyses because they enable 
comprehensive evaluations of large systems and can predict future conditions. Models always have 
errors, but these can be reduced through good calibration and verification using locally obtained 
data, as described in this book. 

For stormwater issues, most models can be separated into watershed models and receiving water 
models. Both are briefly addressed in this appendix. Many (and constantly increasing in numbers) 
public domain water quality models are available. Periodically, these are available on a CD-ROM 
from the EPA (Exposure Models Library and Integrated Model Evaluation System, EPA Office of 
Research and Development CD-ROM. EPA-600-C-92-002. Revised March 1996). Numerous special
ized Internet sites also have download sites or links to the EPA download sites for acquiring these 
models and documentation. The main EPA source is through the EPA’s Athens, GA, Center for 
Exposure Assessment Modeling (CEAM), where much of the EPA’s water quality modeling support 
is available (downloads, short courses, etc.). One especially interesting reference available from Athens 
is Rates, Constants, and Kinetics Formulations in Surface Water Quality Modeling (second edition), 
EPA/600/3-85/040, prepared by Tetra Tech in 1985, but still highly useful. This report is available in 
PDF format from: http://www.epa.gov/ORD/WebPubs/surfaceH2O/surface.html. Not only does this 
report contain summaries of the model processes and lab and field data for the different fate processes, 
it also summarizes many field techniques that can be used to collect the needed local data. 

The CEAM Internet site is at: http://www.epa.gov/CEAM/. The major models available at this 
web site are shown in Table H.1 (as of February 2000). These are all DOS-based, Fortran-coded 
programs. Very few Windows or Macintosh programs are available, but they will operate in the 

843 

RB-AR29078



844 STORMWATER EFFECTS HANDBOOK 

Table H.1 	 DOS Programs Available to Download from the EPA’s Center for Exposure Assessment 
Modeling (CEAMS) Group 

Version Release 
File Name/Size (MB) Description/Abstract/Release Notes Number Date 

INSTALAN.EXE / 1.28 ANNIE-IDE tool kit 1.14 Sep 91 
INSTALCI.EXE / .5 CEAM information system 3.21 May 95 
INSTALCM.EXE / 1.63 CORMIX model / documentation 3.20 Dec 96 
INSTALEX.EXE / 1.00 EXAMS model / documentation 2.97.5 Jun 97 
INSTALFG.EXE / 1.07 FGETS model system 3.0.18 Sep 94 
INSTALFW.EXE / 1.05 FEMWATER model / documentation 1.00 Jul 93 
INSTALGC.EXE / 1.16 GCSOLAR model / documentation 1.20 Jul 99 
INSTALHC.EXE / 8.44 HSCTM2D model / documentation 1.01 Nov 98 
INSTALHS.EXE / 8.66 HSPF model / documentation 11.00 Apr 97 
HSP11Y2K.EXE / .84 HSPF model / documentation / Year 2000 (Y2K) Patch 11.00 Dec 99 
INSTALLC.EXE / .71 LC50 model / documentation 1.00 Jan 99 
INSTALMT.EXE / 2.49 MINTEQ model / documentation 4.01 Dec 99 
INSTALMS.EXE / 6.52 MMSOILS model / documentation 4.00 Jun 97 
INSTALMM.EXE / 3.49 MULTIMED model / documentation 1.01 Dec 92 
INSTALM2.EXE / 4.79 MULTIMED model / documentation 2.00 Beta Oct 96 
INSTALDP.EXE / 3.34 MULTIMDP model / documentation 1.00 Oct 96 
INSTALOF.EXE / .34 Sample ANNIE-IDE application 1.61 Sep 91 
INSTALOX.EXE / .40 OXYREF data base / documentation 1.00 Dec 98 
INSTALP2.EXE / 2.76 PRZM2 model / documentation 2.00 Oct 94 
INSTALP3.EXE / 5.15 PRZM3 model / documentation 3.12 Beta Mar 98 
INSTALPL.EXE / 1.44 PLUMES model / documentation 3.00 Dec 94 
INSTALPT.EXE / 5.43 PATRIOT model / documentation 1.20 Nov 94 
INSTALQ2.EXE / 2.21 QUAL2EU model system / Documentation 3.22 May 96 
INSTALSW.EXE / 1.6 SWMM model system 4.30 May 94 
INSTALSX.EXE / .39 SMPTOX3 model / documentation 2.01 Feb 93 
INSTALWP.EXE / 3.14 WASP model / documentation 5.10 Oct 93 

DOS shell of the Windows operating systems. Most of these programs were originally developed 
many years ago (with the processes reasonably well described in the Tetra Tech “rate” report of 
1985, noted above). 

There are numerous proprietary Windows “front-ends” for selected programs, along with pro
prietary versions that have substantial changes in the code. In addition, many private Internet sites 
also provide downloadable public domain water quality models, or “test” versions of commercial 
programs. Obviously, it is impossible to develop a complete list of available water quality models, 
and it is difficult for the user to select which model may be most appropriate for his or her specific 
use. Excellent model reviews are periodically prepared, such as Compendium of Tools for Watershed 
Assessment and TMDL Development, EPA-841-B-97-006, 1997. In addition, numerous listservers 
are available to provide excellent user support for specific models. A representative listing of list 
servers and other water quality modeling support is provided by Dr. Bill James at the University 
of Guelph at http://www.eos.uoguelph.ca/webfiles/james/homepage/Research/ListServers.html. 

A major surface water quality modeling effort at EPA is directed toward supporting the Total 
Maximum Daily Load (TMDL) program. As part of this support, the BASINS model (Better Assess
ment Science Integrating Point and Nonpoint Sources), a Windows-based structure of several inter
connected programs and a geographical information system (GIS), described later, has been developed. 
The main report is available as EPA-823, R-96001, May, 1996. Extensive Internet support, including 
downloads of the main program, and regional data, is available at http://www.epa.gov/OST/BASINS/. 
The structure of BASINS will allow additional models to be added to this framework. The extremely 
powerful aspect of BASINS is the GIS capabilities where local data can be easily integrated for 
model use. Individual CD-ROMS are available for each of the 10 EPA regions containing much 
local data. BASINS has six main components: nationally derived databases with Data Extraction 
Tools; assessment tools; utilities to facilitate organizing and evaluating the data, including land use 
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data; Watershed Characterization Reports; water quality models; and the Nonpoint Source Model. 
It currently uses portions of HSPF for the land-based modeling component (NPSM, the Nonpoint 
Source Model), and QUAL2E and TOXIROUTE for the stream water quality models. Even though 
many of model components are older Fortran-coded modules, the Windows and GIS interfaces 
makes the model relatively easy to use. 

BASINS is a large-scale model and may be too complex for focusing on specific smaller areas, 
or when detailed evaluations are needed. Figure H.1 is an overview of the individual environmental 
models commonly used (and evaluated in Compendium of Tools for Watershed Assessment and 
TMDL Development). Obviously, BASINS, although extremely powerful and needed for some 
applications, currently does not offer the flexibility that the wide range of individual models can. 

MODELING STORMWATER EFFECTS AND THE NEED FOR LOCAL DATA 
FOR CALIBRATION AND VERIFICATION 

A typical use of stormwater monitoring data is to calibrate and verify a model that will be used 
to examine many questions. Common uses of models are to determine the major sources of 
pollutants and to design control programs to effectively reduce the problem discharges. There are 
three general classes of stormwater models: 

• Unit area loadings 
• Simple models 
• Complex models 

Unit Area Loadings 

Table 2.5 included unit area loading estimates for stormwater, based on numerous observations 
from throughout North America (mostly from the EPA’s NURP projects, EPA 1983, and from other 
selected North American studies). Most of the available NURP data are from monitoring medium
density residential areas, but data from Wisconsin and Toronto included data from various land uses. 
These estimates are most useful when making preliminary assessments on a large scale, especially 
in preparing an experimental design for site-specific monitoring. As an example, these values can be 
used to identify the most significant land uses in a watershed and help direct the monitoring effort, 
as shown in Table 5.4 (repeated below as Table H.2) and Figure 5.7, a marginal benefit analysis. 
Obviously, the variations of unit area loadings can be very large, depending on specific conditions, 
but the basic rankings of land use related discharges are still useful for preliminary evaluations. 

For most constituents, manufacturing industrial and commercial areas have the largest unit area 
loadings, while parks and low-density residential areas have the smallest unit area loadings. The 
importance of the areas in a watershed is obviously dependent on the size of the area. Medium
density residential areas comprise the majority of the land area for most cities, and therefore also 
for most large urban watersheds. These large areas increase the significance of this land use. 
However, relatively small amounts of industrial or commercial activity can overwhelm the residen
tial contributions in small and moderate-sized drainages. Chapter 2 presented information showing 
the relative importance of industrial and residential areas in Toronto (Pitt and McLean 1986), based 
on a comprehensive monitoring program and measured unit area loadings for the major land uses. 

The earlier Toronto discussion in Chapter 2 also showed how dry-weather flows and snowmelt 
contributions can be very important. That example stresses the need to consider all phases of flows that 
may be discharged from separate storm drainage systems. Few published unit area stormwater loading 
values include these other contributions that can have major effects on receiving water conditions. 

Unit area loadings for a local area can be determined based on local monitoring data using one 
of the other modeling methods described below. Unit area loadings are a convenient method to 
summarize extensive monitoring data and to highlight potential problem areas, especially if integrated 
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Figure H.1 	 Environmental models commonly in use. (From EPA. Compendium of Tools for Watershed Assess
ment and TMDL Development. EPA-841-B-97-006. U.S. Environmental Protection Agency. 1997.) 

with a GIS. GIS has been successfully used with nonpoint source modeling activities to display the 
unit area loadings predicted from monitoring and modeling programs for many alternatives. Otherwise, 
the massive amounts of data generated is difficult to summarize in an easily presentable manner. 

Simple Models 

Simplified stormwater models usually take the general form: 

Unit Area Loading = (EMC) × (Rv) × (Rain) 
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Table H.2 Example Marginal Benefit Analysis 

Critical 
Land Use Unit % Mass Straight

(ranked by % mass % of Area Relative per Accum. line Marginal 
per category) Area Loading Mass Category (% mass) Model Benefit 

1 Older medium-density resid. 24 200 4800 22.8 22.8 6.25 16.5 
2 High-density resid. 7 300 2100 10.0 32.7 12.5 20.2 
3 Office 7 300 2100 10.0 42.7 18.8 24.0 
4 Strip commercial 8 250 2000 9.5 52.2 25.0 27.2 
5 Multiple family 8 200 1600 7.6 59.8 31.3 28.5 
6 Manufacturing industrial 3 500 1500 7.1 66.9 37.5 29.4 
7 Warehousing 5 300 1500 7.1 74.0 43.8 30.3 
8 New medium-density resid. 5 250 1250 5.9 80.0 50.0 30.0 
9 Light industrial 5 200 1000 4.7 84.7 56.3 28.4 

10 Major roadways 5 200 1000 4.7 89.4 62.5 26.9 
11 Civic/educational 10 100 1000 4.7 94.2 68.8 25.4 
12 Shopping malls 3 250 750 3.6 97.7 75.0 22.7 
13 Utilities 1 150 150 0.7 98.5 81.3 17.2 
14 Low-density resid. with swales 5 25 125 0.6 99.1 87.5 11.6 
15 Vacant 2 50 100 0.5 99.5 93.8 5.8 
16 Park 2 50 100 0.5 100.0 100.0 0.0 

Total 100 21075 100 

Table H.3 Median EMCs and COVs for All Sites Monitored during NURP 

Residential Mixed Commercial Open/Nonurban 
Pollutant Median COV Median COV Median COV Median COV 

BOD5 mg/L 10.0 0.41 7.8 0.52 9.3 0.31 — — 
COD mg/L 73 0.55 65 0.58 57 0.39 40 0.78 
TSS mg/L 101 0.96 67 1.14 69 0.85 70 2.92 
Total lead µg/L 144 0.75 114 1.35 104 0.68 30 1.52 
Total copper µg/L 33 0.99 27 1.32 29 0.81 — — 
Total zinc µg/L 135 0.84 154 0.78 226 1.07 195 0.66 
Total Kjeldahl nitrogen µg/L 1900 0.73 1288 0.50 1179 0.43 965 1.00 
NO2-N + NO3-N µg/L 736 0.83 558 0.67 572 0.48 543 0.91 
Total P µg/L 383 0.69 263 0.75 201 0.67 121 1.66 
Soluble P µg/L 143 0.46 56 0.75 80 0.71 26 2.1 

From EPA. Results of the Nationwide Urban Runoff Program. Water Planning Division, PB 84-185552, Wash 
ington, D.C. December 1983. 

where EMC is the event mean concentration, Rv is the volumetric runoff coefficient (or the effective 
impervious area, EIA), and Rain is the total rain depth for the period of concern (usually a year). 
With the appropriate conversions, this simple equation predicts the unit area loadings for the 
monitored area. This is the method used in the stormwater permit applications for the EPA’s NPDES 
(Nationwide Pollutant Discharge Elimination System) permit program. 

The problems with this simplified model include: typically poor estimates of EMC, the Rv 
value varies for different rain depths, and the procedure cannot easily distinguish seasonal effects 
(unless EMC values are available for each season), and it cannot be used to evaluate the effectiveness 
of stormwater control practices. 

The main problem with using this simplified model is obtaining an adequate estimate for the 
EMC. Table H.3 contains the basic concentration information from the EPA’s NURP studies (EPA 
1983) that are generally used for these analyses. The coefficient of variation (COV) values for these 
median values are seen to vary from 0.5 to more than 1.0. Figure H.2, also from the EPA’s NURP 
studies (EPA 1983), illustrates the wide variations in observed concentrations for the common 
stormwater constituents. Wide concentration variations make it more difficult to distinguish between 
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Figure H.2 	 Box plots of pollutant EMCs for different land uses. (From EPA. Results of the Nationwide Urban 
Runoff Program. Water Planning Division, PB 84-185552, Washington, D.C. December 1983.) 
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Figure H.2 (continued) 

different land uses. As an example, Figure H.2 indicates that suspended solids, BOD, copper, zinc, 
and nitrite plus nitrate median values are not likely significantly different for any of the four land 
use categories shown. However, open site COD, phosphorus, and lead median concentrations are 
likely significantly less than for the other three land uses. 

The stormwater permit program typically requires three events to be sampled to determine the 
EMC value. This small sampling effort likely results in inaccurate EMC estimates because of the 
relatively large variation in stormwater quality from the same sampling location. As seen in 
Figure H.3 (a duplicate of Figure 5.3), about 25 samples are required to estimate the EMC with 
an estimated error of 25% or less, if the COV is 0.5. Most of the time, the COV is even larger, 
requiring even more samples. The use of only three samples to determine the EMC value would 
likely result in errors of several hundred percent (using typical levels for confidence of 95% and 
power of 80%). Such large EMC errors would be reflected in similar errors in the calculated unit 
area loading values. This could result in incorrect conclusions concerning the relative pollutant 
sources and inappropriate expenditures of resources for stormwater control. 

Errors also occur when selecting the volumetric runoff coefficient (Rv) value. For drainage 
design, the Rv value is assumed to be equal to the amount of directly connected impervious area. 
This is sometimes modified to be equal to the “effective” impervious area, as it is obvious that 
paved areas (and roofs) that drain to pervious areas contribute some runoff, but less than if the 
paved areas were directly connected to the drainage system. In addition, the Rv is different for 
different rain depths at the same area. Small rain depths are associated with relatively small Rv 
values, while larger rains produce larger Rv values, as shown in Figure H.4 (Pitt 1987). Table H.4 
(Pitt 1987) illustrates how different urban surfaces contribute increasing fractions of rainfall as 
runoff. Therefore, if constant Rv values are used for all rains, large errors may occur for individual 
rains (overpredict for small rains and underpredict for large rains), although the annual average, or 
annual total, may be acceptable, assuming the monitored rains represent the complete set of annual 
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rains. If only moderate to large rains are monitored (a typical goal), then the averaged Rv for the 
monitored rains would be larger than the true annual averaged Rv. 

Typical estimation methods used for runoff volume were developed for large drainage design 
storms (several inches in depth) and are not appropriate for the smaller events that are most 
significant in water quality studies. Table H.4 (Pitt 1987) shows how these runoff coefficients (the 
fraction of rain that occurs as direct runoff) for impervious areas vary greatly for different rain 
depths. After several inches of rain (in the range for drainage design studies), the Rv values for all 
paved and roof areas are between 0.9 and 0.99, resulting in little error if a constant 0.9 value is 
used. However, at 0.1 to 0.4 in of rain (the rain range where the water pollutants are becoming 
important), the Rv values for the different paved and roof areas vary greatly (from 0.25 to 0.95). 

Figure H.3 Sampling requirements for different error goals, alpha of 0.05 and beta of 0.20 (duplicate of Figure 5.3). 

Figure H.4 Rainfall-runoff responses for pavement tests. (From Pitt, R. Small Storm Urban Flow and Particulate 
Washoff Contributions to Outfall Discharges. Ph.D. dissertation submitted to the Department of 
Civil and Environmental Engineering, University of Wisconsin, Madison. 1987. With permission.) 
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Table H.4 Observed Directly Connected Runoff Coefficients for Impervious Areas 

Depth When 
Coefficient Is 

0.1 in 0.4 in 1.7 in about 0.9, in 

Roads and other small impervious areas 0.4 0.6 0.8 3 
Pitched roofs 0.7 0.9 0.98 0.25 
Flat roofs 0.25 0.7 0.85 2 
Large paved areas and freeways 0.95 0.97 0.99 0.05 

From Pitt, R. Small Storm Urban Flow and Particulate Washoff Contributions to Outfall Dis
charges. Ph.D. dissertation submitted to the Department of Civil and Environmental Engineering, 
University of Wisconsin, Madison. 1987. With permission. 

This would result in very large runoff prediction errors if a constant Rv value was assumed for all 
areas, especially when trying to predict where the runoff water originated. 

Most of the annual rainfall is associated with many small individual events and not with the 
few rarer large rains. Figure H.5a shows measured rain and runoff distributions for Milwaukee 
during the 1983 NURP monitored rain year. Rains between 0.05 and 5 in were monitored during 
this period. Two large events (greater than 3 in) occurred during this monitoring period, which 
greatly bias these curves, compared to typical rain years. During this period: 

• The median rain depth was about 0.3 in. 
• 66% of all Milwaukee rains were less than 0.5 in in depth. 
• 	For medium-density residential areas, 50% of runoff was associated with rains less than 0.75 in 

for Milwaukee. 
• 	A 100-year, 24-hour rain of 5.6 in for Milwaukee could produce about 15% of the typical annual 

runoff volume, but only contributes about 0.15% of the average annual runoff volume when 
amortized over 100 years. 

• 	 Typical 25-year drainage design storms (4.4 in in Milwaukee) produce about 12.5% of the typical 
annual runoff volume but only about 0.5% of the average runoff volume. 

Figure H.5b shows measured Milwaukee pollutant discharges associated with different rain 
depths for a medium-density residential area. Suspended solids, COD, lead, and phosphates dis
charges are seen to closely follow the general shape of the runoff distribution shown in Figure H.5a. 
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Figure H.5 Accumulative distributions of Milwaukee rain, runoff, and pollutant loadings for medium-density 
residential areas monitored during 1981 to 1983 (duplicate of Figures 6.1 and 6.2). 
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Table H.5 	 Observed Disturbed Urban Soil Volumetric Runoff 
Coefficients (RV) for Different Rain Depths 

Depth When RV 
Coefficient Is 

0.1 in 0.4 in 1.7 in about 0.1 

Clayey soils 0 0.15 0.25 0.2 
Sandy soils 0 0 0.05 2.5 

From Pitt, R. Small Storm Urban Flow and Particulate Washoff Con
tributions to Outfall Discharges. Ph.D. dissertation submitted to the 
Department of Civil and Environmental Engineering, University of 
Wisconsin, Madison. 1987. With permission. 

Being able to accurately predict runoff volume is very important in order to reasonable predict 
runoff pollutant discharges. The shape of the runoff and pollutant runoff curves in Figure H.5 show 
three distinct regions (values given for Milwaukee): 

• 	 Common rains having relatively low pollutant discharges are associated with rains less than about 
0.5 in in depth. These are key rains when runoff associated water quality violations, especially for 
bacteria, are of most concern. 

• 	 Rains between 0.5 and 1.5 in are responsible for about 75% of the runoff pollutant discharges and 
are key rains when addressing mass discharges. 

• 	 Rains greater than 1.5 in are associated with drainage design and are only responsible for relatively 
small portions of the annual pollutant discharges, even with the two unusually large rains that are 
included in these observations. 

Similar relationships are observed for other regions in the country, but the specific rain depths 
associated with the three specific regions vary. In the southeast, the rain depths separating these 
three regions are about twice as large as observed for Milwaukee, for example. 

Of course, the coefficients shown in Table H.4 can decrease substantially if the paved areas 
are not directly connected to the drainage system (especially important for roofs and parking 
areas), or if roadside grass swales are used. It should also be noted that disturbed urban soils 
contribute much more runoff for moderate rains than the typically expected values (Table H.5). 

Complex Models 

There are numerous models that fall in the mid-range and detailed model categories that are 
considered complex. These models all require the use of computers and varying amounts of input 
data, and they all require calibration and verification for local conditions. These models are 
constantly changing and new models are continually being developed. The selection of the most 
appropriate model for a specific situation is therefore important. A good source for model reviews 
that is periodically updated is the EPA’s Compendium of Watershed-Scale Models for TMDL 
Development (EPA 1997). This document was developed for watershed planners and regulators 
who are responsible for preparing “Total Maximum Daily Load” (TMDL) discharge limitations 
for receiving waters that are affected by many pollutant sources, including stormwater. 

Tables H.6 and H.7 are model summaries from the TMDL report (EPA 1997), while Tables H.8 
and H.9 list some of the attributes of many models (including data requirements and overall model 
complexity). The main distinctions between the mid-range models and the detailed models are that 
most of the mid-range models are considered “planning” models (for evaluations), while the detailed 
models are more oriented toward specific design (including greater time-resolution in predicted flows 
and concentrations). As an example, the mid-range models typically do not require nearly as many 
details pertaining to specific drainage system layouts as do the detailed models: the mid-range models 
can operate with more lumped parameters (larger-scale average conditions), while many of the detailed 
models require detailed drainage system layout information. More of the detailed models can also 
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Table H.6 Evaluation of Model Capabilities — Mid-Range Models 

Criteria NPSMAP GWLF P8-UCM SIMPTM Auto-Ql AGNPS SLAMM 

Land use 	 Urban 
Rural 
Point sources 

Time scale 	 Annual 
Single event 
Continuous 

Hydrology 	 Runoff 
Baseflow 

Pollutant loading 	 Sediment 
Nutrients 
Others 

Pollutant routing 	 Transport 
Transformation 

Model output 	 Statistics 
Graphics 
Format options 

Input data 	 Requirements 
Calibration 
Default data 
User interface 

BMPS 	 Evaluation 
Design criteria 

Documentation 

H H H H H — H 
H H — — — H — 
M M H — — H H 
— — — — — — — 
L — H — — H — 
H N — — H — H 
H H H H H H H 
L H — L L — L 
—	 H — H H H H 
H H H H H H H 
— — H H H H H 
L L L L M — M 
— — — — — H — 
M L — L — — L 
M M H — — H L 
H H H H L H H 
M M M M M M M 
L L L L M L M 
H H M M L M M 
H H H M M M H 
L L H M M M M 
— — H L M M L 
H H H L M H M 

From EPA. Compendium of Tools for Watershed Assessment and TMDL Development. EPA-841-B-97-006. U.S. 
Environmental Protection Agency. 1997. 

include pollutant transformations and nonconservative pollutant behavior, especially for receiving 
water effects, than the mid-range models. Obviously, there are places where models of each type are 
needed. In some cases, it is useful to use a mid-range model to predict drainage area runoff conditions 
and a detailed model to evaluate specific issues pertaining to the drainage system and receiving waters. 
As an example, the Toronto Area Watershed Management Strategy program (TAWMS) used SLAMM 
to predict drainage area pollutant and flow discharges, SWMM to predict CSO discharges from the 
older sections of the city, and HSPF to evaluate receiving water conditions resulting from these 
discharges (OME 1986). In another example of multiple model use, engineers used SIMPTM in 
conjunction with SWMM to better predict Portland CSO overflow conditions (Roger Sutherland, 
personal communication, Columbia Slough Management Plan, prepared for the City of Portland’s 
Bureau of Environmental Services). In another example of multiple model use, several cities in 
Wisconsin have used SLAMM in conjunction with geographical information systems to better prepare 
the input files required by the program and to display the model results (Thum et al. 1990; Ventura 
and Kim 1993). The use of a GIS is an especially powerful tool to summarize massive amounts of 
information, especially when making presentations to the community and to politicians. 

Most of the mid-range models were originally developed on personal computers and some have 
relatively easy-to-use interfaces. The use of “default” values is also common for these models, 
sometimes restricting the use of locally obtained calibration data. The mid-range models included 
on Table H.6 are: 

• 	 NPSMAP, the Nonpoint Source Model for Analysis and Planning model is a spreadsheet template 
developed by Omicron Assoc. that predicts nutrient loadings for urban and agricultural areas. 

• 	GWLF, the Generalized Loading Functions model was developed at Cornell University to assess 
point and nonpoint loadings of nitrogen and phosphorus from relatively large agricultural and 
urban watersheds. It includes rainfall/runoff processes and erosion predictions. Most of the pro
cesses are controlled by default values. 
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•	 P8-UCM, the Urban Catchment Model was developed by John Walker for the Narragansett Bay 
Project to simulate stormwater pollutants in small urban catchments. Evaluations of various man
agement practices are possible with P8, including help in their sizing for specific control objectives. 
It incorporates many default values from the EPA’s Nationwide Urban Runoff Program (EPA 1983). 

• 	 SIMPTM, the Simplified Particle Transport Model was developed by Roger Sutherland, of Pacific 
Water Resources, to simulate runoff, sediment, and yield of other pollutants from urban watersheds, 
including the evaluation of some control practices. Detailed particulate buildup and washoff 
processes are included, based on northwest regional data. 

• 	Auto-QI, the Automated Qual-Illudas model was developed by Mike Trestriep at the Illinois State 
Water Survey to perform continuous simulations of runoff from impervious and pervious urban 
areas and to evaluate the effectiveness of selected control practices. It also includes components to 
examine receiving water impacts. A version of the model is linked to the ARC/INFO GIS program. 

• 	 AGNPS, the Agricultural Nonpoint Source pollution model was developed by the USDA Agricul
tural Research Service. It addresses potential impacts from point and nonpoint source pollution 
on surface and groundwater in agricultural watersheds. Alternative management programs are also 
evaluated. The spatial (grid) design of the model allows it to be interfaced to GIS and digital terrain 
models to simplify inputting the model parameters. 

• 	SLAMM the Source Loading and Management Model was developed by Robert Pitt of the 
University of Alabama at Birmingham to evaluate the effects of urban development characteristics 
and source and outfall controls on pollutant discharges. It examines runoff from separate drainage 
areas that may include a wide variety of land uses and control practices. The outfall discharge 
estimates can then be evaluated in a separate model to evaluate receiving water impacts. Unique 
small storm hydrology and particulate washoff procedures, based on extensive field measurements, 
are incorporated in the model to more accurately predict the role of different source areas in 
generating stormwater pollutant discharges. 

Detailed models were all originally developed on mainframe computers, but most have been 
ported to personal computers over the past several years. Most still have awkward user interfaces 
and require a group of skilled users to take advantage of most of their comprehensive capabilities, 
although proprietary Windows-based user interfaces and proprietary modifications of some of the 
more popular models (especially SWMM) are becoming common. The detailed models shown on 
Table H.7 include: 

• 	 STORM, the Storage, Treatment, Overflow Runoff Model was developed by the U.S. Army Corps 
of Engineers to continuously simulate urban runoff quantity, sediment, and several conservative 
pollutants. It has most commonly been used to evaluate the trade-offs between treatment and 
storage options for the control of CSOs. 

• 	 ANSWERS, the Areal Nonpoint Source Watershed Environment Response Simulation Model was 
developed by the University of Georgia to evaluate the effects of land use, management schemes, 
and conservation practices on the quantity and quality of watershed runoff. It stresses erosion and 
sediment transport processes. 

• 	 DR3M, the Distributed Routing Rainfall Runoff Model is supported by the U.S. Geological Survey 
and was developed to study conventional pollutants in predominantly urban areas. It produces 
detailed hydrographs and pollutant transport plots. 

• 	 SWRRBQ, the Simulation for Water Resources in Rural Basins model was developed by the USDA 
to simulate hydrologic, sedimentation, nutrient, and pesticide movement in large, complex, rural 
watersheds. 

• 	SWMM the Storm Water Management Model was developed by the EPA to derive design criteria 
for structural stormwater controls. SWMM is likely the most commonly used detailed stormwater 
model, especially when evaluating sewerage issues and combined sewer overflows. 

• 	HSPF, the Hydrological Simulation Program–FORTRAN was developed by the U.S. EPA to 
simulate water quantity and quality for a wide range of organic and inorganic pollutants from 
agricultural and urban watersheds. It is probably the most comprehensive model available, espe
cially considering receiving water impacts. Chemical, biological, and physical processes are 
included to account for pollutant transport and transformations. However, much calibration infor
mation is required to effectively use all of HSPF’s capabilities. 
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Table H.7 Evaluation of Model Capabilities — Detailed Models 

Criteria STORM ANSWERS DR3M SWRRBWQ SWMM HSPF 

Land use 	 Urban 
Rural 
Point sources 

Time scale 	 Annual 
Single event 
Continuous 

Hydrology 	 Runoff 
Baseflow 

Pollutant loading 	 Sediment 
Nutrients 
Others 

Pollutant routing 	 Transport 
Transformation 

Model output 	 Statistics 
Graphics 
Formal options 

Input data 	 Requirements 
Calibration 
Default data 
User interface 

BMPs 	 Evaluation 
Design criteria 

Documentation 

H — H L H H 
— H — H L M 
H — H H H H 
—	 — — — — — 
L H L L H H 
H — H H H H 
H H H H H H 
L — L H H H 
H H H H H H 
H H H H H H 
H — — H H H 
— M H H L H 
— 	 — — — L H 
L — H H H H 
— 	 H M M L 
H H H H H H 
M H H M H H 
L L M M H H 
M L H H M M 
— — M M — — 
M M H M H H 
M M M — H H 
H M M H H H 

From EPA. Compendium of Tools for Watershed Assessment and TMDL Development. EPA-841-B-97-006. U.S. 
Environmental Protection Agency. 1997. 

The mid-range models are probably the most commonly used because they are perceived as 
being easier to use and require less input information. That was certainly true when most of 
these detailed models were developed, but some of them, most notably SWMM, have a growing 
industry supporting their use, including the availability of much improved user interfaces. How
ever, the cost of obtaining and using (entering and verifying) detailed information that may be 
required may not be justified by the intended use of the data generated by the model. The 
application of detailed models is more cost-effective when applied to address complex situations 
or objectives. 

Dr. Bill James of the University of Guelph has long been an advocate of long-term continuous 
simulations. The cost of the required computer time has also decreased to the point where the 
use of long-term continuous simulations is no longer prohibitive, and is strongly recommended 
in order to obtain a much better understanding of watershed responses under a wide variety of 
conditions. The modeling of a few “design” storms may be satisfactory for simple drainage 
design considerations, where the only parameter of interest is peak flow rate. However, limiting 
simulations to only a few storms falls far short when a wide variety of water quality questions 
are important. The behavior of different stormwater quality control practices is also dependent 
on many different hydraulic parameters, not just peak flow rate. The use of several years of 
rainfall data in continuous simulations should therefore be considered the norm. If a model is 
not capable of continuous simulations, its usefulness is probably severely restricted to only the 
most rudimentary preliminary evaluations. 

Receiving Water Models 

Some of the models listed above include receiving water components (such as HSPF), but there 
are many additional models available that are specific for receiving waters and are in the public 

L 
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Table H.8 Listing of Attributes of Commonly Used Urban Models 

Attribute DR3M-QUAL HSFP Statisticala STORM SWMM 

Sponsoring agency USGS EPA EPA HEC EPA 
Simulation typeb C,SE C,SE N/A C C,SE 
No pollutants 4 10 Any 6 10 
Rainfall/runoff analysis Y Y Nc Y Y 
Sewer system flow routing Y Y N/A N Y 
Full, dynamic flow routing N N N/A N Yd 

equations 
Surcharge Ye N N/A N Yd 

Regulators, overflow structures, e.g., weirs, orifices, etc. N N N/A Y Y 
Special solids routine Y Y N N Y 
Storage analysis Y Y Yf Y Y 
Treatment analysis Y Y Yf Y Y 
Suitable for screening (S), design (D) S,D S,D S S S,D 
Available on microcomputer N Y Yg N Y 
Data and personnel requirementsh Medium High Medium Low High 
Overall model complexity i Medium High Medium Medium High 

a EPA procedure. 

b C = continuous simulation, SE = single event simulation. 

c Runoff coefficient used to obtain runoff volumes. 

d Full dynamic equations and surcharge calculations only in Extran Block of SWMM. 

e Surcharge simulated by storing excess inflow at upstream end of pipe. Pressure flow not simulated. 

f Storage and treatment analyzed analytically. 

g FHWA study, Driscoll et al. (1989). 

h General requirements for model installation, familiarization, data requirement, etc. To be interpreted only very


generally. 
i Reflection of general size and overall model capabilities. Note that complex models may still be used to 

simulate very simple systems with attendant minimal data requirements. 

From EPA. Modeling of Nonpoint Source Water Quality in Urban and Non-urban Areas. Office of Research and 
Development. U.S. Environmental Protection Agency. Washington, D.C. EPA 600/3-91/039. 1991. 

Table H.9 Listing of Commonly used Non-Urban Runoff Models 

Attribute AGNPS ANSWERS CREAMS HSPF PRZM SWRRB UTM-TOX 

Sponsoring agency USDA Purdue USDA EPA EPA USDA ORNL & EPA 
Simulation type C,SE SE C,SE C,SE C C C, SE 
Rainfall/runoff analysis Y Y Y Y Y Y Y 
Erosion modeling Y Y Y Y Y Y Y 
Pesticides Y N Y Y Y Y N 
Nutrients Y Y Y Y N Y N 
User-defined constituents N N N Y N N Y 
Soil processes 

Pesticides N N Y Y Y Y N 
Nutrients N N Y Y N Y N 

Multiple land type capability Y Y N Y N Y Y 
In-stream water quality simulation N N N Y N N Y 
Available on microcomputer Y Y Y Y Y Y N 
Data and personnel requirements M M/H H H M M H 
Overall model complexity M M H H M M/H H 

Y = yes, N = no, M = Moderate, H = High, C = Continuous, SE = Storm Event. 

From EPA. Modeling of Nonpoint Source Water Quality in Urban and Non-urban Areas. Office of Research and 
Development. U.S. Environmental Protection Agency. Washington, D.C. EPA 600/3-91/039. 1991. 
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domain and available through the EPA’s CEAM. Some included on the 1996 version of the Exposure 
Models Library and Integrated Model Evaluation System are listed below and in Figure H.6: 

Surface Water Models 

Selected for 1st and 2nd Level Reviews: Selected for 1st  Level Review Only: 

CEQUALRIV1 EXAMS: 

CEQUALW2 FATE: fate of organics 

CTAP: chemical transport & analysis program GCSOLAR 

DYNTOX: dynamic toxicity model HEC-5Q & 6 

EUTRO4 MICHRIV: transport in water & sediments 

GEMS-EXAMS: geographical exposure 
modeling systems - EXAMs 

PCPROUTE-PC: pollutant routing model 

HSPF: hydrologic simulation program - fortran PLUMES: 

QUAL2E: enhanced stream water quality 
model 

RESTMP: water temperature model 

REACHSCAN RIVMOD: sediment transport 

SERATRA: in-stream sediment-contaminant 
transport 

SEDDEP: settling of wastewater particulates 

TOX 14 SMPTOX: stream toxic model 

WQRRS: water quality (ecological cycling) in 
rivers and reservoirs 

TERMS: thermal simulation of lakes 

WASP5: water quality assessment program TWQM: downstream transformation of 
problem constituents 

Figure H.6 Surface water models included on the CEAM CD-ROM. 

• SWAT (contains the GLEANS pesticide fate model as a component) 
• PREWET (predicts fates of pollutants in wetlands) 
• GWLF (a simple transport model) 
• CREAMS (transport of soluble and sediment-attached chemicals) 
• WASP5 (especially the TOXI5 and EUTRO5 components) 
• MINTEQA2 (chemical equilibrium model) 
• TWQM (in-stream effects of reduced species that may be discharged from dams) 
• SMPTOX (toxicant interactions with stream bed sediments) 
• WATEQF (chemical equilibrium model) 
• VLEACH (chemical fate model) 

Geographical Information Systems (GIS) 

As indicated above, the use of GIS has become very important when modeling large areas. The 
main advantages of GIS include an ability to effectively display large amounts of information 
(relatively easy to incorporate with model output), and in some cases, to organize and automate 
the data input requirements for the models (requiring a much greater level of integration with a 
model). It has been especially important when working with nontechnical community groups and 
when summarizing modeling options. The visual presentation of the massive amounts of output 
results, or results from monitoring programs, is much more effective for communicating with diverse 
groups of people. 
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PUBLIC LAND RECORDS USED IN DIGITAL DATABASE 

Data Item Custodian Document 

Parcel Dane Co. Land Records & Regulation Section parcel maps 
Soils U.S.D.A. Soil Conservation Service Dane County Soil Survey 
Slope U.S.D.A. Soil Conservation Service Dane County Soil Survey 
Slope U.S. Geological Survey Quadrangle maps 
Wetlands Wis. Dept. of Natural Resources Wetlands inventory 
Hydrology U.S. Geological Survey Quadrangle maps 
Farm Tracts & Fields Dane County, A.S.C.S. NHAP aerial photo prints 
Woodlots Dane County, A.S.C.S. NHAP aerial photo prints 
Existing Land Uses Dane County, A.S.C.S. NHAP aerial photo prints 
Planned Land Uses Dane Co. Regional Planning Comm. Town of Burke Land Use Maps 
Planned Land Uses Dane Co. Regional Planning Comm. Hwy 151 Corridor Study 
Planned Land Uses City of Madison, Dept. of Planning Burke Heights Dev’t Plan 
Land Use Zoning Dane Co. Land Records & Regulation Section zoning maps 
Land Use Zoning City of Sun Prairie, Dept. of Planning City of Sun Pr. zoning maps 
Land Use Zoning City of Madison, Dept. of Planning City of Madison zoning maps 
Floodplain Federal Emergency Mgmt. Agency Flood boundary map 
Existing Parks Dane Co. Land Records & Regulation Section parcel maps 
Planned Parks Dane County Parks Division Cherokee Marsh Owner. Map 
Existing Sewers Madison Metro Sewerage District Sewer. Dist. Interseptor Map 
Existing Sewers City of Sun Prairie, Dept. of Engineer. City interseptor map 
Planned Sewers Madison Metro Sewerage District Collection System Design Rep. 
Urban Service Areas Dane Co. Land Records & Regulation Town of Burke Land Use Plan 
Traffic Counts Wis. Department of Transportation 1987 Highway Traffic maps 
Roads/Hwys U.S. Geological Survey Quadrangle maps 
Farm Tenure Dane County, A.S.C.S. Farm operator file 
Farm Tenure Dane Co. Land Records & Regulation Section Parcel maps 
Historic Buildings Wisconsin Historic Society Coded quadrangle maps 
Archeologic Sites Wisconsin Historic Society Coded quadrangle maps 
Watershed Boundary Dane Co. Regional Planning Comm. Watershed boundary map 
Watershed Boundary U.S. Geological Survey Quadrangle maps 

Figure H.7 0Availability of data used in early GIS and stormwater modeling studies conducted in Dane County, 
WI. (From Pickett, S.R., O.G. Thum, and B.J. Hiemann. Using a land information system to integrate 
nonpoint source pollution modeling and land use development planning. Land Information and 
Computer Graphics Facility, The University of Wisconsin, Madison. 1989.) 

GIS has been used for many years, but has recently become much more accessible with 
improvements in software and significant cost reductions in suitable computer equipment. Various 
communities in the State of Wisconsin, for example, have used GIS systems integrated with the 
Source Loading and Management Model (SLAMM) to graphically illustrate development and 
control options associated with urbanization (Haubner and Joeres 1996; Kim et al. 1993; Kim and 
Ventura 1993; Ventura and Kim 1993). Figure H.7 (Pickett et al. 1989) shows the availability of 
data used in some of the early studies conducted in Dane County, WI, while Figure H.8 (Kim and 
Ventura 1993) shows how the information is integrated with SLAMM to identify critical source 
areas. Figure H.9 (Pickett et al. 1989) is an example map showing expected changes in suspended 
solids discharges resulting from development options. SLAMM is currently available from 
www.winslamm.com. 

As noted above, the current development and use of the BASINS model, especially for 
TMDL evaluations, relies heavily of a GIS framework (Lahlou et al. 1998). Tables H.10 through 
H.13, from the BASINS User’s Manual (Lahlou et al. 1998) describe the information contained 
on the CD-ROMS specific for each EPA region. This wealth of information is available to initial 
analyses for a specific area, but users are encouraged to incorporate high-resolution information 
and locally derived data sets for more accurate use. The cartographic data (Table H.10) includes 
hydrologic boundaries and major roadways, plus census areas and various political boundaries. 
The environmental data (Table H.11) are to support watershed characterization and environ-
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"Collection unit" 
coverage 

pollutant 
loadings 

SLAMM 
Modeling 

rain events 
soil conditions 

Locate Critical Sewershed 

Establish Control Practice 

Figure H.80 Integration of information and modeling to identify critical source areas. (From Kim, K. and S. 
Ventura. Large-scale modeling of urban nonpoint source pollution using a geographical information 
system. Photogrammetric Eng. Remote Sensing, 59(10): 1539–1544. October 1993.) 

mental analyses, and include data on soils, topography, land uses, and stream hydrography. This 
is the most important set of information for modeling local conditions. The environmental 
monitoring data (Table H.12) include statistical summaries of monitoring results, rainfall 
records, and limited biological conditions. The point source data (Table H.13) provide infor
mation on pollutant loadings from permitted facilities, plus locations of hazardous waste sites. 
The BASINS assessment tools allow users to make evaluations of water quality, while the 
available data management utilities delineate watershed boundaries, and can be used to modify 
the data, or to import new data into the system. The nonpoint source and stream models integrate 
these data to provide initial evaluations of watershed water quality conditions. BASINS can 
therefore be a very useful tool to focus specific monitoring efforts to investigate likely water 
quality problems and use impairments. 
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Burke Township, Dane County, Wisconsin 
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Sediment Loadings 
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0 .5 1 1.5 

Figure H.90 Example of mapped results showing changes in suspended solids with different development 
options. (From Pickett, S.R., O.G. Thum, and B.J. Hiemann. Using a land information system to 
integrate nonpoint source pollution modeling and land use development planning. Land Information 
and Computer Graphics Facility, The University of Wisconsin, Madison. 1989.) 

Table H.10 BASINS Base Cartographic Data 

BASINS Data Product Source Description 

Hydrologic unit boundaries U.S. Geological Survey Nationally consistent delineations of the 
hydrographic boundaries associated with 
major U.S. river basins 

Major roads Federal Highway Administration Interstate and state highway network 
Populated place locations USGS Location and names of populated locations 
Urbanized areas Bureau of the Census Delineations of major urbanized areas used 

in 1990 Census 
State and county boundaries USGS Administrative boundaries 
EPA regions USGS Administrative boundaries 

From Lahlou, M., L. Shoemaker, S. Choudhury, R. Elmer, A. Hu, H. Manguerra, and A. Parker. BASINS, Better 
Assessment Science Integrating Point and Nonpoint Sources. Version 2.0. EPA-823-B-98-006. Exposure Assess
ment Branch, U.S. Environmental Protection Agency. Washington, D.C. November 1998. 

SUMMARY 

The amount of data required to use these models can be very large. Tables H.14 and H.15 
list some of these data needs for watershed-scale models (EPA 1991). Much of the information 
can be obtained from locally available sources and data summaries, but much will have to be 
extracted from detailed maps or the basic data to obtain the information in the necessary formats, 
accuracies, or time scales. In addition, the models need to be calibrated for site-specific 
conditions (especially pollutant characteristics and rainfall runoff relationships) and verified 
(comparing monitored outfall quality and quantity with modeled values). Receiving water 
models also require much local information for efficient use. Besides the watershed-scale 
information listed in these tables, specific stream processes (such as described in the Rates, 
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Table H.11 BASINS Environmental Background Data 

BASINS Data Product Source Description 

Ecoregions U.S. Environmental Ecoregions and associated delineations 
Protection Agency (USEPA) 

National Water Quality Assessment USGS Delineations of study areas 
(NAWQA) study unit boundaries 

1996 Clean Water needs survey USEPA Results of the wastewater control needs 
assessment by state 

State soil and geographic U.S. Department of Soils information including soil 
(STATSGO) database Agriculture, Natural component data and soils 

Resources Conservation 
Service (USDA-NRCS) 

Managed area database University of California, Data layer including federal and Indian 
Santa Barbara lands 

Reach file version 1 (RF1) USEPA Provides stream network for major rivers 
and supports development of stream 
routing for modeling purposes (1:500k) 

Reach file version 3 (RF3) alpha USEPA Alpha version of Reach File 3; provides 
detailed stream network and supports 
development of stream routing for 
modeling purposes (1:100K) 

Digital elevation model (DEM) USGS Topographic relief mapping; supports 
watershed delineations and modeling 

Land use and land cover USGS Boundaries associated with land use 
classifications including Anderson Level 
1 and Level 2 

From Lahlou, M. et al., BASINS, Better Assessment Science Integrating Point and Nonpoint Sources. Version 
2.0. EPA-823-B-98-006. Exposure Assessment Branch, U.S. Environmental Protection Agency. Washington, D.C. 
November 1998. 

Table H.12 BASINS Environmental Monitoring Data 

BASINS Data Product Source Description 

Water quality monitoring 
stations and data summaries 

Bacteria monitoring stations 
and data summaries 

Water quality stations and 
observation data 

National sediment inventory 
(NSI) stations and database 

Listing of fish and wildlife 
advisories 

Gauge sites 

Weather station sites 

Drinking water supply (DWS) 
sites 

Watershed data stations and 
database 

Classified shellfish areas 

USEPA Statistical summaries of water quality monitoring for 
physical and chemical-related parameters; parameter
specific statistics computed by station for 5-year intervals 
from 1970 to 1994 and 3-year interval from 1995 to 1997 

USEPA Statistical summaries of bacteria monitoring; parameter
specific statistics computed by station for 5-year intervals 
form 1970 to 1994 and 3-year interval from 1995 to 1997 

USEPA Observation-level water quality monitoring data for 
selected locations and parameters 

USEPA Sediment chemistry, tissue residue, and benthic 
abundance monitoring data for fishing, including type of 
impairment 

USEPA State reporting of locations with advisories for fishing, 
including 7Q10 low and monthly mean stream flow 

USGS Inventory of surface water gaging station data including 
7Q10 low and monthly mean stream 

National Oceanic Location of selected first-order NOAA weather stations 
and Atmospheric 
Administration 
(NOAA) 

USEPA Location of public water supplies, their intakes, and 
sources of surface water supply 

NOAA Location of selected meteorologic stations and associated 
monitoring information used to support modeling 

NOAA Location and extent of shellfish closure areas 

From Lahlou, M. et al., BASINS, Better Assessment Science Integrating Point and Nonpoint Sources. Version 
2.0. EPA-823-B-98-006. Exposure Assessment Branch, U.S. Environmental Protection Agency. Washington, D.C. 
November 1998. 
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Table H.13 BASINS Point Source/Loading Data 

BASINS Data Product Source Description 

Permit compliance system (PCS) USEPA NPDES permit-holding facility information; 
sites and computed annual contains parameter-specific loadings to surface 
loadings waters computed using the EPA Effluent 

Decision Support System (EDSS) for 1991–1996 
Industrial facilities discharge (IFD) USPEA Facility information on industrial point source 

discharges to surface waters 
Toxic release inventory (TRI) sites USEPA Facility information for 1987–1995 TRI public data; 
and pollutant releases data contains Y/N flags for each facility indicating 

media-specific reported releases 
Superfund national priority list site USEPA Location of Superfund National Priority List sites 

from CERCLIS (Comprehensive Environmental 
Response, Compensation and Liability 
Information System) 

Resource conservation and USEPA Location of transfer, storage, and disposal 
recovery information system facilities for solid and hazardous waste 
(RCRIS) sites 

Minerals availability U.S. Bureau of Mines Location and characteristics of mining sites 
systems/mineral industry location 
system (MAS/MILS) 

From Lahlou, M. et al., BASINS, Better Assessment Science Integrating Point and Nonpoint Sources. Version

2.0. EPA-823-B-98-006. Exposure Assessment Branch, U.S. Environmental Protection Agency. Washington, D.C.

November 1998.


Table H.14 Typical Input Data Needs for Nonpoint Source Models 

1. System parameters

a. Watershed size

b. Subdivision of the watershed into homogeneous subareas

c. Imperviousness of each subarea

d. Slopes

e. Fraction of impervious areas directly connected to a channel

f. Maximum surface storage (depression plus interception storage)

g. Soil characteristics including texture, permeability, erodibility, and composition

h. Crop and vegetation cover

i. Curb density or street gutter length

j. Sewer system or natural drainage characteristics

k. Land use


2. State variables

a. Ambient temperature

b. Reaction rate coefficients

c. Adsorption/desorption coefficients

d. Growth stage of crops

e. Daily accumulation rates of litter

f. Traffic density and speed

g. Potency factors for pollutants (pollutant strength on sediment)

h. Solar radiation (for some models)


3. Input variables

a. Precipitation

b. Atmospheric fallout

c. Evaporation rates


Adapted from EPA. Modeling of Nonpoint Source Water Quality in Urban and Non	
urban Areas. Office of Research and Development. U.S. Environmental Protection

Agency. Washington, D.C. EPA 600/3-91/039. 1991.
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Table H.15 Data Needs for Various Quality Prediction Methods 

Method Data Potential Sourcea 

Unit load Mass per time per unit tributary area Derive from constant concentration and 
runoff, literature values 

Constant Runoff prediction mechanism (simple to complex) Existing model; runoff coefficient or simple 
concentration method 

Constant concentration for each constituent NURP; local monitoring 
Spreadsheet Simple runoff prediction mechanism e.g., runoff coefficient, perhaps as function 

of land use 
Constant concentration or concentration range NURP; local monitoring 
Removal fractions for controls NURP; Schueler (1987); local and state 

publications 
Statistical Rainfall statistics NURP; Driscoll, et.al. (1989); Woodward 

Clyde (1989); EPA SYNOP model 
Area, imperviousness. Pollutant median and CV NURP; Driscoll (1986); Driscoll, et al. (1989); 

local monitoring 
Receiving water characteristics and statistics Local or generalized data 

Regression Storm rainfall, area, imperviousness, land use Local data 
Rating curve Measured flow rates/volumes and quality NURP; local data 

EMCs/loads 
Buildup Loading rates and rate constants Literature values 
Washoff Power relationship with runoff Literature values 

a Must be calibrated and verified using local monitoring. 

From EPA. Modeling of Nonpoint Source Water Quality in Urban and Non-urban Areas. Office of Research and 
Development. U.S. Environmental Protection Agency. Washington, D.C. EPA 600/3-91/039. 1991. 

Constants, and Kinetics Formulations in Surface Water Quality Modeling report prepared by 
Tetra Tech 1985) require calibration and verification. Tables H.14 through H.17 (EPA 1991) 
list some of the water quality variables modeled and the processes simulated by representative 
receiving water models. The techniques presented in this book, supplemented by the noted 
references, will enable the user to effectively collect the needed local data for model calibration 
and verification. Few models attempt to address in-stream biological process (beyond photo
synthesis/respiration for DO evaluations and bacteria die-off ). Biological beneficial uses are 
best compared to actual measurements and comparisons with reference streams. However, 
models are needed to predict likely future chemical and physical conditions that currently do 
not exist. The information in this book should enable reasonable evaluations of these predicted 
conditions for biological use impairments, at least by identifying potential areas of concern. 
The ability to model biological responses to chemical and physical changes (such as responses 
to habitat destruction and contaminated sediments that are likely the most serious issues in 
urban streams) is very uncertain. However, numerous site-specific investigations, especially in 
the Pacific Northwest and in Canada, are encouraging. 

It is therefore important to consider the appropriate uses of models, especially in receiving 
water investigations. Models are important and critical tools in that they enable us to design 
experiments and monitoring activities effectively, and to look into the future and examine alterna
tives. However, there can be substantial error in their predictions, due to incorrectly described 
processes, lack of data and the natural variability of conditions that simply cannot be adequately 
explained. This error, coupled with our lack of understanding of cause and effect relationships 
between the more easily predicted physical/chemical parameters and biological conditions, warrants 
continued caution. With local experience associated with a commitment to long-term investigations 
in local waters, our understanding will improve along with our ability to make reasonable conclu
sions using modeling results. 
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Table H.16 Non-Toxic Constituents Included in Stream Models 

CBOD 
or 

total Organic 
Model Name DO BOD NBOD SOD Temp. Total P Organic P PO4 Total N N 

WQAM X X X X X X X X

DOSAG1 X X X X X**

DOSAG3 X X X* X X** X

SNSIM X X X X X**


QUAL-II X X X* X X X

QUAL-IIe X X X* X X X

RECEIV-II X X X* X X** X X X X

WASP X X X* X X** X X X

AESPO X X X* X X** X X X

HSPF X X X* X X X

HAR03 X X X**


FEDBAK03 X X X**


MIT-DNM X X X**


EXPLORE-1 X X X* X X** X X X

WQRRS X X X* X X X


Model Name NH3 NO2 NO3 Carbon 

Algae 
or 

Chl-A Zooplankton pH Alkalinity TDS 
Coliform 
Bacteria 

WQAM X X

DOSAG1

DOSAG3 X X X X X X

SNSIM

QUAL-II X X X X X X

QUAL-IIe X X X X X X

RECEIV-II X X X X X X

WASP X X X X X X X X

AESPO X X X X X X X X X

HSPF X X X X X X X X X

HAR03

FEDBAK03

MIT-DNM

EXPLORE-1 X X X X X X

WQRRS X X X X X X X X X X


X* NBOD simulated as nitrification of ammonia. 

X** Temperature specified by model users. 

From EPA. Modeling of Nonpoint Source Water Quality in Urban and Non-urban Areas. Office of Research and 
Development. U.S. Environmental Protection Agency. Washington, D.C. EPA 600/3-91/039. 1991. 
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Table H.17 Conventional Pollutants Model Comparison as Used in Waste Load Allocations 

Water 
Quality Hydraulic Variable Physical 

Temporal Temporal Loading Types Spatial Water Quality Chemical/Biological Processes 
Model Variability Variability Rates of Loads Dimensions Water Body Parameters Modeled Processes Simulated Simulated 

DOSAG-1 Steady-state Steady-state No Multiple point sources 1-D Stream DO, CBOD, NBOD, 1st-order decay of Dilution, 
network conservative NOBD,CBOD, advection, 

coupled DO reaeration 
SNSIM Steady-state Steady-state No Multiple point sources 1-D Stream DO,CBOD, NBOD, 1ST-ORDER DECAY Dilution, 

and nonpoint network CONSERVATIVE OF NBOD, CBOD, advection, 
sources coupled DO, benthic reaeration 

demand(s), 
photosynthesis(s) 

QUAL-II Steady-state Steady-state No Multiple point sources 1-D Stream DO, CBOD temperature, 1st-order decay of Dilution, 
or dynamic and nonpoint network ammonia, nitrate, nitrite, NBOD, CBOD, advection, 

sources algae, phosphate, coupled DO, benthic reaeration, 
coliforms, nonconservative demand, CBOD heat balance 
substances, three setting, nutrient-algal 
conservative substances cycle 

RECEIV-II Dynamic Dynamic Yes Multiple point sources 1-D or 2-D Stream DO, CBOD, ammonia, 1st-order decay of Dilution, 
network or nitrate, nitrite, total CBOD, coupled DO, advection, 
well-mixed nitrogen, phosphate, benthic demand, reaeration 
estuary coliforms, algae, salinity, CBOD settlings, 

one metal ion nutrient-algal cycle 

(s) = specified. 

From EPA. Exposure Models Library and Integrated Model Evaluation System. EPA Office of Research and Development CD-ROM. EPA-600-C-92-002. Revised March 1996. 
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APPENDIX I 

Glossary 

Acclimation. (1) Steady-state compensatory adjustments by an organism to the alteration of environmental 
conditions. Adjustments can be behavioral, physiological, or biochemical. (2) Referring to the time period 
prior to the initiation of a toxicity test in which organisms are maintained in untreated, toxicant-free 
dilution water or soil with physical and chemical characteristics, e.g., temperature, pH, hardness, similar 
to those to be used during the toxicity test. 

Acute. Involving a stimulus severe enough to rapidly induce a response; in toxicity tests, a response observed 
in 96 hours or less typically is considered an acute one. An acute effect is not always measured in the 
terms of lethality; it can measure a variety of effects. Note that acute means short, not mortality. 

Acute-Chronic Ratio (ACR). The ratio of the acute toxicity (expressed as an LC50) of an effluent or a 
toxicant to its chronic toxicity (expressed as an NOEL). Used as a factor for estimating chronic toxicity 
on the basis of acute toxicity data. 

Additivity. The characteristic property of a mixture of toxicants that exhibits a cumulative toxic effect equal 
to the arithmetic sum of the effects of the individual toxicants. 

Anoxic. Without oxygen. 
Antagonism. The property of a mixture of toxicants that exhibits a less-than-additive cumulative toxic effect. 
Aquatic Community. An association of interacting populations of aquatic organisms in a given water body 

or habitat. 
Bioaccumulation. Uptake and retention of environmental substances by an organism from all sources. 
Bioavailability. The property of a toxicant that governs its effect on exposed organisms. A reduced bioavail

ability would have a reduced toxic effect. 
Bioconcentration. Uptake and retention of environmental substances by an organism from water. A biocon

centration factor (BCF) can be calculated as the quotient of the concentration of chemical in the tissue 
(or whole) of an aquatic organism divided by the concentration in the water in which the organism resides. 

Biological Assessment. An evaluation of the biological condition of a water body using biological surveys 
and other direct measurements of resident biota in surface waters. 

Biological Criteria (biocriteria). Numerical values of narrative expressions that describe the reference 
biological integrity of aquatic communities inhabiting waters of a given designated aquatic life use. 

Biological Integrity. The condition of the aquatic community inhabiting unimpaired water bodies of a specified 
habitat as measured by community structure and function. 

Biological Monitoring. The use of a biological entity as a detector and its response as a measure to determine 
environmental conditions. Toxicity tests and biological surveys are common biomonitoring methods. 

Biological Survey (biosurvey). Consists of collecting, processing, and analyzing representative portions of 
a resident aquatic community structure and function. 

Chronic. Involving a stimulus that lingers or continues for a relatively long period of time, often 1/10 the 
life span or more. Chronic should be considered a relative term depending on the life span of an organism. 
A chronic effect can be lethality, growth, reduced reproduction, etc. Chronic means long term. 

Community Component. Any portion of a biological community. The community component may pertain 
to the taxonomic group (fish, invertebrates, algae), the taxonomic category (phylum, order, family, genus, 
species), the feeding strategy (herbivore, omnivore, carnivore), or organizational level (individual, pop
ulation, community association) of a biological entity within the aquatic community. 
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Conservative Pollutant. A pollutant that is persistent and not subject to decay or transformation. 
Control. A treatment in a toxicity test that duplicates all the conditions of the exposure treatments but contains 

no test material. The control is used to determine the absence of toxicity of basic test conditions, e.g., 
health of test organisms, quality of dilution water. 

Criteria (water quality). An estimate of the concentration of a chemical or other constituent in water which 
if not exceeded, will protect an organism, an organismal community, or a prescribed water use or quality 
with an adequate degree of safety. 

Criteria Continuous Concentration (CCC). The U.S. EPA national water quality criteria recommendation 
for the highest in-stream concentration of a toxicant or an effluent to which organisms can be exposed 
indefinitely without causing unacceptable effect. 

Criteria Maximum Concentration (CMC). The U.S. EPA national water quality criteria recommendation 
for the highest in-stream concentration of a toxicant or an effluent to which organisms can be exposed 
for a brief period of time without causing mortality. 

Critical Life Stage. The period of time in an organism’s life span when it is the most susceptible to adverse 
effect caused by exposure to toxicants, usually during early development (egg, embryo, larvae). Chronic 
toxicity tests are often run on critical life stages to replace long-duration, life cycle tests since the toxic 
effect occurs during the critical life stage. 

Designated Uses. Those uses specified in water quality standards for each water body or segment whether or 
not they are being attained. 

Dilution of Water. Water used to dilute the test material in an aquatic toxicity test in order to prepare either 
different concentrations of a test chemical or different percentages of an aqueous sample for the various 
test treatments. The water (negative) control in a test is prepared with dilution water only. 

Disturbance. An event that causes a significant change from the “normal pattern” in an ecological system. 
Diversity. The number and abundance of species in a specified location. 
Ecological Assessment. An evaluation of the condition of a water body using water quality and physical 

habitat assessment methods. 
Ecotone. A zone of transition between adjacent ecological systems having a set of characteristics uniquely 

defined by space and time scales and by the strength of interaction between adjacent ecological systems. 
Effluent. A complex waste material, e.g., liquid industrial discharge or sewage, which is discharged into the 

environment. 
Elutriate (extract). A sample of water obtained by mixing a solid sample with a specified weight ratio of 

solvent, usually water, for a specified time and then separating from the solid phase by setting, centri
fugation, and/or filtration. 

Impact. A change in the chemical, physical, or biological quality or condition of a water body caused by 
external sources. 

Impairment. A detrimental effect on the biological integrity of a water body caused by an impact that prevents 
attainment of the designated use. 

Macroinvertebrates. Large invertebrate organisms, sometimes arbitrarily defined as those retained by sieves 
with 0.425- to 1.0-mm mesh screens. 

Median Lethal Concentration (LC50). The concentration of material to which test organisms are exposed 
that is estimated to be lethal to 50% of the test organisms. The LC50 is usually expressed as a time
dependent value, e.g., 24-hour or 96-hour LC50; the concentration estimated to be lethal to 50% of the 
test organisms after 24 or 96 hours of exposure. the LC50 may be derived by observation (50% of the 
test organisms may be observed to be dead in one test material concentration), by interpolation (mortality 
of more than 50% of the test organisms occurred at one test concentration and mortality of fewer than 
50% of the test organisms died at a lower test concentration; the LC50 is estimated by interpolation 
between these two data points), or by calculation (the LC50 is statistically derived by analysis of mortality 
data from all test concentrations). 

No Observed Effect Level (NOEL). The highest measured continuous concentration of an effluent or a 
toxicant which causes no observed effect on a test organism. 

Patches (adjacent to ecotones in fluvial systems). Spatial units (e.g., biological communities and ecosystems) 
determined by patch characteristics and their interactions over various scales. Topography, substrate 
conditions, organisms, and disturbance influence patch composition, size, location, and shape. 
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Persistence. That property of a toxicant or an effluent which is a measurement of the duration of its effect. 
A persistent toxicant or toxicity maintains effects after mixing, degrading slowly. A nonpersistent toxicant 
or toxicity may have a quickly reduced effect after mixing, as degradation processes such as volatilization, 
photolysis, etc. transform the chemical. 

Population. An aggregate of interbreeding individuals of a biological species within a specified location. 
Quality Assurance (QA). A program organized and designed to provide accurate and precise results. Included 

are selection of proper technical methods, tests, or laboratory procedures; sample collection and preser
vation; selection of limits; evaluation of data; quality control; and qualifications and training of personnel. 

Quality Control (QC). specific actions required to provide information for the quality assurance program. 
Included are standardizations, calibrations, replicates, and control and check samples suitable for statis
tical estimates of the confidence of the data. 

Reference Controls. Tests using natural water or sediment samples collected from unimpacted areas of the 
site environs. 

Regions of Ecological Similarity. Describe a relatively homogeneous area by similarity of climate, landform, 
soil, potential natural vegetation, hydrology, or other ecologically relevant variable. Regions of ecological 
similarity help define the potential for designated use classifications of specific water bodies. 

7Q10. The discharge at the 10-year recurrence interval taken from a frequency curve of annual values of the 
lowest mean discharge for 7 consecutive days. 

Static. Describing toxicity tests in which test materials are not renewed. 
Sublethal. Involving a stimulus below the level that causes death. 
Synergism. The characteristic property of a mixture of toxicants which exhibits a greater than additive 

cumulative toxic effect. 
Total Maximum Daily Load (TMDL). The total allowable pollutant load to a receiving water such that any 

additional loading will produce a violation of water quality standards. 
Toxic Acute Chronic (TCc). The reciprocal of the effluent dilution that causes no unacceptable effect on the 

test organisms by the end of the acute exposure period. 
Toxic Endpoints. Measurements of an acute or chronic toxicity for toxic substances, including exposure 

duration, concentration, and observed effects. 
Toxic Unit Acute (TUa). The reciprocal of the effluent dilution that causes 50% of the test organisms to die 

by the end of the acute exposure period. 
Toxicant. An agent or material capable of producing an adverse response (effect) in a biological system, 

adversely impacting structure or function or producing death. 
Toxicity. The inherent potential or capacity of a material to cause adverse effects in a living organism. 
Uncertainty Factors. Factors used in the adjustment of toxicity data to account for unknown variations. 

Where toxicity is measured on only one test species, other species may exhibit more sensitivity to that 
effluent. An uncertainty factor would adjust measured toxicity upward and downward to cover the 
sensitivity range of other, potentially more or less sensitive species. 

Water Quality Assessment. An evaluation of the condition of a water body using biological surveys, chemical
specific analyses of pollutants in water bodies, and toxicity tests. 

RB-AR29104



RB-AR29105



APPENDIX J 
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GENERAL FIELD AND LABORATORY EQUIPMENT 

The following vendors and manufacturers supply a large variety of equipment and supplies 
typically needed for field environmental investigations: 

• 	Cole-Parmer, 625 East Bunker Court, Vernon Hills, IL 60061-1844, USA. Phone: 800-323-4340, 
Fax: 847-247-2929. Internet: coleparmer.com 

Cole-Parmer is also a comprehensive laboratory supply distributor and carries many field and 
laboratory items including injection pumps and pump samplers, dredge samplers, and field test kits. 

• 	Cabela’s, One Cabela Drive, Sidney, NE 69160. Phone: 800-237-4444, Fax: 800-496-6329. 
Internet: www.cabelas.com 

Cabela’s is a comprehensive hunting, fishing, and outdoor gear supplier. It carries low-cost GPS 
units, other navigation aids, waders, and other general outdoor equipment that is necessary when 
carrying out a receiving water investigation. 

• Fisher Scientific, PO Box 4829, Norcross, GA 30091. Phone: 800-766-7000. 

Fisher is a complete scientific equipment and supply distributor and handles a wide variety of 
laboratory equipment. It also has sample bottles and selected field test kits. 

• Forestry Suppliers, 205 W. Rankin Street, Jackson, MS 39201. Phone: 800-647-5368. 
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Forestry Suppliers carries a selection of field supplies and equipment, including GPS receivers 
and differential correction units, manual water samplers, pump samplers, depth-integrated samplers, 
dredge samplers, core samplers, and field test kits. 

• 	Halltech Environmental, Inc., #4-503 Imperial Road N., Guelph, Ontario, CANADA N1H 6T9. 
Phone: 519-766-4568, Fax: 519-766-0729. E-mail: sales@htex.com; Internet: www.htex.com. 

Halltech sells many unique sampling supplies, including depth-integrated samplers and bedload 
samplers, GIS receivers and satellite telephones, limnology sampling equipment, many types of 
manual water samplers, cartography and survey equipment, and soil sampling equipment. 

• Markson Scientific, Phone: 800-858-2243. 

Markson carries a good variety of field equipment, especially its sample splitter and dipper 
sampler. 

• 	Spectrum Technologies, Inc., 23839 W. Andrew Rd., Plainfield, IL 60544. Phone: 800-248-8873, 
Fax: 815-436-4460. E-mail: specmeters@aol.com. 

Spectrum carries mostly agricultural sampling tools and soil analysis equipment. it carries the 
excellent line of Horiba dry sensors and the Sentron pH meter, along with inexpensive recording 
rain gauges, complete recording weather stations, continuous water temperature recorders, and soil 
moisture and compaction meters, for example. 

• 	 Yellow Springs Instruments (YSI), 1700/1725 Brannum Lane, Yellow Springs, OH 45387. Phone: 
800-765-4974 or 937-767-7241; Fax: 937-767-1058, E-mail: info@ysi.com; Internet: ysi.com/ysi/ 
envweb.nsf. 

YSI is a long-time supplier of rugged field meters, especially for DO and conductivity. Its line 
of water quality sondes is also very comprehensive and the sondes are capable of long-term 
deployment and continuous data logging. 

• 	Ben Meadows Company, 3589 Broad St., Atlanta, GA 30341. Phone: 800-241-6401. E-mail: 
mail@benmeadows.com; Internet: Web: benmeadows.com. 

Ben Meadows is a supplier of field research equipment including such items as portable 
instrumentation and waders. 

AUTOMATIC SAMPLERS 

The following are selected distributors of automatic water sampling equipment: 

• American Sigma (800-635-4567) automatic water samplers 
• ISCO (800-228-4373) automatic water samplers 
• Campbell Scientific of Logan, UT (801-753-2342) telemetry 
• Hazco (800-332-0435) also sells (and rents) pump samplers and many other items 
• Vortox Company (909-621-3843) source area samplers 
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BASIC FIELD TEST KITS 

The following are vendors of field test kits and numerous other field equipment and laboratory 
supplies: 

• CHEMetrics, Inc., Route 28, Calverton, VA 20138. Phone: 800-356-3072 
• EM Science, 480 S Democrat Road, Gibbstown, NJ 08027. Phone: 800-222-0342 
• HACH Company, PO Box 389, Loveland, CO 80539. Phone: 800-227-4224 
• La Motte Company, PO Box 329, Chesterfield, MD 21620. Phone: 800-344-3100 
• 	Sentron Integrated Sensor Technology, 33320 1st Way S, Federal Way, WA 98003. Phone: 

206-838-7933 

SPECIALIZED FIELD TEST KITS 

The following vendors supply more specialized field test kits: 

• 	Dexsil (PetroFlag for soil hydrocarbon screening), 1 Hamden Park Drive, Hamden, CT. Phone: 
800-4-DEXSIL 

• DTECH Environmental Detection Systems (immunoassay test kits), 480 Democrat Road, 
Gibbstown, NJ 08027. Phone: 800-222-0342 

•	 Strategic Diagnostics, Inc. (SDI) (Water quality testing RaPID Assays test kits), 111 Pencader Dr., 
Newark, DE 19702-3322. Phone: 800-544-8881; Fax: 302-456-6782, E-mail: techservice@sdix.com; 
Internet: sdix.com 

• 	Environmental Technologies Group (Metalyzer), 1400 Taylor Avenue, Baltimore, MD 21284. 
Phone: 800-635-4598 

• 	 FCI Environmental Inc. (PetroSense), 1181 Grier Drive, Building B, Las Vegas, NV 89119. Phone: 
800-510-3627 

• IDEXX (bacteria analysis equipment) 1 IDEXX Drive, Westbrook, MN 04092. Phone: 800-248-2483 
• 	 Industrial Municipal Equipment (KoolKount Bacteria Assayer), PO Box 335, Bohemia, NY 11716. 

Phone: 800-858-4857 
• 	Palintest USA (Palintest metal analyzer) (now distributed by AZUR Environmental), 21 Kenton 

Lands Road, PO Box 18733, Erlanger, KY 41018. Phone: 800-835-9629 
• Tuner Designs (Fluorometers), 845 W. Maude Avenue, Sunnyvale, CA 94086. Phone: 408-749-0994 
• 	Wilks Enterprise, Inc. (Infracal Oil in Water Analyzer), 140 Water Street, Norwalk, CT 06856. 

Phone: 203-855-9136 

PARTS AND SUPPLIES FOR CUSTOM EQUIPMENT 

The following sell interesting and hard-to-obtain supplies needed for custom construction of 
samplers and test units: 

•	 Small Parts (stainless steel and nylon screens of many apertures, polypropylene mesh, etc.), 
13980 NW 58th Court, PO Box 4650, Miami Lakes, FL 33014-0650. Phone: 800-220-4242, Fax: 
800-423-9009, E-mail: smlparts@smallparts.com, Internet: smallparts.com 

• 	 Aquatic Ecosystems, Inc. (culture supplies, e.g., tanks, heaters, food, flowmeters, Lifeguard filters, 
activated carbon, tanks, pumps, fittings, and pipes made of many materials and sizes), 1767 Benbow 
Court, Apopka, FL 32703. Phone: 877-347-4788, Fax: 407-886-6787, Internet: aquaticeco.com 

• 	 Consolidated Plastics Company, Inc. (in situ chamber supplies [e.g., mailing tubing and end caps]), 
8181 Darrow Road, Twinsburg, OH 44087. Phone: 800-362-1000, Fax: 330-425-3333, Internet: 
consolidatedplastics.com 
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TOXICITY TEST ORGANISMS 

The vendors listed below supply toxicity test organisms and culture supplies: 

• 	Aquatic Bio Systems, Inc. (ABS) (Toxicity test organisms), 1300 Blue Spruce Drive, Suite C, Fort 
Collins, CO 80524. Phone: 800-331-5916 or 970-484-5091, Fax: 970-484-2514, E-mail: absinfo@ 
riverside.com 

•	 Aquatic Research Organisms (ARO), PO Box 1271, Hampton, NH 03842-1271. Phone: 800-927-1650, 
Fax: 603-926-5278, E-mail: arofish@aol.com, Internet: holidayjunction.com/aro/ 

•	 Aquaculture Supply (culture foods and equipment, airstones, Spirulina, etc.), 33418 Old Saint Joe Road, 
Dade City, FL 33525. Phone: 352-567-8540, Fax: 352-567-3742, E-mail: ASUSA@Aquaculture-Sup
ply.com, Internet: aquaculture-supply.com 

• 	Argent Chemical Laboratories (Nitex mesh for in situ chambers, brine shrimp cysts), 8702 152nd 
Ave. NE, Redmond, WA 98052. Phone: 800-426-6258 or 206-885-3777, Fax: 206-885-2112, 
E-mail: email@argent-labs.com, Internet: argent-labs.com 

• 	Azur Environmental (Microtox equipment and supplies), 2232 Rutherford Road, Carlsbad, CA 
92008-8883. Phone: 760-438-8282, Fax: 760-438-2980, E-mail: maketing@azurenv.com, Internet: 
azurenv.com 

•	 Pet Warehouse (culture foods and equipment: food, activated carbon, brine shrimp cysts, air 
pumps, air tubing, etc.) Dept. C93F, PO Box 752138, Dayton, OH 45475. Phone: 800-433-1160 
or 937-428-6500, Fax: 800-513-1913 or 937-428-6505, E-mail: service@petwhse.com, Internet: 
petwhse.com 

•	 Xpedx (Saalfeld Paper) (small, plastic cladocean toxicity testing cups), 4510 Reading Road, Cincinnati, 
OH 45229. Phone: 800-669-7101 or 513-641-5000, Fax: 800-880-5312 or 513-641-5003, Internet: 
xpedx.com 

LABORATORY CHEMICAL SUPPLIES (AND OTHER EQUIPMENT) 

The following vendors supply general laboratory supplies and equipment, plus many field 
supplies, such as test kits, meters, and sample bottles: 

•	 Fisher Scientific (chemicals, reagents, and laboratory equipment and supplies [e.g., plastic centrifuge 
tubes]), 2000 Park Lane Dr., Pittsburgh, PA 15275-9952. Phone: 800-766-7000 or 412-490-8300, 
Fax: 800-926-1166, E-mail: fishersupport@plpit.fishersci.com, Internet: fishersci.com 

• 	 Millipore (Milli-Q system supplies and field bacteriological sampling equipment), 80 Ashby Road, 
Bedford, MA 01730. Phone: 800-645-5476, Fax: 617-275-5550, E-mail: order@millipore.com, 
Internet: millipore.com 

•	 Supelco (glass, amber vials, standard solutions), PO Box B Bellfonte, PA 16823. Phone: 800-247-6628 
or 814-359-3441, Fax: 814-359-5459, E-mail: supelco@sial.com, Internet: sigma-aldrich.com 

• 	Sigma Chemicals (chemicals, dialysis tubing for air lines), PO Box 14508, St. Louis, MO 63178. 
Phone: 800-325-3010 or 314-771-5765, Fax: 800-325-5052, E-mail: sigma@sial.com. Internet: 
sigma-aldrich.com 

• 	 VWR (glass, amber vials and general equipment and supplies), 1310 Goshen Parkway, West Chester, 
PA 19380. Orders: 1-800-932-5000. Phone: 800-932-5000 or 610-431-1700, Fax: 610-429-9340, 
E-mail: solutions@vwrsp.com, Internet: vwrsp.com 
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AAS, see Atomic absorption spectrometry 

Acanthes lanceolata, 138 

Acenaphthylene, 60, 448 

Acetaldehyde, 740 

Acetanilides, 436 

Acetic acid, 740 

Acetone, 261, 740 

Acid 


extractable organics, 249 

handling, 271 

mine drainage, 74 

precipitation, 74 

storage cabinets, 738 

volatile sulfides (AVS), 108, 117, 198, 254, 


275, 325 

Acoustic flowmeters, 358 

Acoustic velocity meters, 377 

Acrylic acid, 744 

Acrylonitrile, 740 

Acylating agents, 746 

Adenosine triphosphate (ATP), 418 

Aerococcus viridans, 487 

Aeromonas 


hydriphila, 818 

spp., 819 


Agriculture, 4, 5, 47 

AHs, see Aliphatic hydrocarbons 

AIDS patients, 625 

Air pollution 


monitoring equipment, 312 

sources, 475 


Air transportation, 187 

Alabama hog sucker, 706 

Alachlor, 60 

Alder, 667 

Alderflies, 52 

Aldicarb, 436 

Aldrin, 448 

Alewife, 414, 702 


Index 

Algae 

attached, 128, 133 

blooms, 114, 211 

communities, nutrient availability and, 406 

filamentous, 129, 133, 677 

freshwater, 519 

green, 518, 520 

growth,(s) 


effect of outfall on, 205 

excessive, 27 


mats, 27 

planktonic, 493 

survival, 151 


Algicides, 5, 6 

Aliphatic hydrocarbons (AHs), 78, 480 

Alkalinity, 424, 445, 773 

Alkylating agents, 745 

Allergens, working with, 743 

Alligator gar, 702 

Allowable error, 232 

Alosa pseudoharengus, 414 

Ambient toxicity testing, 665 

Ambloplites 


cavifrons, 707 

constellatus, 707 

rupestris, 414, 707 


Amebiasis, 621 

American eel, 704 

Ammocrypta sp., 707 

Ammonia, 806 


criteria, 813 

nitrogen, 146, 158, 397 

/potassium ratios, 474 


Ammonification, 326 

Ammonium hydroxide, 740 

Ampelisca abdita, 527 

Amphipods, 135, 151, 165, 520, 529 

Aniline, 740 

Animal husbandry, 185 

Anion–cation balance, 252 

Anionic surfactants, 471, see also Detergents 

Anisoptera, 688 
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Annelida, 688 

Anodic stripping voltammetric (ASV), 459, 778 

ANOVA test, 580, 599 

Anthracene, 61, 448, 480, 801 

Antibody, Giardia-specific, 489 

Anticake compound, 7 

Ants, bioturbation by, 394 

Apartment complex, stormwater pond adding value 


to, 25 

Aphanizomenon flos aquae f. gracile, 175 

Aplodinotus grunniens, 415 

Applied statistics, 576 

Aquarium air stone, suction using, 329 

Aquatic assessments, most commonly used 


biological groups in, 116 

Aquatic biota, flow requirements for, 350 

Aquatic ecosystem assessment parameters, 108 

Aquatic insects, food types of, 495 

Aquatic life 


effects of copper on, 824 

habitat, maintaining quality, 618 

use impairments, receiving water investigation 


assessing, 445–446 
Aquatic macroinvertebrates, effects of suspended 

solids on, 73 

Aquatic microfauna, 73 

Aquatic organism food availability, 143, 149 

Aquatic toxicity testing, 712 

Aqueous phase testing, useful species and life stages 


for, 520 

Arachnoidea, 688 

Arbacua punctulata, 523 

Arctic char, 706 

Arctic cisco, 705 

Arctic grayling, 706 

Arizona trout, 705 

Aromatic samplers, 224 

Arsenic, 132 

Arthropoda, 688 

Artificial drainage systems, 351 

Artificial sediments, 534 

Artificial substrate 


analysis of, 683 

macroinvertebrate colonization tests, 121 


Artificial tracer, 362, 364 

Asphalt degradation, 457 

Assessment problem formulation, 101–221 


assessment tools, 107 

beginning of assessment, 108–119 


data quality objectives and quality assurance 

issues, 118–119 


formulation of conceptual framework, 113 

historical site data, 112–113 

initial site assessment and problem 


identification, 110–112 

selection of optimal assessment parameters, 

113–118 


specific study objectives and goals, 110 

case studies of previous receiving water 


evaluations, 123–213 

current, ongoing, stormwater projects, 


181–205 
longitudinal experimental design, 124–139 
long-term trend experimental design, 169–181 
outlines of hypothetical case studies, 205–213 
parallel creeks experimental design, 139–168 

example outline of comprehensive runoff effect 
study, 119–123 


confirmatory assessment, 122 

data evaluation, 122 

decision on problem formulation, 119–120 

project conclusions, 123 

project design, 120–121 

project implementation, 121–122 

question, 119 


rationale for integrated approach to assessing 
receiving water problems, 102–103 

study design, 107–108 
typical recommended study plans, 213–218 

components of typical receiving water 

investigations, 213 


example receiving water investigations, 

213–218 


watershed indicators of biological receiving water 

problems, 103–107 


Assessment score sheet, preliminary, 672 

Asterionella, 175 

ASTM standards on toxicity testing, 712 

ASV, see Anodic stripping voltammetric 

Atlantic salmon, 414, 706 

Atmospheric contributions, sampling of, 310 


cold-vapor, 777 

electrothermal, 777 

graphite furnace, 778 


Atomic absorption spectrometry (AAS), 774 

ATP, see Adenosine triphosphate 

Atrazine, 6, 60, 436 

Automatic sampler(s), 259 


flow-weighted, 288 

line flushing, 282 

refrigerated, 280 


Automatic sampling, advantages of manual sampling 
compared to, 260 


Automatic source area samplers, 299 

Automobile 


dealers, 187 

emissions, particulate lead from, 312 

exhaust, 457 

repair, 187 

service areas, 5 
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Autosampler, XYZ, 449 

AVS, see Acid volatile sulfides 

Awaous stamineus, 707 

Aziridines, 745 


B 

Bacteria, 63, 188, 491 

analysis, 433 

biotypes, isolations of, 86 

coliform, 83, 277 

criteria, water-contact recreation, 820 

die-off, 84, 205 

fecal coliform, as indicators of inappropriate 


discharges of sanitary, 464 

Gram-negative, 90 

older, 84 

populations, interstitial water, 203 

presence of in stormwater runoff, 465 

protozoan cropping of, 494 

reagent, 731 

reproduction, 73 

respiration, 523 

sampling, 281 

sources 


dry-weather, 466 

urban, 82 


tests, 433 

wet-weather flow, 203 


Bacteriological criteria, development of bathing 
beach, 816 


Bandfin shiner, 706 

Bank(s) 


erosion, 648, 649 

false, 649 

instability, 28 

soils, clayey, 618 

stability, 7, 661 

unstable, 55 

vegetative stability, 662 


Banzoghiperylene, 801 

Barium, 806 

Baseflow water quality, 160 

BASINS 


assessment tools, 859 

base cartographic data, 860 

environmental background data, 861 

environmental monitoring data, 861 

point source/loading data, 862 


Basswood, 667 

Bathing beach bacteriological criteria, 816 

Beach debris, land-based sources of, 68 

Bedded solids, 71 


Bedload 

samplers, 295, 296, 410 

sediment, 409 


Benchmarks, 612, 613 

Benthic community assessment, 665–692 


agencies that have developed tolerance 

classifications and/or biotic indices, 687 


Ohio EPA invertebrate community index 

approach, 681–687 

field methods, 681–682 
laboratory methods, 682–683 
macroinvertebrate data analysis, 683–687 

Rapid Bioassessment Protocol, 665–681 
data analysis techniques, 669–681 
sample collection, 666–667 
sample sorting and identification, 667–669 

Benthic invertebrates, 63, 348 

Benthic macroinvertebrate(s), 116 


equipment and supplies, 685–686 

field data sheet, 668 

laboratory bench sheet, 670, 671 

sample log-in sheet, 669 


Benthic organisms, 151 

Benzaldehyde, 740 

Benzene, 6, 38, 61, 740 

Benzidine, 801 

Benzo(a)anthracene, 424, 480 

Benzo(b)fluoroanthenene, 61 

Benzylbutyl phthalate, 262 

Bering cisco, 705 

Best management practice (BMP), 111, 462 

Bias, 233 

Bigeye chub, 702, 706 

Bigeye shiner, 703, 706 

Bigmouth buffalo, 703 

Bigmouth shiner, 703 

Bioaccumulation testing, see Toxicity and 


bioaccumulation testing 

Bioassessment approach, flowchart of, 674 

Biochemical oxygen demand (BOD), 73, 108, 325 


analyses, stormwater, 75 

decomposition rate, 18 

point source discharges of, 11 


Bioconcentration factors, 49 

Biofiltration, in parking area, 59 

Biological degradation, 617 

Biological endpoints, selection of for monitoring, 


115 

Biological impairment benchmarks, categories of, 


613 

Biological integrity, definition of, 347 

Biological life objectives, 610 

Biological toxicity fractionations, 537 

Biosurveys, 337 

Biotic Condition Index, 679 
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Biotic indices, agencies having developed, 687 

Biotransformation, 78, 79, 80, 81 

Bioturbation 


by ants, 394 

benthic invertebrate, 348 


Birch, 667 

Bird droppings, 83 

Bis(2-ethylhexyl) phthalate, 6, 424 

Bivalve tissue residues, 114 

Blackberry vines, as shade for stream aquatic life, 


145 

Black buffalo, 703 

Black bullhead, 703 

Black crappie, 415, 704 

Black jumprock, 706 

Black madtom, 707 

Black redhorse, 70, 703 

Blackchin shiner, 703, 706 

Blacknose dace, 702, 706 

Blacknose shiner, 703, 706 

Blackside dace, 706 

Blackstripe topminnow, 704 

Blacktail redhorse, 706 

Blank(s), 447 


calibration, 248 

equipment, 248 

instrument, 248 

method, 248 

reagent, 250 

trip, 248 

use of to minimize and identify errors, 248 


Bleeding shiner, 706 

Bloater, 705 

Bluebreast darter, 705 

Blue catfish, 703 

Bluegill, 135, 415, 520, 536, 704 

Blue-green algal blooms, 114 

Blue sucker, 703 

Bluntnose darter, 707 

Bluntnose minnow, 703 

BMP, see Best management practice 

Boat electrofishing unit, 504 

BOD, see Biochemical oxygen demand 

Bonferroni t-test, 591 

Bottom 


-dwelling organisms, 491 

sediments, scour of, 408 

sourcing and deposition, 661 

substrate, 660 


Bowfin, 702 

Box plots, 375, 848 

Brassy minnow, 703 

Bridge construction, 4 

Brighteners, optical, 440 

Brindled madtom, 704, 707 


Bromine, 740 

Brook silverside, 704 

Brook stickleback, 705 

Brook trout, 74, 414, 520, 536, 702, 706 

Brown bullhead, 134, 414, 703 

Brown madtom, 707 

Brown trout, 414, 536, 702, 706 

Bryozoa, 683, 688 

Bubble sensor depth indicators, 377 

Budget restrictions, 181 

Buffalo fish, 414 

Bug picking, from substrate samples, 498 

Building evacuation procedures, 759 

Bulk density, estimation of, 394 

Bullhead minnow, 703 

Bull trout, 706 

Burbot, 704 

Butane, 740 

Butyl benzyl phthalate, 6, 38, 80, 424 

Butyraldehyde, 740 


C 

Caddisflies, 52, 152 

Calcium hypochlorite, 740 

Calibration blank, 248 

Campylobacter, 88 

Campylobacterosis, 621 

Cancer, 625, 745 

Candidate critical sources, ranking of, 187 

Canopy cover, 660 

Capital costs, 431 

Carbamates, 249, 436 

Carbazole, 448 

Carbon 


disulfide, 740 

fixation, 149 

sulfide, 744 

tetrachloride, 740, 800 


Carcinogen(s), 747, 765, 827 

Carcinogenicity, 507 

Carcinogenic RaPID Assay, 435 

Carp, 74, 414, 536, 701, 702 

Catchbasin(s) 


cleaning, 71, 630, 631 

floatable material in, 70 

sediment accumulations, 162 

use, 632 


Cation exchange capacity (CEC), 325 

Catostomus commersoni, 414 

Cattail plant segments, 129 

Cattle feces contamination, 89 

CCC, see Criterion continuous concentration 
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CDC, see Centers for Disease Control 

CEC, see Cation exchange capacity 

Cedar swamps, 52 

Cell from hell, 89 

Centers for Disease Control (CDC), 620 

Central mudminnow, 702 

Central silvery minnow, 703 

Central stoneroller, 703 

Centrifugation, 317 

Ceriodaphnia dubia, 108, 208, 335, 502, 513, 515, 


546, 714, 718 

Chain-of-custody 


forms, 273, 274 

seal, 271 


Chain pickerel, 702 

Channel 


alteration, 661 

banks, erosion of, 56 

bottoms, shifting of, 56 

conditions, stream flow-altering, 405 

geomorphology, 144 

lined, 55 

morphology, 64, 648, 661 


Channel catfish, 134, 414, 520, 536, 703 

Channel darter, 704 

Channelization, 4, 7, 142, 349, 404, 406 

CHEMetrics copper test kit, 773 

Chemical(s) 


deactivation, 761 

endpoints, selection of for monitoring, 116 

exposure hazards, 423 

fingerprinting, 483 

manufacturing, 187 

mass balance equations, 476, 478 

neutralization, 761 

oxygen demand (COD), 73, 191, 325, 587, 851 

speciation, 78 

storage 


laboratory, 737 

requirements, 423 


waste 

disposal of down sink, 761 

disposal program, 760 

inorganic, 762 

organic, 762 

removal, 763 

water-reactive, 755 


Chemical Response Unit, 758 

Chewers, 495 

Chinook salmon, 152, 414, 701, 702, 705 

Chironomids, 165, 491 

Chironomus 


riparius, 268, 520, 527 

tentans, 212, 268, 335, 520, 605,718, 723, 727, 


728 

Chiselmouth, 701 


Chi-square goodness of fit test, 586 

Chlordane, 6, 38, 60, 122, 424, 436, 803 

Chlorine, 740 

Chloroacetone, 740 

Chloroethane, 800 

Chloroform, 6, 38, 61, 261, 440, 740, 801 

3-Chlorophenol, 809 

Chlorophyll a observations, 174 

Chlorpyrifos, 6, 20, 436 

Cholera, 621 

Cholinesterases, 436 

Chromic acid, 740 

Chromium, 6, 823, 824 

Chrysene, 6, 61, 448, 480, 802 

Chrysochromulina, 175 

Chum salmon, 414, 705 

Churn splitter, 272 

Cisco, 414 

Citrobacter, 485 

Cladophora 


dubia, 48 

glomerata, 48 

sp., 133 


Clean Water Act (CWA), 3, 8 

Clear View rain gauge, 378 

Clinostomus elongatus, 706 

Club moss, 362 

Cluster sampling, 225 

CMC, see Criterion maximum concentration 

Coal mining, 4 

Coarse particulate organic matter (CPOM), 666 


component, sampling of, 666 

sample, 669, 679 


Cocconeis 

pediculus, 138 

placentula, 138 


COD, see Chemical oxygen demand 
Coefficient of variation (COV), 232, 244–245, 466 


control sample, 732 

values, 467 


Coelenterata, 688 

Coho embryo salmon, 154 

Coho salmon, 414, 520, 702 

Coincidence, 455 

Cold-vapor atomic absorption spectrometry, 777 

Coleoptera, 495, 689 

Coliform bacteria, 83, 277 

Collection methods, see Sampling effort and 


collection methods 

Collectors, 410 

Color comparator, 442 

Combined sewer overflows (CSOs), 5, 15, 34, 68 


capture and control device, 363 

controls, effectiveness of, 106 

EPA-required, 69 
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Combustion products, 157 

diesel fuel, 167 

obsolete versions of enhanced, 577 


Common carp, 414, 701, 702 

Common shiner, 703 

Community Loss Index, 673, 678 

Community Similarity Index, 678, 684 

Community structure, 411 

Comparison tests, 580 

Component–ecosystem interactions, 348 

Compost 


-amended soils, 397 

ion-exchange capacity of, 398 


Compressed gas cylinders, 757 

Computer 


models, 106 

simulation, 351 


Concentration-addition model, 516 

Condition quality indicators, 106 

Conductivity 


meters, 430 

probe calibration, 783 


Confidence intervals, need for, 245 

Confirmatory assessment, 193 

Confirmatory studies, 616 

Conifers, 667 

Construction site(s) 


erosion 

characterization, 32 

controls, 28, 628 

rate of, 32 


inspections, 277 

runoff water quality, monitoring study of, 33 

soil erosion from, 31 


Consumptive fisheries, 22, 124 

Contact recreation areas, human health 


considerations associated with 

potentially contaminated, 124 


Contaminant 

bioavailability, 254, 314, 327 

peaks, 315 

sources, characterizing, 539 


Contamination 
data evaluation methods to indicate sources of, 

468 

detergents as indicators of, 470 

negative indicators implying, 468 

sources, distance-dependent association between 


health effects and, 624 

use of fecal sterol compounds as tracers of, 


477 

Control 


charts, 250 

programs, effectiveness of, 12–13 


Coosa shiner, 706 


Copper, 6 

effects of on aquatic life, 824 

human health criteria for, 825 

national aquatic life criteria for, 825 


Coprostanol, use of as tracers of contamination by 

sanitary sewage, 477 


Coregonus 

artedii, 414 

clupeaformis, 414 


Core-port suction, 327 

Corer samplers, 289, 323 

Correlation 


matrices, 592 

tests, 470 


Corrosives, 752 

examples of, 752 

first aid for, 754 

health effects associated with, 753 

use and storage of, 753 


Cottus sp., 707 

Coulter Multisizer method, 455 

COV, see Coefficient of variation 

CPOM, see Coarse particulate organic matter 

Crane flies, 52 

Crayfish, 129, 133, 134, 481 

Creek 


blowout, 55 

effects of erosion on, 156 

flows, salmon fisheries affected by, 155 

interstitial water quality, 147 

sedimentation, 143, 156 

sediment quality, 155 

system, dry-weather pollutants from, 56 

tributary flow rates, 174 


Creek chub, 702 

Creek chubsucker, 703 

Creosote, 7 

Cricotopus, 677 

Criterion continuous concentration (CCC), 815 

Criterion maximum concentration (CMC), 799 

Croplands, erosion rate of, 32 

Crop production, 4 

Cryptosporidium, 88, 89, 197, 486 

Crystal darter, 705 

CSOs, see Combined sewer overflows 

Curb-and-gutter drainage systems, 35 

Current 


measurements, example calculation for, 360 

meter, 361 


flow monitoring, 360 

method, 357 


Cutlips minnow, 706 

Cutthroat trout, 74, 153, 154, 414, 701, 705 

CWA, see Clean Water Act 

Cyanazine, 60, 436 
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Cyclodienes, 436 

Cyclohexane, 740 

Cyclohexanone, 261 

Cymatopleura solea, 138 

Cymbella sp., 138 

Cypress darter, 707 

Cyprinus carpio, 414, 830 


D 

2,4-D, 118, 159 

Dam construction, 4 

Daphnia 


magna, 208, 268, 502, 528, 824 

pulex, 268, 502, 715 


Darters, 508, 697, 707 

Data 


analysis 

exploratory, 606 

techniques, 669, 694 


associations, 591 

dendogram of, 596 

mining, 576 

plots, basic, 583 

quality objectives (DQO), 109, 118, 119, 247 


descriptions of, 337 

quantification of habitat effects useful to meet, 


401 

sample integrity and, 314 


survival, 604 

Data interpretation, 609–640 


evaluating biological stream impairments using 

weight-of-evidence approach, 611–619 

benchmarks, 612–615 
comments pertaining to habitat problems and 

increases in stream flow, 617–619 
process, 611–612 
ranking and confirmatory studies, 615–617 

evaluating human health impairments using risk 
assessment approach, 619–626 


deterministic approach, 619 

example risk assessment for human exposure 


to stormwater pathogens, 620–626 
probabilistic approach, 619–620 

identifying and prioritizing critical stormwater 
sources, 626–636 

case study, 628–629 
sources of urban stormwater contaminants, 

626–628 
use of SLAMM to identify pollutant sources 

and to evaluate control programs, 
629–636 

problem, 609–610 

DCA, see Detrended correspondence analysis 

DDT, 20, 436 

Debris piles, 403 

Decision making, errors in, 233 

Deep sea sewage sludge disposal areas, 482 

Deepwater sculpin, 705 

Degraded cysts, 490 

Deionized water, 783 

Demeton, 806 

Denitrification, 326 

Denticula elegans, 138 

Deoxygenation, 328 

Deployment setup procedure, 785 

Depth 


-integrated sediment sampler, 292, 294 

sensor, 428 


Dermatitis, 621 

Design rainfall, 245 

Detection limits, reporting results affected by, 253 

Detention pond(s), 26, 630 


dry, 209 

outfall, dry, 211 

side stream, 210 

wet, effect of, 211 


Detergent(s), 471 

analyses, 472 

compounds, 484 

concentration, 442 

as indicators of contamination, 470 

test kit, 441 

whitener filter sets, 483 


Detrended correspondence analysis (DCA), 694 

Diatoma vulgare, 138 

Diazinon, 6, 20, 60, 159 

Dibenzo(a,h)anthracene, 448 

Dibenzyl ether, 740 

Dibutyl phthalate, 740 

Di-N-butyl phthalate, 6, 38 

Dicamba, 60 

1,3-Dichlorobenzene, 424 

1,2-Dichloroethane, 38 

Dieldrin, 6, 38 

Diesel fuel combustion products, 167 

Diethanolamine, 740 

Diethyl ether, 740 

Diethyl phthalate, 38, 80, 262, 448 

Digidot plot, 586 

Dilution water, 717, 718, 719 

2,4-Dimethylphenol, 262 

Dimethyl sulfoxide, 740, 744 

Dinitrophenols, 806 

Diploneis sp., 138 

Dip net sampling, 498 

Dipper samplers, 290, 453 

Diptera, 495, 689 
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Discharge(s) 

hillside, 199 

inappropriate, 461 

industrial wastewater, 598 

litter, 297, 399 

point source, 278 

pollutant, 353, 356 

sources, identifying inappropriate, 464 

stream, 349, 660 


Disinfection by-products, 62 

Dissolved metals, conversion factors for, 813 

Dissolved organic carbon (DOC), 326 

Dissolved organic matter (DOM), 677 

Dissolved oxygen (DO), 17, 20, 417, 657, 720 


conditions, calculation of, 418 

curve, 201 

data, 420 

deficits, 49, 75 

levels, wet-weather, 75 

meters, 118, 430, 440 

probe calibration, 784 

problems, 428 

reading, elevated, 291 

receiving water levels, 85 


Dissolved solids, 71, 158 

aquatic life criteria for, 823 

classification of, 72 

human health criteria for, 822 


Distributed Routing Rainfall Runoff Model, 854 

Disturbance, definition of, 347 

Diuron, 118 

DNA 


fingerprinting, 537 

profiling, 484 


DO, see Dissolved oxygen 

DOC, see Dissolved organic carbon 

Dolly varden, 706 

DOM, see Dissolved organic matter 

Doppler flowmeter, 374 

Doppler velocity sensors, 375 

Dorosoma petenense, 414 

DOS, 578 

Dose–response restrictions, 604 

Double-ring infiltration tests, 229 

Downstream sampling stations, 361 

DQO, see Data quality objectives 

Drainage 


design studies, 850 

grass swale, 240, 632 

paths, 240 

systems 


artificial, 351 

man-made, 463 


Dredge 

Ekman, 321 


Ponar, 320, 321 

sampler, 315 


Dredging, 4, 7, 323, 403, 521 

Drift 


method, 357 

organisms, 498 


Drill auger, mixing sediment with, 325 

Drinking water supply, 104 

Drought, 125 

Drowning, 67, 193 

Dry detention basins, use of in controlling urban 


runoff discharges, 164 

Dry detention pond, 209, 211 

Dry sampling, 301 

Dry-weather bacteria sources, 466 

Dry-weather base flows, 34 

Dry-weather flows, 10 


continuous, 460 

pollutants in, 463 


Dry-weather outfall flow rates, highly irregular, 470 

Dtech Immunoassay test kit, 435 

Duckweed, 518 

Duncan’s multiple range test, 591 

Dunner’s test, 591 

Durbin–Watson test, 598 

Dusky darter, 704 

Duskystripe shiner, 706 

Dustfall, 310, 311 

Dye 


continuous release rates of, 367 

dilution ratio of, 368 

injection current measurements, notation for 


mass balance calculations for, 367 

testing, 376 

tracers, 362, 364 


E 

Early life stages of fish (ELS), 815 

Earthworm test, 519 

Eastern banded killifish, 704 

Eastern sand darter, 705 

Ecoregions, 402 

Ecosystem(s) 


characterization, 113 

complexities, 103 

degradation, assessment of, 4 

energetics, 346 

enhancement, 123 

quality 


degradation, 404 

stressors of, 400 


running water, 492 
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Ecosystem component characterization, 345–573 

aesthetics, litter, and safety, 398–400 


aesthetics, litter/floatables, and other debris, 

398–400 


safety characteristics, 398 

benthos sampling and evaluation in urban 


streams, 491–501 

macroinvertebrate sampling, 494–501 

periphyton sampling, 493–494 

protozoan sampling, 494 


ecosystem structure and integrity, chaos and 
disturbance, 346–349 

fish sampling, 502–506 
flow and rainfall monitoring, 349–388 

flow monitoring methods, 357–377 

flow requirements for aquatic biota, 350–351 

pollutant transport, 356–357 

rainfall monitoring, 377–388 

urban hydrology, 351–356 


habitat, 400–423 

channelization, 404–406 

dissolved oxygen, 417–423 

factors affecting habitat quality, 403–404 

field habitat assessments, 410 

riparian habitats, 409–410 

substrate, 406–409 

temperature, 410–413 

turbidity, 413–417 


microorganisms in stormwater and urban 
receiving waters, 485–491 

soil evaluations, 388–398 
case study to measure infiltration rates in 

disturbed urban soils, 389–394 
observations of infiltration rates in disturbed 

urban soils, 394–397 
water quality and quantity effects of amending 

soils with compost, 397–398 
toxicity and bioaccumulation, 507–546 

bioaccumulation, 534–536 
emerging tools for toxicity testing, 536–546 
in situ toxicity testing, 530–534 
measuring effects of toxicant mixtures in 

organisms, 515–517 
pulse exposures, 514–515 
reason to evaluation toxicity, 507–512 
standard sediment testing protocols, 

527–530 
standard water testing protocols, 517–527 
stormwater toxicity, 513–514 

water and sediment analytes and methods, 
423–485 

conventional laboratory analyses, 447–459 
hydrocarbon fingerprinting for investigating 

sources of hydrocarbons, 483–485 
selection of analytical methods, 423–425 

use of field methods for water quality 
evaluations, 425–447 

use of tracers to identify sources of 
inappropriate discharges to storm 
drainage and receiving waters, 459–483 

zooplankton sampling, 502 

Ecotones, definition of, 347 

Ecotoxicological endpoints, 115 

Ecotoxicology, 347 

Ecowatch for Windows, 370 

EDA, see Exploratory data analysis 

Edge habitat, 405 

Effects characterization, 11 

Ekman dredge, 321 

Electrical safety, 743 

Electrofishing, 106, 503, 505 

Electrophilic alkenes, 745 

Electroshocking, 129 

Electrothermal atomic absorption spectrometry, 777 

Elegant madtom, 707 

ELISA, see Enzyme-linked immunosorbent assay 

ELS, see Early life stages of fish 

Elutriate testing, 275 

Embankment, lined, 55 

Embeddedness, 646, 650, 660 

Embryotoxins, working with, 744 

EMC, see Event mean concentration 

Emerald shiner, 414, 702 

Emergency procedures, 758 

Empirical model, 227 

Endocrine disruption, 507 

Endosulfan, 159, 827 

Endosulfan sulfate, 38 

Endrin, 38, 803 

Endron ketone, 262 

Enterobacter, 485 

Enterococcus 


faecalis, 487 

faecium, 487 


Environmental studies, principles for designing 

successful, 110 


Environment Canada Biological Test Method 

Development Program, 711 


Enzyme-linked immunosorbent assay (ELISA), 436, 

479 


Eohaustorius estuarius, 527 

EPA, see U.S. Environmental Protection Agency 

Ephemeroptera, 491, 495 

Ephemeroptera, Plecoptera, and Trichoptera (EPT), 


669, 673 

Epibenthic invertebrates, bioturbation by, 348 

Epoxides, 745 

EPT, see Ephemeroptera, Plecoptera, and 


Trichoptera 

Equilibrium partitioning guidelines, 836 
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Equipment blank, 248 

Erosion, 311 


bank, 648, 649 

channel bank, 56 

control(s) 


construction site, 28, 628 

on-site, 452 

practices, 246 


effects of on creek, 156 

stream bed, 143, 155 

watershed, 659 


Error(s) 

allowable, 232 

decision making, 233 

particle sampling, 282 

rainfall monitoring, 381 

runoff volume, 383 

sampling, 233, 251 

use of blanks to minimize and identify, 248 

watershed rain depth, 383 

wind-induced, during rainfall monitoring, 386 


Escherichia coli, 82, 194, 195, 333, 433, 622, 817, 

821 


Esox 

americanus vermiculatus, 414 

masquinongy, 414 


Estradiol, 744 

Estuary(ies) 


biological integrity of, 104 

eutrophication conditions, 104 

pollutants and sources affecting, 19 

pristine, 123 


Etheostoma 

chlorosomun, 707 

fusiforme, 707 

gracile, 707 

nigrum, 707 

proeliare, 707 

sp., 707 

spectabile, 707 


Ethyl acetate, 740 

Ethylene dichloride, 740 

Ethylene glycol, 740 

Ethylene trichloride, 740 

Eutrophication, 49 


accelerated, 830 

conditions, estuarine, 104 

problems, majority of nation’s, 831 

processes, role of elevated turbidity levels in, 415 

transparency-associated, 180 


Event 

mean concentration (EMC), 198, 213, 255 

plots, 371 


Exoglossum maxillingua, 706 

Expendable costs, 431 


Experimental design, 109, 237 

Exploratory data analysis (EDA), 583 

Explosion hazard data, 765 

Exposure 


assessment, 113, 623 

characterization, 11 

-effects interactions, 613 

–response relationship, 539 


Extraction, solid-phase, 537 

Extremely hazardous chemicals, 746 


F 

Fabricated metal products, 187 

Factorial design, fractional, 231 

Factorial experimental designs, major advantage of, 


227 

False banks, 649 

Family Biotic Index (FBI), 680 

Family-level index, 675 

Family-level tolerance classification, 680 

Farming district, 247 

Fathead minnow, 135, 520, 529, 703 

FBI, see Family Biotic Index 

FBM, see Flow Balancing Method 

Fecal coliform(s), 39, 42, 114, 191, 195 


bacteria, as indicators of inappropriate discharges 
of sanitary sewage, 464 


concentrations of at highway runoff site, 83 

to fecal streptococci bacteria ratios, 83 


Fecal indicators, in stormwater runoff, 82 

Fecal pathogens, 120 

Fecal sterol compounds, use of as tracers of 


contamination by sanitary sewage, 477 

Fecal streptococci (FS), 39, 84, 818 

Feeding measures, 676 

Feedlot drainage, 83 

Fenarimol, 436 

Ferric chloride precipitation, removal of phosphorus 


by, 180 

Fertilizer(s) 


application, roadside, 7 

lawn, 206 

nitrate leached from, 59 


Fiberglass 

-reinforced epoxy material, 261 

window screening, 262 


Field 
analytical methods, comparisons of laboratory 

and, 425 

classification, 668 

habitat assessments, 410 

manometer, 335 
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methods 

heavy metal, 437 

use of for water quality evaluations, 425 


observation sheet, 392 

sampling crew, 644 

test kits, 429, 767 


analysis of organic compounds using, 434 

assembling appropriate set of, 432 

biggest difficulty with, 430 

evaluation of, 768–772 

selection of appropriate, 443 


titration equipment, 444 

Filamentous algae, 129, 133, 677 

Fine particulate organic carbon, 146, 147 

Fine particulate organic material (FPOM), 677 

Fingerprinting, indication of contamination sources 


through, 475 

Fire hazard data, 765 

First-flush phenomenon, 285, 356 

Fish, 128, 133, 152, see also specific species 


abundance, 699 

advisory, 30 

ammonia acutely toxic to, 814 

bioassay tests, side-stream, 54 

biomass 


seasonal trends of, 154 

total, 700 


community, 611 

consumption advisories, 51, 104 

death of from toxic material spills, 166 

disease surveys, 48 

-eating organisms, 116 

effects of suspended solids on, 74 

field collection data sheet, 695 

freshwater, 519 

gill damage, 154 

kills, 49, 211 


elevated nutrient loading and, 49 

massive, 53, 165 

sources associated with, 50 


populations 

characterizing, 122 

indices of, 504 


sampling, 502, 505 

seining, 504 

spawning conditions, deteriorating, 148 

species 


diversity, 144 

preferred temperature of some, 414–415 

total number of, 697 

trophic guilds used to categorize, 503 


surveys, 107 

tissue 


residues, 114 

sampling of, 122 


Fish community assessment, 693–708 
data analysis techniques, 694–707 

fish abundance and condition metrics, 
699–707 

species richness and diversity, 697–698 
trophic composition metrics, 698–699 

sample processing, 694 

Fisher’s LDS, 591 

Fishery(ies) 


consumptive, 22 

warm-water, 27 


Fitted regression model, 597 

Flagfin shiner, 706 

Flammables, health effects associated with, 750 

Flammable solvents, 749, 760 

Flash point, 749 

Flathead catfish, 704 

Floatable litter 


characteristics, 71, 399 

sampling, 296 

wet-weather flows and, 68 


Floatable(s), 398 

material sampling, 224 

matter, 469 

pollution, 70 


Floating booms, litter controlled behind, 27 

Flood 


control, 126 

-and-drought conditions, 64 

potential, 411 

prevention, 10, 26, 610 


Floodplain, 652 

change factor, 111 

condition of, 652 

quality, 649 


Florisil cleanup, 781 

Floatable trash, 29 

Flow 


Balancing Method (FBM), 169, 170, 180 

flow pattern in, 172 

in-lake tanks, 171 

system, 178 


calibration, 373 

component identification, 471 

measurement(s) 


equipment vendors, 374 

example calculation for, 360 

instruments, comparisons of available, 377 

methods for, 358 

subsurface, 394 


-metering equipment, calibration of, 366 

monitoring 


current meter, 360 

methods, 357, 376 

use of tracers in, 361 


recurrence interval, 246 
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Flowmeters 

acoustic, 358 

Doppler, 374 

magnetic, 358 


Flow-weighted automatic samplers, 288 

Flow-weighted composite sampling, 283, 285 

Fluoranthene, 61, 161, 448, 480 

Fluorene, 448, 802 

Fluorescein, 363 

Fluorescent dyes, water tracing using, 364 

Fluorescent measurement instrumentation, 365 

Fluorescent whitening agents (FWAs), 480 

Fluoride, 441, 740 

Fluorometers, calibration of, 366 

Food web 


contamination, 123 

models, 620 


Forest management, 4 

Formaldehyde, 740 

Formic acid, 740 

Fortran-coded programs, 843 

Fossil fuel combustion, 36 

FPOM, see Fine particulate organic material 

Fractional factorial design, 231 

Frecklebelly madtom, 707 

Freckled madtom, 704 

Freeware, 575 

Freeze core sampler, 316 

Freeze-dried reagent, 487 

Freezing core samplers, 322 

Freshwater, 799 


algae, 519 

aquatic communities, biotic integrity of, 497 

drum, 415 

ecosystems, sediment quality guidelines for, 837 

fish, 519 

organisms, chronic toxicity data for, 814 


Friction slope, 359 

FS, see Fecal streptococci 

Fuel leakages, 167 

Fume hoods, 741 

Fumigant, 6 

FWAs, see Fluorescent whitening agents 


G 

Gambusia affinis, 133 

Gammarus sp., 531 

Garden store rain gauges, 388 

Gas analyzer, portable, 468 

Gas chromatograph with electron capture detector 


(GC/ECD), 523 

Gas chromatograph with mass selective detector 


(GC/MSD), 459, 523 


Gasoline, 167 

Gastroenteritis, 621 

Gastrointestinal illness, 816, 817 

Gaussian distribution, 238 

GC/ECD, see Gas chromatograph with electron 


capture detector 
GC/MSD, see Gas chromatograph with mass 

selective detector 

Geographical information system (GIS), 844, 857 

Geomorphology, 411 

GFAA, see Graphite furnace-equipped atomic 


absorption spectrophotometer 

Ghost shiner, 703 

Giardia, 197, 486 


cysts, degradation plot of, 489 

lamblia, 622 

-specific antibody, 489 


Giardiasis, 621 

Gilt darter, 704 

GIS, see Geographical information system 

Gizzard shad, 702 

Glazed tile, 25 

Glide habitats, 646 

Glove materials, chemical resistance of, 740 

Glycerol, 740 

Golden redhorse, 703 

Golden shiner, 74, 702 

Golden trout, 705 

Goldeye, 702 

Goldfish, 701, 702 

Golf courses, 185 

Gomphonema sp., 138 

Gomphosphaeria, 175 

Gophers, bioturbation by, 394 

Grab samplers, 315, 496, 685 

Graphite furnace atomic absorption spectrometry, 


778 

Graphite furnace-equipped atomic absorption 


spectrophotometer (GFAA), 523 

Grass carp, 703 

Grass pickerel, 414, 702 

Grass swales, 58, 629, 630, 631 

Gravel chub, 702 

Gravity corers, 317 

Gray redhorse, 706 

Great redhorse, 703 

Green algae, 518, 520 

Greenside darter, 705 

Green sunfish, 135, 414, 508, 698, 704 

Groundwater(s) 


-associated biota, 326 

contamination 


phosphorus, 59 

potential sources of, 460 

problems, 57 


detection of viruses in, 61 
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flows, tipping bucket flow measurement device 
for measuring, 390 


hardness of, 826 

movement, piezometer measures of, 616 

MTBE contamination, 58 

pesticide contamination of, 60 

recharge, 126 


basin, 57 

decreases in, 28 


–surface water interactions, 326 

table, decreases in, 64 

upwelling, 326 

urbanization affecting, 31 


Group comparison tests, comparing multiple sets of 

data with, 588 


Guthion, 806 


H 

Habitat 

alterations, 16 

aquatic life, 618 

assessment(s), 277 


approach, generic, 653 

field, 410 

matrix, 653 

procedure for performing, 662 


characteristics, 405, 645 

definition of, 400 

degradation, 165 

designations, modified warm water, 112 

destruction, 28, 114, 214 

diversity, 405 

edge, 405 

evaluation index, qualitative, 404 

glide, 646 

goals, 549 

modifications, 63 

pool, 646 

problems, 617 

protection, major component of, 65 

quality, 103, 402, 403 

Quality Index, 401 

quantification, 114 

relationship between biological condition and, 


400 

restoration, 276 

riffle, 645 

riparian, 409 

run, 645 

Suitability Indices (HSI), 401 

surveys, 106, 107, 121 


Habitat characterization, 643–663 

Qualitative Habitat Evaluation Index, 643–652 

computing total QHEI score, 650–652 

geographical information, 643–645 

pool and glide habitats, 646–650 

riffle and run habitats, 645 

stream map, 652 


USEPA habitat assessment for rapid 
bioassessment protocols, 652–662 

physical characterization, 658–662 
procedure for performing habitat assessment, 

662 

quality assurance procedures, 662 

water quality, 656–658 


HACH 

color test kit, 773 

detergents test, 471 


Halogenated aliphatics, 6, 161 

Halogenated solvents, 760 

Haphazard sampling, 225 

Harbor facilities, 185 

Harelip sucker, 703 

Hazard 


assessments, 348 

identification, 11, 113, 620 

primary, 737 


Hazardous waste 

elimination of nonhazardous waste from, 761 

sites, toxicity evaluation categories for, 519 


HCGI, see Highly credible gastrointestinal 
Headwater streams, removal of riparian vegetation 

in, 403 

Health hazard data, 765 

Heat sealing unit, 434 

Heavy metal(s), 189 


analyses, 774 

emerging analytical methods for, 438 

field methods, 437 

in stormwater runoff, 76 

urban runoff, 79 


Hemiptera, 495, 688 

Heptachlor epoxide, 803 

Herbicides, 118, 159, 249, 267 

Herbivores, 495 

Hester–Dendy samplers, 129 

Hexachlorobenzene, 448, 744, 802 

Hexachloroethane, 262 

Hexagenia 


bilineata, 520 

limbata, 520 


Hexane, 740 

Hierarchical cluster analyses, 592 

Highfin carpsucker, 703 

Highly credible gastrointestinal (HCGI), 817 

Highway runoff 


constituents, 7 

site, concentrations of fecal coliforms at, 83 
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Hillside discharge, 199 

HIS, see Habitat Suitability Indices 

Hitch, 53, 134, 135 

Homogeneity tests, 177 

Honest significant difference (HSD) test, 604 

Horizontal water sampler, 291 

Horneyhead chub, 702 

Household garbage, 142 

HPLC technology, organic analyses using, 459 

HSD test, see Honest significant difference test 

Human health 


criteria, 614 

impairments, evaluation of using risk assessment 


approach, 619 

problems, inappropriate discharges and, 461 

protection, 102 


Humpback whitefish, 705 

Hyalella azteca, 52, 135, 210, 335, 527, 546, 605, 


722, 725, 726 

Hybobsis amblops, 706 

Hydrobromic acid, 740 

Hydrocarbons, 483, 826 

Hydrofluoric acid, 740, 753, 778 

Hydrogen peroxide, 740 

Hydrological Simulation Program-FORTRAN, 854 

Hydrologic change factor, 111 

Hydrology, 349, 351, 411 

Hydromodification, 4, 5 

Hypentelium 


etowanum, 706 

nigricans, 706 

roanokense, 706 


Hyporheic sampling, 326 


IAI, see Indicator Assemblage Index 
IBDU, see Isobutyldiene diurea 
IBI, see Index of Biotic Integrity 
ICI, see Invertebrate Community Index 
ICP, see Inductively coupled plasma emission 

spectrometry 
Ictalurus 


nebulosus, 414 

punctatus, 414, 520, 536 


Ictiobus sp., 414 

IDL, see Instrument detection limit 

IFIM, see Instream Flow Incremental Methodology 

Imidachloprid, 436 

Immunoassay kits, 444 

Impaction, 311 

Inconnu, 706 

Incubator, 434 


Index of Biotic Integrity (IBI), 112, 402, 683, 

694 


metrics, regional variations of, 508–509 

steps in calculating, 696 


Index of clumping, 235 

Index of Well Being (IWB), 506, 694 

Indicator Assemblage Index (IAI), 678 

Inductively coupled plasma emission spectrometry 


(ICP), 774 

Industrial wastewater discharge, 598 

Infectious hepatitis, 621 

Infiltration 


devices, 630 

rate measurements, 391 

test(s) 


apparatus, 389 

double-ring, 229 


trench, stormwater infiltration through, 59 

In-lake flow balancing method, 180 

In-lake tanks, FBM, 171 

Inorganic chemicals, 762 

In-place pollutants, 4 

Insecta, 688 

Insecticides, 6, 159 

Insectivorous cyprinids, 509, 699 

Insects, food types of aquatic, 495 

In situ peepers, 327, 331 

In situ testing, advantages of, 531 

In-stream cover, 647 

In-stream embryo bioassays, 154 

Instream Flow Incremental Methodology (IFIM), 


350 

In-stream temperature, 75 

In-stream toxicity tests, 168 

Instrument detection limit (IDL), 253, 583 

Internal to external isomer ratio (I/E), 480 

Interstitial water 


bacteria populations, 203 

chemistry, 203 

collection methods, 318 

degradation of, 202 

immediate collection and analysis of, 328 

isolation of, 329 

measurements, 202, 327 

quality, 371 

sampler selection guidelines, 317 

sampling, 326 


Intolerant species, 508, 698 

Invertebrate Community Index (ICI), 112, 683 

Iodine, 740 

Ion chromatograph, 449 

Ion selective electrode (ISE), 426, 443 

Iowa darter, 705 

Iprodione, 436 

I/R, see Internal to external isomer ratio 


I 
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Irrigation 
return flows, 464 
water, 474 

ISE, see Ion selective electrode 
Isobutyldiene diurea (IBDU), 59 
Isohyetal(s) 

method, 379 
preparation of for single rainfall, 380 

Isophorone, 38, 448 
Isoproturon, 436 
IWB, see Index of Well Being 

J 

Jaccard Coefficient of Community Similarity, 678 

Johnny darter, 705, 707 

Judgment sampling, 225 

Jussiaea sp., 136 


K 

Karst geology, 57 

Kiyi, 705 

Klebsiella, 485, 487 

Kolmogorov–Smirnov one-sample test, 586 

Kuderna–Danish method, 781 

Kurskal–Wallis ANOVA on ranks test, 588, 591 


La Motte Potassium Reagent Set, 442 

LAB, see Linear alkylbenzenes 

Laboratory 


analyses, conventional, 447 

analytical methods, comparisons of field and, 425 

chemical storage, 737 

information management systems (LIMs), 250 

personnel, selection of, 275 


Laboratory safety, waste disposal, and chemical 
analyses methods, 735–786 

basic rules and procedures for working with 
chemicals, 738–743 

avoidance of routine exposure, 741 
choice of chemicals, 742 
electrical safety, 743 
equipment and glassware, 742 
fume hoods, 741–742 
housekeeping, 739 
labels and signs, 742–743 

laboratory protocol, 738 

personal safety practices, 738–739 

protective eyewear, 739 

protective gloves, 739–741 

protective clothing, 741 

unattended operations, 743 


calibration and deployment setup procedure for 
YSI 6000upg water quality monitoring 
sonde, 782–785 

chemical waste disposal program, 760–763 
chemical substitution, 761 
chemical waste containers, 760 
disposal of chemicals down the sink or 

sanitary sewer system, 761 
elimination of nonhazardous waste from 

hazardous waste, 761–762 
neutralization and deactivation, 761 
waste disposal, 762–763 
waste minimization, 760–761 

comments pertaining to heavy metal analyses, 
774–778 

emergency procedures, 758–759 
building evacuation procedures, 759 
mercury spills, 759 
minor spills, 759 
primary emergency procedures for fires, 

spills, and accidents, 758–759 
field test kits, 767–774 
fundamentals of laboratory safety, 737–738 

distribution of chemicals, 737 
laboratory chemical storage, 737 
procurement of chemicals, 737 
storage cabinets, 738 

Material Safety Data Sheets, 763–767 
fire and explosion hazard data, 765 
hazardous ingredients/identity information, 

764 
health hazard data, 765–766 
physical/chemical characteristics, 764 
product name and identification, 764 
reactivity data, 765 
specific HACH MSDS information, 766–767 

procedures for specific classes of hazardous 
materials, 748–758 

compressed gas cylinders, 757–758 
corrosives, 752–754 
flammable solvents, 749–750 
oxidizers, 750–752 
reactives, 754–757 

stormwater sample extractions for EPA methods 
608 and 625, 779–781 

use and storage of chemicals in laboratory, 
743–748 

chemical storage, 747–748 
procurement of chemicals, 743 

L 
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transportation, 748 

working with allergens, 743 

working with chemicals of moderate or high 


acute toxicity or high chronic toxicity, 
744–747 

working with embryotoxins, 744 

LAF, see Laser atomic fluorescence 

Lagoon runoff, 7 

Lag plots, 598 

Lake(s) 


hydraulic detention time of, 174 

hydraulic flushing rates, 178 

low elevation, 134 

phosphorus concentrations, 179 

pollutants and sources affecting U.S., 18 

sediment sampling in ice-covered, 336 

swimming restriction in urban, 28 


Lake chubsucker, 703 

Lake herring, 702 

Lake sturgeon, 702 

Lake trout, 414, 702, 706 

Lake whitefish, 414, 702 

Land 


disposal, 4, 5 

use 


category, 241 

monitoring, 239, 601 

predominant surrounding, 659 


waste disposal sources, 7 

Landfill(s) 


runoff, 7 

sanitary, 4 


Largemouth bass, 74, 415, 536, 704 

Large organic debris (LOD), 618 

Largescale stoneroller, 706 

Largescale sucker, 701 

Large woody debris (LWD), 408, 618 

LAS, see Linear alkylbenzene sulfonates 

Laser atomic fluorescence (LAF), 438 

Laundry 


detergent samples, 483 

wastewaters, 461 


Lawn fertilizers, 206 

LC50, see Lethal concentration 50 

LD50, see Lethal dose 50 

LDV, see Less than detection values 

Lead, 6, 132 


aquatic life summary for, 827 

bioaccumulation of, 133 

concentrations, dissolved, 145 

human health criteria for, 828 

reduction benefits, 636 


Leaded gas, 6 

Leaf 


core catcher, 323 


packs, 666 

shredding organisms, 150 


Least brook lamprey, 701 

Least madtom, 707 

Leather products, 187 

Lentipes concolor, 707 

Leopard dace, 701 

Lepidoptera, 495, 688 

Lepomis 


cyanellus, 414 

gibbosus, 415, 536 

macrochirus, 415, 520, 536 

megalotis 


Leptocheirus plumulosus, 527 

Less than detection values (LDV), 583 

Lethal concentration 50 (LC50), 764 

Lethal dose 50 (LD50), 764 

Life cycle measures, 676 

Light–dark bottle method, 72 

Light transmissivity, 188 

Limestone quarry, 73 

LIMs, see Laboratory information management 


systems 

Lindane, 6, 60, 159, 424, 803, 827 

Linear alkylbenzenes (LAB), 479 

Linear alkylbenzene sulfonates (LAS), 479 

Liquid 


flash point of, 749 

–liquid separatory funnel technique, 779 


Litter, 398 

characteristics of floatable, 399 

control, 24, 27 

discharges, 297 

fast-processing, 667 

loose, 399 

material categories, discharged, 399 

slow-processing, 667 


Livestock 

production, 4 

trampling, 649 

trucks, feces debris falling from, 83 


LOD, see Large organic debris 

LOEC, see Lowest Observed Effect Concentration 

Log dragging, 73 

Log-normal probability distribution, 253, 584 

Logperch, 704 

Longear sunfish, 704, 707 

Longnose dace, 701, 702 

Longnose gar, 702 

Longnose sucker, 703 

Lowest Observed Effect Concentration (LOEC), 604 

Lumbriculus variegatus, 114, 120, 535, 724 

LWD, see Large woody debris 

Lycopodium, 362 
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M 

Macrofaunal toxicity tests, 523 

Macroinvertebrate(s) 


colonization tests, artificial substrate, 121 

counts, 682 

diversities, reduction of in urban streams, 51 

listing, phylogenetic order for, 688 

qualitative samples of, 681 

sampling, 494, 497 

surveys, 107 

taxonomy, 689 


Macrophytes, 63, 257 

Magnetic flowmeters, 358 

Mailing lists, 578 

Malathion, 60, 159, 806 

Manholes, 162 

Man-made drainage systems, 463 

Manning’s equation, 12, 361, 373 

Manning’s roughness coefficient, 359 

Mann–Kendall test, 175, 176, 582, 602 

Mann–Whitney signed rank test, 590 

Mann–Whitney U tests, 470, 475 

Manual pump samplers, 292 

Manual samplers, selection of materials for, 261 

Manual sampling 


advantages of compared to automatic sampling, 

260 


procedures, 289 

Manual sheetflow samplers, 298 

Manure-laden runoff, 89 

Map gradient, 650 

Maples, 667 

Marginal benefit analysis, 242, 847 

Margined madtom, 707 

Marina facilities, 185 

Marine debris, 104 

Mass emission 


drainage monitoring stations, 184 

stations, 183 


Material Safety Data Sheets (MSDS), 743, 763 

Maximum Contaminant Level (MCL), 823 

Mayflies, 52, 520 

MBAS, see Methylene blue active substance 

MCL, see Maximum Contaminant Level 

MCTT, see Multichambered treatment train 

MDL, see Method detection limit 

Means quality control chart, 251 

Meat packing wastes, 83 

Mechanistic model, 227 

Megaloptera, 688 

Meio–microfaunal interactions, 531 

Melosira, 138, 175 

Mercury 


compounds, 744 

spills, 759 


Metal(s) 

analysis methods, attributes of, 777 

conversion factors for dissolved, 813 

corrosion, 5 

optimal concentration ranges of in samples, 776 

plating, 7 

sample preparation procedures for identifying, 


458 

speciation, 314 

screening approach for in rivers, 544–545 


Metalaxyl, 436 

Metallic priority pollutants, 140 

Methanogenesis, 326 

Methemoglobinemia, 829 

Method blank, 248 

Method detection limit (MDL), 189, 249, 423, 583 

Methoprene acid, 436 

Methoxychlor, 38, 262 

Methyl bromide, 801 

Methyl cellosolve, 740 

Methyl chloride, 6, 740, 801 

Methylene blue active substance (MBAS), 479 

Methylene chloride, 6, 38, 61, 740 

Methylene urea, 59 

Methylphenanthrene, 480 

Metolachlor, 60 

MFO, see Mixed function oxidase 

Microbial activity tests, 523 

Microbial-meiofaunal communities, 314 

Microbiological sampling, 289 

Microorganism(s) 


evaluations, sampling for, 487 

measurements, 549 

urban receiving water, 485 


Micropterus 

dolomieui, 74, 415, 536 

punctulatus, 415 

salmoides, 74, 415, 536 


Microtox 

osmotic adjusting solution (MOAS), 733 

screening test, 121, 445, 513, 730 


MID, see Minimal infective dose 

Midges, 520 

Mimic shiner, 703, 706 

Mineral scrapers, 495 

Miners, 495 

Minimal infective dose (MID), 621 

Mini-piezometers, 334 

Minytrema melanops, 706 

Mirex, 806 

Mississippi silverside, 134 

Mississippi silvery minnow, 703 

mIWB, see Modified Index of Well-Being 

Mixed function oxidase (MFO), 515 

MOAS, see Microtox osmotic adjusting solution 

Mobile homes, 185 
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Model building, data associations and, 582 

Model(s) 


calibration and validation, 11–12 

capabilities, evaluation of, 855 

concentration-addition, 516 

Distributed Routing Rainfall Runoff 

empirical, 227 

fitted regression, 597 

food web, 620 

mechanistic, 227 

Monte Carlo, 363, 476 

nonpoint source, 862 

non-urban runoff, 856 

pulse exposure, 614 

rainfall–runoff, 382 

receiving water, 843, 846, 855 

receptor, 475 

regression, 599 

Source Loading and Management, 854 

Storage, Treatment, Overflow Runoff, 854 

straight-line, 241 

stream 


non-toxic constituents in, 864 

predicting pollutant fates using, 544 


Urban Catchment, 854 

urban, 856 

washoff equation used in stormwater, 307 

watershed, 843, 846 


Modified Family Biotic Index, 675 

Modified Index of Well-Being (mIWB), 403 

Mollusca, 689 

Mollusks, 128 

Monitoring 


initiation, 243 

program, personnel needed to carry out, 275 


Monocyclic aromatics, 161 

Monoethanolamine, 740 

Monte Carlo analyses, 253 

Monte Carlo mixing model, 363 

Monte Carlo model, 476 

Monte Carlo sampling routines, 577 

Mooneye, 702 

Morisita’s Index, 679 

Morone 


americana, 414 

chrysops, 414 

saxatilis, 414, 536 


Morpholine, 740 

Mosquito control, 6 

Mosquitofish, 53, 135, 137, 704 

Motor freight, 187 

Motor vehicle activity, 167 

Mountain brook lamprey, 701 

Mountain madtom, 704, 707 

Mountain sucker, 701 


Mountain whitefish, 701, 705 

Moxostoma 


anisurum, 706 

cervinum, 706 

congestum, 706 

duquesnei, 706 

hamiltoni, 706 

lachneri, 706 

poecilurum, 706 

rhothoecum, 707 

rupiscartes, 707 

valenciennesi, 707 


MSDS, see Material Safety Data Sheets 

Multichambered treatment train (MCTT), 525 

Multidimensional scaling, 612 

Multistage sampling, 225 

Municipal point sources, 16 

Municipal wastewater, 624 

Muskellunge, 414, 702 

Mussel populations, characterizing, 122 

Mutagenicity, 507 


N 

Naphthalene, 740, 802 

National Ambient Water Quality Monitoring 


Network (NAWQMN), 681 

National Institute of Standards and Technology 


(NIST), 249 

National Pollutant Discharge Elimination System 


(NPDES), 8, 513, 798 

permit compliance, 429 

stormwater permit program, 9 


National Technical Advisory Committee (NTAC), 
817 


National Water Quality Assessment (NAWQA), 118 

Nationwide Urban Runoff Program (NURP), 34, 


307, 615, 629 

Navicula spp., 138 

NAWQA, see National Water Quality Assessment 

NAWQMN, see National Ambient Water Quality 


Monitoring Network 

Net sampling devices, 501 

NEXRAD, 388 

NIST, see National Institute of Standards and 


Technology 

Nitrate, 828 

Nitrite, 828 


aquatic life criteria, 829 

criteria, human health, 829 


Nitrobenzene, 809 

Nitrogen cycling, 115 

N-Nitrosodimethylamine, 38 
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Nocomis micropogon, 706 

NOEC, see No Observed Effect Concentration 

NOEL, see No-observable-effects level 

No exposure incentive, 9 

Noncarcinogens, 827 

Nonhazardous waste, 762 

Nonmetallic minerals, mining of, 187 

Nonparametric tests, 581 

Nonpoint runoff receiving water impact research 


program, 51 

Nonpoint sources (NPS), 3–4 


-affected streams, stream assessment factors for, 

111 


assessment, 276 

hydromodification category of, 7 

models, input data needs for, 862 

pollution 


categories, 4 

sources of, 4–8 


Nonpollutant factors, 115 

Nonspecified chemical waste, 763 

Non-urban runoff models, 856 

No-observable-effects level (NOEL), 546 

No Observed Effect Concentration (NOEC), 604 

Northern hog sucker, 703, 706 

Northern madtom, 704 

Northern pike, 702 

Northern redbelly dace, 706 

Northern squawfish, 701 

Norwalk virus, 621 

Notropis 


amnis, 706 

anogenus, 706 

ardens, 706 

atherinoides, 414 

boops, 706 

emiliae, 706 

galacturus, 706 

heterloepis, 706 

heterodon, 706 

hudsonius, 706 

hypselopterus, 706 

leuciodus, 706 

lutipinnis, 706 

nubilus, 706 

ozarcanus, 706 

photogenis, 706 

pilsbryi, 706 

rubellus, 706 

rubricroceus, 706 

signipinnis, 706 

telescopus, 706 

topeka, 706 

volucellus, 706 

whipplei, 706 


zaenocephalus, 706 

zonatus, 706 

zonistius, 706 


Noturus 

albater, 707 

elegans, 707 

eleutherus, 707 

exilis, 707 

flavus, 707 

funebris, 707 

hildebrandi, 707 

insignis, 707 

laptacanthus, 707 

minitus, 707 

phaeus, 707 


NPDES, see National Pollutant Discharge 
Elimination System 

NPS, see Nonpoint sources 
NTAC, see National Technical Advisory Committee 
NURP, see Nationwide Urban Runoff Program 
Nutrient 

availability, 406 

cycling, 347 

loads, 411 

tests, most common, 443 


O 

Oaks, 667 

Ocean shorelines, pollutants and sources affecting 


U.S., 20 

Odonata, 495, 688 

Ohio lamprey, 701 

Oil/gas 


extraction, 187 

production, 4 


Oil in water optics, 426 

Oligochaetes, 72, 165, 724 

Omnivores, 108, 509 

Oncorhynchus 


gorbuscha, 414 

keta, 414 

kisutch, 414, 520 

mykiss, 717, 830 

nerka, 414 

tshawytscha, 414, 830 


On-site erosion controls, 452 

On-site wastewater treatment, 4 

O’opu alamoo, 707 

O’opu nakea, 707 

O’opu nopili, 707 

Open vertical water sampler, 291 

Optical brighteners, 440, 441 
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Orange-Peel sampler, 316 

Orangespotted sunfish, 704 

Orangethroat darter, 705, 707 

Organic chemicals, 762 

Organic compounds 


analysis of using field test kits, 434 

toxic, 77 


Organic contaminants, 266 

Organic-inorganic chelators, 77 

Organic matter processing, 115 

Organic scrapers, 495 

Organic solvent extract, separation of from water 


sample, 780 

Organic substrate components, 660 

Organism(s) 


availability, 522 

photosynthetic, 518 


Organochlorine(s) 

bioaccumulation of, 212 

pesticides, 249, 837 


Organohalogen compounds, 746 

Organophosphates, 267, 436, 535 

Organ transplants, 625 

ORP, see Oxidation-reduction potential 

Orthophosphates, 130, 131, 132 

Oscillatoria sp., 175 

Osmerus mordax, 414 

Outfall 


flow monitoring, 373 

structures, damage to, 469 


Overexposure, signs and symptoms of, 766 

Over-the-glasses safety glasses, 739 

Overland flow sampling site, 197 

Oxidation-reduction potential (ORP), 263, 418, 419 

Oxidizers, 750 


common, 751 

first aid for, 752 

health effects associated with, 751 

use and storage of, 751 


Oxygen 

-depleting substances, 18 

depletion, 73, 147, 166 

production, photosynthetic, 421 


Ozark madtom, 707 

Ozark minnow, 706 

Ozark rockbass, 707 

Ozark shiner, 706 

Ozonated bromides, 62 


P 

Pacifastacus leniusculus, 135 

Paddlefish, 701 

PAHs, see Polycyclic aromatic hydrocarbons 


Paired observations, 581 

Paiute sculpin, 701 

Pallid shiner, 706 

Parallel stream analyses, 168 

Parametric tests, 581 

Paraquat, 436 

Parasites, 103, 623 

Parathion, 436, 807, 827 

Particle 


characteristics, visual observations of, 457 

sampling errors, 282 

size(s) 


analysis, automated, 455 

distribution, 266, 407, 451 

methods to measure stormwater, 454 

settling velocity and, 451 


Particulate(s) 

-associated toxicity, 19 

dry-fall, 310 

lead, automobile emission, 312 

removal process, 311 

residue, 39, 310 

sampling procedures, street surface, 301 


Patch dynamics, 400 

Pathogen(s), 78, 103, 610 


-contaminated waters, 85 

die-off tests, 200 

fecal, 120 

microorganisms, 61 

monitoring, in stormwater, 29 

from raw or poorly treated, 86 

risk assessment for human exposure to 


stormwater, 620 

in stormwater, 82 

survival, 254, 487 


Paved area(s) 

drainage, 184 

sources of pollutants on, 627 


Pavement 

temperature monitoring, 412 

tests, rainfall-runoff responses for, 850 

wear, 7 


PCA, see Principal component analyses 

PCB-1260, 38 

PCP, 267 

Peamouth, 701 

Pearl dace, 706 

Pearson correlation matrix, 593 

Peeper(s) 


devices, 532 

disassembled, 330 

in situ, 327, 331 

large-volume, 331 

small-volume, high-resolution, 327 

wells, 331 
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PEL, see Permissible exposure limit 

Pentachlorophenol, 6, 7, 36, 38, 81, 262, 424, 448, 


614, 801 

Perca flavescens, 415 

Perchloric acid, 751 

Percina 


shumardi, 707 

sp., 707 


Periphyton, 254, 257, 258, 500 

populations, characterizing, 122 

sampling, 493, 501 


Permissible exposure limit (PEL), 764 

Peroxide-forming materials, 755 

Personal protective equipment, 750 

Perturbation, metric response to increasing, 675, 676 

Pesticide(s), 189, 277, 526 


carbamate, 249 

contamination, of groundwater, 60 

cross-contamination, 60 

decomposition, 60 

detection, 436 

leaching, 60 

mobility, 60 

organochlorine, 249, 837 

organophosphate, 60, 249 


Peterson sampler, 316 

Petite Ponar dredge, 320 

Petroleum refining, 187 

Petrosense hydrocarbon probe, 427 

Pfiesteria, 29 


monitoring program, 90 

piscicida, 89 


pH, 832 

aquatic life effects, 833 

meters, 430, 439 

probe calibration, 784 


PHABSIM, see Physical Habitat Simulation Model 

Pharmaceuticals, 484 

Phenanthrene, 6, 38, 161, 424, 480 

Phenol, 38 

Phenolics, 39, 161 

Phenoxy acid herbicides, 267 

Phosphate reduction benefits, 636 

Phosphorus, 38 


budgets, treatment system, 172 

discharges, 179 

removal of by ferric chloride precipitation, 180 

removal rate, 173 

removal of from stormwater, 169 

soluble reactive, 146, 147 

treatment mass balance, 173 

trends, 177 


Photobacterium phosphoreum, 520, 730 

Photochemical decay, 364 

Photodegradation times, 525 


Photoinduced toxicity, PAH, 91 

Photolysis, 78, 79, 80, 81 

Photosynthesis, 420 


organisms, 518 

oxygen production rate, 422 

rates, 201, 411, 421 

test chambers having occurrence of, 419 


Photosynthesis and respiration (P/R), 196, 200 

rates, 417, 420 

tests, in situ, 204, 440 


Phototoxicity evaluations, 616 

Phoxinus 


cumberlandensis, 706 

eos, 706 

erythrogaster, 706 

laevis, 830 


Phthalate esters, 6, 36, 78, 161, 526 

Physical characterization parameters, 658 

Physical Habitat Simulation Model (PHABSIM), 


401 

Phytoplankton, 63 

Piercers, 495 

Pimephales promelas, 108, 210, 515, 546, 605, 710, 


716, 719 

Pink salmon, 414 

Pirate perch, 704 

Plankton, 122, 257 

Plant equipment, corrosion of, 833 

Plasticizers, 6, 78 

Plastic samplers, 333 

Plecoptera, 491, 495, 688 

Plot(s) 


box, 375, 848 

data, 583 

Digidot, 586 

event, 371 

lag, 598 

QA/QC control, 577 

score, 595 

soil infiltration test, 390 

whisker, 587 


Plywood, 262 

Point source discharge, 278 

Poison ivy, 193 

Poisson distribution, 235 

Pollutant(s) 


discharge(s) 

changes in from surface runoff and subsurface 


flows, 397 

ranking, 185 


generation, 240 

in-place, 4 

loading, 853 

mass discharges, 356 

potential sources of, 122 
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reduction, 588 

sensitivity, 116 

sources of on paved areas, 627 

surface water, 104 

-tolerant organisms, 51, 52 


Pollution 

floatable, 70 

impacts, 651 

-sensitive species, 116 

-tolerant benthic macroinvertebrates, 314 

-tolerant organisms, 137 


Polychlorinated biphenyls, 837 

Polycyclic aromatic hydrocarbons (PAHs), 6, 7, 36, 


78, 197, 208, 435, 535, 837 

-contaminated sediments, 48, 540 

detection of in soil samples, 167 

-photoinduced toxicity, 91, 209, 540 

sediment quality guidelines for, 838 

street dirt samples containing, 161 


Polymerization reactions, 754 

Polytetrafluoroethylene (PTF), 269, 328 

Polyvinyl (PVC) samplers, 255 

Pomoxis 


annularis, 415 

nigromaculatus, 415, 536 


Ponar dredge, 320, 321 

Ponar sampler, 316 

Pool habitats, 646 

Popeye shiner, 703 

Population distribution characteristics, 237 

Pore water 


conditions, mini-piezometer measurements of, 
334 


sampling, 313 

sediment sampling for interstitial, 336 

squeezer, 329 

toxicity test, 267 

type of container and conditions recommended 


for storing samples of, 266–267 

Porifera, 688 

Porosity, calculation of total, 394 

Porous pavements, 630 

Potable water, treated, 472 

Potamogeton pectinatus, 136 

PQL, see Practical quantification limit 

P/R, see Photosynthesis and respiration 

Practical quantification limit (PQL), 253, 583 

Precipitation, 310, 313 

Predator–prey 


effects, 534 

relationships, 22 


Predators, 103 

Price meter, 359 

Prickly sculpin, 53, 701 

Primary hazard, 737 


Primary metals, 187 

Principal component(s) 


analyses (PCA), 591, 592 

loadings of, 595 

score plots of, 595 


Printing and publishing, 187 

Priority pollutants, metallic, 140 

Pristine estuary, 123 

Probability 


information, need for, 245 

plots, 584 

sampling, 225 


Procambarus clarkii, 133, 135, 136 

Professional organizations, 578 

Project field staff, 275 

Prometon, 118 

Protective eyewear, 739 

Protozoa, 63, 88, 487 


parasites, 623 

sampling, 494 


Pseudomonas aeruginosa, 42, 62, 86, 87, 88, 118, 

197, 486, 487, 625, 817, 819, 821 


PTF, see Polytetrafluoroethylene 

Public land records, use of in digital database, 858 

Public water supplies, 28 

Pugnose minnow, 702, 706 

Pugnose shiner, 703, 706 

Pulse exposure model, 614 

Pumpkinseed, 134, 415, 704 

PVC samplers, see Polyvinyl samplers 

Pyrene, 6, 38, 61, 81, 424, 448 

Pyrethroids, synthetic, 436 


Q 

QA, see Quality assurance 

QAPP, see Quality assurance project plans 

QA/QC, see Quality control/quality assurance 

QC, see Quality control 

QHEI, see Quantitative Habitat Evaluation Index 

Quality assurance (QA), 4, 118 


objectives, quantitative, 424 

procedures, 662 

project plans (QAPP), 121 


Quality control (QC), 4 

Quality control/quality assurance (QA/QC), 224, 247 


control plots, 577 

officer, 274 

problems, visual indications of, 250 

procedures needed for during sample collection, 


109 

program, 251 

requirements, 337 
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Quality prediction methods, data needs for, 863 

Quantistrip method, for alkalinity, 773 

Quantitative Habitat Evaluation Index (QHEI), 120, 


404, 643, 645 

Quillback, 703 


R 

Radar rainfall measurements, 388 

Railroad transportation, 187 

Rain, see also Rainfall 


characteristics, 452 

depth(s), 849 


errors in watershed, 383 

probability plots of, 190 


duration, 307, 308 

gauge(s), 121, 379 


calibration, 387 

Clear View, 378 

density, 381 

exposure, 386 

garden store, 388 

location, 309 

network, 380, 386 

proper placement of, 386 

recalibrated, 385 

sampler, 286 

spacing, 381 

stormwater monitoring, 378 

Thiessen polygons for, 380 

tipping bucket, 387, 388 


intensity, 308, 309 

temperature monitoring, 412 

volume, 308 

washoff of debris and soil during, 627 


Rainbow smelt, 414, 702 

Rainbow trout, 53, 74, 414, 520, 701, 702, 706 

Rainfall 


depths, 353 

design, 245 

distribution(s), 385 


characteristics, 354–355 
urban watershed, 382 


energy, 33 

measurements, radar, 388 

monitoring, 349, 377 


errors, 381 

extreme in, 378 

methods, advantages and disadvantages of, 


388 

wind-induced errors during, 386 


–runoff 

modeling, 382 


pattern, 381 

responses, pavement test, 850 


variability, 384 

Randomly amplified polymorphic DNA (RAPD) 


markers, 537 

Random sampling, 226 

Range ratio, 253 

Rank correlation coefficient, 684 

RAPD markers, see Randomly amplified 


polymorphic DNA markers 

Rapid Bioassessment Protocol (RBP), 654, 655, 656, 


665 

Rapid Bioassessment Protocol V (RBP V), 693 

RBP, see Rapid Bioassessment Protocol 

RBP V, see Rapid Bioassessment Protocol V 

Reactives 


first aid for, 757 

health hazards associated with, 756 

use and storage of, 756 


Reactivity, 763, 765 

Reagent 


bacterial, 731 

blanks, analysis of, 250 

freeze-dried, 487 

SPADNS, 441 

waste, 443 


Receiving water(s) 

aquatic organisms, effects of urban runoff on, 91 

assessment parameters, 114 

characterization, 187 

conditions, cause-and-effect relationships 


between urban runoff and, 30 

detrimental effects of urban and agricultural 


runoff on, 47 

effects, wet weather-related, 548 

impact(s) 


monitoring activities to assess, 609 

studies, 51 


investigation, 124, 213, 445–446 

levels, DO, 85 

microorganisms in urban, 485 

modeling, see Watershed and receiving water 


modeling 

models, 843, 846, 855 

nutrients entering, 76 

pH of, 364 

problems 


important pollutant causing, 416 

watershed indicators of biological, 103 


quality, components of integrated approach to 

assess, 102 


segment of interest, monitoring cost estimate for 

single outfall in single, 215 


swimming areas in urban, 28 

target factor, 111 
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typical urban, 216 

ultra-urban area affecting local, 182 

wet-weather flow impacts on, 15 


Receiving water data, statistical analyses of, 
575–607 

comments on selected statistical analyses 
frequently applied to receiving water 
data, 582–605 

analysis of trends in receiving water 
investigations, 601–603 

comparing multiple sets of data with group 
comparison tests, 588–591 

data associations, 591–596 
determination of outliers, 582–583 
exploratory data analyses, 583–588 
regression analyses, 596–600 
specific methods commonly used for 

evaluation of biological data, 603–605 
selection of appropriate statistical analysis tools 

and procedures, 575–582 
computer software and recommended 

statistical references to assist in data 
analysis, 576–580 

selection of statistical procedures, 580–582 
statistical elements of concern when conducting 

receiving water investigation, 605–606 
Receiving water uses, impairments, and sources of 

stormwater pollutants, 15–45 
beneficial use impairments, 22–29 

biological uses, 27–28 
human health-related uses, 28–29 
recognized value of human-dominated 

waterways, 22–26 

recreation uses, 26–27 

stormwater conveyance, 26 


likely causes of receiving water use impairments, 

30 


major urban runoff sources, 31–42 

construction site erosion characterization, 


32–34 

urban runoff contaminants, 34–42 


Receptor model, 475 

Reconnaissance surveys, 257 

Redear sunfish, 134, 704 

Redfin shiner, 703 

Redox potential, 77 

Red shiner, 703 

Redside dace, 702, 706 

Redside shiner, 701 

Reference watershed, 111 

Reformed seining, 505 

Refrigerant, 6 

Refuge areas, 150, 404 

Regression 


analyses, 596, 599 

equation, 600 


methods, 602 

model, verifying of, 599 


Regulatory agencies, fines imposed by, 233 

Regulatory program, 8–10 

Relative standard deviation (RSD), 432 

Relative toxicity, calculation of, 732 

Replicate sampling, 665 

Representative qualitative sample, 693 

Reservoirs, man-made, 126 

Residuals, graphical analyses of, 597 

Residue management, 4 

Resource extraction, 4, 5, 7, 16 

Resuspension 


effects, 521 

events, 348 

velocity, 545 


Reverse osmosis (RO), 203, 430 

Rhepoxynius abronius, 527 

Rhinichthys atratulus, 706 

Rhodamine B, 363 

Rhodamine WT, 364, 365, 369 

Rhododendrons, 667 

Rhoicosphenia curvata, 138 

Rhopalodia spp., 138 

Riffle 


habitats, 645 

–pool boundary, 409 

/run 


quality, 649, 650 

sample, 666, 674 


Riffle beetles, 52 

Riffle sculpin, 53 

Riparian areas, debris in, 27 

Riparian cover factor, 111 

Riparian habitats, 409 

Riparian vegetation, 150, 618 


removal of, 75 

stabilization of stream banks by, 63 


Riparian zone, 648 

Riprapping, 142 

Risk characterization, 11, 113, 619 

River(s) 


classification system, 652 

concentration profiles of toxicants in, 547 

mouth, 409 

pollutants and sources impairing U.S., 16 

screening approach for metals in, 544–545 

sluggish, 134 

swimming beaches, 84 

temperature profiles in, 410 


River carpsucker, 703 

River chub, 702, 706 

River darter, 704, 707 

River redhorse, 703, 706 

River shiner, 703 

RO, see Reverse osmosis 
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Road construction, 4 

Roadside fertilizer application, 7 

Roanoke bass, 707 

Roanoke hog sucker, 706 

Rock bass, 414, 704, 707 

Roof 


disconnections, 631 

drainage, 184 

runoff, 23 


Rooftop temperature data logging, 412 

Rosefin shiner, 703, 706 

Rosyface shiner, 703, 706 

Rotenoning, 505 

Round whitefish, 705 

Rovers, biological integrity of, 104 

RSD, see Relative standard deviation 

Run habitats, 645 

Running water ecosystems, characteristics of, 492 

Runoff, see also Urban runoff 


adverse aquatic life effects caused by, 50 

agricultural, 47 

calculated total, 283 

construction site, 43 

distribution characteristics, 354–355 

effect assessments, 402 

events, duration of, 371 

fecal indicators in stormwater, 82 

habitat problems caused by, 54 

heavy metals in stormwater, 76 

highway, 83 

long-term aquatic life effects of, 92 

manure-laden, 89 

monitoring projects, urban, 36 

on-site, effect of from industry, 207 

pollutants, urban, sources of, 157 

presence of bacteria in stormwater, 465 

sources, major urban, 31 

volume, 397 


errors, 383 

predicted, 850 

reduction benefits, cost-effectiveness data for, 


635 

water 


matrix, 431 

sources, 157 


yields, stormwater, 159 

Run–riffle–pool sequence, 404 

Rural Clean Water Program, 601 


S 

Sacramento squawfish, 53 

Sacramento sucker, 53, 134, 135 


Safety glasses, over-the-glasses, 739 

Saffron shiner, 706 

Sailfin shiner, 706 

Salmo 


clarki, 74, 414 

gairdneri, 74, 414, 520, 536, 706 

salar, 414, 706 

trutta, 74, 414, 536, 706 


Salmon 

density, 153 

effects of sedimentation on stream-living, 154 

embryos, survival of, 165 

fishery, 155 


Salmonella, 83, 86 

thompson, 86 

typhi, 622 

typhimurium var. copenhagen, 86 

typhosa, 816 


Salmonellosis, 621 

Salt applications, for winter traffic safety, 62 

Salt dilution, 358 

Saltwater, 799 

Salvelinus 


alpinus, 706 

confluentus, 706 

fontinalis, 74, 414, 520, 536, 706, 717 

malma, 706 

namaycush, 414, 706 


Sample(s) 

analysis of, 732 

bottle(s) 


cleaning, 269 

options, American Sigma, 279 


collection, 254, 273 

concentration variations, determining, 236 

containers, 269 

CPOM, 669, 679 

field processing of, 271 

fraction of rated as toxic, 524 

handling and preservation, 730 

laundry detergent, 483 

number of needed for comparisons between 


different sites, 244 

number of needed to characterize conditions, 231 

number of needed to identify unusual conditions, 


243 

preservation, 274 

processing, 694 

representative qualitative, 693 

riffle/run, 666, 674 

setup options, 224 

shipping of, 272 

size equations, environmental research, 235 

sorting, 667 

transfer, 304 
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transportation of to laboratory, 273 
volumes, 263 

Sampler(s) 
aromatic, 224 
automatic, 259 

flow-weighted, 288 
line flushing, 282 
refrigerated, 280 
source area, 299 

bedload, 295, 296, 410 

choosing appropriate sediment, 315 

cleaning of, 270 

comparison of substrate, 500 

corer, 289, 323 

cycle time, 283 

dipper, 290, 453 

dredge, 315 

freezing core, 316, 322 

grab, 315, 496, 685 

horizontal water, 291 

-induced pressure waves, 315 

manual pump, 292 

manual sheetflow, 298 

modifications, 224 

Orange-Peel, 316 

periphyton, 501 

Peterson, 316 

plastic, 333 

polyvinyl, 255 

Ponar, 316 

precipitation, 313 

rain gauge, 286 

retrieval of, 681 

sediment 


depth-integrated, 294 
popular, 316 

semiautomatic, 259, 299 
settleable solids, 295 
sheetflow 

manual, 298 
semiautomatic, 299 

Shipek, 316 
siphon, 287, 288 
Smith–McIntyre, 317 
sticky paper fugitive, 312 
stream-net, 499 
submerged water, 290 
suspended particulate, 312 
tripped vertical water, 291 
tube, 292 
Van Veen, 316, 317 
Vortox, 299 

Sampling 
artifacts associated with, 531 
atmospheric contribution, 310 

automatic, advantages of manual sampling 
compared to, 260 

bacteria, 281 
benthos, 491, 549 
cluster, 225 
dip net, 498 
dry, 301 
dry-weather, 188 
effort, marginal benefit associated with 

increasing, 243 
error, 233, 251 
first-flush, 285 
fish, 502 
floatable litter, 296 
floatable material, 224 
flow-weighted composite, 283, 285 
haphazard, 225 
hyporheic, 326 
judgment, 225 
lines, losses of particles in, 282 
locations 

number of needed to be represented in 
monitoring program, 238 

selection of, 256 
macroinvertebrate, 494 
manual, 259, 260 
methods 

fish, 505 
macroinvetebrate, 497 

microbiological, 289 
for microorganism evaluations, 487 
multistage, 225 
path, 652 
paired,258 
periphyton, 493 
plans, 225 
pore water, 313 
probability, 225 
problems, 347 
procedures 

manual, 289 
street surface particulate, 301 

program, street dirt, 306 
protozoan, 494 
random, 226 
replicate, 665 
routines, Monte Carlo, 577 
safety considerations, 255 
search, 226 
sediment, 313 
soil, source area, 300 
source area, 278, 297 
station(s), 284 

downstream, 361 
lengths, 693 
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stratified random, 225 

strategies, 356 

system, multilocation, 193 

systematic, 225 

time-discrete, 299 

time-weighted composite, 285 


Sampling effort and collection methods, 223–344 
basic sample collection methods, 336–338 
data quality objectives and associated QA/QC 

requirements, 254 

identifying needed detection limits and 

selecting appropriate analytical method, 
252–254 

quality control and quality assurance to 
identify sampling and analysis problems, 
247–252 

experimental design, 224–247 
determining number of samples needed to 

identify unusual conditions, 243–244 
factorial experimental designs, 227–231 
need for probability information and 

confidence intervals, 245–247 
number of samples needed to characterize 

conditions, 231–243 
number of samples needed for comparisons 

between different sites or times, 244–245 
sampling plans, 225–227 

general considerations for sample collection, 
254–277 

basic safety considerations when sampling, 
255–256 

personnel requirements, 275–277 
sampler and other test apparatus materials, 

260–263 
selecting sampling locations, 256–260 
volumes to be collected, container types, 

preservatives to be used, and shipping of 
samples, 263–275 

receiving water, point source discharge, and 
source area sampling, 278–313 

automatic water sampling equipment, 
278–289 

manual sampling procedures, 289–297 
source area sampling, 297–313 

sediment and pore water sampling, 313–336 
interstitial water and hyporheic zone 

sampling, 326–336 
sediment sampling procedures, 313–324 


Sand roller, 701 

Sand shiner, 703 

Sandy soil conditions, infiltration rates of, 395 

Sanitary landfills, 4 

Sanitary sewer overflows (SSOs), 195 

SAS Institute, 579 

Sauger, 415, 704 


Scatterplots, 586 

Scioto madtom, 704 

Scorecard Litter Rating (SLR) Program, 399 

Score plots, of principal components, 595 

Sculpins, 707 

Sea lamprey, 701 

Search sampling, 226 

Seasonal Kendall test, 603 

Seattle tests, 398 

Secchi disk, 416 


transparency data, 175 

transparency observations, 176 


Sediment 

artificial, 534 

bacteria conditions, 17 

bedload, 409 

bioaccumulation studies, chambers for 


conducting, 541 

bioassay tests, 155 

characterization, 325 

chemical analyses, 117 

collection methods, 327 

cores, 324 

criteria, 521 

deposition, effect of erosion on, 156 

deposits, 660 

depth-integrated samples for suspended, 292 

devices for collecting, 319 

exposure chamber units, 532 

feeders, 495 

guidelines, 837 

integrity, 323 

mixing of with drill auger, 325 

oils, 660 

oxygen demand (SOD), 117, 196, 204, 417 

PAH-contaminated, 540 

particle size, 103 

phases, used in toxicity tests, 521 

profiles, devices for obtaining, 320 

properties, 128 

quality, 131 


analyses, 107 

criterion, 234 

guidelines, 837, 838 

triad, 91, 611 


receiving water problems caused by, 416 

sampler(s) 


choosing appropriate, 315 

depth-integrated, 294 

guidelines, 317 

popular, 316 


scour of bottom, 408 

shallow stream with contaminated, 336 

standard testing protocols, 527 

suspended, impacts associated with, 413 
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toxicity tasks, 729 

transport, 143, 408, 618 

traps, 295 


Seed 

germination, 519 

pretreatment, 6 


Selenastrum capricornutum, 108, 114, 206, 268, 

517, 520, 546, 721 


Semiautomatic samplers, 259 

Semiautomatic sheetflow samplers, 299 

Semipermeable membrane devices (SPMDs), 212, 


333, 536 

Semiquantitative survey, routine initial, 191 

Semivolatile organic compounds, 189 

Semotilus margarita, 706 

Sen’s nonparametric estimator of slope, 603 

Separate sewer overflows (SSOs), 68 


discharge point, 199 

evaluation project, 333 


Septic systems, 20 

Septic tank(s) 


discharge, 472 

failures, 460 

suspected failing, 481 


Sequential extraction procedures, 458 

Serratia marcescens, 487 

Settleable solids samplers, 295 

Settling column tests, 456 

Settling velocity(ies), 545 


methods to measure stormwater, 454 

particle size and, 451 

settling column tests for, 456 


Sewage 

-contaminated waters, 196, 200 

discharges, into urban streams, 85 

disposal 


overboard, 625 

systems, on-site, 7 


fecal coliform bacteria as indicators of 

inappropriate discharges of sanitary, 464 


pathogens from raw or poorly treated, 86 

raw, 202 

treatment of sanitary, 25 

treatment plant, 419 


Sewerage 

inlet cleaning, 164 

maintenance, 12 


Shallow water vibratory core collection, 321 

Shannon index calculations, 506 

Sheetflow sampler, 298 

Shellfish harvesting, 114, 610 

Shigella, 62, 87, 197, 486, 821 

Shigellosis, 621 

Shipek sampler, 316 

Shipping containers, 272 


Shock-sensitive materials, 756 

Shore zones, 666 

Shorthead redhorse, 703 

Shortnose gar, 702 

Short-term exposure limit (STEL), 764 

Shredder abundance, 667 

Shredders, 410 

Shrubbery, as shade for stream aquatic life, 145 

Sicydium stimpsoni, 707 

Side stream 


detention ponds, 210 

fish bioassay tests, 54 


SIE, see Stressor Identification Evaluation 

Sieve analyses, 407, 454 

SigmaPlot, 578 

SigmaStat, 578 

Silver chub, 702 

Silverjaw minnow, 703 

Silver lamprey, 701 

Silver redhorse, 703, 706 

Silver shiner, 706 

Silvex, 159 

Silviculture, 4, 5, 7 

Simazine, 118 

Siphon samplers, 287, 288 

Site 


assessment, initial, 110 

topography, 33 


Skimmer boats, 70 

Skipjack herring, 702 

SLAMM, see Source Loading and Management 


Model 

Slaughterhouse wastes, 89 

Slender madtom, 704, 707 

Slimy sculpin, 705 

Slope, Sen’s nonparametric estimator of, 603 

Slough darter, 707 

SLR Program, see Scorecard Litter Rating Program 

Sludge farm runoff, 7 

Slug discharge test, 368 

Smallmouth bass, 74, 415, 536, 704 

Smallmouth buffalo, 703 

Smith–McIntyre sampler, 317 

Snakes, urban stream corridors as habitat for, 67 

Snowmelt, 34, 626 

Sockeye salmon, 152, 414, 705 

SOD, see Sediment oxygen demand 

Sodium 


adsorption ratio, 526 

hypochlorite, 740 


Soil 

age, 391 

bank, 618 

characteristics, 300 

clayey, 396 
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column extraction method, 394 

compact sandy, 396 

compaction, 391, 397 

compost-amended, 397 

conditions, infiltration rates of sandy, 395 

erodibility, 33 

erosion, 31, 311 

evaluations, 388 

extraction kits, 436 

infiltration 


characteristics, importance of field tests of, 
396 


rates, 229 

test plot, 390 


insects, 390 

measurement of infiltration rates in disturbed 


urban, 389 

moisture measurements, 392 

noncompact sandy, 396 

samples, detection of PAHs in, 167 

sampling, source area, 300 

studies of depth of pollutant penetration in, 63 

surveys, 549 

texture measurements, 393 

triangle, 393 

type, 452 

urban, infiltration rates in disturbed, 394 

washoff of during rain, 627 


Solar panel, exposure of to vandalism, 374 

Solid(s) 


bedded, 71 

dissolved, 71, 158 


aquatic life criteria for, 823 

classification of, 72 

human health criteria for, 822 

total, 189, 191 


-solution reactions, 329 

suspended, 71, 103, 131, 352, 446, 612, 834 


classification of, 72 

effects of on aquatic macroinvertebrates, 73 

effects of on fish, 74 

water quality criteria for, 835 


Soluble reactive phosphorus, 146, 147 

Sorption, 79, 81 

Source area sampling, 278, 297, 300 

Source Loading and Management Model (SLAMM), 


353, 629, 854, 858 

Southern redbelly dace, 702, 706 

Soybean farming, 5 

SPADNS reagent, 441 

Spearman’s Rank Correlation, 679 

Species 


intolerant, 698 

-level identifications, 683 

population number, 612 

richness, 115, 697 


Speckled chub, 702 

Speckled dace, 701 

Speckled madtom, 707 

Spectrophotometer, 429 

SPMDs, see Semipermeable membrane devices 

Spotfin shiner, 703 

Spottail shiner, 703, 706 

Spotted bass, 415, 704 

Spotted gar, 702 

Spotted sucker, 703, 706 

SS, see Suspended solids 

SSOs, see Separate sewer overflows 

Standards and regulations, compliance with, 13 

Staphylococcus aureus, 87 

State–discharge curve, 359 

Statistical procedures, selection of, 580 

Statistical reference books, 576 

Statistical software programs, 575, 577 

Statistics, 579 

StatSoft, 579 

StatXact-Turbo, 590 

Steelcolor shiner, 703, 706 

STEL, see Short-term exposure limit 

Stenodus leucichthys, 706 

Sticky paper fugitive dust samplers, 312 

Stizostedion 


canadense, 415 

vitreum, 415 


Stonecat, 704, 707 

Stoneflies, 152 

Storage, Treatment, Overflow Runoff Model, 854 

Storm drainage 


identifying inappropriate discharges into, 463, 

484 


sources of inappropriate discharges into, 459 

systems, 33, 142 


Storm drain outfalls, 127 

health outcomes for swimming in front of, 194 

swimming in front of, 820 


Storm event(s) 

hydrodynamics, 349 

influence of on chemical element dynamics, 348 

levels of organic nutrients during, 73 


Storm samples, event-mean concentrations for series 

of, 239 


Stormwater 

aesthetic use of, 25 

assessments, strengths and weaknesses of toxicity 


tests in, 511 

BOD analyses, 75 

characteristics, 43, 190 

chronic toxicity associated with, 19 

contamination, potential for, 207 

conveyance, 26, 166, 610 

direct pathogen monitoring in, 29 

event, attributes of, 20 
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hardness, 159 

human health effects of, 85 

hydrometer analyses of, 456 

indicator categories, 104 

infiltration, 25 


devices, 62 

groundwater impacts from, 56 


inlet sediment volumes, 162 

management 


planning, 10–11 
practices, 139, 183 


microorganisms in, 485 

models, 12, 307 

monitoring, rain gauges suitable for, 378 

organic matter in urban, 76 

outfall, swimming near, 28 

pathogens, 82, 620 

permit program, 849 

pollutants, sources of, see Receiving water uses, 


impairments, and sources of stormwater 
pollutants 


pond, advertising benefits of, 25 

potentials for extreme heterogeneity in, 22 

receiving water problems associated with, 22 

removal of phosphorus from, 169 

runoff 


characteristics of, 35 

effects, 256 

heavy metals in, 76 

problem of, 3–4 

warm weather, 42 

yields, 159 


safety concerns with, 66 

sample(s) 


analyses priority for automatically collected, 

189 


extractions, 779 

sources, identifying and prioritizing critical, 626 

toxicants, potential sources of, 6 

toxicity, 513 

treatment system operating cost breakdown, 172 

typical microscopic view of particles in, 457 


Straight-line model, 241 

Stratified random sampling, 225 

Stream(s) 


alteration, beneficial effect of, 151 

aquatic life, shade provided for, 145 

assessment factors, for nonpoint source-affected 


streams, 111 

bank(s) 


characteristics, 411 

modification, 4 

stabilization of by riparian vegetation, 63 


bed 

erosion, 143, 155 

/sediment monitoring, 410 


canopy, 206 

channelized urban, 26 

characterization, 120, 125, 142 

depth 


estimated, 660 

gauges, 121 


diagram, 652 

discharge, 349, 369, 660 

fishing in urban, 29 

flow, 617 


analyses, 107 

monitoring in, 357 


friction slope, 350 

hydraulics, 618 

hydrologic balance, permanent change of, 65 

improvement projects, 56 

inappropriate sanitary sewage discharges into 


urban, 85 

map, 652 

measurements, 651 

models 


non-toxic constituents in, 864 

predicting pollutant fates using, 544 


monitoring, intermittent, 280 

parameters, potential effects of sources of 


alteration on, 21 

reach factor, 111 

recovery program, 25 

stability, protection of, 65 

staff gauges, 349 

temperature profiles in, 410 

type, 657 

velocity, 360, 660 


Streamline chub, 702 

Stream-net samplers, 499 

Streamside cover, 662 

Street 


cleaning, 631, 632, 633 

effects of in controlling urban runoff pollutant 


discharges, 163 

equipment, 163 

subsample, 304 


construction material, 303 

pavement condition, 305 

surface particulate sampling procedures, 301 

texture, 308 


Street dirt 
accumulation 


measurements of, 305 

rates, 305 


contributions of to urban runoff discharge, 161 

loading, 308 

samples, PAHs found in, 161 

sampling program, 306 

subsample collection, 302 

washoff, 307 
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Streptococcus 

bovis, 486 

faecalis, 87, 486 


Stress 

demonstration, 616 

–productivity–predation relationships, 346 


Stressor(s) 
cause-and-effect relationships between biological 

impairments and, 637 

class identification, 616 

combinations, 103 

examples of identifying, 538 

exposures, 533 

Identification Evaluation (SIE), 91 

loadings, 207 

potential sources of, 122 

reduction, 123 


Stressor categories, effects on humans and 
ecosystems and, 47–98 

effects of runoff on receiving waters, 47–63 
adverse aquatic life effects caused by runoff, 

50–54 
fish kills and advisories, 49–50 
groundwater impacts from stormwater 

infiltration, 56–63 
indicators of receiving water biological effects 

and analysis methodologies, 48–49 
observed habitat problems caused by runoff, 

54–56 
receiving water effect summary, 90–92 
stressor categories and effects, 63–90 

aesthetics, litter/floatables, and other debris 
associated with stormwater, 68–71 


dissolved oxygen, 73–75 

nutrients, 76 

pathogens, 78–90 

safety concerns with stormwater, 66–68 

solids, 71–72 

stream flow effects and associated habitat 


modifications, 63–66 
temperature, 75–76 
toxicants, 76–78 

Striped bass, 414, 536, 704 

Striped jumprock, 707 

Striped shiner, 703 

Student current meter, 359 

Student–Newman–Keuls test, 591 

Student’s t-tests, 589 

Subsample 


classification of organisms in, 668 

collection of, 303 

street cleaning, 304 

street dirt, 302 


Substrate 

artificial, 683 

characterization, 407 


quality factor, 111 

samplers, comparison of, 500 

samples, bug picking from, 498 


Subsurface 

coal mining, 4 

flow measurements, 394 


Suburban transit, 187 

Suckermouth minnow, 702 

Sucker species, 508, 698 

Sulfate, 132 

Sulfide-bound metals, 327 

Sulfuric acid, 740 

Sump pump discharges, 461 

Sunfish species, 508, 697 

Superfund sites, 619 

Surface 


coal mining, 4 

cover, 33

–groundwater interaction, 362 


Surface water 

pollutants, 104 

quality, 146 

sampling locations, constituents monitored at, 


192 

Surfactant(s) 


analyses, 472 

LAS from synthetic, 479 


Surrogate species, laboratory-derived toxicity values 
for, 614 


Survival data, 604 

Suspended sediment 


depth-integrated samplers for, 292 

impacts associated with, 413 

samples, 224 


Suspended solids (SS), 71, 103, 118, 198, 446, 612, 

834 


classification of, 72 

effects of on aquatic macroinvertebrates, 73 

effects of on fish, 74 

reduction benefits, 635 

water quality criteria for, 835 


Suspension feeders, 495 

Swallowers, 495 

Swamp darter, 707 

Swamps 


cedar, 52 

urban runoff-affected, 52 


Swimmer’s ear, 87 

Swimming, 114 


areas, in urban receiving waters, 28 

beaches, river, 84 

in front of storm drain outfalls, 194, 820 


Synedra, 138, 175 

Synthetic organics, 7 

Synthetic pyrethroids, 436, 535 
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SYSTAT, 379, 578 

Systematic sampling, 225 


T 

Tadpole madtom, 704 

Taxa richness, 671, 674 

TDS, see Total dissolved solids 

Tebuthiuron, 118 

Telecommunications industry, 736 

Telemetry equipment, 286 

Telescope shiner, 706 

Tennessee shiner, 706 

Teratogenicity, 507 

Termite control, 6 

Test(s) 


ANOVA, 580, 599 

apparatus materials, 260 

aqueous phase, 520 

artificial substrate macroinvertebrate 


colonization, 121 

bacteria, 433 

bioaccumulation, 269, 616, 724 

Bonferroni t-, 591 

Chi-square goodness of fit, 586 

comparing multiple sets of data with group 


comparison, 588 

comparison, 580 

correlation, 470 

double-ring infiltration, 229 

Duncan’s multiple range, 591 

Dunner’s 591 

Durbin–Watson, 598 

earthworm, 519 

end of, 714, 722 

field, 396 

fish bioassay, 54 

HACH detergents, 471 

homogeneity, 177 

honest significant difference, 604 

infiltration, apparatus, 389 

in situ, advantages of, 531 

in-stream toxicity, 168 

kit performance, 430 

Kolmogorov–Smirnov one-sample, 586 

Kurskal–Wallis ANOVA on ranks, 588, 591 

Mann–Kendall, 175, 176, 582, 602 

Mann–Whitney signed rank, 590 

Mann–Whitney U, 470, 475 

microbial activity, 523 

Microtox screening, 445, 513, 730 

nonparametric, 581 

outfall, for optical brighteners, 440 


parametric, 581 

pathogen die-off, 200 

pavement, rainfall-runoff responses for, 850 

peeper, 204 

photosynthesis/respiration, 440 

pore water toxicity, 267 

Seasonal Kendall, 603 

Seattle, 398 

sediment bioassay, 155 

settling column, 456 

slug discharge, 368 

SOD, 122 

soil infiltration, 390 

Student’s t-, 589 

Student–Newman–Keuls, 591 

toxicant reduction, 525 

toxicity 


ambient, 665 

approaches, 512 

ASTM standards on, 712 

emerging tools for, 536 

in situ, 530 

macrofaunal, 523 

sediment phases used in, 521 

strengths and weaknesses of in stormwater 


assessments, 511 

washoff, 306 

waters, fluorescence of, 471 

whole effluent toxicity, 48, 507, 514 

Wilcoxon rank sum, 590 


Tetrachloroethylene, 38, 61, 801 

Tetrahydrofuran, 261 

Textile mills products, 187 

Thalidomide, 744 

Threadfin shad, 135, 414, 702 

Three spine stickleback, 53, 134, 135, 701 

Threshold limit value (TLV), 764 

Thymallus oligolepis, 706 

TIE, see Toxicity identification evaluation 

Time-discrete sampling, 299 

Time-of-travel velocity meters, 377 

Time-weighted composite sampling, 285 

Tippecanoe darter, 705 

Tipping bucket rain gauges, 387, 388 

Tire wear, 7 

TLV, see Threshold limit value 

TMDL, see Total maximum daily load 

TOC, see Total organic carbon 

Tolerance classification(s), 506 


agencies having developed, 687 

family-level, 680 


Toluene, 6, 38, 61, 740, 744, 801 

Tonguetied minnow, 702 

Topeka shiner, 706 

Torrent sculpin, 701 
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Torrent sucker, 707 

Total dissolved solids (TDS), 118, 189, 191, 252 

Total Kjeldahl nitrogen, 42, 158, 160 

Total-load stations, 293 

Total maximum daily load (TMDL), 10, 11, 798, 


844, 852 

Total organic carbon (TOC), 130, 191, 325 

Total petroleum hydrocarbons (TPH), 191, 435 

Total suspended solids (TSS), 184 

Toxaphene, 803, 827 

Toxicant(s) 


concentration profiles of in rivers, 547 

food as source of, 620 

mixtures, measuring effects of in organisms, 515 

reduction tests, laboratory-scale, 525 

sources, 629 


Toxicity, 763 

assay considerations, 522 

assessment, 113 

identification evaluation (TIE), 116, 122, 208, 


514, 729 

protocol, 538 

scheme, 458 

screening, 526 


particulate-associated, 19 

testing, 107 


approaches, 512 

ASTM standards on, 712 

emerging tools for, 536 

in situ, 530 

in-stream, 168 

sediment phases used in, 521 

strengths and weaknesses of in stormwater 


assessments, 511 

Toxicity and bioaccumulation testing, 709–734 


general toxicity testing methods, 710 

in situ testing using confined organisms, 724–729 

methods for conducting long-term sediment 


toxicity tests with Chironomus tentans, 
718–724 


collection of egg cases, 719 

dissolved oxygen, 720–721 

ending of test, 722–723 

feeding, 720 

hatching of eggs, 719–720 

interpretation of results, 723–724 

monitoring emergence, 722 

monitoring survival and growth, 721 

placing organisms in test chambers, 720 


methods for conducting long-term sediment 
toxicity tests with Hyalella azteca, 
710–718 

acclimation, 713 

ending of test, 714–716 


feeding, 713 

interpretation of results, 716–717 

monitoring of test, 713–714 

placement of sediment into test chambers, 710 

placing organisms in test chambers, 713 


Microtox screening test, 730–733 

apparatus, 731 

calculations, 732–733 

health and safety information, 733 

interferences, 730 

precision and accuracy, 733 

procedure, 731–732 

reagents, 731 

sample handling and preservation, 730 

scope and application, 730 

summary of method, 730 


toxicity identification evaluations, 729 

Toxic unit (TU), 516 

TPH, see Total petroleum hydrocarbons 

TRAACS 2000 continuous-flow analyzer, 449 

Tracer(s), 377, 463 


artificial, 362, 364 

characteristics, of local source flows, 466 

dye, 362 

flow monitoring using, 361 

naturally occurring, 363 


Trailer parks, 185 

Transition zones (TZ), 326 

Transparency, measurement of, 416 

Transportation equipment, 187 

Trash 


boom, 70 

floatable, 29 

racks, 67 


Trend(s) 
analyses 


examples of, 109 

preliminary evaluations before use of, 601 


statistical identification of, 601 

Triazines, 436 

Tributyltin, 807 

Trichloroethylene, 61, 740 

2,4,6-Trichlorophenol, 448 

3,5,6-Trichloropyridonol, 436 

Trichoptera, 491, 495, 688 

Trihalomethanes, 62 

Trinitrotoluene, 741 

Trip blank, 248 

Tripped vertical water sampler, 291 

Trophic composition metrics, 698 

Trout-perch, 704 

TSS, see Total suspended solids 

TU, see Toxic unit 

Tube sampler, 292 
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Tubificids, 52, 137 

Turbidity, 131, 424, 446, 469, 658, 834 


excessive, 694 

probes, 439, 784 

relationship between Daphnia magna toxicity 


and, 543 

sensors, 371 

values, 204 


TV surveys, 484 

Typhoid fever, 621 

TZ, see Transition zones 


U 

UF, Urea formaldehyde 

Underground parking garages, 23 

Underground storage tanks, leaks from, 461 

Unit area loadings, 845 

UNIX, 578 

Upstream–downstream sampling design, 209 

Upstream flow rate, 367 

Urban aquatic environments, metal 


bioaccumulations in, 133 

Urban area pollutant yields, 37 

Urban bacteria sources, 82 

Urban Catchment Model, 854 

Urban drainage elements, 23 

Urban fishing, 29 

Urban hydrology, 351 

Urbanization, 65 

Urban models, attributes of, 856 

Urban planning, initiated, 628 

Urban runoff 


assessment of priority pollutant concentration in, 

131 


cause-and-effect relationships between receiving 

water conditions and, 30 


controls, 163 

discharge,(s) 


street dirt contributions to, 161 

use of dry detention basins in controlling, 164 


effects of on receiving water aquatic organisms, 

91 


hazardous substances observed in, 38 

heavy metals, 79 

monitoring, 36, 137 

pollutant(s) 


concentrations, 39 

sources of, 36, 143, 157 


sources, major, 31 

total solids in, 167 

yields, sewerage inlet cleaning effects in 


reducing, 164 


Urban soils 

infiltration rates in disturbed, 394 

measurement of infiltration rates in disturbed, 389 


Urban stormwater 

contaminants, sources of, 626 

organic matter in, 76 


Urban watersheds, rainfall distribution in, 382 

Urban waterways, stressed, 27 

Urea formaldehyde (UF), 59 

U.S. Environmental Protection Agency (EPA), 3 


CSOs required by, 69 

multimetric approach used by, 116 

National Pollutant Discharge Elimination 


System, 8, 513, 847 

National Water Quality Inventory released by, 


78 

Nationwide Urban Runoff Program, 34, 65, 615, 


629 

-sponsored research, on stormwater indicators, 30 


U.S. Geological Survey (USGS), 139 

USGS, see U.S. Geological Survey


V 


Vacuum 

cans, reassembling of, 305 

pump, 742 

units, 304 


Vandalism, 374 

Van Veen sampler, 316, 317 

Vapor 


density, 749 

pressure, 749 


Variegate darter, 705 

Vegetation 


overhanging, 647 

riparian, 150, 618 

surrounding outfall, 469 


Velocity meters, 377 

Vibratory corers, 316, 324 

Vibrio 


cholerae, 622 

parahemolyticus, 818 


Vinyl chloride, 801 

Viral adsorption, 61 

Viral gastroenteritis, 621 

Viruses, 90, 490 

VOCs, see Volatile organic compounds 

Volatile organic compounds (VOCs), 61, 78 

Volatile suspended solids (VSS), 118, 131, 198 

Volatilization, 78, 79, 80 

Vortox sampler, 299 

VSS, see Volatile suspended solids 
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W 

Walleye, 415, 704 

Warm-water fishery, 27 

Washoff 


equation, 307 

street dirt, 307 

tests, small-scale, 306 


Waste 

assimilation capacity, 412 

containers, guidelines for, 760 

disposal methods, see Laboratory safety, waste 


disposal, and chemical analyses methods 

load allocations, conventional pollutants model 


comparison as used in, 865 

Wastewater(s) 


effluent, treated, 88 

samples, sampling and handling requirements for, 


264–265 

sanitary, 472, 473 

treatment, on-site, 4 


Water(s) 

accelerated eutrophication of, 830 

anion chromatographic conditions in, 450 

background fluorescence in, 365 

balance, treatment system, 173 

cation chromatographic conditions in, 450 

chemical analyses, 117 

clarity, 651 

collection methods, 533 

column 


pollutants, interaction of contaminated 
sediments and, 201 


quality, 51 

surrogate, 528 


contact recreation, 22, 624, 820 

creek interstitial, 148 

deionized, 783 

dilution, 717, 718, 719 

fluorescence of test, 471 

hardness, 825 

-holding capacity, 394 

interstitial 


bacteria populations, 203 

chemistry, 203 

collection methods, 318 

degradation of, 202 

immediate collection and analysis of, 328 

isolation of, 329 

measurements, 202, 327 

quality, 371 

sampler selection guidelines, 317 


irrigation, 474 

moccasins, 256 


odors, 658 

pathogen-contaminated, 85 

pore 


sampling, 313 

squeezer, 329 

toxicity test, 267 

type of container and conditions 


recommended for storing samples of, 
266–267 

quality, 128, 216, 656 

analyses, 107 

baseflow, 160 

characteristics, measurement of, 713 

construction site runoff, 33 

evaluations, 425, 618 

indicators, 105 

in-stream, 143 

monitoring sonde, 782 

observations, 585 

overlying, 724, 725, 727 

parameters, long-term in situ measurements 


of, 427 

pollutant constituent monitoring, 105 

probes, 281 

riparian zone components possibly affecting, 


411 

violations, 356 


-reactive chemicals, 755 

receiving, pH of, 364 

Reverse Osmosis quality, 203 

runoff, sources, 157 

sampler(s), 293 


horizontal, 291 

open vertical, 291 

tripped horizontal, 291 

tripped vertical, 291 


samples 

blank, 309 

sampling and handling requirements for, 


264–265 

sewage-contaminated, 196, 200 

stable isotope methods for identifying sources of, 


481 

stage, 651 

standard testing protocols, 517 

supplies, human health considerations associated 


with potentially contaminated, 124 

surface oils, 658 

tracing, using fluorescent dyes, 364 

treated potable, 472 


Waterborne diseases, 90 

Waterfront areas, 25 

Water quality criteria, 797–841 


ammonia, 813–816 
bacteria, 816–822 
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bacteria criteria for water-contact recreation, 
820–822 

development of bathing beach bacteriological 
criteria, 816–820 

chloride, conductivity, and total dissolved solids, 
822–823 


aquatic life criteria for dissolved solids, 823 

human health criteria for dissolved solids, 


822–823 
chromium, 823–824 


aquatic life effects of Cr+3, 823–824 

human health criteria for chromium, 824 

national freshwater aquatic life criteria for 


CR+3, 824 

compilation of recommended water quality 

criteria and EPA’s process for deriving 
new and revised criteria, 799–813 

copper, 824–825 

effects of copper on aquatic life, 824–825 

human health criteria for copper, 825 

national aquatic life criteria for copper, 825 


EPA’s water quality criteria and standards plans, 
798–799 

hardness, 825–826 
hydrocarbons, 826–827 
lead, 827–828 

aquatic life summary for lead, 827–828 

human health criteria for lead, 828 

national aquatic life criteria for lead, 828 


nitrate and nitrite, 828–830 

human health nitrate and nitrite criteria, 829 

nitrate and nitrite aquatic life criteria, 829–830 


nonpriority pollutant, 806–808 

organoleptic effects, 809 

pH, 832–834 

phosphate, 830–832 

priority toxic pollutant, 800–803 

sediment guidelines, 836–838 

suspended solids and turbidity, 834–835 

zinc, 835–836 


aquatic life criteria for zinc, 835 

human health criteria for zinc, 836 


Watershed(s) 

ammonia in, 192 

areal rainfall accuracies for fast-responding, 384 

areas, topographical maps used to determine, 120 

assessment projects, 346 

average rainfall depth, measurement of, 382 

characterization, 125, 141, 183, 348, 351 

chloride in, 192 

complexity matrix, 123 

development factor, 111 

erosion, 659 

heavily urbanized city, 17 

illicit problems in typical, 462 


increasing urbanization in, 179 

indicators of biological receiving water problems, 


103 

investigation of parallel, 141 

land uses of, 258 

lead concentrations in, 192 

models, 843 

multi-, 123 

nitrate in, 192 

planning, 276 

rain depth errors, 383 

rainfall distribution in urban, 382 

reference, 111 

-scale loading models, 846 

sensitive species lost from, 507 

surveys, 398 

test sites, monitored annual pollutant discharges 


for, 40 

total coliforms in, 192 


Watershed and receiving water modeling, 843–874 
complex models, 852–855 
geographical information systems, 857–860 
receiving water models, 855–857 
simple models, 846–852 
unit area loadings, 845–846 

Waterways, human-dominated, 22 

Weather station, 390 

Weight-of-evidence (WOE), 610, 611 

Western banded killifish, 704 

Western sand darter, 705 

WET, see Whole effluent toxicity 

Wet detention pond(s), 66, 631, 633 


effect of, 211 

people living near, 25 

recommendations to maximize safety near, 67 


Wetland 

acreage loss, 104 

health indicators, 116 


Wet-weather 

discharge characteristics, land use monitoring for, 


239 

quality, 214 


Wet-weather flow(s) 

analyses, standard and modified methods for, 448 

bacteria, 203 

floatable litter associated with, 68 

use of multiparameter probe to indicate presence 


of, 370 

Whisker plots, 587 

White bass, 414, 704 

White catfish, 703 

White crappie, 415, 701, 704 

White perch, 414, 704 

White sucker, 414, 703 

Whitetail shiner, 706 
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Whole effluent toxicity (WET), 507, 514 
calculations, 517 
tests, 48, 507 

Whole-sediment manipulations, 542 
Wilcoxon rank sum test, 590 
Wind 

error, 386 
-transported materials, 311 

Windows front-ends, 844 
Winkler titration, 440 
WOE, see Weight-of-evidence 
Wood 

preservatives, 5, 6 
products, 187 

X-ray fluorescence, 778 
Xylene, 61, 436, 744 
XYZ autosampler, 449 

Y 

Yard wastes, 67 

Yellow bass, 704 

Yellow bullhead, 701 

Yellowfin shiner, 706 

Yellow perch, 415, 701, 704 

Yersiniosis, 621 


Z 

Zero runoff increase (ZRI), 64, 65 
Zinc, 6, 132, 809 

aquatic life criteria for, 835 
bioaccumulation of, 133 
human health criteria for, 837 

Zone of common flooding, 374 

Zoogeography, 653 

Zooplankton, 63, 116, 254, 268, 338, 491, 501 

ZRI, see Zero runoff increase 


X 
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Abstract-The transport and biological effects of dormant spray pesticides were examined in the San Francisco Estuary, Cali- 
fornia, by measuring dissolved-pesticide concentrations and estimating toxicity using bioassays at a series of sites in January 
and February 1993. Distinct pulses of pesticides, including diazinon, methidathion, and chlorpyrifos, were detected in the San 
Joaquin River in January and February and in the Sacramento River in February following rainfall. The higher pesticide loads 
in the Sacramento River compared with those in the San Joaquin River can be attributed to the greater amount of rainfall in 
the Sacramento Valley. The use patterns and water solubility of the pesticides can account for the observed temporal and spa- 
tial distributions in the two rivers. The pesticide pulses detected at Sacramento were followed through the northern embayment 
of San Francisco Estuary. In contrast, the pesticide distribution in the Sacramento-San Joaquin Delta changed from distinct 
pulses to steady increases in concentration over time. Seven-day bioassays indicated that Sacramento River water at Rio Vista 
was acutely toxic to Ceriodaphnia dubia (water flea) for 3 consecutive d and San Joaquin River water at Vernalis for 12 consec- 
utive d. These water samples all had the highest diazinon concentrations. Examination of 96-h LCSO values (lethal concentra- 
tion that kills 50% of test organisms in 96 H) indicates that measured diazinon concentrations could account for most but not 
all the observed toxicity. Other pesticides present could contribute to the toxicity. 

Keywords- Pesticides San Francisco Estuary Toxicity Diazinon Methidathion 

INTRODUCTION 
The biological effects of dormant spray pesticides used on 

orchards in California’s Central Valley are of environmen- 
tal concern; bioassay surveys indicate that San Joaquin River 
water with elevated concentrations of dormant spray pesti- 
cides is often toxic to Ceriodaphnia dubia (water flea) I1,2]. 
Results of previous studies of pesticide concentrations in the 
Sacramento and San Joaquin rivers in 1991 and 1992 indi- 
cate that rainfall is a major mechanism for transporting pes- 
ticides from orchards and fields into the river (K.M. Kuivila, 
unpublished data). Because of the extensive use of dormant 
spray pesticides in the Central Valley during the wettest times 
of the year (i.e., winter), there is a need for an understand- 
ing of inputs and transport of dormant spray pesticides to 
the San Francisco Estuary. 

Dormant spray pesticides, including diazinon, methida- 
thion, chlorpyrifos, and malathion, are typically applied to 
stone-fruit orchards in the Central Valley during January and 
February [3,4]. Diazinon, methidathion, and malathion are 
relatively hydrophilic with water solubilities ranging from 
40 mg/L to 250 mg/L, whereas chlorpyrifos is more hydro- 
phobic with a water solubility of 2.0 mg/L (Table 1). These 
organophosphate insecticides are acetylcholinesterase inhib- 
itors and are most toxic to zooplankton [5,6]. 

The objectives of this study were to determine the con- 
centrations, transport, and possible biological effects of dor- 
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*To whom correspondence may be addressed. 

mant spray pesticides in the rivers and estuary following 
rainfall in January and February 1993. Dissolved-pesticide 
concentrations were measured in the Sacramento and San 
Joaquin rivers, and the transport of these pesticides was 
tracked through the Sacramento-San Joaquin Delta and into 
San Francisco Bay (Fig. 1). Possible biological effects were 
estimated using bioassay surveys concurrently with the pes- 
ticide sampling. This study was a collaborative effort by the 
U.S. Geological Survey (USGS) and the California Regional 
Water Quality Control Board (RWQCB) and is part of a 
larger research effort by the USGS Toxic Contaminants Hy- 
drology Program to assess quantitatively the transport and 
fate of pesticides in the San Francisco Estuary. 

HYDROLOGIC SETTING AND SAMPLING STRATEGY 
Agriculture in the Central Valley of California accounts 

for 10 percent of the total pesticide usage in the United States. 
Two major rivers, the Sacramento and San Joaquin, drain 
this region, converging in a complex delta at the head of San 
Francisco Estuary (Fig. 1). The average flow of the Sacra- 
mento and San Joaquin rivers is 680 and 130 m3/s, respec- 
tively. Within the delta, the flows and flow patterns are 
controlled extensively by a variety of management strategies. 
State and federal projects (Fig. 1) export water from the delta 
to the San Joaquin Valley and the southern part of the state. 
The entire delta is tidally influenced and the net flow pattern 
is complex. Water from the Sacramento River primarily flows 
down the main river channel and out to Suisun Bay, although 
some of the water is diverted through the delta cross chan- 
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Table 1. Dormant spray pesticides: Water solubility and 
amounts applied to orchards in January and February 1990 

in the Sacramento and San Joaquin valleys 

Amount applieda 

Water solubilityb Sacramento San Joaquin 
Pesticide at given temp. Valley Valley 
name ( m g m  (kg) (kg1 

Ethyl parathion 24 (25°C) 52,764 37,858 
Diazinon 40 (20°C) 21,369 26,906 
Methidathion 250 (20°C) 15,544 9,676 
Chlorpyrifos 2 (25°C) 3,663 17,524 
Malathion 145 (20°C) 4,472 6,130 

aCalifornia Department of Pesticide Regulation, 1990 [3]. 
bWorthing and Walker, 1987 [27]. 

38'30 

1 5' 

38000' 

37'45l 

nel and Georgiana Slough to the state and federal export 
pumps. The San Joaquin River splits downstream from 
Mossdale, with some of the water flowing toward the export 
pumps via lower Old River and Grant Line Canal and the re- 
mainder flowing toward Stockton. Northwest from Stock- 
ton, the channel deepens and widens, resulting in an increase 
in water residence time. Water from the San Joaquin River 
mixes with water from the Mokelumne, Consumes, and Sac- 
ramento rivers, and the net flow is toward the pumps via Old 
and Middle rivers. Little, if any, of the San Joaquin River 
water gets out into San Francisco Bay. The USGS is currently 
collecting data on flows and flow patterns to be used to cal- 
ibrate and validate a hydrodynamic model of the delta [7]. 

Pesticide concentrations were measured at a series of sites 
along two major flow paths: the Sacramento River from Sac- 

122015' 122'00' 45' 30' 121"15' 
I I I I 

0 12 MILES 
0 4 8 12KlLOMETERS 
l-+A+L- 

Fig. 1 .  Location of study area. 
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ramento to the western boundary of Suisun Bay and the San 
Joaquin River from Vernalis through Stockton to the export 
pumps (Fig. 1). Water samples for pesticide analysis were col- 
lected daily at all sampling locations (twice a day at Vernalis) 
using a depth-integrating , discharge-weighted sampler at ei- 
ther one or three verticals, depending on the site. Flow at the 
Sacramento and Vernalis sites is unidirectional, and sampling 
studies indicate that the composition and concentrations of 
dissolved constituents at a single vertical mid-channel are rep- 
resentative of the cross section under most flow conditions 
(data not shown). Discharge for the Sacramento River was 
recorded at Freeport (1 1 river miles downstream from Sac- 
ramento) with an ultrasonic velocity meter. Because the site 
at Freeport is affected by the tide, the discharge was tidally 
filtered to calculate a daily mean discharge [8]. For the San 
Joaquin River, discharge also was recorded at Vernalis, a 
streamflow-gaging station. 

In contrast to the Sacramento and Vernalis sites, the flow 
at the other sites reverses during the tidal cycle. Samples were 
collected routinely at the tidally affected sites (Fig. 1) dur- 
ing slack after ebbtide, except at the Old and Middle River 
sites where samples were collected at slack after floodtide. 
This sampling scheme estimated the most seaward movement 
of solutes along the flow path through the delta or through 
Suisun Bay and created a consistency for comparison of daily 
concentrations. 

ANALYTICAL METHODS 

Dissolved pesticides were extracted from fiitered 1-L (liter) 
samples onto C8 solid-phase-extraction cartridges and eluted 
with three 2-ml aliquots of hexane:diethyl ether (1:l). The 
eluant was concentrated and analyzed using a capillary gas 
chromatograph/ion-trap mass spectrometer in full-scan 
mode [9,10]. Field blanks using organic-free water were pro- 
cessed every 20 samples; no contamination was detected 
throughout this study. A minimum of 10% of the samples 
were collected in duplicate and all analytes agreed within 25% 
or less. Replicate samples were also routinely sent to the 
USGS National Water Quality Laboratory for comparison. 
Although 19 pesticides are included routinely in the analy- 
sis, the focus of this study was diazinon, methidathion, chlor- 
pyrifos, and malathion, with method detection limits of 30, 
35, 40, and 35 ng/L, respectively. During matrix spike ex- 
periments, recovery of these four pesticides in Sacramento 
and San Joaquin River water was greater than or equal to 
83%. For more details on the analytical method and quality- 
assurance practices, see Crepeau et al. 1101. 

Seven-day C. dubia bioassays [ 111 were done at Sierra 
Foothill Laboratory using mortality as an end point. Repro- 
duction was not assessed. Tests were set up in batches 1 to 
5 d after water collection with neonates less than 24 h old. 
All U.S. Environmental Protection Agency @PA)-recom- 
mended water quality parameters, with the exception of al- 
kalinity, were measured and found to be within acceptable 
limits to support aquatic life. Water from a local spring was 
used as a control. No mortality within 7 d was ever observed 
in the control. 

RESULTS AND DISCUSSION 
The results of this study consist of the following three 

parts: riverine pesticide concentrations, transport into the es- 
tuary, and biological effects of the observed pesticides. Mea- 
sured concentrations of dissolved pesticides in the Sacramento 
and San Joaquin rivers were examined in the context of pes- 
ticide usage in the valley. Pesticide loads were calculated and 
the loads of the two rivers compared. Transport of these pes- 
ticides was followed through the Sacramento-San Joaquin 
Delta and into San Francisco Bay. Finally, the biological ef- 
fects of these pesticides were estimated by using bioassays and 
by comparing the measured concentrations to regulatory 
limits. 

Pesticide pulses following rainfall 

Pulses of diazinon were detected following rainfall in the 
Sacramento and San Joaquin rivers in previous years (K.M. 
Kuivila, unpublished data); this phenomenon is similar to the 
spring flush of herbicides observed in surface-water runoff 
in the midwestern United States [12]. The riverine pulses of 
diazinon typically were narrow and well defined; elevated 
concentrations were measured for only a few days to weeks. 

In the Sacramento and San Joaquin valleys, a series of 
rainstorms (cumulative rainfall greater than 2.5 cm) began 
on January 6 and continued through January 21 (Figs. 2A 
and 3A). Dormant spray pesticides were applied either be- 
fore these rainstorms (late December and early January) or 
during 2 weeks of dry weather following these rainstorms 
(late January). Another series of rainstorms began in early 
February and continued through February 26. 

Elevated concentrations of pesticides were detected in the 
Sacramento River at Sacramento in February but not in Jan- 
uary; diazinon and methidathion were the only dormant 
spray pesticides detected. A few days after the rainfall on 
February 5 ,  7, and 8, streamflow at Freeport increased, 
reaching a maximum on February 14 (Fig. 2A). Similarly, di- 
azinon concentrations increased on February 8 and reached 
a measured maximum of 393 ng/L on February 12 (Fig. 2B). 
Distribution of methidathion over time was similar to that 
of diazinon, but the peak shape was slightly broader, and the 
maximum concentration was 212 ng/L. It rained again Feb- 
ruary 17 to 19, and both discharge and pesticide concentra- 
tions increased. During this second pulse, the maximum 
concentrations of diazinon and methidathion were lower and 
the peaks were more spread out than during the first pulse. 
The maximum diazinon concentration was 193 ng/L on Feb- 
ruary 21, whereas methidathion concentration peaked at 
71 ng/L on February 22. The discharge also reached a max- 
imum 2 d later (February 24). 

In contrast to the Sacramento River, elevated concentra- 
tions of pesticides were detected in the San Joaquin River at 
Vernalis in both January and February. Only diazinon was 
detected in January, whereas diazinon, methidathion, and 
chlorpyrifos were detected in February. In the San Joaquin 
Valley, three periods of rainfall (accumulations of greater 
than 2.5 cm) occurred, beginning on January 6,12, and 17. 
Each rainfall was followed by a corresponding increase in 
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Sacramento Valley, January and February 1993: (A) daily 
mean discharge, Sacramento River at Freeport. and rainfall at 
Colusa; (B) concentrations of diazinon and methidathion, Sacra- 
mento River at Sacramento. 

streamflow at Vernalis, with a maximum on January 19 
(Fig. 3A). Distribution of diazinon followed a similar pattern 
with concentration maxima following rainfall but preceding 
the streamflow maxima (Fig. 3B). Although the amount of 
rainfall and the corresponding increase in streamflow were 
similar for each of the three January rainfalls, the maximum 
diazinon concentrations varied widely (198,664, and 21 1 ng/L 
on January 10, 15, and 19, respectively). 

Three series of storms also occurred in February in the 
San Joaquin Valley, but they were more widely spaced than 
those in January (Fig. 3A). Streamflow and concentrations 
of diazinon and methidathion in the San Joaquin River in- 
creased at Vernalis on February 8 in response to rainfall on 
February 7 and 8 (Fig. 3A and B). Two well-defined peaks 
of diazinon concentration were detected; the fist  had a max- 
imum concentration of 733 ng/L at 2400 h on February 8, 
and the second had a maximum concentration of 1,070 ng/L 
at 1900 h on February 11. Both streamflow and methidathion 
concentration peaked on February 10, between the two di- 
&on maxima, with methidathion values reaching 586 ng/L. 
Two subsequent rainfalls on February 18 and 25 to 26 were 
followed by corresponding increases in streamflow, a smaller 
increase in diazinon concentration, and no detectable change 
in methidathion concentration. Chlorpyrifos was detected 
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Fig. 3. San Joaquin Valley, January and February 1993: (A) daily 
mean discharge, San Joaquin River at Vernalis, and rainfall at 
Modesto; (B) concentrations of diazinon and methidathion, San Joa- 
quin River at Vernalis. 

only in samples from February 9 to 18 with a maximum con- 
centration of 42 ng/L on February 12 (data not shown). 

Pesticide-use patterns 

The amount of dormant spray pesticides applied to stone- 
fruit orchards in the Central Valley in 1990 is shown in Ta- 
ble 1. Ethyl parathion was the most commonly used dormant 
spray before being banned because of human health hazards 
in 1991. By 1993, the use of ethyl parathion had been re- 
placed by other dormant spray pesticides, but detailed records 
of 1993 pesticide applications are not yet available. Detec- 
tion of both diazinon and methidathion in the rivers follow- 
ing rainfall can be attributed to the high water solubilities and 
high use of these pesticides. The absence of diazinon or meth- 
idathion in the Sacramento River in January despite rainfall 
is probably due to lack of application before the January 
rains. In the San Joaquin River, detection of only diazinon 
in January indicates application of diazinon but not methi- 
dathion by that date, whereas the detection of both diazinon 
and methidathion in February suggests application of both 
pesticides in late January. 

Differences in travel times to Vernalis from two geograph- 
ically separate sources could have resulted in the observed 
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double pulse of diazinon in February after the February 7 to 
8 rainfall period [13]. The concurrent distribution of methi- 
dathion showed only a single peak, which occurred between 
the two diazinon peaks. The relative timing of the methida- 
thion and diazinon peaks indicates that the primary source 
of methidathion was at a location between the two sources 
of diazinon. 

In 1990, more chlorpyrifos was applied in the San Joa- 
quin Valley than in the Sacramento Valley (Table 1). The low 
concentrations of chlorpyrifos detected for only a few days 
in the San Joaquin River, despite a higher use than methi- 
dathion, can be explained by the hydrophobic nature of 
chlorpyrifos. With a water solubility of only 2.0 mg/L, chlor- 
pyrifos has a tendency to sorb onto sediments and will be 
transported from the orchards primarily via sediment erosion 
rather than water runoff. In contrast, although malathion 
has a high water solubility (145 mg/L), it was not detected 
in any of the water samples during this study. The low use 
and rapid degradation of malathion in soil [ 141 can explain 
the absence of detectable malathion in the two rivers. 

Calculation of pesticide loads 
Pesticide loads for the Sacramento River were calculated 

by multiplying the instantaneous measured pesticide concen- 
tration by the tidally filtered, daily mean discharge (Fig. 4A). 
For diazinon, the integrated loads for each peak were 160 kg 
for February 8 to 16 and 130 kg for February 19 to 25. Al- 
though the maximum concentration during the second peak 
(193 ng/L) was only half that during the first peak (393 
ng/L), the loads of diazinon in the river were similar. For 
methidathion, the integrated loads were 120 and 57 kg, re- 
spectively. In contrast to diazinon, the methidathion load was 
much lower following the second rainfall; the higher water 
solubility of methidathion as compared with diazinon may 
account for the higher percentage of the methidathion dis- 
charging from the watershed during the first rainfall. 

Pesticide loads for the San Joaquin River were calculated 
by multiplying the instantaneous measured pesticide concen- 
tration by the daily mean discharge at Vernalis (Fig. 4B). For 
diazinon, the integrated load for January 8 to 28 was 48 kg 
and for February 7 to 28 was 44 kg. Although the diazinon 
concentrations were much higher in February, the discharge 
was much lower than in January so that the resulting loads 
were similar. It is likely that additional diazinon was applied 
to orchards between the January and February rains, but the 
lack of detailed data on diazinon application at this time 
makes it impossible to verify. The load of methidathion was 
much lower, with only 12 kg of methidathion for February 
8 to 19 in the San Joaquin River. 

There is a striking contrast between the pesticide loads in 
the two rivers. The load of diazinon in the Sacramento River 
for January and February (340 kg) was 3.5 times the diazi- 
non load in the San Joaquin River (98 kg), whereas the dif- 
ference in methidathion loads (190 and 12 kg, respectively) 
was a factor of 17. The lack of current pesticide-use data pre- 
cludes a quantitative comparison of the riverine load to use 
ratios in the two valleys. In 1990, 1.5 times as much ethyl 
parathion was applied in the Sacramento Valley as in the San 
Joaquin Valley and equal amounts of diazinon were applied 
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Fig. 4. Pesticide loads: (A) Sacramento River at Sacramento, and 
(B) San Joaquin River at Vernalis, January and February 1993. 

(Table 1). If the entire amount of ethyl parathion used in 1990 
was replaced by diazinon (1 : l), approximately equal amounts 
of diazinon would have been applied to the two valleys. In 
addition, methidathion was probably applied in similar 
amounts to the two watersheds. These pesticide-use patterns 
cannot account for the higher load of both diazinon and 
methidathion in the Sacramento River. 

Other factors that influence runoff of pesticides include 
timing of application relative to rainfall, total amount of 
rainfall, and saturation of soil due to antecedent conditions. 
Details are not known about the exact timing of dormant 
spray application in 1993, but most of the application in 
both valleys was probably during the dry period at the end 
of January. The amount of rainfall before and after pesti- 
cide application varied greatly between the two valleys. The 
average rainfall in Sacramento Valley was 16.0 cm in Decem- 
ber, 17.9 cm in January, and 18.3 cm in February. In com- 
parison, the San Joaquin Valley was significantly drier with 
only 5.89,9.96, and 9.96 cm of rain in December, January, 
and February, respectively. The differences in the amount 
of rainfall before and after pesticide application in the two 
basins could account for the observed differences in pesti- 
cide loads. 
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Pesticide transport into San Francisco Bay 
A main flowpath of water down the Sacramento River is 

along the ship channel past Rio Vista, Chipps Island, and 
Martinez (Fig. 1). The first pulse of pesticides in the Sacra- 
mento River in February was followed from Sacramento 
through Suisun Bay (the northern embayment of San Fran- 
cisco Estuary) (Figs. 1 and 5). Initially detected at Sacra- 
mento, the diazinon and methidathion concentrations 
reached maximum values of 393 and 212 ng/L on February 
12. The next day, this pulse was detected at Rio Vista, 69.2 
river km downstream from Sacramento; the maximum diaz- 
inon concentration was 281 ng/L, and the maximum meth- 
idathion concentration was 179 ng/L on February 13. At 
Chipps Island (26.5 river km from Rio Vista), the diazinon 
concentration reached a maximum of 199 ng/L on Febru- 
ary 15 and the methidathion concentration reached a maxi- 
mum of 123 ng/L on February 14. Finally, diazinon concen- 
trations of 107 and 122 ng/L were detected on February 18 
and 20 at Martinez (23.3 river km seaward from Chipps Is- 
land). Methidathion concentrations peaked a day earlier at 
Martinez, with maximum concentrations of 64 and 60 ng/L 
on February 17 and 18. The approximate travel time was 1 d 
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Fig. 5. Sacramento River to San Francisco Bay, February 1993: con- 
centrations of (A) diazinon and (B) methidathion. 
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Fig. 6. Vernalis and Stockton, January and February 1993: concen- 
trations of (A) diazinon and (FS) methidathion. 

from Sacramento to Rio Vista, 2 d from Rio Vista to Chipps 
Island, and 2 to 5 d from Chipps Island to Martinez. As the 
pesticide pulse moved seaward, the maximum concentration 
decreased and the pulse dispersed over time, in part because 
of tidal diffusion. 

Pesticide transport into the Sacramento-San 
Joaquin Delta 

The pesticide pulse from the San Joaquin River can be fol- 
lowed through the Sacramento-San Joaquin Delta in a sim- 
ilar manner. During high-flow conditions, such as occurred 
in January and February 1993, there is positive net flow along 
the San Joaquin River toward Stockton [7]. High concentra- 
tions of diazinon, similar to those observed at Vernalis (on 
January 15 and February 8, 11, and 19), also were detected 
at Stockton 1 to 2 d later (on January 16 and February 10, 
13, and 21) (Fig. 6A). Methidathion peaked at Vernalis on 
February 10 and at Stockton on February 11 (Fig. 6B). 

In the central delta, water from the Sacramento, Moke- 
lumne, and San Joaquin rivers mixes in a series of complex 
channels and is subjected to tidal-flow reversals [7]. Well- 
defined pesticide pulses were not observed at the Old and 
Middle River sites because of the mixing of two separate ri- 
verine sources of pesticides and the hydrodynamic complexity 
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of the delta as described earlier; instead, the concentrations 
steadily increased through January and February (Fig. 7A 
and B). The maximum concentration of diazinon was 149 
ng/L on February 23 at Middle River and 121 ng/L on Feb- 
ruary 21 at Old River. Concentrations of methidathion were 
much lower; the maximum values reached 38 and 42 ng/L 
at  Middle and Old Rivers, respectively. 

Biologicul effects 
Bioassays were used to determine potential biological ef- 

fects of pesticide-contaminated water collected during this 
study 1151. In February, water samples at Rio Vista and Ver- 
nalis were split for pesticide analysis and for use in 7-d C. 
dubiu bioassays. In the Sacramento River at Rio Vista, 100% 
C. dubiu mortality was observed in water samples collected 
on February 12, 13, and 14, whereas no mortality was ob- 
served in all other February water samples (Table 2). Water 
samples, which were toxic, also had the highest diazinon con- 
centrations (Table 2 and Fig. 8A). In the San Joaquin River 
at Vernalis, 100% C. dubiu mortality was observed in water 
samples collected for 12 consecutive d (February 8-19) (Ta- 
ble 2). Again, the bioassay mortality corresponded with the 
highest diazinon concentrations (Fig. 8B and Table 2). Con- 
versely, no toxicity was observed in water collected before 
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Fig. 7. Middle River and Old River, January through March 1993: 
concentrations of (A) diazinon and (B) methidathion. 
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Fig. 8. Diazinon concentrations and water toxicity, February 1993: 
(A) Sacramento River at Rio Vista; (B) San Joaquin River at 
Vernalis. 

(February 5 and 7) or after (February 20-25), the peaks of 
diazinon concentration. 

Ambient diazinon concentrations appear sufficiently el- 
evated to explain most of the C. dubia mortality. The labo- 
ratory 24- to 96-h lethal concentrations for 50% of the 
exposed population (LC50) for C. dubia are between 430 and 
550 ng/L [2]. In 7-d tests, concentrations as low as 200 ng/L 
of diazinon are reported to cause 90 to 100Yo C. dubiumor- 
tality, whereas 150 ng/L resulted in no decrease in survival 
[16]. In the Sacramento River, water samples with diazinon 
concentrations equal to or greater than 187 ng/L resulted in 
100% mortality in 7 d. No apparent toxicity was measured 
for diazinon concentrations at or below 166 ng/L, In the San 
Joaquin River, water samples with diazinon concentrations 
higher than 331 ng/L resulted in 100% mortality in 48 h, 
whereas samples with diazinon concentrations of 148 to 
263 ng/L caused 100% mortality in 7 d. Samples with diaz- 
inon concentrations at or below 84 ng/L resulted in no mor- 
tality. The toxicity observed in the C. dubiu bioassays appears 
to be slightly higher than would be predicted from the diaz- 
inon concentrations alone. 

Other pesticides, in addition to diazinon, were present in 
all of the water samples that resulted in a C. dubia toxic re- 
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Table 2. Bioassay results and pesticide concentrations in Sacramento and San Joaquin River water 
~ ~~~ ~ 

Dormant spray pesticides (ng/L) Other pesticides (ng/L) 
Bioassay results 

Sample date (Yo mortality) Diazinon Methidathion Chlorpyrifos Atrazine Carbaryl Simazine 

Sacramento River at Rio Vista 
Feb 7 0 
Feb 8 0 
Feb 9 0 
Feb 10 0 
Feb 11 0 
Feb 12 lOOb 
Feb 13 100b 
Feb 14 lOOb 
Feb 15 0 
Feb 16 10 
Feb 17 0 
Feb 18 0 
Feb 19 0 
Feb 21 . o  
Feb 23 0 
Feb 25 0 

San Joaquin River at Vernalis 
Feb 5 ' 0  
Feb 7 0 
Feb 8 100' 
Feb 9 100C 
Feb 10 looC 
Feb 11 100C 
Feb 12 100' 
Feb 13 lOOd 
Feb 14 100d 
Feb 15 100d 
Feb 16 100b 
Feb 17 100b 
Feb 18 100b 
Feb 19 lOOd 
Feb 20 0 
Feb 21 0 
Feb 23 0 
Feb 24 20 
Feb 25 0 

67 
37 
37 
46 
100 
253 
28 1 
187 
139 
93 
75 
60 
149 
166 
136 
72 

73 
84 
773 
586 
358 

1,071 
554 
396 
331 
364 
263 
195 
148 
350 
83 
74 
79 
49 
43 

tr' 
12 
1 1  
tr 
133 
157 
179 
98 
78 
53 
29 
29 
55 
68 
54 
42 

tr 
tr 
122 
36 
214 
140 
92 
49 
70 
56 
157 
22 
30 
23 
tr 
nd 
17 
10 
tr 

nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
tr 
tr 
31 
42 
32 
tr 
tr 
tr 
tr 
tr 
nd 
nd 
nd 
nd 
nd 
nd 

tr 
18 
nd 
30 
31 
50 
45 
30 
19 
tr 
16 
tr 
51 
37 
22 
nd 

nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 

nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 

tr 
tr 
101 
106 
62 
41 
14 
10 
nd 
10 
nd 
nd 
nd 
nd 
nd 
tr 
nd 
nd 
nd 

71 
84 
65 
175 
309 
302 
22 1 
106 
125 
90 
178 
96 
33 1 
272 
157 
93 

128 
95 
103 
596 
492 
844 
455 
393 
247 
248 
180 
193 
160 
360 
187 
238 
137 
135 
89 

nd, not detected. 
'Trace means compound detected at concentration below method detection limit. 
bMortality occurred within 7 d. 
'Mortality occurred within 24 h. 
dMortality occurred within 48 h. 

sponse (Table 2). The comparative toxicities of these pesti- 
cides are (in order of toxicity) chlorpyrifos, diazinon, 
methidathion, carbaryl, atrazine, and simazine. Chlorpyri- 
fos was the most toxic pesticide detected; the laboratory 96-h 
LC50 for C. dubia was between 80 and 130 ng/L of chlor- 
pyrifos [2]. The other pesticides detected in these water sam- 
ples are less toxic than diazinon. For methidathion and 
carbaryl, the laboratory 96-h LC5Os for C. dubia were 2,000 
and 8,300 ng/L [2,17]. Atrazine and simazine are much less 
toxic, with reported 48-h LC5Os of 6.9 x lo6 and 1 .O x lo7 
ng/L for Duphnia magna (also a water flea) [18,19]. Because 
the concentrations of methidathion, carbaryl, atrazine, and 
simazine were an order of magnitude or more lower than 
their respective LCSOs, these compounds probably do not 
contribute to the observed toxicity. However, the additive or 

synergistic effects of pesticides are not well understood. In 
addition, other compounds from agricultural and urban run- 
off, including trace metals and other organic compounds, 
could be present and could be contributing to the overall tox- 
icity observed in the bioassay surveys. 

Results of this pesticide study are useful to estimate the 
possible effects of dormant spray pesticides on the ecology 
of the delta and bay. The National Academy of Sciences and 
National Academy of Engineering [20] has recommended a 
guideline of 9 ng/L diazinon as a maximum concentration 
in surface water for protection of aquatic life, and the Inter- 
national Joint Commission [21] suggests a similar guideline 
of 8 ng/L diazinon for the Great Lakes. Currently (1995), 
there is no EPA aquatic-life criterion for diazinon. For chlor- 
pyrifos, the EPA water quality criteria for protection of 
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freshwater aquatic organisms is 41 and 83 ng/L for chronic 
and acute exposures, respectively [22]. In all the samples col- 
lected during this study, concentrations of diazinon always 
exceeded the National Academy of Sciences and National 
Academy of Engineering recommended guidelines, whereas 
the dissolved concentrations of chlorpyrifos were less than 
the recommended EPA criteria on all dates except for Feb- 
ruary 12 on the San Joaquin River. 

Bioassay results demonstrate that diazinon and possibly 
other compounds present in storm runoff were biologically 
available. Although there is not an extensive toxicological 
database for diazinon, what is available suggests that other 
invertebrates are more sensitive to diazinon. For example, the 
96-h LC50 for Daphnia magna, Gammarus faciatus, and 
Chironmomus tentans, two of which are present in the estu- 
ary, are 210,200, and 30 ng/L diazinon, respectively [23-251. 
These organisms are 2 to 18 times more sensitive than C. du- 
bia. Reproduction was not measured in this study. However, 
the IC25 for C. dubia (concentration that produces a 25% 
reduction in reproduction) is 125 ng/L diazinon. As with 
mortality, reproductive impacts for other organisms proba- 
bly occur at still lower concentrations. Therefore, the pesti- 
cide field data suggest that sensitive organisms in the San 
Francisco Estuary may experience short periods of acutely 
toxic conditions and longer periods with potentially chronic 
impacts in the winter. 

Ecological effects of pesticides on aquatic biota in the 
delta have not yet been studied; however, most freshwater 
zooplankton (copepods, rotifers, and cladocerans) in the 
delta are in decline [26]; the cause is unknown. More stud- 
ies need to be conducted to ascertain the impact of pesticides 
in controlling the abundance and distribution of organisms 
in the San Francisco Estuary. 

SUMMARY AND CONCLUSIONS 
Results of this and previous studies indicate that rainfall 

runoff is an important mechanism for transporting dormant 
spray pesticides from orchards into rivers. Elevated concen- 
trations of diazinon, methidathion, and chlorpyrifos were 
detected after rainfall in January and February in the Sac- 
ramento and San Joaquin rivers. Timing of pesticide appli- 
cation, amounts of pesticides applied, water solubility, and 
soil half-life explain most of the observed temporal and geo- 
graphic differences in riverine pesticide concentrations. Dif- 
ferences in riverine pesticide loads in the Sacramento and San 
Joaquin rivers are likely due, in part, to variations in amount 
of rainfall to the basins before and after pesticide application. 

Under high-flow conditions in February 1993, diazinon 
and methidathion were transported in distinct pulses down 
the Sacramento River and into San Francisco Bay. These pes- 
ticides also were transported from the San Joaquin River 
through the Sacramento-San Joaquin Delta; within the delta, 
distribution of pesticides was a steady increase in concentra- 
tion over time, rather than distinct pulses. 

Results of 7-d bioassays indicate that Sacramento River 
water at Rio Vista was acutely toxic to C. dubia. for 3 con- 
secutive d and San Joaquin River water at Vernalis for 12 
consecutive d (Table 2). Bioassay mortality corresponded 

with the highest diazinon concentrations at both sites, and 
diazinon does explain a good deal of the observed C. dubia 
toxicity. In addition, other pesticides were present that could 
have contributed to the toxicity of the water samples. 

Concentrations of diazinon in all water samples collected 
in this study exceeded the water quality guidelines recom- 
mended by NAS/NAE for protection of aquatic life [20]; 
concentrations of all other pesticides were below any recom- 
mended or regulatory limits. More extensive chemical and 
toxicological testing needs to be done to ascertain the chem- 
icals responsible for causing toxicity, to determine their dis- 
tribution and fate within the delta, and to evaluate their effect 
on  native organisms. 
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Abstract

In recent years, populations of resident aquatic species in California's Sacramento–San Joaquin Delta, USA, have declined appreciably in

numbers. The cause of these declines is not known, but has been attributed to a number of factors including water diversions, loss of

habitat, introduced exotic organisms, and toxic compounds. To detect and characterize the spatial extent, severity, frequency, and causes

of potential toxicity caused by anthropogenic pollutants, a monitoring study was conducted over a period of two years (1993–1995). Sites

were monitored on a monthly basis using the standardized U.S. Environmental Protection Agency freshwater toxicity test with the

zooplankton species Ceriodaphnia dubia. Twenty-four sites were sampled in 1993 to 1994. During the 1994 to 1995 sampling season, the

number of sampling sites was restricted to 20, with special emphasis placed on back sloughs, delta island agricultural drains, and

main-stem river sites. Significant mortality or reproductive toxicity in C. dubia was detected in 9.8% of 400 water samples tested.

Ecologically important back sloughs had the largest percentage of toxic samples. Of 71 and 103 samples collected from back sloughs

during 1993 to 1994 and 1994 to 1995, respectively, 14.1% and 19.6% were toxic. To determine the causative chemical(s), toxicity

identification evaluations (TIEs) were conducted on 23 toxic samples. These included eight follow-up samples taken to determine whether

toxicity at the respective site persisted. Organophosphate (chlorpyrifos, diazinon, malathion) and carbamate (carbofuran, carbaryl)

pesticides were identified as primary toxicants. Chlorpyrifos was present at toxic concentrations in 87% of samples tested by TIE.

Analysis of data from the follow-up samples suggested that toxicity may have persisted over periods of several days to weeks.

View Full Article (HTML) (/doi/10.1002/etc.5620190126/full) Get PDF (114K) (/doi/10.1002/etc.5620190126/pdf)

More content like this

Find more content:

like this article (/advanced/search/results?articleDoi=10.1002/etc.5620190126&scope=allContent&start=1&resultsPerPage=20)

Find more content written by:

Ingeborg Werner (/advanced/search/results?searchRowCriteria[0].queryString="Ingeborg

Werner"&searchRowCriteria[0].fieldName=author&start=1&resultsPerPage=20)

Linda A. Deanovic (/advanced/search/results?searchRowCriteria[0].queryString="Linda A.

Deanovic"&searchRowCriteria[0].fieldName=author&start=1&resultsPerPage=20)

Valerie Connor (/advanced/search/results?searchRowCriteria[0].queryString="Valerie

Connor"&searchRowCriteria[0].fieldName=author&start=1&resultsPerPage=20)

Victor de Vlaming (/advanced/search/results?searchRowCriteria[0].queryString="Victor de

Vlaming"&searchRowCriteria[0].fieldName=author&start=1&resultsPerPage=20)

Howard C. Bailey (/advanced/search/results?searchRowCriteria[0].queryString="Howard C.

Bailey"&searchRowCriteria[0].fieldName=author&start=1&resultsPerPage=20)

David E. Hinton (/advanced/search/results?searchRowCriteria[0].queryString="David E.

Hinton"&searchRowCriteria[0].fieldName=author&start=1&resultsPerPage=20)

All Authors (/advanced/search/results?searchRowCriteria[0].queryString="Ingeborg Werner" "Linda A. Deanovic" "Valerie

Connor" "Victor de Vlaming" "Howard C. Bailey" "David E. Hinton"&searchRowCriteria[0].fieldName=author&start=1&

resultsPerPage=20)

Insecticide-caused toxicity to Ceriodaphnia dubia (CLADOCERA) in the Sacramento–San Joaquin River delta, California, USA - Werner - 2009 - Env...

RB-AR29161



RB-AR29162



RB-AR29163



RB-AR29164



RB-AR29165



RB-AR29166



RB-AR29167



RB-AR29168



RB-AR29169



RB-AR29170



RB-AR29171


	01_Alteration of streamflow magnitudes.....Carlisle_reduced
	02_Sht tm mthd w coast marine orgs_reduced
	1000409M
	1000409N
	1000409O
	1000409P
	1000409Q
	1000409R
	1000409S
	1000409T
	1000409U
	1000409V
	1000409W
	1000409X
	1000409Y
	1000409Z
	100040A0
	100040A1
	100040A2
	100040A3
	100040A4
	100040A5
	100040A6
	100040A7
	100040A8
	100040A9
	100040AA
	100040AB
	100040AC
	100040AD
	100040AE
	100040AF
	100040AG
	100040AH
	100040AI
	100040AJ
	100040AK
	100040AL
	100040AM
	100040AN
	100040AO
	100040AP
	100040AQ
	100040AR
	100040AS
	100040AT
	100040AU
	100040AV
	100040AW
	100040AX
	100040AY
	100040AZ
	100040B0
	100040B1
	100040B2
	100040B3
	100040B4
	100040B5
	100040B6
	100040B7
	100040B8
	100040B9
	100040BA
	100040BB
	100040BC
	100040BD
	100040BE
	100040BF
	100040BG
	100040BH
	100040BI
	100040BJ
	100040BK
	100040BL
	100040BM
	100040BN
	100040BO
	100040BP
	100040BQ
	100040BR
	100040BS
	100040BT
	100040BU
	100040BV
	100040BW
	100040BX
	100040BY
	100040BZ
	100040C0
	100040C1
	100040C2
	100040C3
	100040C4
	100040C5
	100040C6
	100040C7
	100040C8
	100040C9
	100040CA
	100040CB
	100040CC
	100040CD
	100040CE
	100040CF
	100040CG
	100040CH
	100040CI
	100040CJ
	100040CK
	100040CL
	100040CM
	100040CN
	100040CO
	100040CP
	100040CQ
	100040CR
	100040CS
	100040CT
	100040CU
	100040CV
	100040CW
	100040CX
	100040CY
	100040CZ
	100040D0
	100040D1
	100040D2
	100040D3
	100040D4
	100040D5
	100040D6
	100040D7
	100040D8
	100040D9
	100040DA
	100040DB
	100040DC
	100040DD
	100040DE
	100040DF
	100040DG
	100040DH
	100040DI
	100040DJ
	100040DK
	100040DL
	100040DM
	100040DN
	100040DO
	100040DP
	100040DQ
	100040DR
	100040DS
	100040DT
	100040DU
	100040DV
	100040DW
	100040DX
	100040DY
	100040DZ
	100040E0
	100040E1
	100040E2
	100040E3
	100040E4
	100040E5
	100040E6
	100040E7
	100040E8
	100040E9
	100040EA
	100040EB
	100040EC
	100040ED
	100040EE
	100040EF
	100040EG
	100040EH
	100040EI
	100040EJ
	100040EK
	100040EL
	100040EM
	100040EN
	100040EO
	100040EP
	100040EQ
	100040ER
	100040ES
	100040ET
	100040EU
	100040EV
	100040EW
	100040EX
	100040EY
	100040EZ
	100040F0
	100040F1
	100040F2
	100040F3
	100040F4
	100040F5
	100040F6
	100040F7
	100040F8
	100040F9
	100040FA
	100040FB
	100040FC
	100040FD
	100040FE
	100040FF
	100040FG
	100040FH
	100040FI
	100040FJ
	100040FK
	100040FL
	100040FM
	100040FN
	100040FO
	100040FP
	100040FQ
	100040FR
	100040FS
	100040FT
	100040FU
	100040FV
	100040FW
	100040FX
	100040FY
	100040FZ
	100040G0
	100040G1
	100040G2
	100040G3
	100040G4
	100040G5
	100040G6
	100040G7
	100040G8
	100040G9
	100040GA
	100040GB
	100040GC
	100040GD
	100040GE
	100040GF
	100040GG
	100040GH
	100040GI
	100040GJ
	100040GK
	100040GL
	100040GM
	100040GN
	100040GO
	100040GP
	100040GQ
	100040GR
	100040GS
	100040GT
	100040GU
	100040GV
	100040GW
	100040GX
	100040GY
	100040GZ
	100040H0
	100040H1
	100040H2
	100040H3
	100040H4
	100040H5
	100040H6
	100040H7
	100040H8
	100040H9
	100040HA
	100040HB
	100040HC
	100040HD
	100040HE
	100040HF
	100040HG
	100040HH
	100040HI
	100040HJ
	100040HK
	100040HL
	100040HM
	100040HN
	100040HO
	100040HP
	100040HQ
	100040HR
	100040HS
	100040HT
	100040HU
	100040HV
	100040HW
	100040HX
	100040HY
	100040HZ
	100040I0
	100040I1
	100040I2
	100040I3
	100040I4
	100040I5
	100040I6
	100040I7
	100040I8
	100040I9
	100040IA
	100040IB
	100040IC
	100040ID
	100040IE
	100040IF
	100040IG
	100040IH
	100040II
	100040IJ
	100040IK
	100040IL
	100040IM
	100040IN
	100040IO
	100040IP
	100040IQ
	100040IR
	100040IS
	100040IT
	100040IU
	100040IV
	100040IW
	100040IX
	100040IY
	100040IZ
	100040J0
	100040J1
	100040J2
	100040J3
	100040J4
	100040J5
	100040J6
	100040J7
	100040J8
	100040J9
	100040JA
	100040JB
	100040JC
	100040JD
	100040JE
	100040JF
	100040JG
	100040JH
	100040JI
	100040JJ
	100040JK
	100040JL
	100040JM
	100040JN
	100040JO
	100040JP
	100040JQ
	100040JR
	100040JS
	100040JT
	100040JU
	100040JV
	100040JW
	100040JX
	100040JY
	100040JZ
	100040K0
	100040K1
	100040K2
	100040K3
	100040K4
	100040K5
	100040K6
	100040K7
	100040K8
	100040K9
	100040KA
	100040KB
	100040KC
	100040KD
	100040KE
	100040KF
	100040KG
	100040KH
	100040KI
	100040KJ
	100040KK
	100040KL
	100040KM
	100040KN
	100040KO
	100040KP
	100040KQ
	100040KR
	100040KS
	100040KT
	100040KU
	100040KV
	100040KW
	100040KX
	100040KY
	100040KZ
	100040L0
	100040L1
	100040L2
	100040L3
	100040L4
	100040L5
	100040L6
	100040L7
	100040L8
	100040L9
	100040LA
	100040LB
	100040LC
	100040LD
	100040LE
	100040LF
	100040LG
	100040LH
	100040LI
	100040LJ
	100040LK
	100040LL
	100040LM
	100040LN
	100040LO
	100040LP
	100040LQ
	100040LR
	100040LS
	100040LT
	100040LU
	100040LV
	100040LW
	100040LX
	100040LY
	100040LZ
	100040M0
	100040M1
	100040M2
	100040M3
	100040M4
	100040M5
	100040M6
	100040M7
	100040M8
	100040M9
	100040MA
	100040MB
	100040MC
	100040MD
	100040ME
	100040MF
	100040MG
	100040MH
	100040MI
	100040MJ
	100040MK
	100040ML
	100040MM
	100040MN
	100040MO
	100040MP
	100040MQ
	100040MR
	100040MS
	100040MT
	100040MU
	100040MV
	100040MW
	100040MX
	100040MY
	100040MZ
	100040N0
	100040N1
	100040N2
	100040N3
	100040N4
	100040N5
	100040N6
	100040N7
	100040N8
	100040N9
	100040NA
	100040NB
	100040NC
	100040ND
	100040NE
	100040NF
	100040NG
	100040NH
	100040NI
	100040NJ
	100040NK
	100040NL
	100040NM
	100040NN
	100040NO
	100040NP
	100040NQ
	100040NR
	100040NS
	100040NT
	100040NU
	100040NV
	100040NW
	100040NX
	100040NY
	100040NZ
	100040O0
	100040O1
	100040O2
	100040O3
	100040O4
	100040O5
	100040O6
	100040O7
	100040O8
	100040O9
	100040OA
	100040OB
	100040OC
	100040OD
	100040OE
	100040OF
	100040OG
	100040OH
	100040OI
	100040OJ
	100040OK
	100040OL
	100040OM
	100040ON
	100040OO
	100040OP
	100040OQ
	100040OR
	100040OS
	100040OT
	100040OU
	100040OV
	100040OW
	100040OX
	100040OY
	100040OZ
	100040P0
	100040P1
	100040P2
	100040P3
	100040P4
	100040P5
	100040P6
	100040P7
	100040P8
	100040P9
	100040PA
	100040PB
	100040PC
	100040PD
	100040PE
	100040PF
	100040PG
	100040PH
	100040PI
	100040PJ
	100040PK
	100040PL
	100040PM
	100040PN
	100040PO
	100040PP
	100040PQ
	100040PR
	100040PS
	100040PT
	100040PU
	100040PV
	100040PW
	100040PX
	100040PY
	100040PZ
	100040Q0
	100040Q1
	100040Q2
	100040Q3
	100040Q4
	100040Q5
	100040Q6
	100040Q7
	100040Q8
	100040Q9
	100040QA
	100040QB
	100040QC
	100040QD
	100040QE
	100040QF
	100040QG
	100040QH
	100040QI
	100040QJ
	100040QK
	100040QL
	100040QM
	100040QN
	100040QO
	100040QP
	100040QQ
	100040QR
	100040QS
	100040QT
	100040QU
	100040QV
	100040QW
	100040QX
	100040QY
	100040QZ
	100040R0
	100040R1
	100040R2
	100040R3
	100040R4
	100040R5
	100040R6
	100040R7
	100040R8
	100040R9
	100040RA
	100040RB
	100040RC
	100040RD
	100040RE
	100040RF
	100040RG
	100040RH
	100040RI
	100040RJ
	100040RK
	100040RL
	100040RM
	100040RN
	100040RO
	100040RP
	100040RQ
	100040RR
	100040RS
	100040RT
	100040RU
	100040RV
	100040RW
	100040RX
	100040RY
	100040RZ
	100040S0
	100040S1
	100040S2
	100040S3

	03_Comparability of SSC and TSS Data_reduced
	04_Denton ect USEPA Toxicity TrainingTool Jan2010_reduced
	05_Guidance Prep Part 2 MS4 Application_reduced
	06_2007_07_10_sts tm methods_wet fw EPA-821-R-02-013_reduced
	07_USEPA Multi Sector General Permit for Industrial SW 2008_finalpermit_reduced
	Multi-Sector General Permit For Stormwater Discharges Associated With Industrial Activity (MSGP)
	Contents
	1. Coverage under this Permit.
	1.1 Eligibility.
	1.1.1 Facilities Covered.
	1.1.2 Allowable Stormwater Discharges.  
	1.1.3  Allowable Non-Stormwater Discharges. 
	1.1.4 Limitations on Coverage.

	1.2 Permit Compliance.
	1.3 Authorization under this Permit.
	1.3.1 How to Obtain Authorization.
	1.3.2 Continuation of this Permit.

	1.4 Terminating Coverage.
	1.4.1 Submitting a Notice of Termination.
	1.4.2 When to Submit a Notice of Termination. 

	1.5 Conditional Exclusion for No Exposure. 
	1.6 Alternative Permits. 
	1.6.1 EPA Requiring Coverage under an Alternative Permit.
	1.6.2  Permittee Requesting Coverage under an Alternative Permit.

	1.7 Severability.

	2. Control Measures and Effluent Limits.
	2.1 Control Measures.
	2.1.1 Control Measure Selection and Design Considerations
	2.1.2 Non-Numeric Technology-Based Effluent Limits (BPT/BAT/BCT).
	2.1.3 Numeric Effluent Limitations Based on Effluent Limitations Guidelines

	2.2 Water Quality-Based Effluent Limitations. 
	2.2.1 Water Quality Standards
	2.2.2  Discharges to Water Quality Impaired Waters.
	2.2.3 Tier 2 Antidegradation Requirements for New or Increased Dischargers

	2.3 Requirements Relating to Endangered Species and Historic Properties
	2.4 Requirements Relating to the National Environmental Policy Act (NEPA) Review 

	3. Corrective Actions
	3.1 Conditions Requiring Review and Revision to Eliminate Problem
	3.2 Conditions Requiring Review to Determine if Modifications Are Necessary
	3.3 Corrective Action Deadlines
	3.4 Corrective Action Report 
	3.5 Effect of Corrective Action
	3.6 Substantially Identical Outfalls

	4. Inspections
	4.1 Routine Facility Inspections. 
	4.1.1 Routine Facility Inspection Procedures.
	4.1.2 Routine Facility Inspection Documentation.
	4.1.3 Exceptions to Routine Facility Inspections.

	4.2 Quarterly Visual Assessment of Stormwater Discharges.
	4.2.1 Quarterly Visual Assessment Procedures.
	4.2.2 Quarterly Visual Assessment Documentation.
	4.2.3 Exceptions to Quarterly Visual Assessments.

	4.3 Comprehensive Site Inspections.
	4.3.1 Comprehensive Site Inspection Procedures.
	4.3.2 Comprehensive Site Inspection Documentation. 


	5. Stormwater Pollution Prevention Plan (SWPPP). 
	5.1 Contents of Your SWPPP.
	5.1.1 Stormwater Pollution Prevention Team.
	5.1.2 Site Description.
	5.1.3  Summary of Potential Pollutant Sources. 
	5.1.4 Description of Control Measures.
	5.1.5  Schedules and Procedures
	5.1.6 Documentation to Support Eligibility Considerations Under Other Federal Laws.
	5.1.7 Signature Requirements.

	5.2 Required SWPPP Modifications.
	5.3 SWPPP Availability.
	5.4 Additional Documentation Requirements.

	6. Monitoring.
	6.1 Monitoring Procedures
	6.1.1 Monitored Outfalls.
	6.1.2 Commingled Discharges.
	6.1.3 Measurable Storm Events.
	6.1.4 Sample Type.
	6.1.5 Adverse Weather Conditions.  
	6.1.6 Climates with Irregular Stormwater Runoff.
	6.1.7 Monitoring Periods.
	6.1.8 Monitoring for Allowable Non-Stormwater Discharges

	6.2 Required Monitoring.
	6.2.1 Benchmark Monitoring.
	6.2.2 Effluent Limitations Monitoring.
	6.2.3 State or Tribal Provisions Monitoring  
	6.2.4 Discharges to Impaired Waters Monitoring.
	6.2.5 Additional Monitoring Required by EPA.

	6.3 Follow-up Actions if Discharge Exceeds Numeric Effluent Limit.
	6.3.1 Submit an Exceedance Report. 
	6.3.2 Continue to Monitor. 


	7. Reporting and Recordkeeping
	7.1 Reporting Monitoring Data to EPA.
	7.2 Annual Report
	7.3 Exceedance Report for Numeric Effluent Limits
	7.4 Additional Reporting.
	7.5 Recordkeeping. 
	7.6 Addresses for Reports
	7.6.1 EPA Addresses 
	7.6.2 Regional Addresses
	7.6.3 State and Tribal Addresses. 


	8. Sector-Specific Requirements for Industrial Activity
	Subpart A – Sector A – Timber Products.
	8.A.1  Covered Stormwater Discharges.
	8.A.2  Limitation on Coverage
	8.A.3  Additional Technology-Based Effluent Limits.
	8.A.4 Additional SWPPP Requirements.
	8.A.5 Additional Inspection Requirements.
	8.A.6  Sector-Specific Benchmarks
	8.A.7 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 of the permit.)

	Subpart B – Sector B – Paper and Allied Products.
	8.B.1  Covered Stormwater Discharges.
	8.B.2  Sector-Specific Benchmarks. (See also Part 6 of the permit.)

	Subpart C – Sector C – Chemical and Allied Products Manufacturing, and Refining.
	8.C.1  Covered Stormwater Discharges.
	8.C.2  Limitations on Coverage.
	8.C.3  Sector-Specific Benchmarks 
	8.C.4 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 of the permit.)

	Subpart D – Sector D – Asphalt Paving and Roofing Materials and Lubricant Manufacturing.
	8.D.1  Covered Stormwater Discharges.
	8.D.2  Limitations on Coverage.
	8.D.3  Sector-Specific Benchmarks 
	8.D.4 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 of the permit.)

	Subpart E – Sector E – Glass, Clay, Cement, Concrete, and Gypsum Products.
	8.E.1  Covered Stormwater Discharges.
	8.E.2 Additional Technology-Based Effluent Limits.
	8.E.3  Additional SWPPP Requirements.
	8.E.4  Sector-Specific Benchmarks.
	8.E.5 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 of the permit.)

	Subpart F – Sector F – Primary Metals.
	8.F.1  Covered Stormwater Discharges.
	8.F.2 Additional Technology-Based Effluent Limits
	8.F.3  Additional SWPPP Requirements.
	8.F.4 Additional Inspection Requirements.
	8.F.5  Sector-Specific Benchmarks. (See also Part 6 of the permit.)

	Subpart G – Sector G – Metal Mining.
	8.G.1  Covered Stormwater Discharges.
	8.G.2  Limitations on Coverage.
	8.G.3 Definitions.
	8.G.4  Technology-Based Effluent Limits for Clearing, Grading, and Excavation Activities.
	8.G.5 Additional Technology-Based Effluent Limits.
	8.G.6  Additional SWPPP Requirements.  
	8.G.7 Additional Inspection Requirements.
	8.G.8  Monitoring and Reporting Requirements. (See also Part 6 of the permit.)
	8.G.9.  Termination of Permit Coverage

	Subpart H – Sector H – Coal Mines and Coal Mining-Related Facilities.
	8.H.1  Covered Stormwater Discharges.
	8.H.2  Limitations on Coverage.
	8.H.3 Definitions
	8.H.4  Technology-Based Effluent Limits for Clearing, Grading, and Excavation Activities.
	8.H.5 Additional Technology-Based Effluent Limits.
	8.H.6  Additional SWPPP Requirements.
	8.H.7 Additional Inspection Requirements.
	8.H.8  Sector-Specific Benchmarks. (See also Part 6 of the permit.)
	8.H.9  Termination of Permit Coverage

	Subpart I – Sector I – Oil and Gas Extraction.
	8.I.1  Covered Stormwater Discharges. 
	8.I.2  Limitations on Coverage.
	8.I.3 Additional Technology-Based Effluent Limits.
	8.I.4  Additional SWPPP Requirements.
	8.I.5 Additional Inspection Requirements.

	Subpart J – Sector J – Non-Metallic Mineral Mining and Dressing.
	8.J.1  Covered Stormwater Discharges.
	8.J.2  Limitations on Coverage.
	8.J.3  Definitions.
	8.J.4 Technology-Based Effluent Limits for Clearing, Grading, and Excavation Activities.
	8.J.5 Additional Technology-Based Effluent Limits.
	8.J.6  Additional SWPPP Requirements.
	8.J.7 Additional Inspection Requirements. 
	8.J.8 Sector-Specific Benchmarks 
	8.J.9 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 of the permit)
	8.J.10  Termination of Permit Coverage

	Subpart K – Sector K – Hazardous Waste Treatment, Storage, or Disposal Facilities.
	8.K.1  Covered Stormwater Discharges.
	8.K.2  Industrial Activities Covered by Sector K.
	8.K.3  Limitations on Coverage.
	8.K.4  Definitions.
	8.K.5 Sector-Specific Benchmarks 
	8.K.6 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 of the permit.)

	Subpart L – Sector L – Landfills, Land Application Sites, and Open Dumps.
	8.L.1  Covered Stormwater Discharges.
	8.L.2  Industrial Activities Covered by Sector L.
	8.L.3  Limitations on Coverage.
	8.L.4  Definitions.
	8.L.5 Additional Technology-Based Effluent Limits.
	8.L.6  Additional SWPPP Requirements.
	8.L.7 Additional Inspection Requirements.  (See also Part 4)
	8.L.8 Additional Post-Authorization Documentation Requirements.
	8.L.9  Sector-Specific Benchmarks 
	8.L.10. Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 of the permit.)

	Subpart M – Sector M – Automobile Salvage Yards.
	8.M.1  Covered Stormwater Discharges.
	8.M.2 Additional Technology-Based Effluent Limits.
	8.M.3  Additional SWPPP Requirements.
	8.M.4 Additional Inspection Requirements.
	8.M.5  Sector-Specific Benchmarks.

	Subpart N – Sector N – Scrap Recycling and Waste Recycling Facilities.
	8.N.1  Covered Stormwater Discharges.
	8.N.2 Limitation on Coverage.
	8.N.3 Additional Technology-Based Effluent Limits.
	8.N.4  Additional SWPPP Requirements.
	8.N.5 Additional Inspection Requirements.
	8.N.6  Sector-Specific Benchmarks. (See also Part 6 of the permit.)

	Subpart O – Sector O – Steam Electric Generating Facilities.
	8.O.1  Covered Stormwater Discharges.
	8.O.2  Industrial Activities Covered by Sector O.
	8.O.3  Limitations on Coverage.
	8.O.4 Additional Technology-Based Effluent Limits.  The following good housekeeping measures are required in addition to Part 2.1.2.2:
	8.O.5 Additional SWPPP Requirements.
	8.O.6 Additional Inspection Requirements.
	8.O.7  Sector-Specific Benchmarks 
	8.O.8 Effluent Limitations Based on Effluent Limitations Guidelines (See also Part 6.2.2.1 of the permit.)

	Subpart P – Sector P – Land Transportation and Warehousing.
	8.P.1  Covered Stormwater Discharges.
	8.P.2  Limitation on Coverage
	8.P.3 Additional Technology-Based Effluent Limits.
	8.P.4 Additional SWPPP Requirements. 
	8.P.5 Additional Inspection Requirements.  (See also Part 4.1) Inspect all the following areas/activities: storage areas for vehicles/equipment awaiting maintenance, fueling areas, indoor and outdoor vehicle/equipment maintenance areas, material storage areas, vehicle/equipment cleaning areas and loading/unloading areas.

	Subpart Q – Sector Q – Water Transportation.
	8.Q.1  Covered Stormwater Discharges.
	8.Q.2  Limitations on Coverage.
	8.Q.3  Additional Technology-Based Effluent Limits.   
	8.Q.4 Additional SWPPP Requirements.
	8.Q.5 Additional Inspection Requirements. 
	8.Q.6  Sector-Specific Benchmarks. (See also Part 6 of the permit.)

	Subpart R – Sector R – Ship and Boat Building and Repair Yards.
	8.R.1  Covered Stormwater Discharges.
	8.R.2  Limitations on Coverage.
	8.R.3 Additional Technology-Based Effluent Limits.
	8.R.4  Additional SWPPP Requirements.
	8.R.5 Additional Inspection Requirements.

	Subpart S – Sector S – Air Transportation.
	8.S.1  Covered Stormwater Discharges.
	8.S.2  Limitation on Coverage
	8.S.3  Additional Technology-Based Effluent Limits.
	8.S.4 Additional SWPPP Requirements.
	8.S.5 Additional Inspection Requirements.
	8.S.6  Sector-Specific Benchmarks. (See also Part 6 of the permit.)

	Subpart T – Sector T – Treatment Works.
	8.T.1  Covered Stormwater Discharges.
	8.T.2  Industrial Activities Covered by Sector T.
	8.T.3  Limitations on Coverage.
	8.T.4 Additional Technology-Based Effluent Limits.
	8.T.5  Additional SWPPP Requirements.
	8.T.6 Additional Inspection Requirements. 

	Subpart U – Sector U – Food and Kindred Products.
	8.U.1  Covered Stormwater Discharges.
	8.U.2  Limitations on Coverage.
	8.U.3 Additional Technology-Based Limitations.
	8.U.4  Additional SWPPP Requirements.
	8.U.5 Additional Inspection Requirements.
	8.U.6  Sector-Specific Benchmarks. (See also Part 6 of the permit.)

	Subpart V – Sector V – Textile Mills, Apparel, and Other Fabric Products.
	8.V.1  Covered Stormwater Discharges.
	8.V.2 Limitations on Coverage.
	8.V.3 Additional Technology-Based Limitations.
	8.V.4  Additional SWPPP Requirements.
	8.V.5 Additional Inspection Requirements.

	Subpart W – Sector W – Furniture and Fixtures.
	8.W.1  Covered Stormwater Discharges.
	8.W.2  Additional SWPPP Requirements.

	Subpart X – Sector X – Printing and Publishing.
	8.X.1  Covered Stormwater Discharges.
	8.X.2  Additional Technology-Based Effluent Limits.
	8.X.3 Additional SWPPP Requirements.

	Subpart Y – Sector Y – Rubber, Miscellaneous Plastic Products, and Miscellaneous Manufacturing Industries.
	8.Y.1  Covered Stormwater Discharges.
	8.Y.2 Additional Technology-Based Effluent Limits.
	8.Y.3  Additional SWPPP Requirements.
	8.Y.4  Sector-Specific Benchmarks. (See also Part 6 of the permit.)

	Subpart Z – Sector Z – Leather Tanning and Finishing.
	8.Z.1  Covered Stormwater Discharges.
	8.Z.2 Additional Technology-Based Effluent Limits.
	8.Z.3  Additional SWPPP Requirements.

	Subpart AA – Sector AA – Fabricated Metal Products
	8.AA.1 Covered Stormwater Discharges.
	8.AA.2 Additional Technology-Based Effluent Limits.
	8.AA.3 Additional SWPPP Requirements.
	8.AA.4 Additional Inspection Requirements
	8.AA.5  Sector-Specific Benchmarks. (See also Part 6 of the permit.)

	Subpart AB – Sector AB – Transportation Equipment, Industrial or Commercial Machinery Facilities.
	8.AB.1  Covered Stormwater Discharges.
	8.AB.2  Additional SWPPP Requirements.

	Subpart AC– Sector AC –Electronic and Electrical Equipment and Components, Photographic and Optical Goods.
	8.AC.1  Covered Stormwater Discharges.
	8.AC.2  Additional Requirements.

	Subpart AD – Sector AD – Stormwater Discharges Designated by the Director as Requiring Permits.
	8.AD.1  Covered Stormwater Discharges.
	8.AD.2  Sector-Specific Benchmarks and Effluent Limits. (See also Part 6 of the permit.)


	9. Permit Conditions Applicable to Specific States, Indian Country Lands, or Territories
	9.1 Region 1
	9.2 Region 2
	9.3 Region 3
	9.4 Region 4
	9.5 Region 5
	9.6 Region 6
	9.7 Region 7
	9.8 Region 8
	9.9 Region 9
	9.10 Region 10

	Appendix A. Definitions, Abbreviations, and Acronyms (for the purposes of this permit).
	Definitions
	Abbreviations, and Acronyms

	Appendix B. Standard Permit Conditions.
	B.1 Duty To Comply.
	B.2 Duty to Reapply.
	B.3 Need to Halt or Reduce Activity Not a Defense.
	B.4 Duty to Mitigate.
	B.5 Proper Operation and Maintenance.
	B.6 Permit Actions.
	B.7 Property Rights.
	B.8 Duty to Provide Information.
	B.9 Inspection and Entry.
	B.10 Monitoring and Records.
	B.11 Signatory Requirements.
	B.12 Reporting Requirements.
	B.13 Bypass.
	B.14 Upset.

	Appendix C Areas Covered
	C.1 EPA Region 1: Connecticut, Massachusetts, Maine, New Hampshire, Rhode Island, Vermont.
	C.2 EPA Region 2: New Jersey, New York, Puerto Rico, Virgin Islands.
	C.3 EPA Region 3: Delaware, District of Columbia, Maryland, Pennsylvania, Virginia, West Virginia.
	C.4 EPA Region 4: Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, Tennessee (Coverage not available under this permit).
	C.5 EPA Region 5: Illinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin.
	C.6 EPA Region 6: Arkansas, Louisiana, Oklahoma, Texas, and New Mexico (except see Region 9 for Navajo lands, and see Region 8 for Ute Mountain Reservation lands).
	C.7 EPA Region 7: Iowa, Kansas, Missouri, Nebraska (Coverage not available under this permit).
	C.8 EPA Region 8: Colorado, Montana, North Dakota, South Dakota, Wyoming, Utah (Coverage not available under this permit).
	C.9 EPA Region 9: California, Hawaii, Nevada, Guam, American Samoa, the Commonwealth of the Northern Mariana Islands, the Confederated Tribes of the Goshute Reservation in Utah and Nevada, Indian Country within the State of Arizona including the Navajo Reservation in Utah and New Mexico and Arizona, the Duck Valley Reservation in Idaho, and the Fort McDermitt Reservation in Oregon.
	C.10 Region 10: Alaska, Idaho (except see Region 9 for Duck Valley Reservation lands), Oregon (except see Region 9 for Fort McDermitt Reservation), Washington.

	Appendix D Activities Covered
	Appendix E Procedures Relating to Endangered Species Protection
	E.1 Assessing the Effects of Your Discharge and Discharge-Related Activities
	E.2 Eligibility Criterion

	Appendix F Procedures Relating to Historic Properties Preservation
	Appendix G Notice of Intent (NOI) Form
	Appendix H Notice of Termination (NOT) Form
	Appendix I Annual Reporting Form
	Appendix J Calculating Hardness in Receiving Waters for Hardness Dependent Metals
	Appendix K No Exposure Certification Form
	msgp2008_appendixg.pdf
	A. Permit Number:
	B. Facility Operator Information
	C. Facility Information 
	D. Discharge information
	E. Stormwater Pollution Prevention Plan (SWPPP) Contact Information 
	F. Endangered Species Protection
	G. Historic Preservation 
	H. Certifier Name and Title
	Attachment 1
	Instructions

	msgp2008_appendixi.pdf
	A. GENERAL INFORMATION
	B. GENERAL INSPECTION FINDINGS
	C. INDUSTRIAL ACTIVITY AREA SPECIFIC FINDINGS
	NOTE: Copy this page and attach additional pages as necessary
	D. CORRECTIVE ACTIONS
	E. ANNUAL REPORT CERTIFICATION


	08_NPDES Storm Water Sampling Guidance USEPA 1992_reduced
	09_Rapid Evaluation of Sediment Budgets 2004_reduced
	10_2007_07_10_sf tm methods_EPA-821-R-02-014_reduced
	11_Ventura County Monitoring Program_reduced
	12_419_smc_mm_reduced
	13_420_Southern CA Monitoring Coalition Laboratory Guidance_reduced
	14_521_2007 Southern California Monitoring Coalition lab_guide_2ed_reduced
	INTRODUCTION
	Objectives and Goals of this Document

	 GUIDANCE INFORMATION
	Analytes and Reporting Levels
	Target Analytes
	Reporting Levels

	Accuracy and Precision
	Target Analyte
	General Constituents
	Target Analyte
	General Constituents

	 Standardization
	Sub-Sampling Techniques
	Sub-sampling of large-volume composite containers
	Sub-sampling of sample containers for analysis
	Total Kjeldahl Nitrogen
	Total Phosphorus
	Trace Metals

	Participation Requirements
	Proficiency Testing
	New Laboratories
	Laboratory Intercalibration Exercise Evaluation Criteria
	Scoring System and Results
	Analytical Result Score
	Percent Success
	Letter Grade





	 DEFINITIONS 
	 REFERENCES

	15_510_pollutant_loading(6B)_reduced
	510_Cover
	510_pollutant_loading_new.pdf

	16_Fwd DPR Acts to Curb Water Pollution from Pyrethroid Insecticides_reduced
	17_tst-techdoc_reduced
	18_wet_final_tst_implementation2010_reduced
	19_TIE characterization of chronically toxic effluents 1992_reduced
	20_Methods Phase II Toxicity Id Procedures 1993_reduced
	21_Methods Phase III Toxicity Confirm Proced 1993_reduced
	22_Marine Toxicity Identification Evaluation (TIE) Phase I Guidance Document_reduced
	23_Understanding Method Variability 2000_reduced
	24_Storm Water Effects Handbook Burton-Pitt 2003_reduced
	Cover Page
	Stormwater Effects Handbook A Toolbox for Watershed Managers, Scientists, and Engineers
	Preface
	Acknowledgments
	About the Authors
	Contents
	Chapter 1
	UNIT 1 The Problem of Stormwater Runoff
	CHAPTER 1 Introduction
	OVERVIEW: THE PROBLEM OF STORMWATER RUNOFF
	SOURCES OF NPS POLLUTION
	REGULATORY PROGRAM
	APPLICATIONS OF THE HANDBOOK
	REFERENCES

	Chapter 2
	CHAPTER 2
	INTRODUCTION
	BENEFICIAL USE IMPAIRMENTS
	LIKELY CAUSES OF RECEIVING WATER USE IMPAIRMENTS
	MAJOR URBAN RUNOFF SOURCES
	SUMMARY
	REFERENCES

	Chapter 3
	CHAPTER 3 Stressor Categories and Their Effects on Humans and Ecosystems
	EFFECTS OF RUNOFF ON RECEIVING WATERS
	STRESSOR CATEGORIES AND THEIR EFFECTS
	RECEIVING WATER EFFECT SUMMARY
	REFERENCES

	Chapter 4
	UNIT 2 Components of the Assessment
	CHAPTER 4 Overview of Assessment Problem Formulation
	INTRODUCTION
	WATERSHED INDICATORS OF BIOLOGICAL RECEIVING WATER PROBLEMS
	SUMMARY OF ASSESSMENT TOOLS
	STUDY DESIGN OVERVIEW
	BEGINNING THE ASSESSMENT
	EXAMPLE OUTLINE OF A COMPREHENSIVE RUNOFF EFFECT STUDY
	CASE STUDIES OF PREVIOUS RECEIVING WATER EVALUATIONS
	SUMMARY: TYPICAL RECOMMENDED STUDY PLANS
	REFERENCES

	Chapter 5
	CHAPTER 5 Sampling Effort and Collection Methods
	INTRODUCTION
	EXPERIMENTAL DESIGN: SAMPLING NUMBER AND FREQUENCY
	DATA QUALITY OBJECTIVES (DQO) AND ASSOCIATED QA/QC REQUIREMENTS
	GENERAL CONSIDERATIONS FOR SAMPLE COLLECTION
	RECEIVING WATER, POINT SOURCE DISCHARGE, AND SOURCE AREA SAMPLING
	SEDIMENT AND PORE WATER SAMPLING
	SUMMARY: BASIC SAMPLE COLLECTION METHODS
	REFERENCES

	Chapter 6
	CHAPTER 6 Ecosystem Component Characterization
	OVERVIEW
	FLOW AND RAINFALL MONITORING
	SOIL EVALUATIONS
	AESTHETICS, LITTER, AND SAFETY
	HABITAT
	WATER AND SEDIMENT ANALYTES AND METHODS
	MICROORGANISMS IN STORMWATER AND URBAN RECEIVING WATERS
	BENTHOS SAMPLING AND EVALUATION IN URBAN STREAMS
	ZOOPLANKTON SAMPLING
	FISH SAMPLING
	TOXICITY AND BIOACCUMULATION
	SUMMARY
	REFERENCES

	Chapter 7
	CHAPTER 7 Statistical Analyses of Receiving Water Data
	SELECTION OF APPROPRIATE STATISTICAL ANALYSIS TOOLS AND PROCEDURES
	COMMENTS ON SELECTED STATISTICAL ANALYSES FREQUENTLY APPLIED TO RECEIVING WATER DATA
	SUMMARY OF STATISTICAL ELEMENTS OF CONCERN WHEN CONDUCTING A RECEIVING WATER INVESTIGATION
	REFERENCES

	Chapter 8
	CHAPTER 8 Data Interpretation
	IS THERE A PROBLEM?
	EVALUATING BIOLOGICAL STREAM IMPAIRMENTS USING THE WEIGHT-OF-EVIDENCE APPROACH
	EVALUATING HUMAN HEALTH IMPAIRMENTS USING A RISK ASSESSMENT APPROACH
	IDENTIFYING AND PRIORITIZING CRITICAL STORMWATER SOURCES
	REFERENCES

	Appendix A
	UNIT 3 Toolbox of Assessment Methods
	APPENDIX A Habitat Characterization
	THE QUALITATIVE HABITAT EVALUATION INDEX (QHEI) (OEPA 1989)
	THE USEPA HABITAT ASSESSMENT FOR THE RAPID BIOASSESSMENT PROTOCOLS (EPA 1999)
	REFERENCES

	Appendix B
	APPENDIX B Benthic Community Assessment
	RAPID BIOASSESSMENT PROTOCOL: BENTHIC MACROINVERTEBRATES (EPA 1989, 1999)
	THE OHIO EPA INVERTEBRATE COMMUNITY INDEX APPROACH (OEPA 1989)
	A PARTIAL LISTING OF AGENCIES THAT HAVE DEVELOPED TOLERANCE CLASSIFICATIONS AND/OR BIOTIC INDICES
	REFERENCES

	Appendix C
	APPENDIX C Fish Community Assessment
	RAPID BIOASSESSMENT PROTOCOL V — FISH (EPA 1989, 1999)
	REFERENCES

	Appendix D
	APPENDIX D Toxicity and Bioaccumulation Testing
	GENERAL TOXICITY TESTING METHODS
	METHODS FOR CONDUCTING LONG-TERM SEDIMENT TOXICITY TESTS WITH HYALELLA AZTECA
	METHODS FOR CONDUCTING LONG-TERM SEDIMENT TOXICITY TESTS WITH CHIRONOMUS TENTANS
	IN SITU TESTING USING CONFINED ORGANISMS
	TOXICITY IDENTIFICATION EVALUATIONS
	TOXICITY — MICROTOX SCREENING TEST
	REFERENCES

	Appendix E
	APPENDIX E Laboratory Safety, Waste Disposal, and Chemical Analyses Methods
	INTRODUCTION
	FUNDAMENTALS OF LABORATORY SAFETY
	BASIC RULES AND PROCEDURES FOR WORKING WITH CHEMICALS
	USE AND STORAGE OF CHEMICALS IN THE LABORATORY
	PROCEDURES FOR SPECIFIC CLASSES OF HAZARDOUS MATERIALS
	EMERGENCY PROCEDURES
	CHEMICAL WASTE DISPOSAL PROGRAM
	MATERIAL SAFETY DATA SHEETS (MSDS)
	SUMMARY OF FIELD TEST KITS
	SPECIAL COMMENTS PERTAINING TO HEAVY METAL ANALYSES
	STORMWATER SAMPLE EXTRACTIONS FOR EPA METHODS 608 AND 625
	CALIBRATION AND DEPLOYMENT SETUP PROCEDURE FOR YSI 6000UPG WATER QUALITY MONITORING SONDE
	REFERENCES

	Appendix F
	APPENDIX F Sampling Requirements for Paired Tests*
	Charts

	Appendix G
	APPENDIX G Water Quality Criteria
	INTRODUCTION
	EPA’S WATER QUALITY CRITERIA AND STANDARDS PLAN — PRIORITIES FOR THE FUTURE
	COMPILATION OF RECOMMENDED WATER QUALITY CRITERIA AND EPA’S PROCESS FOR DERIVING NEW AND REVISED CRITERIA
	AMMONIA
	BACTERIA
	CHLORIDE, CONDUCTIVITY, AND TOTAL DISSOLVED SOLIDS
	CHROMIUM
	COPPER
	HARDNESS
	HYDROCARBONS
	LEAD
	NITRATE AND NITRITE
	PHOSPHATE
	pH
	SUSPENDED SOLIDS AND TURBIDITY
	ZINC
	SEDIMENT GUIDELINES
	REFERENCES

	Appendix H
	APPENDIX H Watershed and Receiving Water Modeling
	INTRODUCTION
	MODELING STORMWATER EFFECTS AND THE NEED FOR LOCAL DATA FOR CALIBRATION AND VERIFICATION
	SUMMARY
	REFERENCES

	Appendix I
	APPENDIX I Glossary

	Appendix J
	APPENDIX J Vendors of Supplies and Equipment Used in Receiving–Water Monitoring
	GENERAL FIELD AND LABORATORY EQUIPMENT
	AUTOMATIC SAMPLERS
	BASIC FIELD TEST KITS
	SPECIALIZED FIELD TEST KITS
	PARTS AND SUPPLIES FOR CUSTOM EQUIPMENT
	TOXICITY TEST ORGANISMS
	LABORATORY CHEMICAL SUPPLIES (AND OTHER EQUIPMENT)

	Index Section
	Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z


	25_kuivila_1995_pesticides_reduced
	26_Werner et al 2000 abstract_reduced
	27_Resolution_ R10_005_reduced
	28_Resolution_ 01_018_reduced


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	PermitNumber1: 
	PermitNumber2: 
	PreviouslyCovered: Off
	PreviouslyCoveredPermitNum: 
	PriorOperation: Off
	AfterOperation: Off
	LatitudeA: 
	LatitudeB: 
	LatitudeC: 
	LatitudeE: 
	LatitudeF: 
	LatitudeG: 
	DecimalLatA: 
	DecimalLatB: 
	LongitudeA: 
	LongitudeB: 
	LongitudeC: 
	LongitudeE: 
	LongitudeF: 
	LongitudeG: 
	DecimalLongA: 
	DecimalLongB: 
	Method1: Off
	Method2: Off
	Method3: Off
	Method4: Off
	OtherMethod: 
	Scale: 
	Acres: 
	FederalFacility: Off
	IndianLand: Off
	Reservation: 
	MS4: Off
	MS4Operator: 
	RecvWaterRow1: 
	ImpairedRow1: Off
	PollutantRow1: 
	DischargeRow1: Off
	TmdlRow1: Off
	RecvWaterRow2: 
	ImpairedRow2: Off
	PollutantRow2: 
	DischargeRow2: Off
	TmdlRow2: Off
	RecvWaterRow3: 
	ImpairedRow3: Off
	PollutantRow3: 
	DischargeRow3: Off
	TmdlRow3: Off
	RecvWaterRow4: 
	ImpairedRow4: Off
	PollutantRow4: 
	DischargeRow4: Off
	TmdlRow4: Off
	RecvWaterRow5: 
	ImpairedRow5: Off
	PollutantRow5: 
	DischargeRow5: Off
	TmdlRow5: Off
	RecvWaterRow6: 
	ImpairedRow6: Off
	PollutantRow6: 
	DischargeRow6: Off
	TmdlRow6: Off
	RecvWaterRow7: 
	ImpairedRow7: Off
	PollutantRow7: 
	DischargeRow7: Off
	TmdlRow7: Off
	RecvWaterRow8: 
	ImpairedRow8: Off
	PollutantRow8: 
	DischargeRow8: Off
	TmdlRow8: Off
	RecvWaterRow9: 
	ImpairedRow9: Off
	PollutantRow9: 
	DischargeRow9: Off
	TmdlRow9: Off
	RecvWaterRow10: 
	ImpairedRow10: Off
	PollutantRow10: 
	DischargeRow10: Off
	TmdlRow10: Off
	Tier: Off
	TierIII: Off
	Disch: Off
	SubPartE: Off
	SubPartC: Off
	SubPartO: Off
	SubPartA: Off
	SubPartJ: Off
	SubPartD: Off
	SubPartKL: Off
	SectorS: Off
	SICPrimary: 
	ActivityCode: 
	SectorA: 
	SubsectorA: 
	SectorB: 
	SubsectorB: 
	SectorC: 
	SubsectorC: 
	SectorD: 
	SubsectorD: 
	SectorE: 
	SubsectorE: 
	SectorF: 
	SubsectorF: 
	InactiveUnstaffed: Off
	PermitTerm: Off
	TimeLength: 
	Email2: 
	URL: 
	EsCritA: Off
	EsCritB: Off
	EsCritC: Off
	EsCritD: Off
	EsCritE: Off
	EsCritF: Off
	Spec1: 
	Spec2: 
	ESAPollutant1: 
	ESAPollutant2: 
	Benchmark: Off
	BenchmarkNoReq: Off
	BenchmarkInactive: Off
	BenchmarkOther: Off
	BenchmarkOtherDesc: 
	BenchmarkDescribe: 
	ApplBenchmark: Off
	Exceed: Off
	BenchmarkPollutant: 
	HistCritA: Off
	HistCritB: Off
	HistCritC: Off
	HistCritD: Off
	ContactName: 
	PhoneNum1: 
	PhoneNum2: 
	PhoneNum3: 
	PhoneNumExt: 
	TrackNumFirst: 
	Preparer: 
	PreparerOrg: 
	PreparerPhone1: 
	PreparerPhone2: 
	PreparerPhone3: 
	PreparerExt: 
	PreparerEmail: 
	RecvWaterRow11: 
	ImpairedRow11: Off
	PollutantRow11: 
	DischargeRow11: Off
	TmdlRow11: Off
	RecvWaterRow12: 
	ImpairedRow12: Off
	PollutantRow12: 
	DischargeRow12: Off
	TmdlRow12: Off
	RecvWaterRow13: 
	ImpairedRow13: Off
	PollutantRow13: 
	DischargeRow13: Off
	TmdlRow13: Off
	RecvWaterRow14: 
	ImpairedRow14: Off
	PollutantRow14: 
	DischargeRow14: Off
	TmdlRow14: Off
	RecvWaterRow15: 
	ImpairedRow15: Off
	PollutantRow15: 
	DischargeRow15: Off
	TmdlRow15: Off
	RecvWaterRow16: 
	ImpairedRow16: Off
	PollutantRow16: 
	DischargeRow16: Off
	TmdlRow16: Off
	RecvWaterRow17: 
	ImpairedRow17: Off
	PollutantRow17: 
	DischargeRow17: Off
	TmdlRow17: Off
	RecvWaterRow18: 
	ImpairedRow18: Off
	PollutantRow18: 
	DischargeRow18: Off
	TmdlRow18: Off
	RecvWaterRow19: 
	ImpairedRow19: Off
	PollutantRow19: 
	DischargeRow19: Off
	TmdlRow19: Off
	RecvWaterRow20: 
	ImpairedRow20: Off
	PollutantRow20: 
	DischargeRow20: Off
	TmdlRow20: Off
	RecvWaterRow21: 
	ImpairedRow21: Off
	PollutantRow21: 
	DischargeRow21: Off
	TmdlRow21: Off
	RecvWaterRow22: 
	ImpairedRow22: Off
	PollutantRow22: 
	DischargeRow22: Off
	TmdlRow22: Off
	RecvWaterRow23: 
	ImpairedRow23: Off
	PollutantRow23: 
	DischargeRow23: Off
	TmdlRow23: Off
	RecvWaterRow24: 
	ImpairedRow24: Off
	PollutantRow24: 
	DischargeRow24: Off
	TmdlRow24: Off
	RecvWaterRow25: 
	ImpairedRow25: Off
	PollutantRow25: 
	DischargeRow25: Off
	TmdlRow25: Off
	RecvWaterRow26: 
	ImpairedRow26: Off
	PollutantRow26: 
	DischargeRow26: Off
	TmdlRow26: Off
	RecvWaterRow27: 
	ImpairedRow27: Off
	PollutantRow27: 
	DischargeRow27: Off
	TmdlRow27: Off
	RecvWaterRow28: 
	ImpairedRow28: Off
	PollutantRow28: 
	DischargeRow28: Off
	TmdlRow28: Off
	RecvWaterRow29: 
	ImpairedRow29: Off
	PollutantRow29: 
	DischargeRow29: Off
	TmdlRow29: Off
	RecvWaterRow30: 
	ImpairedRow30: Off
	PollutantRow30: 
	DischargeRow30: Off
	TmdlRow30: Off
	RecvWaterRow31: 
	ImpairedRow31: Off
	PollutantRow31: 
	DischargeRow31: Off
	TmdlRow31: Off
	RecvWaterRow32: 
	ImpairedRow32: Off
	PollutantRow32: 
	DischargeRow32: Off
	TmdlRow32: Off
	RecvWaterRow33: 
	ImpairedRow33: Off
	PollutantRow33: 
	DischargeRow33: Off
	TmdlRow33: Off
	RecvWaterRow34: 
	ImpairedRow34: Off
	PollutantRow34: 
	DischargeRow34: Off
	TmdlRow34: Off
	RecvWaterRow35: 
	ImpairedRow35: Off
	PollutantRow35: 
	DischargeRow35: Off
	TmdlRow35: Off
	RecvWaterRow36: 
	ImpairedRow36: Off
	PollutantRow36: 
	DischargeRow36: Off
	TmdlRow36: Off
	RecvWaterRow37: 
	ImpairedRow37: Off
	PollutantRow37: 
	DischargeRow37: Off
	TmdlRow37: Off
	RecvWaterRow38: 
	ImpairedRow38: Off
	PollutantRow38: 
	DischargeRow38: Off
	TmdlRow38: Off
	RecvWaterRow39: 
	ImpairedRow39: Off
	PollutantRow39: 
	DischargeRow39: Off
	TmdlRow39: Off
	RecvWaterRow40: 
	ImpairedRow40: Off
	PollutantRow40: 
	DischargeRow40: Off
	TmdlRow40: Off
	RecvWaterRow41: 
	ImpairedRow41: Off
	PollutantRow41: 
	DischargeRow41: Off
	TmdlRow41: Off
	RecvWaterRow42: 
	ImpairedRow42: Off
	PollutantRow42: 
	DischargeRow42: Off
	TmdlRow42: Off
	RecvWaterRow43: 
	ImpairedRow43: Off
	PollutantRow43: 
	DischargeRow43: Off
	TmdlRow43: Off
	RecvWaterRow44: 
	ImpairedRow44: Off
	PollutantRow44: 
	DischargeRow44: Off
	TmdlRow44: Off
	RecvWaterRow45: 
	ImpairedRow45: Off
	PollutantRow45: 
	DischargeRow45: Off
	TmdlRow45: Off
	RecvWaterRow46: 
	ImpairedRow46: Off
	PollutantRow46: 
	DischargeRow46: Off
	TmdlRow46: Off
	RecvWaterRow47: 
	ImpairedRow47: Off
	PollutantRow47: 
	DischargeRow47: Off
	TmdlRow47: Off
	RecvWaterRow48: 
	ImpairedRow48: Off
	PollutantRow48: 
	DischargeRow48: Off
	TmdlRow48: Off
	RecvWaterRow49: 
	ImpairedRow49: Off
	PollutantRow49: 
	DischargeRow49: Off
	TmdlRow49: Off
	RecvWaterRow50: 
	ImpairedRow50: Off
	PollutantRow50: 
	DischargeRow50: Off
	TmdlRow50: Off
	RecvWaterRow51: 
	ImpairedRow51: Off
	PollutantRow51: 
	DischargeRow51: Off
	TmdlRow51: Off
	RecvWaterRow52: 
	ImpairedRow52: Off
	PollutantRow52: 
	DischargeRow52: Off
	TmdlRow52: Off
	RecvWaterRow53: 
	ImpairedRow53: Off
	PollutantRow53: 
	DischargeRow53: Off
	TmdlRow53: Off
	RecvWaterRow54: 
	ImpairedRow54: Off
	PollutantRow54: 
	DischargeRow54: Off
	TmdlRow54: Off
	RecvWaterRow55: 
	ImpairedRow55: Off
	PollutantRow55: 
	DischargeRow55: Off
	TmdlRow55: Off
	RecvWaterRow56: 
	ImpairedRow56: Off
	PollutantRow56: 
	DischargeRow56: Off
	TmdlRow56: Off
	RecvWaterRow57: 
	ImpairedRow57: Off
	PollutantRow57: 
	DischargeRow57: Off
	TmdlRow57: Off
	RecvWaterRow58: 
	ImpairedRow58: Off
	PollutantRow58: 
	DischargeRow58: Off
	TmdlRow58: Off
	RecvWaterRow59: 
	ImpairedRow59: Off
	PollutantRow59: 
	DischargeRow59: Off
	TmdlRow59: Off
	RecvWaterRow60: 
	ImpairedRow60: Off
	PollutantRow60: 
	DischargeRow60: Off
	TmdlRow60: Off
	RecvWaterRow61: 
	ImpairedRow61: Off
	PollutantRow61: 
	DischargeRow61: Off
	TmdlRow61: Off
	RecvWaterRow62: 
	ImpairedRow62: Off
	PollutantRow62: 
	DischargeRow62: Off
	TmdlRow62: Off
	TrackingNumber: 
	CheckBoxA: Off
	CheckBoxE: Off
	CheckBoxC: Off
	CheckBoxD: Off
	CompName: 
	SEIN1: 
	SEIN2: 
	AddressLine1: 
	City: 
	StateID: 
	ZipCode1: 
	ZipCode2: 
	TelNo1: 
	TelNo2: 
	TelNo3: 
	FaxNo1: 
	FaxNo2: 
	FaxNo3: 
	Email1: 
	FaciName: 
	FaciAddress: 
	FaciCity: 
	FaciCounty: 
	FaciState: 
	FaciZip1: 
	FaciZip2: 
	Certifier: 
	CertifierTitle: 
	Date: 
	E-mail: 
	Permit Tracking No: 
	InspectorName1: 
	InspectorTitle1: 
	InspectorName2: 
	InspectorName3: 
	Contact1: 
	ContactTitle1: 
	TelExt: 
	Month1: 
	Day1: 
	Year1: 
	CheckBox1: Off
	TextB1: 
	CheckBox2: Off
	TextB2: 
	CheckBox3: Off
	TextB3: 
	CheckBox4: Off
	TextB4: 
	TextB5: 
	CheckBox5: Off
	RequireReview: 
	IndActArea1: 
	TextC1: 
	CheckBox6: Off
	CheckBox7: Off
	CheckBox8: Off
	TextC2: 
	IndActArea2: 
	TextC3: 
	CheckBox9: Off
	CheckBox10: Off
	CheckBox11: Off
	TextC4: 
	IndActArea3: 
	TextC5: 
	CheckBox12: Off
	CheckBox13: Off
	CheckBox14: Off
	TextC6: 
	IndActArea4: 
	TextC7: 
	CheckBox15: Off
	CheckBox16: Off
	CheckBox17: Off
	TextC8: 
	IndActArea5: 
	TextC9: 
	CheckBox18: Off
	CheckBox19: Off
	CheckBox20: Off
	TextC10: 
	IndActArea6: 
	TextC11: 
	CheckBox21: Off
	CheckBox22: Off
	CheckBox23: Off
	TextC12: 
	CorAct1: 
	CorAct2: 
	CheckBox24: Off
	CheckBox25: Off
	CheckBox26: Off
	CheckBox27: Off
	CheckBox28: Off
	CheckBox29: Off
	CheckBox30: Off
	CheckBox31: Off
	CheckBox32: Off
	CheckBox33: Off
	Other1: 
	TextD1: 
	Month2: 
	Day2: 
	Year2: 
	CheckBox34: Off
	CheckBox35: Off
	CheckBox36: Off
	CheckBox37: Off
	CheckBox38: Off
	CheckBox39: Off
	Other2: 
	TextD2: 
	CheckBox40: Off
	Month3: 
	Day3: 
	Year3: 
	Month4: 
	Day4: 
	Year4: 
	Month5: 
	Day5: 
	Year5: 
	TextD3: 
	CheckBox41: Off
	TextE1: 
	Name: 
	Title: 
	OO_NAME: 
	OO_EMAIL: 
	OO_ADDRESS: 
	OO_CITY: 
	OO_STATE: 
	OO_ZIP: 
	OO_ZIP1: 
	F_NAME: 
	F_ADDRESS: 
	F_CITY: 
	COUNTY_NAME: 
	STATE_TERRITORY_ABBR: 
	ZIP1: 
	ZIP2: 
	F_INDIAN: Off
	F_FEDERAL_1: Off
	F_FEDERAL_2: Off
	F_DMS_LAT_DEG: 
	F_DMS_LAT_MIN: 
	F_DMS_LAT_SEC: 
	F_DMS_LONG_DEG: 
	F_DMS_LONG_MIN: 
	F_DMS_LONG_SEC: 
	A_PREV_COVERED: Off
	PERMIT_PREV_PERMIT_NUMBER: 
	F_SIC_PRIMARY: 
	F_SIC_SECONDARY: 
	F_ACREAGE: 
	EXP_EXCLUSION_QUAL: Off
	EXP_ACREAGE_1: Off
	EXP_ACREAGE_2: Off
	EXP_ACREAGE_3: Off
	EXP_EXPOSED_1: Off
	EXP_EXPOSED_2: Off
	EXP_SPILLS_LEAKS_1: Off
	EXP_SPILLS_LEAKS_2: Off
	EXP_PAST_ACTIVITY_1: Off
	EXP_PAST_ACTIVITY_2: Off
	EXP_MAT_HANDLING_1: Off
	EXP_MAT_HANDLING_2: Off
	EXP_LOAD_TRANS_1: Off
	EXP_LOAD_TRANS_2: Off
	EXP_OUTDOOR_1: Off
	EXP_OUTDOOR_2: Off
	EXP_OPEN_LEAKS_1: Off
	EXP_OPEN_LEAKS_2: Off
	EXP_ROAD_RAIL_1: Off
	EXP_ROAD_RAIL_2: Off
	EXP_WASTE_1: Off
	EXP_WASTE_2: Off
	EXP_WASTEWATER_1: Off
	EXP_WASTEWATER_2: Off
	EXP_PARTICULATES_1: Off
	EXP_PARTICULATES_2: Off
	CERT_NAME: 
	CERT_TITLE: 
	CERT_DATE2: 
	CERT_DATE3: 
	CERT_EMAIL: 
	CERT_DATE1: 


